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Abstract 

The 2nd volume contains the 255 Techno] »?gy Notes which were used originally as brief 
documentation handed out at the individual exhibit stands during this Meeting. Each Techno
logy Note contains information on whij the subject of a particular exhibition was of import
ance, how the design, construction, or development was undertaken, what; were the special 
problems, which firms were involved, and who may be contacted for further information. The 
Notes are grouped in the following categories: X = General and large installations, B= beams 
and radiation, C = Cryogenics and superconductivity, D = Data processing, E = Electronics, 
M = Magnets and electricity, P = Photography and optics, V = Vacuum, W = Workshop techniques 
and general engineering. 

Appended is a bibliography of CERN publications concerning technology, listing some 
600 references (1969-1974) in the above categories. 

The 1st volume contains 13 review papers covering most of the fields where important 
technological developments have been occurring in high-energy physics. The- four introductory 
papers discuss the following topics: CERN and its work (including the background to the 
Meeting); the role of technology in high-energy research; the realization of high-energy 
projects at CERN; the design and construction of the Super Proton Synchrotron. The other 
contributions include: surveying m accelerator construction, deflecting devices for particle 
beams, superconductivity and cryogenics, ultra-high vacuum, computer control for accelera
tors, particle detectors and data handling, and synchrotron Tadiation (as an example of a 
technological field of application). The papers give an outline of the particular techno
logical problems and how they have been solved as a result of a close collaboration between 
members of national laboratories and institutes, European industry, and CERN. They are fol
lowed by a list of the invited participants and a guide to information sources m technology. 
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Preface 

The meeting on 'Technology arising from High-Energy Physics", held in CERN from 
24-26 April 1974, was primarily an accounting operation in which CERN displayed to its Member 
States some of the techniques which have resulted from their investment in research on the 
behaviour of elementary particles. The main concern in preparing the meeting was to extract 
the special problems which are characteristic of a high-energy laboratory — but not necessarily 
unique to it — and to describe their solutions in review talks and in documented exhibits, 
with the details filled in by discussions between our visitors and CERN specialists. The work 
presented was the result of a close collaboration between »icmbcrs of national laboratories 
and institutes,- European industry and CERN, and every effort was made to acknowledge this 
collaboration in the presentation. 

The Proceedings of the meeting are divided into two volumes: Volume 1 contains the 
review papers, and Volume 2 the revised Technology Notes. A preliminary version of Volume 2 
was published shortly after the Meetii.g, using unrevised Technology Notes. 

The review papers in Volume 1 lead from general discussions of the technology and how 
it arises from the needs of particle physics, to the organization and management problems of 
the resulting large projects, and on to more detailed accounts of magnet technology, cryogenics, 
control computers, etc. To help the reader who seeks further information on these subjects, 
we have included a guide to information sources referring to a field wider than that of high-
energy physics alone. 

Volume 2 contains the Technology Notes, each of which gives in general a short statement 
of the technical problem, how it was solved, what special difficulties were encountered, 
which firm or workshop took part in the work, and finally which of the many people involved 
should be contacted for further details [[the CERN address is 1211 Geneve 23, Switzerland; 
tel. (022) 41-98-113- Technolog/ Notes P20 to P27 m the Photography and Optics section 
were contributed by the European .Southern Observatory (ESO), whose Telescope Division and 
Sky Atlas Laboratory work in close collaborât"on with CERN on the CERN site. Volume 2 also 
•contains an extensive bibliography of CERN publications, supplementing the references given 
in the Technology Notes, and a subject index covering the two volumes. 

We should like to thank all those who contributed to these proceedings: to the authors 
of the review papers; to those who prepared Technology Notes and exhibits — the Divisional 
Co-ordinates and the engineers, physicists, mechanics, technicians, draughtsmen, and secre
taries, who between them sought to achieve the highest standards possible within tight time 
limits; to the CERN Scientific Reports Typing Service and Document Service; and to 
Brian Southworth, the editor of the "CERN Courier", who set the writing of Technology Notes 
on the right course. 

It gives us great pleasure to present to the reader this record of an event which was 
the first of its kind at CERN, and which aroused great interest in all who were associated 
with it. 

A. Jesse CS. Taylor 
Editors 
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XIO The CERN Protcr Synchrotron 
magnet power su f ly 

Purpose The CERN Proton Synchrotron Magnet Power Supply generates 
current pulses of appropriate form to excite the magnet 
windings, so that the field will hold the protons in an orbit 
of constant radius during the process of acceleration. 

Description The time variation of current and voltage during a 
typical cycle is shown in Fig. 1. 

The large load variations 
at the magnet terminals (up to 
± 60 MW) not being acceptable 
by the local electricity 
supply network, means of 
energy storage has to be 
included in the power supply. 
The classical solution of this 
type of problem is to insert 
a rotating motor-generator set 
between the supply network, and 

- Repetit ion t m » - 2 s«c 

Fiç.1 TYPICAL POWER SUPPLY CYCLE 

the load. The kinetic energy of the motor-generator 
represents the necessary energy storage. 

Fig. 2 shows the circuit diagram of the power supply. 

The 6 MW asynchronous driving motor (1) is fed from the 
general distribution network. A static frequency converter 
(4), which couples the rotor of the driving motor to the 
mains, makes it possible to control the motor power independ
ently of the speed variations during a magnet cycle. 

The ac from the three-phase generator (6) is transformed 
into dc by two mercury arc converter sets (8). Two passive 
filters (9), one per rectifier station, attenuate the ripple 
before the voltage is applied to the magnet (11). 

During a magnet cycle part of the kinetic energy of the 
motor-generator is converted into magnetic energy - and back. 
The motor power is maintained constant to within a few per 
cent,, and equivalent to the mean losses in the magnet and the 
power supply. 
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3 - 5 0 H j . 1 8 k V . 600MVA 

" i " 

1 6 -MW Induction motor 5 Pulsa generator 9 Passiva smoothing litter 

2 Starting resistor 6 46/95-MVA sU-polesynchr. gen. 10 Shorl-clrculter 

3 Motor-braking rectifier 7 Excitation converter 11 P S magnet 

4 Static frequency converter 8 Mercury-arc converter set 

Fig. 2 CIRCUIT DIAGRAM OF THE PS MAGNET POWER SUPPLY 

Frequency 
converter 

Fig. 3 shows schematically 
the power flow between the 
generator and the magnet as 
compared to the constant motor 
load. 

The most interesting and 
novel technical feature of the 
power supply is the static 
frequency converter. It makes 
it possible to couple two 
three-phase systems of 
different frequencies and to 
control power transfer in both 
directions, and this without rotating machines. The static 
frequency converter was developed by Siemens, Erlangen, 
especially for the needs of CERN. 

Fig 3 POWER FLOW DURING 
A MAGNET CYCLE 

References 0. Bayard, La nouvelle alimentation de l'aimant du 
Synchrotron à Protons du CERN, Fascicule 1 : Rapport 
CERN 71-10; Fascicule 2 : Rapport CERN 71-20, 1971. 

Equipment for High Energy Physics : CERN in Geneva. 
Articles compiled from Siemens Review Nos. 6/71, 12/71, 
1/72, 3/72, Siemens Aktiengesellschaft. 

' * For'further information, "contact M." Georgijevic, 
MPS Division. ' * 1 ' 
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Xll The CERN PS-Booster power supply 

The Booster power supply generates current pulses of trape
zoidal form to produce the magnetic fields which deflect and 
focus the protons during the process of acceleration from 50 
'to 8O0 MeV. 

The basic diagram of this power supply system is shown in 
ïig- 1. It consists of 5 identical 12-phase rectifiers each 
able to supply 3000 A peak at 1000 V. Three units are series-
connected and energise the magnets, the two others are connec
ted to a choke and provide reactive power modulation during 
the cycle. 

Fig- 1 
FSB magnet power 
supp ly 
(basic diagram) 

I " t
k v

 4 7 0 MVA ™ . 

í 1 "T 1 î . -

à è i t i 
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T T T 
5th 7lh 13 ih 
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A N D A C - ' l t l E > 

2 M A G N E T S 

The main characteristics of the magnet circuit and of the 
cycle are as follows : 
Resistance of magnets and connections 
Inductance of magnets and connections 
Standrby current 
' Injection current' (50 MeV) 
.Transfer current (800 MeV) % 
Flat-top voltage (transfer) RI 

dl T 

Acceleration, voltage,h —, <j 
dt 

0.496 Í2 
0.185 H 

300 A 
583 A 
2761 A 
1370 V 
775 V 



- 16 -

Peak voltage U 
max 

Rise time 
Minimum repetition time 

2145 V 
560 ms 
1.15 s 

Figure 2 shows the following current cycle : stand-by cur
rent, first rise of current, plateau prior to injection, rise 
of current during acceleration of the protons, transfer pla
teau, and return to initial conditions. 

Fig. 2 
Current cycle 
600 A/div. vertical 
0.2 s/div. horizontal 

1 • 

• 

1 Ä\ ¡ 

» i \ 1 
! / \ 
y 

/ Vi 

Regulation Figure 3 shows the total voltage applied to the magnet cir
cuit after the passive ripple filter. The total voltage refe
rence is provided by an analog function generator; this refe
rence is then distributed to the three rectifier units, each 
of which has its own voltage regulation. 

The exact triggering of the plateaux is based on current 
measurements. 

This method of regulating the supply voltage without direct 
regulation of the current provides a straightforward way of 
obtaining the required current reproducibility, of + 10 - l t peak 
to peak including residual ripple, at the transfer plateau. 

Reactive power The approximately 9 MW pulsed power supplied to the magnets 
compensation of the PS Booster by a system composed of static controlled 

rectifiers causes,a cyclic variation of active and reactive 
power demand. The reactive power variations, which would cause 
unacceptable voltage fluctuations on'the mains, are compen-

( ( sated locally, «i s 

, . v i . ,The output voltages of the three series-connected rectifier 
, ..units are .increased in succession from zero voltage to full 

Xll-2 
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voltage, supplying the magnets with the active excitation 
current (freewheeling thyristors by-pass the units operating 
at zero voltage). 

This mode of operation reduces to a minimum the variation 
of reactive power consumption. 

By means of a suitable control loop, the rectifier units 
with the choke as load, maintain the total reactive power 
drawn from the mains constant during the cycle. This total 
reactive power is reduced almost to zero by a bank of capaci
tors of 3.2 MVAR. 

These capacitors are combined with filters tuned to the 
5th, 7th, and 12th harmonics of the mains, so reducing vol
tage distortion on the intermediate 6 kV network. 

Fig. 4 
Reactive power cycle, without 
compensation 
0.5 MVAR/div. vertical 
0.2 s/div. horizontal 

Figure 4 shows the cyclic variation of reactive power when 
compensation has not been provided; the units feeding the 
choke being inoperative, the total variation of reactive 
power is 3.8 MVAR peak to peak. 

Fig. 5 
Reactive power cycle, with 
compensation 
0.5 MVAR/div. vertical 
0.2 s/div. horizontal 

Figure 5 shows, on the same scale, the residual variation 
of reactive power when compensation is operative. There 
remains a variation of about 0.6 MVAR which the capacitor bank 
cannot,compensate. The variations of the rms voltage on the 
18 kV network, are 1.25 % without and 0.45 % with compensation. 

^ The FSB Power Supply was designed by ED Group (R. Mosig), 
CERN, in collaboration with Siemens A.G., Erlangen, the cons
tructor ...̂  , , « „ > • • » , . ' V - , ' Î ; 

xil-3 



1) "Statische Pulsstromversorgung für die Strahlfübrungsmagnete 
des CERN-Zwischenbeschleunigers Booster", Siemens Zeitschrift 
J.D. Pahud, W. Schlüter, G. Vau, 47-1973 - H 10. 

2) "Statische Blindleistungskompensation der Pulsstromversorgung 
des CERN-Zwischenbeschleunigers Booster", Siemens Zeitschrift 
K. Jahn, J.D. Pahud, W. Schlüter, 47-1973 - H 10.. 

3) "The Reactive Power Compensation of the CERN PS-Booster 
Power Supply", Proceedings of the Fourth International 
Conference on Magnet Technology, Brookhaven (CONF 720928), 
J.D. Pahud, 1972, p. 718. 

For further information, please contact F. Völker, MPS Division, 
CERN. 

2 March 1974 
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XI2 The CPS main control room 

The Main Control Room is the central point from which 
activities throughout the accelerator complex are co-ordinated. 
It houses facilities for: 

i) adjustment and control during operation of the 28 GeV 
accelerator, 

ii) distribution of accelerated protons between the various 
users according to pre-determined schedules, 

iii) controlling access to the accelerator and other radiation 
areas, and general supervision of safety precautions 
throughout the complex. 

To do these jobs, the installations include means of 
observation, control and adjustment for: 

a) the Linac 
b) the Booster 
c) injection lines to the Booster and the PS 
d) acceleration in the PS 
e) distribution of protons after acceleration 
f) radiation and hydrogen security. 

Intercommunication with users (ISR, experimental teams, 
bubble chambers, etc.) and with secondary control centres 
(generator houses, Linac, etc.) includes intercom equipment, 
closed-circuit television, and computer terminals. 

i 

For the first ten years of operation the CPS was under 
manual control. Now there is assistance from an IBM 1800 
computer .iith multi-programming facilities. This trend is 
continuing and small computers, used in particular areas, 
will eventually be linked to a more powerful central computer 
giving a greater measure of computer control. 

' During machine operation, the Main Control Room is per
manently staffed by an engineer-in-charge and two operators. 

The'CPS operating,statistics forl973-are shown in the 
following diagram, which will-appear in the ,CERN Annual,Report 
for "that year. «¡kr i ( „ > > - -•• r ; « , „ „ « , 
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For further information please contact G. Rosset, MPS 
Division. 

April, 1974 

i 
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XI3 SPS machine layout (general description) 

The accelerator will be installed in a tunnel bored in the 
molasse. Seen from above the tunnel forms a circle of 2.2 km 
diameter, flattened at six equidistant points on the circum
ference where the dipole magnets which guide the proton beam 
are omitted to leave room for the more bulky accelerator 
components. In the neighbourhood of these six long straight 
sections the normal tunnel diameter of 4.14 m is enlarged and 
short stub tunnels connect to the vertical shafts of the 
access pits. As well as providing access for machine 
components, these pits carry the many power and control cables 
and other services which link the machine with the auxiliary 
buildings on the surface 20 to 60 m above the ring. 

At the first of these long straight sections, served by auxi
liary building BAI, a tangential tunnel brings the beam of 10 GeV 
protons from the PS which is then steered into the vacuum chamber 
of the SPS by magnets of the injection system located in that 
straight section. 

Moving clockwise around the ring following the proton 
direction, the next long straight section (LSS2) houses the 
extraction septum and the magnetic channel which peels off 
the beam of protons after their long journey to 400 GeV and 
transports them upwards along a tangential tunnel to the North 
Experimental Area where the extracted beam will be split and 
shared among many physics experiments. 

i 

LSS3, close to the Laboratory buildings, contains the two 
20 m long radio-frequency cavities that provide the accelerating 
voltage for the protons. LSS4 is used for an emergency beam 
dump system while LSS5, necessary to complete the symmetry of 
the machine, is reserved for future developments. 

Finally at LSS6 an extraction system similar to that for 
the North Area directs a high energy beam along to the West 
Experimental Area, the first which will be used in the physics 
programme. Deep in the earth near the extraction point will 
bejtarget stations upon which the protons will impinge and 
generate'secondary particles for the long neutrino and r.f. 
separated secondary beams. These and other beams will feed 
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the superconducting bubble chamber (BEBC) and Omega, which 
have already been installed in the West Area with their first 
high energy particles. 

15 March, 1974 
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XI4 The normal period of the SPS machine 

The magnetic field which guides the protons around the SPS 
must not only bend their path to follow the circle of the 
tunnel but must focus them so that they oscillate with small 
amplitudes about the axis of the vacuum chamber. In the SPS 
these two functions are performed by separate magnets. Over 
seven hundred 6 m long dipole magnets provide the bending 
while shorter quadrupole magnets act as lenses. 

The field of a quadrupole magnet increases linearly from 
its axis and, depending upon the polarity of excitation, will 
either focus or defocus the beam of protons passing through it. 
The optical structure of the SPS consists of a pattern of 216 
equally spaced quadrupole lenses alternating in polarity but 
identical in all other respects. The pattern produces a net 
focusing effect because the beam, having been squeezed down 
in width as it passes through a focusing quadrupole, passes 
through a defocusing quadrupole close to the axis where 
defocusing forces are weak. 

Over the majority of the circumference of the ring the space 
between each pair of quadrupoles is filled with four 6 m long 
dipole magnets placed on an arc of 741 m radius. 

A normal period of the machine contains one quadrupole of 
each type and eight dipole magnets. Basically this pattern is 
repeated 108 times around the ring but in the six long straight 
sections close to the pits and auxiliary buildings some 
dipole magnets are left out to provide space for the bulkier 
accelerator components, accelerating cavities and magnets for 
injection and extraction of the beam. 

The dimensions of the dipole magnet poles are tailored to 
those of the beam. Half of them, close to the focusing (F) 
quadrupoles, have a wider horizontal aperture than those close 
to defocusing (D) quadrupoles. Because a quadrupole which focuses 
horizontal oscillations defocuses motion in the vertical plane, 
and vice versa, magnets with wide poles have narrow vertical 
gaps.. In this .way, considerable savings have been made in the 
volume of magnetic field. 
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A full scale mock up of one normal period can be seen in 
the Laboratory II Assembly Hall. 

Each magnet is supported on four feet which will be 
adjusted to provide the precise alignment (better than 0.15 mm) 
needed to ensure that the protons do not wander out of the 
vacuum chamber during their journey of almost a million kilo
metres from 10 to 400 GeV. In spite of this precise alignment 
it will be necessary to measure the position of the beam at 
each quadrupole and make corrections to the guide field with 
small horizontally and vertically deflecting magnets located in 
the short straight section upstream of each quadrupole. Next 
to these correction dipoles are the beam position monitors which 
consist of parallel plate capacitive sensors within a cylindrical 
housing. They communicate with the correction dipoles through 
the computer. The remainder of the short straight section will 
be used for a variety of small quadrupole, six pole and eight 
pole magnets which will be used for fine tuning of machine op
tics. All this equipment will be mounted on an A frame girder 
and its associated electronics protected from high radiation 
fields in a small pit closed by a concrete lid underneath the 
girder. 

Stainless steel tubes between the poles of each magnet form 
the annular vacuum chamber of the machine and are joined by 
bellows to allow for thermal expansion and alignment. Sputter 
ion pumps at five places in each period between magnets will 
evacuate the chamber to less than 10"? torr. There is a 
roughing pump in each alternate period. 

The bending magnets and the F and D quadrupoles are linked 
in series to three separate electrical circuits, each with its 
power supply distributed around the ring in the auxiliary 
buildings. The water cooled bus bars which link the circuits 
lie beneath the floor behind the magnets. Above them the 
many control cables, water pipes and other services join the 
machine components to the auxiliary buildings and to the 
control room. 

15 March 1974 
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XI5 Spl i t -F ie ld Magnet spectrometer 

General description The Split Field Magnet (SFM), so called because it pro
duces fields of opposite sign on either side of its vertical 
symmetry plane, is a general purpose spectrometer for the 
analysis of the products of proton-proton collisions in the 
Intersecting Storage Rings (ISR). 

The magnetic system consists of a main magnet and of 
four compensator magnets. Each proton beam passes successively 
through an upstream compensator, the main magnet and a down
stream compensator magnet. At the point where the two ISR 
beams cross, which corresponds to the centre of the SFM, the 
magnetic field is zero and has opposite signs upstream and 
downstream of that point. 

Main magnet The main magnet can be regarded as composed of two 
horseshoe type magnets placed at equal distance from the 
horizontal symmetry plane. The magnetic flux crosses the air 
gap twice, upwards in the left, downwards in the right part 
of the magnet. The forr ' nf attraction between the poles and 
the weight of the top > and coils are supported by four 
pillars made from high manganese alloy non-magnetic steel. 
Magnetic channels screen the ISR beams from the defocusing 
effects of the upstream edges of the magnet and compensate 
those occurring in its central part. The main features of 
the SFM are : 

- field volume for particle analysis ~ 30 mp 
- induction in median plane 1.14 T 
- width 2 to 3.5 m 
- length 10 m 
- weight 900 t 
- power 3.5 MW 

The magnet was completely assembled in an annex outside of 
the ISR tunnel and then transported to its working place by 
means of special oleo-pneumatic carriages. There it rests on 
three hydraulic jacks which allow to position it to better 
than 0.1 mm precision. The magnetic field was accurately 
measured in the whole volume by means of a large computer 
controlled measuring machine. 
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Large compensators 

Small compensators 

The large compensators are H-type magnets with asymmetric 
return yokes. Besides compensating the deflection on the ISR 
beams, they will be used for the analysis of high momentum 
particles produced at small angles. Their useful field volume 
is 1.2 m^ and the nominal induction 1.5 T. 

The small compensators, located upstream of the inter
section, are window-frame magnets with a nominal induction of 
1.8 T. 

Vacuum chamber 

Detectors 

Main contractors 

References 

In order to obtain a high transparency for secondary 
particles in the SFM region, the ISR vacuum pipe is of special 
shape and with thin corrugated walls. 

The SFM and the downstream compensators are equipped with 
particle detectors, most of them multi-wires proportional 
chambers for a total of about 60'000 wires. 

Firms from several European countries took part in the 
project. The principal contractors have been: 
- SFM core 

- SFM excitation windings 

- Large compensator magnets 
- Small compensator magnets 
- Transport system 
- Support jacks 

Creusot-Loire, Paris 
Brown-Boveri & Co., Zurich 
Société Oerlikon, Paris 
Société Alsthorn, Paris 
Société Oerlikon, Paris 
Voest, Linz 
Stork-Jaffa, Utrecht 

More information about the Split Field Magnet spectrometer 
may be found in the following reports : 
"The Split Field Magnet of the CERN Intersecting Storage Rings" 
by J. Billan, R. Perin and V. Sergo, Proceedings of the Fourth 
Int. Conf. on Magnet Technology, Brookhaven (1972) and ISR 
Divisional Report ISR-MA/72-53. 
"The Split Field Magnet facility" by A. Minten (Ed.), CERN-
SFM Note-4/rev. October 1972. 
"Proportional chambers for a 50'OOO-wire detector" by R. Bouclier 
et al., to be published in Nuclear Instruments and Methods. 

8th March 1974 
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Beams and radiation 







- 31 -

BIO Beam prof i le monitor 

BPM displays the cross-section of the proton beam on a TV 
screen. Beam density distribution across horizontal or vertical 
axis can be seen on an oscilloscope. Perspective display of 
combined horizontal and vertical density distribution is also 
possible. 

Use in the ISR BPM is used in the ISR as a diagnostic tool for setting up 
of beams or for the study of their behaviour. 

Working principle A ribbon shaped jet of sodium, which cross-section is 
70 x 0,7 mm 2, is injected laterally into the ISR. vacuum chamber 
and after having crossed it is condensed at -60°C. The ribbon 
jet is inclined by 45° towards the vertical. The circulating 
proton beam produces electrons by collisions in the sodium jet. 
A.vertical electric field extracts these electrons and they fall 
on the fluorescent screen situated on the positive electrode. 
The projected image of the cross section of the proton beam 
thus formed on the fluorescent screen is then observed via a 
highly sensitive closed circuit TV system. 

The sodium vapor jet is produced by effusion from an oven 
where the sodium is heated, and is subsequently shaped to the 
desired dimension and divergence by a series of diaphragms. 
The pressure in the sodium oven amounts to a maximum 50 Torr, 
The unused part of the sodium jet is condensed and occasionaly 
pumped back into the oven. The elecric extraction field is of 
the order of 4 kV/cm, the magnetic guiding field is about 300 
Gauss. The geometrical definition depends essentially on the 
thickness of the jet and is at present ^ 1 mm. 

Technological problems The main problem was to inject a well collimated gas jet of 
adequate density through the vacuum tube of the ISR as to 
obtain a sufficently brilliant picture of the proton beam on 
one hand, and to pump it as completely as possible as not to 
impair the ultra-high vacuum conditions of the ISR. 

Collimating slit 
clogging 

The collimating slits are 0.7 mm wide and tend to be clogged 
by sodium. Heating them by means of thermocoax cables sodium 
is vaporized. , 



The pumping of sodium vapor is done by means of cooled 
surfaces on which sodium condenses. The condensation at low 
sodium vapor flux was found to be best on the noble metal 
plated copper. 

The liquid sodium corrodes many materials used in vacuum 
work : gold joints, ceramic-metal solders, glasses, ceramics 
etc.. They are being protected either by heating them (in 
order to evaporize sodium) or by plating them with refractory 
metals which have a high resistance to corrosion. 

B. Vosicki, K. Zankel 

19 March 1974 
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Bll High precision d . c beam current transformer 
with extended frequency range 

A novel type of dc-current transformer is used to monitor 
the circulating proton beam in the CERN Intersecting Storage 
Rings. This instrument has a frequency response from d.c. to 
over 50 MHz combined with an exceptionally large dynamic range 
exceeding 130 dB. Resolution is lOuA (d.c.) and precision 
(long term stability) better than ± 0.001%. 

Use in the ISR a) High precision measurements of instantaneous value of stacked 
proton beam current in each Ring (digital readout - 7 decimal 
digits). 

b) Monitoring of longitudinal modulation, time structure and 
decay rate of circulating proton beam (analog signals for 
oscilloscopes and recorders). 

c) Machin", protection : Interlock and warning signals against 
beam loss for various other systems (vacuum valves, beam 
scrapers, beam loss monitors etc.). Initiating automatic 
beam dumping with minimum delay in the case of excessive 
beam loss. 

High intensity proton beams in the ISR are kept circulating for 
periods of days. Decay rates can be extremely low - less than 
1 part in 10 7 per minute - and it is important, for beam 
diagnostics, to record the time structure of this loss rate 
with high resolution. Operating currents can be higher than 20 A, 
the original design limit, or only some 5 mA during setting-up 
and machine study. 

Principle of operation The current transformer 
consists of a number of 
toroidal cores (strip 
wound from a special grade 
of Ni/Fe alloy), in an ar
rangement schematically 
indicated opposite. 
Toroid Tl is the main cur
rent sensor and it carries 
two windings which close 
the loop of a high gain 
operational amplifier (L/R 
integrator). The amplifier 

SIGNAL OUT 4 | ^ B E A M 
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maintains a perfect balance between primary beam current and 
feed back current. This circuit alone has a frequency range 
from 0.01 Hz to 50 MHz. 

The d.c. component of beam current, or more precisely, any 
error in balance between effective beam current and feed back 
current, is detected with a magnetic modulator/demodulator cir
cuit (T2...T5) which produces a correcting signal for the 
operational loop. 

The combination of these two systems is absolutely essential, 
even if a good high frequency performance is not required. The 
L/R integrator performs as an active filter which rejects all 
modulator noise without introducing objectionable phase shift and 
it protects the magnetic modulator from transient changes beyond 
its rather limited linear range. This permits a high loop gain 
in the system (in excess of 180 dB at d.c.) which in turn 
guarantees high accuracy and linearity as a current monitor. The 
monitor has only one single range for max. 40 A full scale and 
a resolution and zero stability of ± lOuA. 

Technological The overall performance of the current transformer depends on 
considerations a large number of design parameters. There is, for example, the 

choice of core material and special processing steps introduced 
for its manufacture (in cooperation with Vacuumschmelze AG, 
Germany). Equally important is the physical layout, winding 
scheme and screening of the transformer assembly. Careful design 
of all electronics is essential; drive circuits for the magnetic 
modulator and the phase/gain response of the amplifier are quite 
critical. 

The vacuum chamber inside the transformer mounting is provided 
with heating elements to allow bake-out at 300°C in accordance 
with ISR ultra-high vacuum requirements; the temperature 
sensitive magnetic components being protected by an air-cooled 
thermal screen. 

Reference K. Unser : "Beam current transformer with d.c. to 200 MHz range". 
IEEE Transactions on Nuclear Science, June 1969. 

Further information can be obtained from K. Unser, 
ISR Division, CERN. 

March 8th, 1974 
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B12 Beam scraper 

The Intersecting Storage Rings (ISR) are equipped with 
beam scrapers (1) used for various purposes such as improving 
luminosity, reducing background, beam diagnostics and for 
protection of machine components. The equipment demonstrated 
here consists of a series of scrapers, each with a different 
purpose but all housed in a common vacuum chamber. Edge 
Scrapers are placed at each side of the beam (Fig. la) and a 
Vertical Scraping B de below the beam (Fig. lb) to remove 
horizontal and vertical haloes. These scrapers are also used 
as probes to locate the beam edges. A fourth scraper at the 
inner side of the beam serves to protect the shutter of the 
inflector (2) (Fig. le). A fifth scraper provides simple, 
back-up security to the existing automatic beam dumping 
system (3) by protecting the outer side of the vacuum chamber 
(Fig. lc). 

jwr tca l 
scraping 
blade 

shadow position 
mfteclor shutter °< s h " « e r 

-protection " T C . , , -

""'"^Fig: il' 'Configuration of '-scrapers ' in one ring 
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All the ISR scrapers work on the same principle ( 4 ) . 
Each scraper consists of a thin scattering foil located at an 
azimuth near to a quarter betatron wave-length before the 
dump block ( 3 ) and where the ratio of vertical to radial 
betatron functions is large. Build-up of betatron oscillation, 
amplitude is then predominantly vertical, around 2 - 3 mm per 
foil traversal, and protons are absorbed by the limiting 
vertical aperture of the dump block. 

Figure 2 shows the assembly of the new scrapers. The Edge 
and the Shutter Protection Scrapers consist of 0 . 2 mm thick 
tantalum foils ¿1/ which are given a rocking_motion by a 
stepping motor ¿2/ acting through gears / 3 / / 4 / , flexible_metal 
bellows ¿5/ and electrical feedthroughs ¿6/. A spring ¿7/ 
ensures that the foil moves out of the beam in the event of a 
power failure. The foils can be positioned with a speed of 
1 0 0 mm/s and a precision of 0 . 1 mm; the full stroke takes 
less than one second. 

The Chamber Protection Scraper is similar to those described 
above except that the foil / 8 / is inclined to the axis of the 
beam. In this way, the protons are intercepted by a large part 
of the 1 3 0 mm long foil edge, so that a relatively large surface 
area is available to radiate the_heat developed. Also, the 
foil is welded to a heat sink / 9 / at a distance of only 5 mm 
from the edge to aid heat conduction. Calculations show that 
the foil should withstand a beam interception rate of 6 0 A/s 
and even if this rate is exceeded the heat sink will intercept 
the beam and provide additional protection. 

The foil of the Vertical Scraper Blade ¿10/ is subdivided 
into 1 0 mm wide strips with a 0 . 1 mm spacing between them so 
as to avoid distortion when the proton beam heats a part of the 
blade. Other features are similar to the other scrapers 
except that vertical motion is given by a rack ¿11/ and 
pinion / 1 2 / \ In this case, the speed is 25 mm/s. A second 
bellows / 1 3 / is used to compensate the air pressure on the 
bellows / Ï 4 / . 

Also shown in Figure 2 is a clearing electrode / 1 5 / which 
removes secondary emission electrons. Resistors / 1 6 / damp 
cavity resonances excited by the circulating beam. 

Technological Problems The chamber containing the scrapers forms part of the ISR 
vacuum system and operates at a pressure of 1 0 - 1 1 torr so that 
only materials bakeable at 3 0 0 ° C and having low degassing 
rates can be used. In addition, the chamber and its contents 
must be radiation resistant and, to avoid disturbance of the 
circulating proton beam, must also be non-magnetic. Therefore, 
the chamber is constructed from stainless-steel and by using 
flexible metal bellows the bearings and drive gear can be kept 
outside the vacuum region. 

The positions of the scraper blades are determined by 
counting the number of electrical pulses fed to the stepping 

, , t, ^motors. . However, the severe requirements for scraper speed 

Operation and 
Construction 
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Fig. 2 Scraper Assembly 

(100 mm/sec), resolution (0.1 mm) and beam detection (i.e. the 
scraper must stop immediately it finds the beam edge) pre
cluded the use of commercially available stepping motor drive 
systems because of the risk of losing steps through motor 
slipping. Special electronic systems (5) had to be developed 
for accelerating, decelerating and braking the motors. More
over, an electronic method of sub-dividing the motor steps was 
devised and not only improved resolution but also reduced the 
vibration problem often experienced with this type of motor. 

A further problem is that the scraper blades may melt if 
they enter the proton beam too rapidly. Therefore, tantalum 
was chosen as the blade material because of its high melting 
point while an electronic feedback system causes the scraper 
foils to enter the denser part of the beam at a reduced speed 
to protect the foils from melting. This mechanism is controlled 
by a signal obtained from the charge collected on the insulated 
scraper foils. A second feedback system prevents destruction 
of a stacked beam by stopping the stepping motor once a preset 
charge corresponding to a given amount of beam loss has been 
reached. 

References 1. P. Bryant, K. Hübner, K. Johnsen, H. Laeger, B. Montague, 
D. Neet, F.W. Schneider, S. Turner - Improvement in 
Luminosity, Background and Chamber Protection with Beam 
Scrapers in the ISR - Proc. Particle Accelerator Conf., 

, San Francisco 1973. 

2. H. Kuhn, W.C. Middelkoop, H. O'Hanlon - The Design of the 
ISR Inflector - Proc. Nat. Particle Acceleration Conf., 
Washington D.C. 1969. , , , ' > . 
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J.C. Schnuriger, J.P. Zanasco - Beam Dumping and Scraping 
in the CERN Intersecting Storage Rings - Proc. Int. Conf. 
on High Energy A c e , CERN, Geneva (1971), p- 511. 

B. W. Montague - Beam Scraping Targets in the ISR -
Internal Report CERN ISR-DI/71-51 (1971) 

F.W. Schneider - Stepping Motor Driver with Interpolated 
Steps Designed for Beam Scrapers in the ISR - Internal 
Report CERN-ISR-OP/74-9 (1974). 

F.W. Schneider 
S. Turner 

8th March, 1974 



B13 Secondary Emission Monitor (SEM) 

In transferring the ejected beam from the CPS (CERN Proton 
Synchrotron) into the ISR (Intersecting Storage Rings) we 
require detailed information concerning the beam characteris
tics along the transfer tunnels and in the ISR itself. To 
provide this information, a variety of beam observation devices 
(monitors) (1) are installed at strategically situated loca
tions throughout the path of the beam. The SEM is one of these 
devices. 

Three SEM monitors of the type shown at this exhibition are 
installed in each ring of the ISR. Each monitor provides a 
beam profile in the horizontal and vertical planes at that 
location, from which can be determined the beam's height, 
width and position. A computer programme also obtains the 
'emittance' value of the beam. All controls for operating 
the monitors are in the Storage Rings Control Room (SRC) to
gether with cathode ray tubes for the display of the profiles. 

The basic parts of the SEM are the detecting head, the 
vacuum chamber complete with flexible bellows, and a stepping 
motor to provide the required mechanical movement. 

The detecting head consists of a framework of insulating 
material on which are mounted 15 vertical and 15 horizontal 
signal elements. The vertical elements are made from alu
minium foils 1.5 mm wide and 20 microns thick, and the 
horizontal elements from 0.3 mm diameter aluminium wire. The 
head is supported by a stainless steel tube which is attached 
to the flange on the end of a metal bellows, which allows the 
head to be inserted into the beam during measurements. Each 
element is then connected via a stainless steel wire to the 
multiple feedthroughs mounted on the flange. The detecting 
head when in use is moved to a position whereby the beam 
passes through the central vertical elements. The passage of 
the beam creates secondary emission of electrons which in turn 
produces a positive charge on all the elements which inter
cept the-beam. The resultant charge is directly proportional 
to the'number of protons passing though an element, and the 
secondary emission coefficient is approximately 5%. 

I 
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To ensure that the emitted electrons do not return to the 
surface of the elements, a system of clearing electrodes 
normally held at +200 Volts is placed around the head, and 
in the form of a 10 micron thick foil between the elements. 

The signals are picked up at the feedthroughs on miniature 
coaxial cables which in turn are connected to the local 
processing electronics. The integrated output of each signal 
is then multiplexed and transmitted to the SRC to be dis
played as profiles of the beam, and to be fed into the com
puter. 

The accuracy required in positioning the head in the beam 
is ± 0.1 mm vertically and horizontally (2). This is achieved 
in the horizontal plane by using a stepping motor to provide 
the motive force, which in turn drives a precision steel ball 
screw supported at each end by double row ball bearings. 
(The motor requires 48 steps to make one revolution, and this 
produces a movement of the head in the horizontal direction 
of 4 mm, thus with one impulse a movement of 1/12 mm is 
achieved). Changes in the vertical position of the head are 
achieved using a stepped eleven position electrically operated 
cam which gives a vertical movement at the head of 0.75 mm 
per step. The position required by the monitor head is pre
selected on the control panel (distance in mm) and the 
conversion from millimetres to steps is done by the logic 
circuitry which controls the motor movement. 

Additional features for checking the positional accuracy 
are a linear potentiometer, and a mechanical reference posi
tion. A voltage proportional to position is obtained from 
the potentiometer and fed back to electronic circuitry where 
it is compared with the number of steps sent out to the motor. 
If a discrepancy of more than 1 mm occurs between the two 
results an indication is given. The reference position which 
is generated by mechanically operating a microswitch is pre-
aligned during assembly at a specified distance from the end 
stop. This reference can then be used to calibrate the 
movement of the stepping motor. 

Technological The major problem in the construction of the SEM was finding 
Specialities suitable material for the frame supporting the signal elements in 

the head assembly. This material had to comply with the following 
properties : 

(i) An electrical insulation between electrodes of better \ 
than 101 2 Ü when mounted in the assembly. 

(ii) Be readily machinable for the manufacture of small 
parts. 

(iii) An outgassing rate comparable to that of stainless 
steel since it was.going to be placed in vacuum conditions 
in the region of 10" 1 1 Torr. ^ 

*.* 

B13-2 



- 41 -

(iv) Be able to withstand temperatures of +300 C during 
bakeout of the vacuum vessel. 

The material chosen to comply with the above properties is 
a type of magnesium silicate known as 'Stumatite*. This is 
a soft natural stone which with care can be machined to form 
intricate parts and which after baking at 1380 C becomes 
hard and strong. The insulation resistance was found to be 
better than 1 0 1 3 Ü at 20 C and the outgassing rate only 
slightly more than for stainless steel. In the assembled 
frame the electrodes are held in place by a spring at one end 
and a clip the other. The springs are necessary to allow for 
differential expansion and to retain the electrodes under 
tension. 

1. Mechanical Design of Beam Monitors for the ISR and Beam 
Transfer Systems, by M. Harris, A. Maurer and S. Turner 
CERN REPORT CERN-ISR-OP/71-30. 

2. Controle de Position des Moniteurs SEM dans les Anneaux 
de Stockage, by J-M. Vouillot. 
CERN REPORT CERN-ISR-OP/71-54. 

A. K. Barlow 

Ist March 1974 
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B15 Single-pulse 50 MeV emittance measurements 

The measurement of emittance and particle distributions is 
discussed in Technology Note B60. The following describes 
the measuring system currently used with the 50 MeV Linac beam. 

Layout of Fig. 1 shows a layout of the line components. A single 
measuring line measurement, which determines an equi-density contour in one 

of the two transverse phase-planes, is made during one Linac 
pulse. The measuring time depends on the beam size, but is 
less than 10 vs. Kicker pairs (Klz, K2z) or (Kly, K2y), are 
pulsed, depending in which plane the measurement is being made. 
They are laminated-iron window-frame magnets, each with two-
turn coils and are pulsed by discharging a capacitor bank 
through an ignitrón to produce a single sine-wave with a 
period of 60 Vs. Measurements of signals in the detector at 
the end of the line are timed with respect to the linear cen
tral part of the sweep current (useful region 10 us duration). 
Beam passing through the appropriate one of the pair of slits 
following the kickers (the one not in use is fully open), is 
detected xn a battery of twenty Faraday cups, F C These sig
nals are sampled every 0.5 us and compared with a discriminator 
reference level. The time of sampling then defines the dis
placement co-ordinate. 

Fig. 1 Layout of components in the emittance line 
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Display A direct display of the measurement is provided by a 20 * 20 
set of signal lights in the Linac Control Room, each correspond
ing to an element of the phase plane. If the beam in a given 
Faraday cup, at a given sampling time, exceeds the discrimina
tor level, then the appropriate signal light is turned on. 
The constant density contour is defined by the boundary of all 
the live lamps. Auxiliary circuits sum the currents from all 
the Faraday cups. These circuits are preceded by gates which 
are open for the duration of the measurement. Another summing 
network measures the currents from the Faraday cups provided 
the signals from them exceed the discriminator level. These 
measurements give the fraction of the beam inside the measured 
contour. Assuming a gaussian distribution, this enables the 
beam brightness to be calculated. 

All data are collected by the PS computer and the display of 
the measured contour, together with the results for( emittance, 
brightness, and the best fit of an ellipse to the contour, are 
available on a TV display. Typical displays are shown in 
Fig. 2. 

The quadrupole magnet doublet (Ql, Q2) serves two purposes. 
By varying the magnet strength, the position of the doublet's 
principal plane can be moved with respect to the detector which 
is always maintained in the focal plane. In this way, all 
parallel rays from the slit are focused to a unique Faraday 
cup, so that each lamp on the display represents a rectangular 
element of phase space. By altering the focal length, scaling 
of the angle co-ordinate is possible. 
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Fig. 2 Typical displays for the emittance line 

The meanings of the symbols in the displays shown on Fig. 2 
are: 

1 0 

E 
E 0 

RN.AN 
I 0 / E 0 

RMAX • 

' ' AMAX •• 
R12 -

Linac current 
emittance of displayed contour 
the emittance containing 63% of the beam intensity 
the co-ordinates of the centre of the contour < 
•beam brightness 
maximum horizontal extent of a fitted elliptical 
contour (Y or Z co-ordinate) 
maximum vertical extent of fitted ellipse 
a parameter which measures the slope of the ellipse 

•BIS-2 
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Each line of data corresponds to the result for one Linac 
pulse (5 results can be seen at one time). The marker > 
indicates the most recent result. 

Reference P. Têtu, Mesure d'emittance en une impulsion du faisceau 
de 50 MeV, CERN/MPS/LIN 71-8. 

For further information please contact R. Sherwood, 
MPS Division. 

April, 1974 

B1S-J 
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BT6 The pre-injector for the 
50 MeV Proton Linear Accelerator 

The pre-injector or pre-accelerator is the first stage in 
the CPS accelerator complex. It comprises an ion source, in 
which ^ 500 mA of protons are extracted from a dense hydrogen 
plasma, and a horizontal dc accelerating column, which accele
rates the protons to an energy of 530 keV for injection into 
the 50 MeV linear accelerator. The ion source column, HT 
circuit, electronics and optical control links are enclosed 
in a dust-free and well-ventilated Faraday Cage (Fig. 1), 
while the "SAMES" electrostatic HT generator is mounted out
side the Cage and feeds the circuit via a shielded HT cable. 

Figure 1 r . i , =î 

Plan view of the 
pre-injector for 

The linear accelerator (LINAC) requires ^ 500 mA of protons 
from the pre-injector in 120 us pulses, once per second. 
Since current-dependent effects such as beam loading and space 
charge are important in all the accelerators following the pre-
injector and have to be carefully tuned out, it is essential 
"to maintain the pre-injector beam current and "optics" as con
stant as possible.. In addition a failure in the pre-injector 
immobilises trie whole, accelerator system, so availability is 
a critical "factor. ̂  , - % [ •.-
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Special problems The protons are extracted from the plasma at a low energy 
( = 35 keV) , and need to be raised in energy as rapidly as 
possible in order to minimize the destructive effects of space 
charge in the pre-injector itself. This means establishing a 
high axial electric field along the accelerating column. Ex
periments with various electrodes showed that much higher 
electric fields than hitherto reached could be achieved opera
tionally by using titanium electrodes, provided that care was 
also taken over the assembly of the column, the shielding of 
its inner surface against stray electrons (see Tech. Note B19) 
and the quality of the vacuum. Titanium electrodes also are 
easily "formed" to the operating voltage and the cathode cur
rent is extremely small (< 1 uA). One other problem is that 
the passage of the \ ampere proton beam loads down the HT cir
cuit, and a compensation circuit is needed in order to keep the 
terminal voltage steady to within 1 kV during the pulse. 

Performance The pre-injector beam properties in operation are determined 
almost entirely by the ion source (see Tech. Note B17). With 
an average axial field of 43 kV/cm permitted by the column 
design, the proton beam reaches 530 keV with a very high den
sity. The HT breakdown rate is of the order of a few sparks 
per day, and the X-ray level is negligible. 

During 1973, the total loss of time due to pre-injector 
faults was 38.39 hours, which represent 0.62% of the scheduled 
time, 0.22% being due to faults in the ion source and its 
supplies, 0.38% due to HT and 0.02% to vacuum faults. Pulse-
to-pulse variations in beam intensity are of the order of 
+ 1% (a). 

References The pre-injector has been described in the CERN Technical 
Notebook No 2, June 1970 (available from the PIO at CERN) 
and in more detail in report MPS/CERN 60-26, page 43. For 
further information contact H. Haseroth, J.L. Vallet, 
H. Charmot or M. Hone, Pre-injector Section, MPS Division. 

April, 1974 
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B17 The pre-injector ion source 

General 
requirements 

The high energy protons which are directed against the 
targets of experimental physicists originate as nuclei of 
hydrogen atoms in the hydrogen gas bottles supplying the ion 
source. The function of the ion source is to transform the 
hydrogen into an intense beam of protons having the small 
solid angle needed to transfer the maximum number of protons 
through the accelerators onto the targets. The ion source 
must reproduce and maintain these properties within narrow 
limits and with a high availability during 24-hour-a-day 
operation over continuous periods of 600 hours. 

Description The source is located inside the acceleration column 
(Fig. 1) which accelerates the extracted protons to >v 530 keV 
(see Technology Note B19) . 

Figure 1 
Simplified section through 
ion source and column 
1. Titanium anode (+ 530 kV) 
2. Proton extraction electrode 
3. Titanium cathode (earth) 
4. Focusing lenses 
5. Source, arc chamber 
6. Cathode of source 
7. Main magnet ( 

8. Titanium column electrodes 
9. Dividing resistors 

10. Stainless steel disc/ 
corona rings 

The ion source (Fig.2) is of the "duoplasmatron" type 
designed by von Ardenne. Hydrogen of 99.99% purity is dis
sociated and ionized in a pulsed arc ('v- 80 A) struck between 
an oxide cathode1and the a r c i chamber., The resulting plasma 
is^constricted by a«magnetic field and then emerges through 
a ,1.1 mm,chamber„hole in the anode into an-expansion chamber, 
from which protons are extracted by means of a grid pulsed to 
« 35 kV above the plasma, yielding a space charge limited cur
rent of °J 500 mA. 
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Figure 2 
Schematic of 
proton ion source 

ANODE 

PLASMA/ARC 

E X T R A C T I O N GRID 
( TANTALUM! 

EXPANDING PLASMA 

ARC CHAMBER EXPANSION CHAMBER 

The physical 
problem 

The processes in the ion source are complex, i.e. they 
depend upon a large number of interdependent variables, some 
of which can be controlled and monitored, but many of which 
are inaccessible and uncontrolled. For example, the cathode 
chemistry and emission, and the atomic processes within the 
source are affected not only by the preparation of the cathode 
(see Tech. Note B18) but also by the impurities introduced 
through inadequate cleanliness of the source, hydrogen supply 
or column assembly or, on occasion, by malfunctioning of the 
vacuum system. A further complication is that certain com
binations of arc current, hydrogen pressure and magnetic 
fields can produce plasma instabilities. As a result, the 
tuning of the source for optimum performance requires normally 
some careful exploration around nominal set values of parameters 
in order to achieve the best compromise. 

Technological 
problems 

The most critical problem is that of the oxide-coated cath
ode (see Tech. Note B18). Another problem affecting the re
setting of the source parameters to nominal values is the 
acquisition and control of voltages and currents, pressure and 
timings with sufficient accuracy and noise immunity, and their 
transmission across the 500 kV potential difference via pulsed 
light links. One item which initially gave difficulties «as 
the extraction grid. This problem has been solved by the use 
of 0.12 mm tantalum sheet machined by spark erosion to yield a 
grid of 81% transmission, having a lifetime of 1 - 2 years 
(see exhibit example). 

Operating 
parameters 

The precision of concentricity within the source has been 
found to be important, and component parts have to be turned 
to a tolerance of + 1/100 mm. Reliable firing of the arc is 
is assured by an initial voltage spike on the arc supply. 
Generous current feedback in the power supplies contributes to 
the stability of operation and helps with the independence of 
controls during adjustment. 

A remaining problem is the high hydrogen flow which demands 
high hydrogen pumping speed from the vacuum system. 

Fil. current 
Arc current 
Extraction voltage 
Hydrogen pressure 
Hydrogen flow 

50 Amps 
70 - 80 Amps 
» 35 kV 
1.5 - 2.5 Torr (in arc chamber) 
3 £ (STP)/hr or * 50 cc/min 

B17-2 
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Performance Normal total current 500 mA 
Proton efficiency 85% 
Current pulse lengths 120 us 
Pulse rate (operation) 1/sec 
Lifetime (cathode) 1500 hrs, 
Availability (e.g. 1973) 99.78% 

typical 

References The ion source has been described in CERN-PI0 Technical 
Notebook No 2 and in some detail in CERN/MPS/lnt.LIN 66-11 
report. Contact H. Haseroth, MPS Division, for more infor
mation. 

April, 1974 

B17-3 



- 50 -

B18 The preparation of the ion-source cathode 

Purpose 

Requirements 

Design 

Construction 
techniques and 
problems 

The dense hydrogen plasma from which the protons for the 
pre-injector are extracted is formed by the electron arc struck 
(once a second) between the cathode and the arc chamber anode 
in the duoplasmatron ion source (see also Technology Note B17). 

i) The CPS complex requires an intensity from the pre-injector 
source of ^ 500 mA for ^ 120 us. This in turn means that 
a pulsed arc current of ^ 80 A at ^ 70 V must be obtained 
to produce a sufficiently dense plasma in the present ion 
source. 

ii) The cathode should give highly reproducible and intense 
arc pulses for long periods at a time (> 600 h) without 
failure. 

iii) It should not adversely affect the vacuum and high voltage 
surfaces within the pre-injector, nor should it be too 
sensitive itself to the surface conditions outside the 
source. 

iv) It should preferably be easy and inexpensive to manufacture. 
v) It should not be unduly fragile for ease of handling during 

installation. 
vi) It should be capable of intermittant operation, e.g. during 

accelerator start-up and development periods. 

The solution for the cathode design which meets all the above 
requirements is to use a pure nickel wire mesh (130 mm long x 
16 mm wide x 0.22 mm diameter wire) coated with certain oxides 
and directly heated with alternating current. The mesh is 
bent into a loop (see exhibit) prior to coating and attached to 
heavy conducting support rods mounted in a vacuum feedthrough 
flange. Outside the ion source the support conductor rods 
are finned for air-cooling. 

Cleaning 
The nickel mesh must be very clean (Ref.l) before applying 

the emissive layer and the process used is the same as that 
employed by industrial manufacturers of directly heated cathodes. 



After initial immersion in acetone with ultra-sonic agitation, 
the mesh is boiled for 5 minutes in a solution of sodium carbonate, 
sodium hydroxide and sodium cyanide in distilled water. This 
is followed by a rinse in distilled water plus 5% acetic acid. 
Finally 3 successive agitations in boiling distilled water are 
applied. The cleaned mesh is stored in methyl-alcohol. 

Coating 
Prior to coating the mesh is dried, mounted on its supports 

and degassed by heating to 900 °C in a vacuum system. The 
coating comprises a mixture of three very finely ground pro
ducts: barium carbonate, strontium carbonate and nickel powder. 
The two carbonates are mixed in quantities proportional to their 
molecular weight, i.e. for 100 g of the mixture we use 17.13 g 
of BaC0 3, 12.87 g of SxC0 3 and 70 g of nickel powder. 

As the grain size of the commercial carbonate powder is too 
large for our application, we grind it down, always maintaining 
a thick solution with amyl-acetate. The nickel powder is then 
added and the resulting paste is stored in a sealed jar. 

The coating is applied to the mesh manually with a small 
paint brush. Three thin layers are usually applied, leaving 
sufficient drying time in between. The final thickness, which 
is critical for adequate emission without flaking, has been 
found by experience to be correct when the individual nickel 
mesh wires can just no longer be separately distinguished by eye. 
After drying, the now very fragile cathode is degassed, very 
gently, in the cathode testing vacuum chamber. The transfor
mation of the coating into a tougher sintered highly emissive 
oxide is done by heating the cathode to 920 °C whilst main
taining a vacuum of 7 x 1 0 - 5 to 1 x 10 - l t Torr (see Refs 1 & 2 
for actual procedure). 

Testing 
The finished cathode is now tested by admitting pure 

(99.99%) hydrogen gas and striking a pulsed arc between the 
heated cathode (% 900 °C) and an anode plate in the test cham
ber. If acceptable, the cathode is stored in a sealed con
tainer containing nitrogen gas. Cathodes may be conserved 
this way for several months before use. 

Typical cathode'lifetime is ^ 1500 h under normal operating 
conditions (see also Tech. Note B17 for operating parameters). 

1) Procédé de formation de la cathode à oxyde de la source 
di.oplasmatron du Linac, MPS/LIN Note 73-5 (English version: 
MPS/LIN/Note 74-7). 

2) Contact H. Haseroth, H. Charmot, J.L. Vallet or M. Hone, 
MPS Division. ' 1 

April, 1974 
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B19 The pre-injector accelerating column 

Purpose In the pre-injector (see Tech.Note B16), protons are ex
tracted from the ion source plasma at an energy of s 35 keV 
and are then accelerated through the accelerating column to 
530 keV. 

Requirements 1) The column should provide as high as possible a field on 
the axis (in high vacuum) to minimize space charge effects, 
but should have an external field safely below breakdown 
limits (in air). 

2) The column should be a good high voltage insulator and 
should also have a uniform potential distribution along 
its length in order to avoid local over-voltages and 
risks of ionization and breakdown.. 

3) The mechanical, electrical and vacuum properties should 
not deteriorate with time because of the bombardment 
of the insulating material with stray particles or the 
exposure of organic materials to the vacuum. 

4) There should be a high pumping speed in the column for 
good voltage-holding. 

5) The column should be strong enough to be mounted hori
zontally as a cantilever supporting the load of the 
ion source and terminal bun. 

Design The solution adopted for the column design was a large 
diameter re-entrant arrangement (50 cm 0 internal), with a 
high field on the inner vacuum side (44 kV/cm on the axis 
across a 12 cm gap between titanium electrodes), and a low 
field on the air side, the potential distribution being 
determined by carbon resistor chains potted in epoxy resin. 
Figure 1 shows a simplified schematic of the column. 

The method of construction is a development of an earlier 
design, a sandwich of porcelain rings glued with epoxy to 
stainless steel rings, but with the addition of an indium 
seal on the vacuum side of each joint, so that the vacuum 

u , "sees" only metal or inorganic boundaries. Protection of 
the unglazed inner walls of the column is provided by angled 
titanium shielding electrodes. This electrode assembly / 
also reduces the field at the porcelain metal-ring junction. 
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Special problems The glueing process has to \ >2£2. 
. . \ Approx. scale 

be carried out with great care 
and cleanliness in a constant-
temperature and dust-free en
vironment. The porcelain 
rings are first ground parallel 
to 1/100 mm, then partially 
sandblasted, and then a care
fully controlled layer of Aral-
dite (1 part resin AW 106 to 
0.8 parts hardener HV 953 U) 
is laid down. The 2.8 mm 0 
indium wire (99.9995% pure and 
extruded on the spot to reduce 
oxidation) is placed in posi
tion and the stainless steel 
annulus (turned on the lathe and then baked to 900 °C for 24 
hours to eliminate distortion) is laid on top. The assembly 
jig incorporates a hydraulic press which applies an axial 
thrust of 15 tons during the polymerization at air temperature. 
The process is continued at the rate of 1 porcelain pair per 
day. Fig. 2 shows the bonded joint in section. The com
pleted assembly is tested with a 450 kg lateral load. 

Schematic column 

Performance 

S1A1NLE5S STEÍL 
CORONA .DISCS 

COLO SETTING 
AAALOITE 

The porcelain rings were 
supplied by Langenthal and the 
precision grinding was done in 
the CERN Central Workshops. 
The methods for spinning and 
welding the titanium electrodes 
were developed in the West 
Workshop. Columns constructed 
according to this process are 
produced by the High Voltage 
Corporation (Europe). 

After a year's typical 
operation, there is discolour
ation of the electrodes in the 
vicinity of the beam, but the ^ S -
unglazed porcelain of the in
terior walls remains spotless
ly white. The high voltage behaviour is sensitive to abnormal 
vacuum conditions, but can be cleaned up and returned to equi
librium by a period of "formation". With the ion source hydro
gen flowing the pressure in the column is of the order of 
1.5 x io~k Torr. 

30<m 0IAMETCR 

Section through 
a column joint 

References See CERN-PIO Technical Notebook No 2, pages 4 - 7, and 
report MPS/Int.LIN 66-13 for a complete technical description. 
For further information contact H. Haseroth, MPS Division, or 
J.Huguenin, Personnel.Division. 

April, 1974 
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B20 Radiation-resistant fluorescent screens 

In recent years two trends in the accelerator field towards 
higher beam intensities and better vacuum have had important 
repercussions on the choice of materials for the fluorescent 
screens used in beam observation. The requirements for high 
radiation resistance and vacuum compatibility (low outgassing) 
have more or less ousted the traditional material, zinc sul
phide glued onto metal substrates. 

The ideal screen should have good vacuum properties, be 
sufficiently sensitive to permit observation of low intensity 
beams (10^ protons cm - 2) and yet survive irradiation by pro
ton fluxes up to 1 0 1 9 cm - 2. Apart from mechanical damage 
due to radiation, discoloration is also undesirable, since 
an uneven loss of transparency may falsify the observed image 
size. 

Several materials go some way towards fulfilling these re
quirements. The following, listed in <?rder of increasing 
sensitivity, are used at CERN. All have low outgassing rates. 

a) Sapphire: low sensitivity, little discoloration, 
very radiation-resistant, expensive. 

b) Quartz glass: low sensitivity, brown discoloration, 
inexpensive. 

c) Li thium glass : five times more sensitive than quartz 
glass, some brown discoloration, relatively low soften
ing temperature (can be a problem if used with high 
intensity, strongly ionizing beams). 

d) Chromium-activated alumina: ten times more sensitive 
than lithium glass, light brown discoloration, good * 
temperature and radiation resistance. 

This last material is prepared at the Lawrence Radiation 
Laboratory, Berkeley, by an electrochemical process whereby 
aluminium is first anodized and then chromium ions, present 
in the electrolyte, are introduced into the A I 2 O 3 layer by 
causing electrical discharges which puncture the layer during 
the last stage of the anodization (Ref.l). This material 
has the fluorescence spectrum of ruby. -, 
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When it recently came to our notice that Desmarquest -
CEC manufacture a chromium stabilized alumina AF 995 rouge, 
we decided to test it as a scintillator, and to our delight 
it proved to be equal in sensitivity to the Berkeley material 
It has all the other characteristics of a good screen mater
ial and is inexpensive. Tests will continue, but we already 
have a positive indication that this product will be of con
siderable use as fluorescent screens in accelerators. 

Reference 1- A.W. Allison, A radiation-resistant chromium-activated 
aluminium oxide scintillator, TJCRL-19270, 1969. 

For further information please contact C D . Johnson, 
MPS Division. 

April, 1974 
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B21 Beam current transformer 

At CERN the beam current transformer is used as a non
destructive device for measuring the intensity of proton beams 

Beam current transformers are installed in all the accelera
tors and the ISR. Their configurations and principles differ 
depending upon beam parameters and local circumstances. The 
transformers described in this note are installed in the CERN 
Proton Synchrotron and Booster. 

The beam current transformer consists of an annular core, 
wound from high-permeability magnetic tape. The proton beam 
passes through this core and acts as a single-turn primary 
winding with a current Ii. A winding on the core acts as the 
secondary, giving an output I 2 = Ij/n, where n is the number 
of secondary turns. This elementary circuit (Fig. 1 ) , which 
we call the "fast" transformer, is used mainly for observing 
high-frequency time structure in the beam. 

In order to obtain sufficient output current, n has to be 
small, which results in a poor low-frequency response. How
ever, for precise measurements of the overall current fluctua
tions during the one to two second acceleration cycle (ignor
ing the fine structure), the low-frequency limit must be 
10-1* Hz. Therefore a second transformer, with a much higher 
number of turns, combined with a wide-band amplifier, is used 
to give adequate output for these slow signals. 
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Specifications "Fast" transformer 
Frequency range 500 kHz - 60 MHz 
Intensity range 2.5 * 10 1 0 - 5 * 1 0 1 2 protons 
Accuracy 2% 

"Slow" transformer 
Frequency range 0.0001 Hz - 10 kHz 
Intensity range 2.5 x 1 0 1 0 - 5 * 1 0 1 2 protons 
Accuracy 0.1% 

The relation between number of protons and measured 
current is given by the formula 

N = ̂ ^=- in which ecS 
electron charge = 1.6021 x 10~ 1 9 Coulomb 
velocity of light = 2.9979 x 10 8 m/sec 
velocity of protons _ v 
velocity of light c 
number of circulating protons 
mean orbit radius of the synchrotron 
current in amperes 

Design Cores. The cores have the following dimensions: ext. 
diameter 223 mm, int. diameter 167 mm, width 25 mm. They 
are wound from 0.05 mm mumetal tape (Ultraperm 10, Vacuum-
schmelze) and protected by a plastic cover. 

Windings. The fast transformer has six turns equally 
spaced around its circumference. 

The slow transformer has two windings of 1000 turns equally 
distributed over its circumference and an extra 50-turn wind
ing for calibration. 

For protection and fixation, all the windings have been 
covered with cotton tape. 

Screening. The transformers are mounted in aluminium 
shells, which provide excellent screening against high-frequen
cy electromagnetic interference and low-frequency electrostatic 
fields. 

The screened cores are stacked together and mounted in mag
netic shielding. For external transverse magnetic fields, 
the attenuation factor should be about 1000. Therefore, the 
magnetic shielding is made up of three concentric cylinders 
of 0.9 mm annealed mumetal, 5 mm apart, moulded in araldite, 
and a fourth' outer cylinder of 13 mm soft iron. The end 
shielding is made simply of 25 mm soft iron and 0.9 mm mumetal, 
20 mm'apart. ' The transformer shells are insulated from each 
other and from "the magnetic shield by ceramic rings. The 
whole stack is pressed together between the end flanges by 
disc springs. J, A partial section of the transformer construc
tion is shown in- Figure 2. • v 1 „** ' 

e = 
c = 

S = 

N = 
R = 
I = 
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Figure 2 Partial section of beam 
current transformer construction 

Electronics. The fast transformer has no electronics and 
is terminated directly in a resistor of 50 Í2. The electro
nics for the slow transformer consists of an amplifier and a 
timing unit, which also provides a calibration pulse. The 
block, diagram is shown in Figure 3. 

Figure 3 

Electronics for the slow 
beam current transformer 
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BATTISTI, S., Etude sur transformateurs de mesure, CERN 
internal report, CERN/MPS/CO 69-15 
BATTISTI, S., Booster beam transformers, CERN internal report 
MPS/SI-Note/CO 70-8 

For further information contact S. Battisti, MPS Division, 
or T. Dorenbos, MPS Division 

April, 1974 
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B22 Universal target system 

The universal target system is a mechanical device to bring 
beam intercepting material into the beam of an accelerator. 

I 
|Use for the Synchro- A universal target system is installed inside the Synchro
cyclotron cyclotron where it is used to bring the target material at any 
1 coordinate x, y, z within a volume of 9000 cm 3. 
j The surroundings in which the device has to perform are 
I characterized by: 

I a magnetic field of 18 kG: 
I a vacuum of 1 0 - 6 Torr, high-level radioactivity; 
j an operation temperature of 10OO K when in use. 

ÍMethod of operation The device consists of a double platform, moved in the x 
and y directions by linear motors. The magnetic field, present 
in the accelerator, is used for these motors. The linear 
motors are integrated in the platforms. The z movement, to 
bring the target material in or out of the beam, is performed 

J by a linear motor variant. The platforms are mounted on silver-
j plated rails, which at the same time supply the electrical 
I current to the motors via contact brushes. 
i 

!Technical problems A problem encountered in the development of the universal 
target systems concerned the choice of material for the contact 
brushes. This material should ascertain a good electrical con
tact and yet not produce cold welds with the rails when used 
in vacuum. The solution was a high-pressure sintered composite 
material (Ag,C,NbSe2). This material was developed in collabora
tion with Métal Précieux in Neuchâtel. All insulating material 
has to be resistant to radiation, and consequently polyimides 
such as Kapton*) and Vespel*) parts are used. 

(* Du Pont trade name) 

Further .information ,can be obtained from K. Gase, MSC Division, 
CERN. , • , 
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B23 A beam-measuring target for the CPS Booster 

Use in Booster In order to check the correct tuning of many of the para
meters of the Booster, the transverse density distribution of 
the pulsed proton beam has to be measured in each of the four 
rings. 

One method of achieving this is to trim the beam with a 
fork-shaped target probe, simultaneously observing, by means 
of a beam current transformer (Technology Note B21) the per
centage of the beam that is lost. This procedure is repeated 
for different fork widths. 

The method requires a mechanism with a very short rise 
time which will, at precise intervals, actuate the forked 
probe without distorting or damaging it. A further require
ment - to preserve the quality of the Booster vacuum - means 
that the minimum number of parts should appear inside the 
vacuum chamber. 
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For the fast 'flip' movement of the fork probe, a linear 
motor is used, similar in many respects to a very large loud
speaker voice-coil. The electromagnet has an induction of 
about 9000 Gauss across a cylindrical gap 75 mm diameter, 4 mm 
wide, with a depth of 18 mm. The motor coil, moving in this 
gap, has two windings. One winding, of 125 turns, is for 
power; the second, of 350 turns, is for velocity measurement. 

The motor has a mechanical stop against which it lodges in 
the rest position, giving a well-defined starting point for 
each successive movement. When pulsed, the motor coil moves, 
following a programmed curve of constant acceleration and de
celeration; progress is monitored and regulated by feeding 
back the velocity signal. 

The position of each of the fork blades is individually 
controlled and monitored using small dc motors and linear 
potentiometers. The control room display presents these 
measurements in terms of fork gap (2 mm to 120 mm) and mean 
position of the gap centre line relative to the beam aperture 
centre line (limits +30 mm). 

In order to meet the vacuum requirements of the Booster, 
motors and cables are kept outside the vacuum tank. All 
mechanical movements are transmitted through metal bellows 
in the tank wall. Inside, all pivoting points are in the 
form of crossed-spring hinges made from beryllium copper. 

To diminish the influence on the servo-loop of the spring 
forces in the hinges, and in the metal bellows themselves, a 
special spring assembly has been introduced. This consists 
of two sets of opposed coil springs which act, through a knife-
edge suspension, on the connecting rod between the motor coil 
and the fork base. The net restoring force thus obtained is 
almost constant, independent of target position. 

mechanism and the percentage of the motor power required to 
accelerate it. 

Part 
\ 

Weight Percentage of 
motor power taken 

Measuring fork 13 g 24% 
Long arms 68 g 34% 
Fork base & suspension inside 
vacuum 270 g 14% 

Bellows &, connecting rod 130 g 10% 
Balancing springs 40 g , 3% 
Motor, power & measuring coils 140 g 11% 
Suspension outside vacuum 50 g 4% 

<Wherever possible, light alloys were used for the con
struction' of Í the mechanism.- , 1.» . < ,„ 

For further information contact Target Section, MPS OP Group. 
,< - - , ¿ ' ' ' 

T v , * April, 1974 , 



- 62 -

B24 A servo-controlled internal target 
for the CERN Proton Synchrotron 

Use in the CPS Internal targets in the CERN Proton Synchrotron are mainly-
used to produce secondary particles by interaction with the 
primary circulating proton beam. These particles are then 
selected and guided by electromagnetic fields to form the 
beams used in experimental areas. Special targets are also 
employed for internal beam measurements, dumping of unwanted 
protons and irradiation of samples for nuclear chemistry. 

Ordinary targets are usually small rods (e.g. 1 x 2 x 10 
mm); their precise position and shape affect the "optical" 
properties of the beams derived from them. Since the CPS 
circulating beam occupies the whole available aperture at 
injection, the targets must be moved into position during 
the acceleration cycle. 

Operation At any one time there are between eight and twelve target 
mechanisms installed in the synchrotron for these different 
functions, all of them remotely controlled from the Main Con
trol Room, including adjustment of horizontal and vertical 
position. 

Since, during one cycle, the beam is often shared between 
successive users, the time for a target to reach its working 
position, and later return to the rest'position, should be 
short, in order that the different operations necessary may 
be close together in time. 
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The mechanism features a servo-controlled motor enabling 
the target to move through its 40 mm stroke in 25 milli
seconds, with a final rest position precisely held to within 
+_ 0.1 ram. The minimum acceleration required for this move
ment is 256 m s - 2 ("v 26 g) • This is achieved by means of an 
electronic feedback system, continuously sensing the position 
and the speed of the coil. The former is measured with a 
linear variable differential transformer (Robinson-Halpem, 
USA), and the latter with linear generators made at CERN. 
Since the target is often made of extremely fragile and. 
brittle material, e.g. alumina or beryllium oxide, any sudden 
change in acceleration must be avoided, so the electronic 
circuit includes several interlocks preventing incorrect 
operation or interference from spurious trigger pulses. 

This particular target mechanism was developed in 1966. 
At that time this kind of equipment was mounted inside the 
vacuum tank, thus simplifying the construction considerably. 
However, lubrication under vacuum is always a problem and 
so all pivoting points are made in the form of crossed-strip 
hinges, using beryllium copper for the springs. This allows 
us to reach the expected lifetime of 5.10 7 cycles, with a 
bending stress of +_ 15 kp mm - 2. 

In the present CPS vacuum of 2.10 - 7 Torr, the presence of 
a target in a vacuum sector lengthens the pumping time but 
does not alter the quality of the steady-state vacuum. A 
new type of target, designed more recently for the CPS Booster, 
uses bellows and crossed strip hinges with the mechanism out~ 
side the vacuum. This greatly improves the pumping time 
(Technology Note B23). 

The important features of the system can be summarized as: 
the simplicity of the control panel for a complicated elec
tronic system (this was designed before integrated circuits 
were available); internal interlocks which prevent wrong 
operation; the low-inertia flat motor coil; and the fric-
tionless suspension on springs of all fast-moving parts. 
Together these features give to the target head a rapid and 
jitter-free movement. 

For further information, contact M. van Rooy and 
J.J. Merminod, MPS^Division. 

April, 1974 



- 64 -

B25 Secondary Emission Monitor grids for 
800 MeV injection 

Principle 

Utilization 

Installation 
in the CPS 

The Secondary Emission Monitor grids are designed to measure 
the transverse density distribution, horizontal or vertical, of 
the 800 MeV proton beam from the Booster after injection into 
the Proton Synchrotron. 

The monitors are thin-wire grids, placed vertically for 
horizontal, and horizontally for vertical, measurements. Pro
tons traversing the grid liberate electrons by the secondary 
emission process (Tech. Note B31) and the wires thus acquire an 
electric charge proportional to the number of protons striking 
them. Scanning the successive wires for their charge after 
beam traversal allows measurement of the beam profile. 

In the Proton Synchrotron 5 monitors are installed, the 
first at the point where beam from the Booster is injected, 
three at intermediate positions, and the last is traversed by 
the beam after one complete turn. Each has a horizontal and 
a vertical grid, which can be used alternately but not simul
taneously. 

The sampling time is 2.5 us, the revolution period of 800 
MeV protons in the accelerator, and it is possible to choose 
which of the first few turns is to be measured m each cycle. 
The emittance of the beam can be derived from the 5 successive 
profile measurements, since the optical conditions are known. 
The whole system is controlled through the PS computer which 
displays the results on the injection console. 

The monitors are withdrawn outside the beam path when not 
in use. The first and last of the set are mounted directly 
on the injection magnet in relation to which the beam position*1 

is measured. For these two, the withdrawal movement is trans
mitted into the vacuum tank by means of metal bellows, and then 
to the movable grid supports with a parallelogram linkage. 
This allows adjustment of the magnet position without interfer- , 
ence. The limited space left between the injection magnet'" 
and the next main machine magnet does not give much freedom in 
the design, and imposes limitations upon the operation of thé " V 
monitors there. The possibility of mishandling is prevented - s/[r 
by interlocks which are incorporated into the computer control <^ 
software. To meet accuracy requirements and to avoid excessive!; 
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disturbance of the beam, each grid is made up of 32 beryllium-
copper wires 40 microns diameter, with a spacing of 2 mm. 

Construction The wires are drawn with a precision of + 1% and have a 
minimum breaking strain of about 30 g. A small spring keeps 
them taut against thermal expansion due to heat deposited by 
striking protons. 

Collection of the emitted electrons is necessary to prevent 
them from falling back onto the wires and thus causing measure
ment errors. Two methods are used: 
1) thin polarized foils, one before and a second behind 

the grid 
2) annular collectors before and behind the grid and through 

which the beam passes unimpeded. 

Neither is fully satisfactory because of proton interaction 
with the foils in the first case and the non-homogeneous elec
trical field in the second case. 

For further information please contact S. Battisti, 
M. van Rooy, and also J. Comte, P. Lefèvre, E. Marcarini. 

April, 1974 

B2S-2 
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B26 Environmental radiation monitor system 

General aspects of the 
system 

The environmental radiation monitoring system has to 
measure the radiation produced by the SPS accelerator install
ation and its influence on the natural environmental radia
tion levels. 

Experience with existing accelerators and theoretical 
extrapolations for the 400 GeV accelerator suggest that neu
trons, Y~rays, muons and electrons will be the main radiation 
components similar to those from the natural background radia
tion. 

Special requirements As the system must be in continuous operation and consi
dering the large area to be surveyed, the system has to be 
extremely reliable, insensitive to noise and external perturb
ations, be computer compatible and should need as little main
tenance as possible. 

The detector station has to operate in a temperature 
range from -20°C to +50°C and under possible conditions of 
high humidity (95 % ) . Lata must be transmitted over cable 
length of up to 500 m. 

The site monitor should measure the continuous natural 
background radiation in addition to the pulsed radiation of 
the accelerator (duty cycle : > 10~ 6). The measuring range 
is 10 yrem/h to 500 urem/h with a sensitivity of 5 urera/h and 
an accuracy < 30 % for the lowest dose-rates. Monitor sta
tions for the radioactivity in air and water will also be 
linked to the system. The system must be compatible with the 
SPS data logging and control computer system. Variable alarm 
levels are provided to indicate excessive dose rates ox activ
ity concentrations. 

Description of the 
sys tem 

Detector station : The site monitor consists of two de
tector units : a) an ionisation chamber (5.2 £, Argon filled 
to 20 kg/cm 2) for detection of charged particles and y-rays. 
A solid state D.C. amplifier operates in the integrate mode 
and resets after 5 urem havj been accumulated, b) A standard 
Andersson-Braun neutron detector consisting of a moderated BF 
counter with a sensitivity of 2.4 cps per mrem/h. -By scaling 

- 4 
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down the count rate by an appropriate factor one pulse from 
the n-channel also corresponds to 5 urem. Pulses from the 
two detector units are transmitted via a summing and line 
driver unit to the control stations. 

Control station : A control station consists of a timing 
unit, up to eight scaler units and a control unit. Its main 
functions are : a) to accept pulses transmitted from up to 8 
detector stations (scaler); b) to count these pulses for a 
common time period (sealer/timer); c) to display the counts 
accumulated in the current time period (scaler); d) to accu
mulate incoming pulses in an electro-mechanical counter 
(scaler); e) to give alarm signals whenever count rates 
exceed individually preset levels (scaler); f) to accumulate 
and display timing pulses (1 pulse/minute) from a certain 
starting time on (timer); g) to provide a presettable timing 
signal initiating the readout of the scalers by the computer 
(timer); h) to serialize data from the scaler units, to pro
vide standard output signals and the dialogue with the com
puter, and to give output isolation (opto-electronic couplers) 
from the computer (concrol unit). 

I 
[Technical problems The major technical problems encountered in the develop-
I ment of the site radiation monitor are the requirements of 

low level current measurements (-5 * 10 - l t*A) in an open area 
and over a wide temperature range, good long-term stability, 
immunity to external disturbances, low power consumption for 
battery operation (-0.5 Watt) and noise free data trans
mission over 500 m of cables. The low level measurements are 
performed by using a balanced pair of MOSFET transistors and 
low leakage components for the input amplifiers. All the low 
level circuitry is mounted hermetically sealed on to the de
tectors to prevent condensation problems. Moreover the de
tector station is boused in a sealed environmental case. The 
problems connected with the requirements for low power con
sumption and immunity to noise are solved by a careful select
ion of all components used in the circuitry (low current 
operational amplifiers, COSMOS circuits, metal film resistors, 
LED status indicators and high level output pulses of 20 mA, 
20 msec). The main design features of the control stations 
are : all units must be easily accessible and interchangeable, 
the operation should be simple, reliable and flexible, with 
only a minimum need for human interventions. 

References The site radiation detector station has been designed and 
manufactured by AERE, Harwell, the control stations by MERLIN-
GERIN, Grenoble, according to CERN specification. Further 
information about the environmental radiation monitor system 
can be obtained from G. Rau, Lab.II, CERN. 

15 March 1974 

B26-2 
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B27 Calorimeter for radiation dosimetry 

A calorimeter measures the energy deposited in a sample of 
known mass, composition and geometry from a radiation field, 
thereby giving a measure of the total absorbed radiation 
dose. Such a device can then be used to calibrate the second
ary dosimeters used on a routine basis around the accelerator. 

The absorber, which is an epoxy resin cylinder of length 
30 mm and diameter 5 mm, is supported inside the jacket 
formed from electrically conducting plastic by two polyure-
thane discs. Thermistors are used as the temperature sensing 
elements, number one being inserted into the centre of the 
absorber, and numbers two and three being respectively on the 
absorber outer surface and jacket inner surface. 

Thermistor number one forms one arm of a wheatstone bridge 
whose output voltage, calibrated in units of absorbed dose, 
is recorded as a function of time. This gives a measure of 
dose rate as well as integrated dose. Adiabatic control is 
maintained by applying the amplified output voltage of a 
second wheatstone bridge, of which thermistors two and three 
form two arms, across the electrically conducting plastic 
jacket. 

The integrated dose range of the calorimeter is from 
2.0 x 10 2 to 2.0 x 10 s rad for dose rates of 5 x 10 3 rad h - 1 

upwards. 

For further information contact : M.H. Van de Voorde 
K.P. Lambert 
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B28 Beam position monitor 

Iii order to measure and correct the proton beam 
position in the SPS a total of 216 Beam position 
monitors will be used equally spaced around the ring 
tunnel. 

Description of These Beam position monitors (BPM) consist of 
operation pairs of electrodes, in which voltages are induced by 

the proton beam which is modulated at 200 MHz. 

The electrodes are shaped so that when the beam 
is on the geometrical axis, the voltages induced into 
the two electrodes are equal. If the beam departs from 
this axis, the difference in the two voltages is 
proportional to the product of the displacement times 
the beam current. 

The sum of the two voltages is proportional to the 
beam current. Thus the beam position will be 

proportional to the ratio 
ZY 

The voltage induced by the beam will be processed 
by electronic equipment and transmitted to the computer 
in the surface buildings. 

Mechanical problems During operation the BPM is required to give the 
beam position relative to the theoretical axis of the 
accelerator. 

This implies that: 
a) the geometrical axis can be aligned with the 

accelerator axis. 

b) the electrical axis of the BPM must be identical 
to the geometric axis. 

c) Electrodes must be identical and place 
symetncally about the geometric axis. 

d) The electrodes must be correctly shaped so 
that 
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Electrical problems The transmission of small signals (between + 6 dBm 
and-80 dBm for the jùN signal) over distances of the 
order of 750 m. To maintain a good signal to noise ratio, 
a system using an intermediate frequency will be used. 

Dynamic range The dynamic range of the signal due to beam 
intensity variation is greater than 100 and due to 
position is about 100. 

This necessitates a programmable-gain amplifier 
with a dynamic range of 104-. 

Radiation The BPM electronics will be exposed to a high 
level of radiation. 

For this reason all semi-conductors Tised are high 
frequency types, which have a high, radiation resistance. 

References Mechanical part 

Technical specification for mechanical assemblies: 
Lab.II-C 0/SPEC/7 3-14 

Technical specification for Beam position Vacuum 
chamberí 

Lab.II-CO/SPEC/73-14 

Manufacturer : Kongsberg Vapenfabrikk (Norway) 

Electronics 
Technical specification for electronic equipment; 

Lab.II-CO/SPE0/73-21 

Manufacturer : L.T.T. (France) 
Experimental y&aults " 

Experimental1 results "achieved on the PS: 
'\>\ r íLaV . ) c i - 0 O/ÍnVBM¿74 - - l , 

^Further information can bê obtained from BOSSART, R., 
Lab.II, GERN , 
"CW , * , 15 March 1974 

IB28-2-
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B29 SEM grid monitor for the SPS 

USE in the SPS 

Method of operation 

The SEM-Grid monitor is an instrument for measuring the 
density distribution (profile) of high energy particle beams. 

The monitor will be used to measure beam profiles mainly 
in the extraction channel and the transfer lines of the SPS. 
A "knowledge of size and position of the proton beam along its 
path is needed during setting up periods and also for continu
ous control of the optics of the different beam transport 
systems. 

The instrument is based on the secondary emission effect 
(SEM), that is the liberation of electrons from the surface of 
materials by bombarding with charged particles which is the 
predominant emission mechanism in the case of thin foils. A 
grid of foils (arranged in horizontal or vertical rows) is 
placed in the beam and the number of emitted electrons is 
measured by integrating the residual charge of each foil with 
a charge sensitive amplifier. A positively biased collector 
electrode collects the liberated electrons and prevents these 
electrons from being re-absorbed by the emitting foils. The 
secondary emission coefficient (number of emitted electrons 
per traversing proton) is of the order of 4%. The charge 
of one electron is 1.6 x 10~ 1 9 Coulomb and hence the resulting 
charge of one foil produced by 10 9 traversing protons is 
6.4 x 1 0 ~ 1 2 Coulomb or 6.4 pico-Coulomb. The monitors will 
work under vacuum with a pressure of about 10"' Torr. 

Technical description The main requirements of a SEM-Grid monitor are : 

1. minimum interaction of particles with various materials 
2. high spatial resolution 
3. extremely high leakage resistance 
4. high radiation resistance 
5. good temperature resistance 

The photographs which are joined to this paper show a 
prototype "BSG"-monitor which has been used for technology 
studies and beam tests. 
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"BSG"-monitor 

B 2 9 - 2 



Photograph (1) 

Photograph (2) 

References 
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B30. 
The "SEM Electronics" are described in Technology Note 

Further information on the SEM-Grid monitor and on the 
techniques used can be obtained from J. Mann/Lab Il/BT. 

*) Du Pont trade name. 

B29-3 

Shows the complete "BSG"-monitor with vacuum flange (1), 
electrical shielding system (2) and alignment holes (3), for 
optical adjustments inside the vacuum tank. 

Shows withdrawn shielding plate (4) at the electrical con
nections in the base, also allowing a view of more than 30 
electrical connections (5) (crimp connectors) and one end of 
the "Kapton*)"insulated signal wires (6), which are radiation 
resistant and support temperatures of 200°C. The shielding is 
also withdrawn at the monitor head and one can see the bias 
electrode (7) and the supporting frame of the head. One can 
also see most of the components of the monitor namely: 
electrical feedthrough (8) with vacuum tight electron-beam 
welding; supporting arm (9) of monitor acting also as elec
trical shield with holes to facilitate the pumping down. 
A 5pm nickel film (10) of resolution 2mm; one assembled 
detector frame (11) with ceramic to metal brazings, the connecting 
plates (stainless steel 0.1 mm thick) and the spot-welded 
nickel film; and finally the assembled detector head (12). 

The distance between the centre lines of two adjacent 
foils determines the spatial resolution of a grid monitor. 
By means of chemical machining and electro-plating one can, 
nowadays, obtain very precisely defined thin films of high 
resolution (smaller than 1 millimeter). These techniques 
use very precise photographic tools which are generally 
obtained by using a large scale master photograph and repro
duced by photo-repetition and then reduced to final small 
scale thus reducing mechanical tolerances. Electrolytically 
deposited nickel-films show a remarkably higher tensile strength 
than rolled foils. The combination of precise metallic 
connecting plates, thin metal films and well defined metal
lized alumina ceramics (Al^O^ plates are metallized with the 
help of the silk-screen process) enable a high spatial 
resolution, a very high electrical resistance and good 
temperature and radiation resistance at the same time. 

The prototype monitor was developed in close co-operation 
with different CERN workshops particularly the West-Workshop 
and the Godet Workshop. 
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B30 SEM electronics 

Use in the SPS A high energy proton beam passing through a metal wire 
or sheet knocks low energy electrons, so called secondary 
emission electrons, off the surface. The charge emitted is 
proportional to the beam intensity. Beam detectors, making 
use of this phenomena are called "Secondary Emission Monitors" 
or SEM. In the SPS there are several kinds of SEM, such as 
"Grids" (ref. B29) for beam profile measurements, "Splitfoils" 
for beam position measurements and movable single wires, the 
"Miniscanners", for beam edge detection. 

The SEM electronics system processes the charge, liberated 
from the SEM into digital information. In all, about 1800 
such channels, grouped in a modular form of 8 or 16 channels 
will be installed, mainly for use in the beam transfer lines. 

Method of operation Each foil of a detector is connected to an input of 
a highly sensitive and accurate integrator. The charge on 
the capacitor of the integrator develops a voltage proportional 
to the quantity of liberated charges, hence a voltage which is 
proportional to the intensity of the extracted beam passing 
through the foil. 

The voltages of all integrators are sampled every 
20 msec and then applied to a fast analog multiplexer. On 
the request of a computer all these voltages are digitalized 
by means of a fast 10 bit ADC, and then stored in the memory 
of the computer. A digital subtraction of the measured 
amplitudes of two different samples produces the value of 
the liberated charge in a time interval of an integer of 
20 msec. 

Technical problems It has been extremely difficult to meet the required 
sensitivity and accuracy of 10 pico-Coulomb during one slow 
extraction cycle. This has been solved by : 

1. The development of a charge integrator circuit with 
the most modern low leakage current semi-conductors, such 
as FET Op-amp and MOS-FET's. 
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2. The reduction of noise pick-up by means of a carefully 
selected grounding and shielding technique. 

3. The design of a special multi-wire cable to give a 
compromise between minimum electrical noise pick-up and 
minimum ionisation due to nuclear radiation in the cable. 

4. The elimination c' possible 50 Hz pick-up by means 
of the 20 msec, sampling technique in conjunction with the 
digital subtraction of measured values. 

References 1. SEM-Grid Monitor for the SPS (B29) 

2. The Electronics for the Secondary Emission Beam 
Monitors, J.H. Dieperink, Lab II-CO/JHD/nm of 24.9.73. 

3. Further information can be obtained from J.H. Dieperink, 
Lab II-GO. 

14th March, 1974 
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B31 Secondary emission devices for monitoring 
the CPS ejected beam 

Two different types of high intensity and high density 
ejected proton beams exist around the CERN Proton Synchrotron. 

1) The fast ejected proton beam, in which all the 20 cir
culating proton bunches, or some of them, are ejected within 
the revolution period of the PS 2 usee). 

2) The slow ejected proton beam, in which all the circula
ting debunched protons, or part of them, are ejected during 
a few hundred thousand revolution periods, giving what we call 
"long-spill" beams. 

The setting up and operation of both fast and slow ejected 
proton beams require a number of monitors for measuring beam 
intensity, beam position, and beam intensity distribution at 
a number of points along their transport channels. 

These monitors must have the following features: reliabi
lity, reproducibility, high resistance to radiation, linearity 
without saturation, and they should be non-destructive, or 
cause negligible interference with the beam. 

The intensity measurement of the fast ejected beam is 
measured by a "charge transíormer", i.e. a special version of 
the Beam Current Transformer described in Technology Note B21. 
However, the sensitivity of this completely non-destructive 
beam monitor does not permit measurement of intensity of the 
slow ejected beam. x 

The intensity of the "long spill" burst of the slow ejected 
beam is measured by a method based on the secondary emission 
phenomenon.*Fortunately this device can measure as well the 
intensity,of the fast ejected beam. This means that intercali-
bration tests with the charge transformer are possible. 

" The measurement of/the beam position and beam intensity dis
tribution of all ejected beams is also based on devices using 
the secondary emission phenomenon.,, 
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Figure 1 illustrates the principles of operation of a 
device using the secondary emission phenomenon. 

The secondary emis- When a charged particle (e.g. high energy proton) passes 
sion phenomenon through a thin foil of metal il: interacts through its accom

panying electromagnetic field with the electrons of the foil 
giving enough energy to some of them to be emitted from the 
foil surfaces. The majority of these emitted electrons have 
kinetic energies of the order of a few electron-volts. This 
means that these electrons can easily be collected by applying 
weak electric fields perpendicular to the foil surfaces. In 
our applications the emitting foil is in the middle of two 
other foils which are positively biased. These bias foils 
collect the electrons of the emitting foil as well as those 
emitted from the bias foils themselves. 

The secondary emis- The secondary emission coefficient is defined as follows 
sion coefficient , , , . . . . . . 

= n u m D e r of emitted electrons per emitting foil 
P number of charge particles traversing the foil 

depending on the nature of the charged particle, its energy 
and the foil material. 

In Table I, some secondary emission coefficients are cited 
for aluminium foils traversed by high energy protons. 

TABLE I 
Proton momentum Secondary emission coefficient for 

in GeV/c 2.5 microns thick aluminium 
foil in % 

8 3.90 
12 4.01 
16 4.13 
20 4,19 
24 4.30 
28 4.36 

t 0.7"% 

B31-2 , 
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Knowing the secondary emission coefficient, an accurate 
measurement of the number of emitted electrons will give a 
good measurement of the proton intensity. 

The secondary emission coefficient is rather independent 
of the foil thickness (up to 1mm). However, in practice very 
thin aluminium foils (a few microns thick) are used so that 
they are almost invisible to the high energy proton beam 
which traverses them, causing negligible deterioration in beam 
quality due to scattering. 

The secondary emis- The secondary emission phenomenon is reproducible and 
sion chamber linear only if a very high and clean vacuum exists around 

the foils. These conditions do not exist in the transport 
channel of the slow ejected beams. Consequently, for these 
beams the foils are enclosed in a 10 -8 Torr vacuum chamber with 
very thin end windows (25 micron stainless steel) . This as-
. sembly is called the Secondary Emission Chamber (SEC). 

Figure 2 A schematic drawing of a secondary emission 
chamber. Half of the foils are used for beam intensity 
measurement; the' other half has a circular central aper
ture and serves for beam diagnostics by giving signals 
only when the beam is not well focused. 

Toposcope: beam Measurements of the beam position and beam intensity dis-
distribution monitor tributions can also be made with secondary emission devices. 

One emitting foil can be divided into several strips, elec
trically insulated from one another. Then the signals of these 
strips give the beam position as well as the projected inten
sity distribution of the beam in the plane of the strips. 
Such a device has,been given the name of "Toposcope". 
Elsewhere at,CERNJsimilar devices are called S E M grids> 
(Technology Notes B25 & B29). ' ^ ' 

B31-3 
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Figure 3 Two oscil
loscope displays of a 
16-strip toposcope 
placed in the eg slow 
ejected "beam in front 
of the second septum 
magnet. 

Careful examination 
of these displays or, 
even better, adequate 
computer acquisition 
and treatment of the 
toposcope signal can 
reveal beam movements 
in the plane of the 
toposcope as well as 
fluctuation of the 
mean beam intensity 
from scan to scan 
during the same spill. 

The first display shows the intensity distribution of this 
beam in the vertical plane with the first septum magnet out 
of the beam. The second display is with the first septum in
side the beam and energized. Electronic settings : 50 scans 
per second, each column = 1 cm space. 

References 1. Secondary emission chambers for monitoring the CPS 
ejected beams, Proceedings Daresbury Symposium on Beam 
Intensity Measurement. 1969 

2. Secondary emission chambers (SEC) CERN courier april 1969 
vol. 9 No4 page 103. 

For further information contact V. Agoritsas. 

April 1974 
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B32 The gas ionization beam scanner 

An intriguing 
problem 

Use of gas 
ionization 

Beam scanning 

Figure 1 
Scanning principle 

The beam circulating within a proton synchrotron is almost 
invisible. It can just be seen, using sensitive image inten
sif iers, by the fluorescence excited in residual gas of the 
beam vacuum chamber. More usual means of observation are 
fluorescent screens or targets (Tech. Notes B20, B23, B24). 
Unfortunately, although they can be used to measure size and 
shape of the beam, in doing so they interact with it, changing 
its form or even destroying it completely. These measurements 
become increasingly important for the efficient operation of 
modern high-intensity synchrotrons. We are therefore striving 
to perfect a non-destructive monitor, which will give rapid, 
precise measurements without destroying the beam quality. 

In the CPS a device called the Ionization Beam Scanner has 
been operating for several years. It makes use of the elec
trons produced in the ionization by the beam of the residual 
gas in the accelerator vacuum chamber. The number of elec
trons liberated per unit volume in the beam is proportional to 
the density of protons, and so measuring the spatial distribu
tion of these electrons is a convenient way of determining the 
beam size and shape. 

In order to produce a projected density distribution profile 
of the beam cross-section, a scanning technique using crossed 
electric and magnetic fields has been devised. This is crudely 
represented in Fig. 1. A cross-section of the beam is scanned 
by an electric equipotential line (shown dotted), which is dri
ven across the beam aperture by varying potentials of the main 
electrodes Ej and E 2 . A magnetic field of about 200 Gauss is 
applied in the beam direction. When the equipotential line 
passes through the beam, ionization electrons from the region 
around it are guided by the crossed field on epitrochoid tra
jectories between two collector electrodes at fixed potentials, 
and into an electron multiplier, M. 

E, 
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\ 

B 

© 
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Performance The electron transit time is about 50 ns and the region from 
which they are collected can be restricted to 0-05 mm on either 
side of the equipotential, giving a spatial resolution of 0.1 mm. 

The beam scanner operates satisfactorily in the residual gas 
pressure range of 10~ 8 to 1 0 - 1 Torr. The electron multiplier 
is needed to give adequate signals below about 10~ 6 Torr, de
pending upon the scan frequency, 
at 10~ 5 Torr. The upper limit 
decreases progressively to 
1 kHz at 10~ 8 Torr. Beams of 
low intensity (< 10 mA) can be 
measured to within 0.1 mm, but 
perturbation of the electric 
field due to the beam self-
field reduces this precision 
at higher intensities, and the 
fact that the beam is bunched 
during acceleration causes 
further loss in resolution. 
The upper intensity limit for 
the use of this beam scanner 
is about 1 A mean (1.3 x 1 0 1 3 

protons per pulse in the CPS). 

Figure 2. Continuous scanning 
of the radial profile-of the 
CPS beam during a complete 
machine cycle. From top to 
bottom the time interval is 
1.2 s. The beam is moved 
within the vacuum chamber to 
share protons between differ
ent targets and extractions. 

This can be from dc to 1 MHz 
Injection 

s— Transition 

Internal 
target 11 
10% at 
19 GeV/a 

References 

Fast ejection 
58 at 24 GeV/c 

Two bunches 

Two bunches 

Slow ejec
tion 62 at 
24 GeV/c 
(55%) 

Internal 
target 8 at 
24 GeV/c 
(25%) '4 

. . . . . . . -• . . . . .i - ~J¡- i-,—. 

JOHNSON, CD., THORNDAHL, L., Nuclear Science 16, p.909, 1969*c 

For further information contact T. Dorenbos,CD. Johnson. 
April, 1974 

Figure 3. A freak condition; 
a portion of the beam breaks 
away from the main bearn in the 
radial plane. 

B32-2 
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B33 The aluminium cathode electron multiplier — 
a high-level radiation monitor 

A need at CERN In the accelerator divisions at CERN we often have to 
measure high levels of ionizing radiation with a few percent 
precision, but over a large dynamic range. The detection 
and location of proton beam losses within the CPS Ring during 
acceleration is one example. 

Ionization chambers meet most of our requirements, but 
suffer from non-linearity of response at high dose rates and 
often their speed is not adequate. Conventional scintilla
tors with photomultipliers are too sensitive, and most of the 
available solid state detectors are soon damaged by the radia
tion. Our requirements are somewhat special; we ask for 
fast linear response over a wide range with high resistance 
to radiation, low sensitivity and only moderate precision. 

One solution The emission of secondary electrons from thin metal foils 
during the passage of ionizing radiation has been used for 
several years as a means of monitoring the intensity of the 
beams external to the proton sychrotron (see Technical Note 
B31). Here the intensities are so high that measurable sig
nals are easily obtained. Most of the requirements set out 
above are met, except that further sensitivity and a fast 
response can be achieved only by using a radiation-resistant 
preamplifier very close to the secondary emitting foil. 

K neat way around this difficulty is to mount the aluminium 
foil as the cathode of an electron multiplier, the whole lot 
being contained within an evacuated glass envelope. The 
multiplier is the preamplifier; it has a fast response and 
thus all of our needs are met. 

A bonus In addition we now have variable gain, by adjustment of 
the electron multiplier voltage, and there is also the possi
bility of integrating signals on the anode while taking off 
differential signals from the last dynode via a capacitor. 

Performance An aluminium cathode electron multiplier tube is now being 
manufactured by EMI, Vacuum Tube Division, Hayes, UK. It is 
up to 1001times more sensitive than our standard 2 litre air 



ionization chambers, and is 1000 times faster. Radiation-
resistance is high and the dynamic range is 10 s. 

For further information contact V. Agoritsas, J.P. Bovigny, 
C D . Johnson, MPS Division. 

April, 1974 
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B34 Muí tiwire proportional chambers as 
pos i t ion-sens i t ive X- and y r a y detectors 

The multiwire proportional chamber consists basically of 
a flat sandwich of three wire planes. The central plane is 
made of very thin (10-20um) wires and held at a high (3-4kV) 
positive DC voltage with respect to the outer planes. An 
ionising particle traversing such a chamber will, due to the 
very high electric field around the central wires, cause an 
electron-avalanche on the wire nearest to its path. The 
avalanche records as a fast negative pulse on that wire. 
Such a chamber forms the basis of the one-dimensional multi-
wire proportional chamber, now firmly entrenched in the front 
line of high energy particle physics research. At CERN these 
chambers are now made as big as 1 x l^m2with thousands of 
wires (1). 

Since the pioneering of the MWPC at CERN in 1968 (2) it 
has been known that the avalanches produce not only negative 
pulses on the central plane, but also positive pulses on the 
outer planes. If the chamber is constructed with the wire 
directions of these outer planes orthogonal then a two dimen
sional resulution may be obtained by processing the positive 
pulses. For detecting high energy particles, this is not 
necessarily of great importance as two separate chambers may 
be placed at right angles, However, for two-dimensional 
detection of low energy neutral particles (e.g. X-rays) it is 
vital; the ionising particle resulting from an X-ray conversion 
does not, in general, emerge from the chamber. 

Thus this technique affords a means of X-ray imaging, or 
taking X-ray 'photographs'. Resolution is restricted, in 
one dimension, to the wire spacing (M.mm) but the sensitivity 
is much greater than photography since each converted X-ray 
quantum is counted. Furthermore exact counts may be accum
ulated over the complete chamber providing highly accurate 
grey-scale information. ' 

Different techniques have been developed to record the 
' positive pulses. 'Well known'are the delay line method of • 
Perez-Mendez (3) and rise-time method of Borkowski and Kopp (4). 
Jíe%are'ideveloping the>centre-of-gravity method, the principle 
of ïwhichpis" shown "in Fig. It ,* The .largest positive pulseáis 
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recorded on the wire (or group of wires) nearest to the aval
anche. Smaller pulses appear on adjacent wires. By measuring 
the heights of these pulses a'centre-of-gravity' may be 
calculated. This has proved to be a very accurate method (5). 

The advantages of this method are:-
1) High accuracy 
2) No ¿pecial circuits or components are required 
3) Each channel is independent; large chambers present no 

basic problem other than increasing the number of channels 
4) Combinations of channels may be 'ANDed' together to gener

ate a veto signal. Thus high local rates such as the 
central spot of an X-ray photograph may be ignored 

5) Good sensitivity; each channel feeds an amplifier with no 
coupling losses. 

The only disadvantage - cost - is fast disappearing as the 
cost of electronic components drops. 

A chamber of 10 x 10cm2 has been equipped with 36X and 36Y 
channels. Each channel has an amplifier and a CAMAC analogue 
to digital converter (ADC) attached to it. A PDP 11/20 
computer reads out the ADCs and calculates the X and Y centre 
of gravities by software. Fig. 2 shows a picture taken with 
a 1 millicurie 6keV radioactive source (Fe 5 5) placed 50cm 
from the chamber. Exposure time was about 30 minutes. The 
horizontal lines are the central wires of the chamber spaced 
at 1mm. 

Future Development Chamber development is directed towards better resolution, 
higher and lower energies, and detection of other particles, 

Chambers e.g. neutrons. Chambers have been constructed with two and 
four wires per millimetre. Investigations are under way on 
interpolating between wires in the case where adjacent wires 
share an avalanche. For other energies, chambers have been 
designed with special metal collimators. A 0.5MeV Y - ray 
chamber with a lead collimator is working well. 

Read-out The software in the present system limits data rates to 
103-10"* events/s. By replacing the software by dedicated 
hardware orders of magnitude may be gained. Such a hardware 
system is now under construction for 96X and 96Y channels at 
a data rate > 1MHz. 

Capital cost should be about 100 000 SF. 

Applications of this system are extensive, covering high 
energy particle beams, crystallography, X-ray astronomy, medic
al and biological uses, and solid-state physics. 

R. Bouclier et al. Submitted to Nuclear Instruments and 
Methods (May 1973) 
G. Charpak, R. Bouclier, T. Bressani, J. Favier and 
C. Zupancic. Nuclear Instruments and Methods 62,262 (1968) 
R. Grove, V. Perez-Mendez and Sperinde. Nuclear 
Instruments and Methods 106, 407 (1973) 

References , 1) 

2) 

3) 

-B34-2 
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/ r J r r 
Figure 1 - Principle of the method 

The avalanches surrounding a wire a_ induce a 
positive pulse on the cathode strips b. The 
pulse height of the induced pulse is measured 
and the. centre of gravity of the pulse-height 
distribution gives the position of the avalanche. 

Figure 2 -' X-ray-imaging-by a-6'keV'radioactive source. 

1 4) C.J. Borkowski and M.K. Kopp, IEEE Trans. Nuclear Sei. 1_7_, 
340 (1970) 

5 ) G. Charpak, A. Jeavons, F. Sauli and R. Stubbs. CERN 73-11. 

Further information may be obtained from A. Jeavons, DD, 
Tel. 4664. 
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B35 Cerberus, a t r ip l e ionization chamber system 

Use in radiation The stray radiation field around a GeV proton accelerator 
surveys is a mixture of different components. The most important con

tribution to the radiation hazard (expressed in terms of dose 
equivalent, the rate of which determines the class of a ra
diation area) is generally that of neutrons, ranging from 
thermal up to the maximum energy of the primary protons. In 
addition, charged particles, y radiation, and in some cases 
particularly muons of a broad range of energies, contribute 
to the dose equivalent rate. 

The detectors The four detectors of the survey instrument make possible 
a rapid and accurate determination of the dose equivalent rate 
in a mixed radiation field independent of its composition: 
1. The tissue equivalent (TE) chamber determines the total 

absorbed dose-rate. 
2. The rem ionization chamber (RIC) measures the dose equi

valent from neutrons up to about 15 MeV directly. 
3. Ihe C O 2 chamber in combination with the TE chamber allows 

for the determination of the dose-rate from charged part
icles and y radiation. 

/ 4. The activation of 1 1 C from 1 2 C is used to determine the 
dose equivalent rate from hadrons above 20 MeV, where 
the most important deposition of energy in view of the 
biological effect comes from spallation reactions. 

The assembly of the three ionization chambers will be des
cribed. The instrument has been named Cerberus after the 
three-headed watchdog in Greek mythology. 

Method of operation In the past each of the three chambers was equipped with 
an electrometer, which all together formed a rather heavy and 
bulky piece of equipment to move around in crowded experimental 
halls. The Cerberus is a compact instrument using an electro
meter with two preamplifiers. By means of a switch arrange
ment, which can be operated by a knob on the main unit, the 
ionization current from the different chambers can be measured 

. ! separately. The instrument can be powered from the mains or 
s ' ' /. ' from rechargeable batteries. The maximum sensitivity of the 

instrument is 3 * 10" 1 5 A full-scale deflection (10 -' s A 
^ 6000 electrons/sec). The instrument has been mounted,on'a' ^ 

, , trolley,< specially constructed to facilitate surmounting 
obstacles encountered in experimental halls. 1 
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Technical features A commercially available dynamic capacity electrometer of 
high quality has been modified extensively. The instrument 
has been made to accept two preamplifiers: one is connected 
to the RIC; while the second one can be switched either to 
the TE chamber or to the C O 2 , chamber. The switch arrangement 
demands a careful design when dealing with currents of the 
order of 1 0 - l s A. The chambers are automatically short-
circuited when not in use in order to avoid charge build-up 
in the chamber. When a chamber has been switched on, it re
mains short-circuited for about 3 sec to eliminate charge 
caused by switching. An indicator has been built in to in
form the operator when a fault occurs in the input circuit. 

A battery charger with a stabilizing circuit has been added. 
The instrument can be operated on batteries for at least 
8 hours before recharging is necessary. 

An important consideration when very small currents are 
to be measured is that the input circuit is rigidly attached 
to the detector and that no components or wires can move or 
vibrate, and this has been taken into account in the con
struction. The air volume around the input circuit has been 
reduced to a minimum in order to minimize stray charge created 
by ionization. For the TE chamber, which is made of a con
ducting plastic, a special holder has been made to clamp the 
chamber and to give a good contact with the input circuit. 

References Further information can be obtained from S. Larson, Health 
Physics Group, CERN, Tel. 2152. 

18 March 1974 
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B36 Surface dose-rate meter 

Use of the instrument Material through which high-energy particles pass becomes 
radioactive. Situations arise when working near an accelera
tor where the ambient dose-rate from this induced radioactivity 
is acceptably low, while over a small area of surface, where 
a beam of high-energy particles has passed, the local dose-
rate can be very high. These regions constitute a hazard to 
the hands or any other part of the body that may come into 
contact with them. Normal beta-gamma survey instruments may 
grossly underestimate this hazard, making it necessary to 
develop this instrument. 

The detector The detector is a 0.4 mm thick plastic scintillator disk 
of surface area 1 cm z mounted on a photomultiplier. The front 
face of the scintillator is covered by a light-tight window 
of 7 mg/cm2 thickness, which is designed to be easily replaced. 
The direct current from the photomultiplier is amplified and 
calibrated in terms of rad/h surface dose from beta particles, 
which can be read directly from the meter on four ranges going 
from 1 to 1000 rad/h. When calibrated with beta particles, 
the instrument overestimates the dose from gamma radiation by 
about 50%. However, this is not a serious limitation. 

The instrument is powered from rechargeable batteries, with 
a capacity of about 30 hours continuous operation. A charging 
unit is incorporated which also allows for mains operation. 

References The instrument has been described at the International 
Radiation Protection Association meeting, Brighton, 1970. 
The preprint entitled "The surface dose hazard from radio
activity induced in high-energy accelerators" is available 
as a Health Physics report DI/HP/126. 

Further information may be obtained from A.H. Sullivan, 
Health Physics Group, CERN, Tel. 3272. 

18 March 1974 
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B37 A monitor system for induced radioactivity 

Use in the ISR The Induced Radioactivity Monitor system was designed in 
order to reduce the time involved in radiation surveys along 
the vacuum chamber in the Intersecting Storage Rings (ISR) 
and transfer tunnel complex. Such a survey is carried out 
after each ISR operation period to determine the radiation 
levels from induced radioactivity. 

The detector method The detector system is based upon 172 GM ' counters inside 
of operation the ISR complex, connected to a Carryplex cable, and transmits 

the signals to the Health Physics surveyors' office. The count 
rate can either be graphically displayed for 20 counters on 
5 four-point recorders, or printed out for all monitors when 
using the Argus 500 computer of the ISR control room. This 
print-out also provides a list of dose levels and validity 
data in a numerical and a graphical way. The signal from the 
monitor system will indicate to the radiation protection tech
nician those areas where high dose levels exist. 

By the use of Carryplex transmitters and receivers the 
cabling becomes extremely simple, and monitors can easily be 
moved from one place to another without recabling. The signals 
from the different monitors can simultaneously be transmitted 
via one common coaxial cable to the control room. The power 
which the monitors require is distributed by the same cable. 
The physical size of the monitor is small, and each monitor is 
equipped with a special bracket, which enables easy mounting 
on the cable trays in the ISR ring. 

The 600 V required by the Geiger counter are obtained from 
the 30 V Carryplex line, using a d.c./d.c. converter. Pulses 
from the counter drive a transmitter via a pre-scaler. In the 
control room, receivers transfer the signal from the monitors 
to a computer. The information from some of the monitors can 
be observed graphically in a 20-channel digital-to-analog 
recording device. The dynamic range of the monitor system is 
0.03 to 90 mrad/h. 

*) Geiger-Müller 
t 



The ISR Induced Radioactivity Monitor System has been des
cribed in detail in a paper entitled "A monitoring system for 
measuring the dose-rate from induced activity in high-energy 
accelerators" in the Proceedings of the International Congress 
on Protection against Accelerator and Space Radiation £CERN 
71-16 (1971), Vol. 2, pp. 935 and 966]. 

Further information can be obtained from M. Höfert, Health 
Physics Group, CERN, Tel. 4602. 

18 March 1974 
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B38 Radiation search monitor 

Use of the instrument 

The detector 

Calibration 

References 

The stray radiation outside a high-energy particle accelera
tor shield varies in intensity and composition from place to 
place. An evaluation of the hazard from this stray radiation 
requires at least three instruments which measure separate 
components of the radiation field such as high-energy particles, 
fast neutrons, and muons or y-rays. This is a time-consuming 
procedure. 

The search monitor has been developed to look for areas 
where radiation exists, and to give an upper estimate of the 
dose equivalent regardless of the composition of the radiation. 
In addition to this response requirement, the instrument must 
be direct-reading, and easily portable. 

The detector chosen is an ionization chamber filled with 
10 atm of hydrogen, the ionization current from which is meas
ured with a conventional electrometer. The technologytof hand
held, battery powered, dose-rate meters using ionization 
chambers is well known; however, the high sensitivity that 
is necessary requires special attention to be paid to the elimi
nation of spurious currents at the input to the electrometer. 

The instrument is calibrated with neutrons and will over
estimate the dose equivalent from other types of radiation, 
for instance by a factor of 5 for y-rays. The time constant 
of the meter has been made such that a mean reading can be 
reasonably estimated by eye, even when the accelerator is work
ing with a 5 sec duty cycle. 

The instrument was originally described in a Health Physics 
Group internal report HP-67—44: "A rapid radiation search 
monitor for use around high-energy accelerators (July 1967)". 

Further information can be obtained from S. Larson, Health 
Physics Group, CERN, Tel. 2152. 

18 March 1974 
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B39 Neutron Rem counter 

Tru detector The Rem counter is a neutron detector which measures the 
neutron dose-equivalent rate with a rem response in the energy-
range from thermal to 15 MeV. The counting assembly consists 
of a BF3 proportional counter tube placed inside a moderator-
absorber unit made of polythene and borated plastic as designed 
by Andersson and Braun. The neutron sensitivity of the Rem 
counter is about 2.5 counts/sec per mrem/h. The instrument is 
optimized for low-level neutron measurements. 

The pulses from the B F 3 counter are fed through high-quality 
amplifiers to a discriminator. The high voltage required by 
the counter is produced by a small encapsulated power supply, 
commercially available. The amplifiers and high-voltage 
supply, which are remote-controlled, are mounted as close as 
possible to the BF 3 counter in order to minimize the influence 
of parasites. The components are mounted on a printed circuit 
board, which is located in a circular housing clamped to the 
moderator. The moderator is mounted on a standard chassis 
system for radiation monitors, into which associated electron
ics and power supply can be plugged. The gain of the amplifier 
and the high voltage is controlled from a plug-in unit. The 
pulses from the discriminator are counted by a mechanical re
gister which can be pre-scaled. A sealer-memory arrangement 
with analog output gives a d.c.-level, which is proportional 
to the number of counts received during a fixed time interval. 
The analog output is used for data logging and analog recording. 

Use on the CERN site Thirteen Rem counters are at present installed to measure 
the contribution of neutrons to the stray radiation levels on 
the CERN site. 

References Further information can be obtained from J.W.N. Tuyn, Health 
Physics Group, CERN, Tel. 4581. 

Technical features 

18 March 1974 
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B40 Integrating gamma monitor 

The detector A simple, reliable, and inexpensive long-term current in
tegrator has been constructed, using a commercially available 
operational amplifier. Connected to an ionization chamber, it 
forms a sensitive integrating radiation monitor. In this moni
tor a 4.7 litre chamber filled with an argon-air mixture, pres
sure 20 atm, is used as detector. The chamber has an air-
equivalent response for Y_rays above 40 keV. The leakage cur
rent in the system is less than 1 0 - 1 5 A. 

Method of operation The current to be measured charges a condenser, the voltage 
on which is measured by a non-loading device. When the volt
age reaches a pre-set level, a relay is triggered and a contact 
discharges the condenser. A second contact energizes a mecha
nical register, which advances one step. After a fixed time 
interval, about 20 msec, the relay is released, the condenser 
starts charging, and the cycle is repeated. The instrument is 
calibrated in such a way that each count corresponds to 1 prad. 
A varactor bridge operational amplifier (1702, Teledyne Philbrick, 
Dedham, Mass.) with a very low bias current, is used as the volt
age sensing device. 

Technical features It is important to keep the insulation resistance very high 
in order to keep the electrical leakage of the condenser low. 
Special care must therefore be taken when constructing the cir
cuit. A guard ring is necessary to ensure that no current can 
pass onto the electrometer input from the 15 V supply. 

To achieve maximum insulation resistance, a reed contact 
has been mounted inside its coil in such a way that the glass 
envelope does not touch the inner wall of the coil. An electro
static screen protects the contact from induced transients, 
which usually occur when the relay is operated. The integrator 
is mounted firmly in a solid housing, which is rigidly fixed 
to'the ionization chamber. When small currents are to be meas
ured, it is important to have a solid mechanical construction 
holding the circuit, in order to avoid any movement or vibra
tions of the components. It is also important to seal the 
housing properly;* humidity'will otherwise reduce the insulation 
resistance. The ionization chamber with integrator is mounted 
on a standard radiation monitor chassis, which contains asso
ciated electronics and powtr supply. ' ' 
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Use on the CERN site In combination with the Rem neutron counters in the thirteen 
monitor stations, the Integrating Gamma Monitor is used to 
measure the contribution of y radiation and charged particles 
to the stray radiation levels on the CERN site. 

References The monitor has been described in Health Physics internal 
report HP-72-119: "An integrating radiation monitor". 

Further information can be obtained from S. 
Physics Group, CERN, Tel. 2152. 

Larson, Health 

18 March 1974 

B40-2 
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B41 Radiation alarm monitor 

Use of the instrument Radiation safety in the stray radiation field around the 
CERN proton accelerators is generally ensured by performing 
radiation surveys under normal machine operation conditions 
and defining classes of radiation areas according to the 
results of measurements. Under certain circumstances there is 
a chance of unforeseen temporary changes in the radiation si
tuation in a given area. 

Method of operation An alarm monitor is installed to give warning to the occu
pants of these areas when an abnormal situation occurs. The 
threshold of the alarm level is chosen, according to the local 
requirements, by the radiation control technician. In case of 
an alarm, people are warned to leave the area and to contact 
the persons responsible for radiation safety. 

The stray radiation around the CERN accelerators is mostly 
pulsed i A detector which can measure short radiation bursts 
is therefore necessary. An ionization chamber connected to a 
current integrating device will fulfil this requirement. A 
4.7 litre chamber filled with 20 atm hydrogen has been chosen 
as the detector having the best over-all response for this 
purpose. 

The current from the ionization chamber charges a condenser. 
At a given time interval the condenser is discharged through a 
resistor via a reed-contact switch. The amplitude of the volt
age pulse developed over the resistor is measured and stored 
as a d.c.-level, until updated by the next cycle. The charging 
of the condenser is proportional to the current through the 
chamber, which in turn is proportional to the ambient radiation 
level. By varying the time of integration, different sensiti
vities are obtained. A level detector with adjustable trip 
levels is connected to the output of the sample hold circuit. 
When the radiation exceeds the preset level an orange lamp 
lights up. If this occurs during three consecutive measuring 
cycles, a visual and acoustic warning is given. The alarm is 
maintained until the reset button is pushed. A green light 
indicates normal operation. 

Technical features The currenttto be*measured from the ionization chamber is 
, normally small,* of the order of 10 - l l f A. In the input circuit 

the d.c. signal is converted into a.c, using only two compo-
. nents:,*-a* condenser and a reed-contact switch,' both with' 

¥;-.» V - * t C'** ~ '••-Ik., i, I 12-K* T 
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extremely low leakage. The reed-contact is built into a 
specially made coil, and the whole circuit is mounted rigidly 
on the ionization chamber. The hardware is of a standard form, 
developed for radiation monitors. The system, comprising 
modules such as power supplies and timers, facilitates con
struction and maintenance. 

Further information can be obtained f_-om M. Höfert, Health 
Physics Group, CERN, Tel. 4602. 

18 March 1974 
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B42 Water radioactivity monitor 

Use of the instrument 

The detector 

Technical features 

Method of operation 

References 

This instrument has been deve'oppd to keep a watch on the 
levels of radioactivity leaving the CERN site by way of the 
drains. The levels of CERN-produced radioactivity are 
extremely low and are masked by the variable natural radio
activity content of the effluent water. 

The monitor consists of a y radiation counter mounted 
inside a 100 litre tank through which effluent water is 
pumped. The instrument is programmed in such a way that in 
the event of the count rate in the detector being higher than 
normal, a sample of the effluent is automatically provided for 
detailed laboratory analysis. 

The radiation counter is a 1 x 1^ inch sodium iodide 
crystal mounted on a photomultiplier, which is contained in 
the probe together with high-voltage supply, amplifier, and 
window discriminator. This discriminator is set to levels 
corresponding to 200 keV and 1 MeV y energy, and the instru
ment has sufficient sensitivity to detect changes in activity 
concentrations of the order of 200 pCi/£. 

The principal feature of the monitor is that it is designed 
to operate in the environment to be expected when installed 
on an effluent line. The instrument is also required to work 
unattended, and will signal at the recording station if the 
power fails at the monitor or if the flow rate of the 
effluent through the tank falls below 5 £/min. Indication is 
also provided when a sample is waiting for collection. 

A local scaler has been provided for the instrument on 
demonstration; but when installed, the output of the counter 
is pre-scaled by a factor of 10 and sent over a Carryplex line 
to a central recording station, where the outputs of all the 
environmental monitoring instruments are read and recorded. 
The station also contains the logic for deciding when à 
sample should be taken, and sends the necessary commands, 
again via the Carryplex,cable.( ' 

The instrument has only recently-been installed, and 
L I T E R A T U R E describing its detailed functioning and performance 
will be available1'shortly. 

. Further"details can be obtained from A.H. Sullivan," Health 
Physics Group, CERN, Tel. 3272., x ; 

' I , ' V - ~ " ' 18 March" 1974' 
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B43 Paral!el-piate ionization chamber 

Application to The hazard from ionizing radiation is a function of the 
radiation protection local ionization density in tissue as well as total energy ab-
measurements sorbed. This chamber was developed to exploit the fact that 

initial ionization recombination also depends on local ioniza
tion density, and hence could be used as a basis for an instru
ment to measure radiation hazard directly in terms of dose 
equivalent. 

The chamber The chamber consists of alternate polarization and collector 
electrodes made of tissue-equivalent plastic with a spacing of 
4 mm between them. The difference in current output at a high 
and low polarizing voltage can be made more or less proportional 
to the dose equivalent rate of any ionizing radiation, be it 
gamma rays, neutrons, or internal alpha-particles. The opera
ting voltages and gas pressure have to be carefully selected 
in order to obtain the response required. 

The problem with the chamber is that of sensitivity, as the 
dose equivalent is proportional to a small difference current. 
Special attention has been paid to the design and construction 
in order to reduce spurious effects. Even so, use of the 
instrument is limited to dose-rates greater than 10 mrem/h. 

References The use of the chamber has been described in CERN 69-1 
(1969): "The estimation of the distribution of energy loss 
of ionizing radiation by observation of the initial recombina
tion of the ions in the gas." 

The use of the chamber with automatic polarization switching 
has also been described in a paper entitled: "An ionization 
chamber for the direct measurement of dose equivalent", pre
sented at the International Congress on Protection against 
Accelerator and Space Radiation [CERN 71-16 (1971), Vol. 1, 
p. 415]. 

Further information can be obtained from A.H. Sullivan, 
Health Physics Group, CERN, Tel. 3272. 

18 March 1974 
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B44 Ionization chambers for dosimetry of 
high-energy particle beams 

Use in particle beams The equipment consists of one thin-walled and several 
tissue-equivalent ionization chambers with their associated 
electronics. It is used to control and measure the dose to 
biological specimens irradiated in high-energy neutron and 
pion beams from the accelerators. 

The thin-walled ionization chamber with a total thickness 
of 35 mg/cm2 is used as a beam monitor by measuring the total 
current produced by the passage of the whole beam through the 
chamber. All biological exposures are controlled by the 
reading of this chamber. 

The other chambers are made of a tissue-equivalent 
material and filled with tissue-equivalent gas. They are 
located inside an aluminium housing that can stand up to 
10 atm pressure. The chambers have different sizes and shapes 
which have been chosen in order to optimize absorbed dose 
measurements at low dose-rates, and in rapidly varying radia
tion fields. They are operated in conjunction with tissue-
equivalent absorbers and highly sensitive electrometers. 
Dose-rates in the range from 1-5 rad/h are treasured within 
volumes of a few cubic centimetres or a few millimetres in 
depth. 

The construction is made to correct for ion recombination 
by varying the pressure and high voltage. 

Considerable care has been taken in the selection of 
tissue-equivalent materials, the size and shape of the 
chambers, and the insulation properties, in order to optimize 
the instruments. 

References The chambers have been described in the Proceedings of the 
First Symposium on Neutron Dosimetry in Biology and Medicine, 
' Munich" 1972\ p. 729, and in the Proceedings of the Symposium 
on Dosimetry in'Agriculture, Industry, Biology and Medicine, 
Vienna 1973, p. 441. 

f \ , „ i . - , , • - - < i 
J"'" J Furthertinformation can be obtained from J. Baarli, Health 

Physics Group, CERN, Tel. 2151. - ' 

Construction of the 
chambers 

18 March 1974 
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B45 Developments in p last ic s c i n t i l l a t o r s 

Long Attenuation-Length Counters 

In the search for new particles at the ISR (Intersecting 
Storage Rings) we were confronted with an unsolved problem -
light attenuation in long plastic scintillator detectors. 

Plastic scintillator gives a light flash when a charged 
particle passes through it. This scintillator coupled to a 
photo-multiplier is called a scintillation detector and gives 
a short electrical signal at the instant of the particle 
passage. The amplitude (pulse height) of the signal is of 
interest because it is a measure of the type of particle or 
its energy. 

Unfortunately the further the light must pass in the 
scintillator the more its amplitude is attenuated, thus giv
ing a false measure of the particle characteristics 

For this reason we have been investigating methods of 
increasing the effective optical attenuation length of long 
scintillators. Figure 1 shows the results obtained for 
counters with various concentrations of p-terphenyl, and, as 
the response is practically the same along the counter length 
(apart from a fixed light output variation), the solution of 
the problem is straightforward. In fact, Fig. 2 shows the 
variation of light output with the density of p-terphenyl, 
ppt, and Fig. 3 the results obtained with a counter, where 
the values of ppt have been chosen according to the data of 
Figs. 1 and 2. The effective attenuation length of this 
counter is 25 m. This gradient activation method is parti
cularly suitable for experiments where pulse-height uniformi
ty is needed, especially in large set-ups. Conversely, this 
technique can also be used to equalize very different pulse 
heights, when sensitive targets have to detect both a slow 
stopping particle and a fast decay product. A typical pulse-
height resolution is shown in Fig. 4, and the proof that this 
resolution remains constant along the counter is given in 
Fig. 5. 
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Fig. 1 

The pulse height versus distance from the light guide for 
counters with different ppt. Here the small uncertainty in 
absolute pulse height is omitted for clarity of the diagram. 
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Fig. 2 

M'WVariation" ofrpulse-height versus |the;density, ppt, of the 
•scintillating^componentj-fp-terphenyli. of the counter 
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Fig. 3 
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Mean pulse heights as a function of position along the 
counter. The densities of p-terphenyl in the various counter 
elements are specified. 
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Fig. 4 

An example of pulse height resolution observed. This 
corresponds to.the beam traversing the counter at 60 cm, from 
,the scintillatorlto the light-guide junction. '' 
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Fig. 5 

Pulse-height resolution as a function of the position x in 
the counter. The densities of p-terphenyl in the various 
counter elements are specified. 

Development in Plastic Scintillators - A. Zichichi, 
International Conference on Instrumentation for High Energy 
Physics - Frascati, May 8-12, 1973. 

Further information may be obtained from T. Massam, NP division. 

1 April 1974 
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B46 The Synchro-cyclotron ion source (general) 

Equipment The equipment constructed for the ion source of 
the new SC machine includes: 
- the Ion Source itself; 
- the Feeder and the Multifilament; 
- the Central Geometry; 
- the Intermediate Zone; 
- the Axial Support, 
- the source's electronic system VIG. 

There is a technical note on each of these pieces 
of equipment (except for the Intermediate Zone). 

Design The equipment was designed to satisfy the follow
ing requirements: 
1) injection into the median plane of the magnet of 
a 50 mA proton beam for a slit with a cross-section 
of 1 x 10 mm - injection is brought about by means 
of a hooded-arc hot-cathode ion source of small dia
meter (0.6mm) and a puller electrode taken to the 
potential of the DEE - this is the Ion Source; 

2) supplying power to the ion source via a six-
metre-long tube, the Feeder; 

3) an adjustable and highly accurate system for po
sitioning the source (to within 1/10 mm) to control 
the extraction optics - diameter of the adjustment 
region: 2 mm; 

4) electrical beam focussing during the first acce
leration phases by means of electrodes which vary 
in size with the RF acceleration voltage and which 
have very precise geometrical characteristics -
this electrode system, which forms a mechanical 
whole, is called the Central Geometry; 
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5) an adjustable system for locating the Source/ 
Central Geometry assembly in relation to the mag
netic centre and as a function of the RF accelera
tion voltage - diameter of the adjustment region: 
10 mm; 

6) the electrical connection between the central 
electrodes and the main accelerating electrodes of 
the machine (DEE and Dummy DEE) by means of contacts 
capable of taking an RF current of 170 A and, at 
the same time, of allowing the Central Geometry to 
shift - these are the RF Contacts; 

7) mechanical matching of the Central Geometry elec
trodes - this matching is achieved by means of ad
justable and interchangeable buffer electrodes, 
which are secured to the DEE and the Dummy DEE over 
the 30 mm area radius of the machine and form the 
Intermediate Zone; 

8) the introduction and withdrawal through the axial 
aperture in the magnet yoke and pole either of the 
Source, or of the Source/Central Geometry assembly, 
for maintenance purposes and to facilitate the chan
ges in geometry dictated by the method of operation 
of the machine - the equipment used to effect these 
changes in vacuo also serves to carry out the two 
positioning operations under 2) and 4 ) , and is cal
led the Axial Support; 

9) electronically regulating the physical parameters 
of the ion source - this system of regulation, de
signed to rationalise the operation of the source, 
is made necessary by the fairly short useful life 
of che filament (80 hours) and the fast change in 
its characteristics - the electronic assembly making 
possible the interdependent programming of the para
meters is called the VIG, 

10) a maximum useful life of the source without the 
need to change the filament - the method used at 
present, after optimisation on a single filament, 
is to have a set of six filaments changed around be
neath the source chimney - this is the Multifilament. 

' R. ' Galiana/MSC 
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B47 The Synchro-cyclotron ion source 

It is of the conventional type, the hooded-arc 
hot-cathode ion source, as used in cyclotrons. Its 
size and performance are, however, different. 

Because of the stronger magnetic field (20kG) and 
lower RF voltage (15 to 30kV) than in cyclotrons, 
there is a smaller distance between turns. The chim
ney of the source, which forms a material obstacle 
in the way of the beam, is therefore very narrow 
(OD-6 mm, ID-4 mm) and the diameter of the plasma 
column (2 mm) in its turn, means that the cross-sec
tion of the cathode must be small, which is partly 
the reason for the short useful life of the filament. 
For the same reasons, the distance between the 
source and puller electrode is only 3 mm. 

The nominal extracted beam of 50mA requires an arc 
current of 3 to 5 A, or an arc current density of 
1.5 A/mm 2, which is very high. This source can, how
ever, be operated at even higher densities (xlO)at 
the cost of reducing the useful life of the cathode. 
The increase in the extracted beam intensity with 
the arc current obeys a complex law which is largely 
governed by the actual operating conditions. 

The source consists,of three parts: the box, the 
chimney and the filament-cathode. The box acts pure
ly as a pressure chamber and the arc current anode. 
Mechanically, it carries the chimney, which must be 
perfectly aligned with the magnetic field. The prin
ciple adopted for its location is to arrange the box 
axially, i.e. to centre it in the machine, while fit
ting the chimney 8.5 mm off-centre. It is thus pos
sible, by the combined rotation of the box and the -
chimney, to obtain both directions of rotation of 
the accelerated beam (internal and extracted beams) 
with the same source. The eccentricity of the chimney, 
also makes it possible to arrange the set of six fil
aments rationally so that they rotate about the Fee
der axis. The box is fitted with a cooling circuit ! 
and takes the gas directly into the chimney. 
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There are three sections to the chimney, the 
base, the tube and the head. Together with the box, 
the base permits strict alignment, rotation and 
cooling. It has a centred collimator aperture for 
the plasma. 

In relation to the base, the tube is off-centre 
so that, during rotation, the source slit remains 
tangential to the plasma. This 1 x 10 mm slit is 
given a Pierce structure simply by means of machin
ing within the thickness of the tube. The tube is 
internally tapered opposite the slit so that the 
plasma always touches the slit. 

The head is fitted completely within the dia
meter of the tube in order not to cause Penning 
ionisation, which would otherwise accentuate spark
ing phenomena. It contains an insulated tantalum 
electrode, the anti-cathode. 

The standard filament is a tungsten plate accu
rately shaped to ensure that the hot point is per
fectly centred and that the heat gradient around 
this point is neither too steep (arc current den
sity gradient in the plasma column) nor too gentle 
(filament connection problems). At the top it car
ries a tantalum,wafer welded by electron gun. 
The operating temperature is thus lower and, by 
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means of compromises 
which are difficult to 
explain in simple terms, 
it is possible to make the 
useful life of the fila
ment markedly longer than 
that of one made of tung
sten or tantalum alone. 

The Multifilament (see 
technical note) differs 
from this standard fila
ment only in its connec
tions 

150 to 250 V 

0 to 5 A 

1 to 1.5cm 3/minute 

Filament current : standard ^460A 
multifi
lament ^560A 

Gas pressure 3.10~ 3 to 10 2 T 

Pulse duration 30us 

Duty cycle 2% 

. R. Galiana* V M S~c'¿\ 

B47-3 i 

• ^ . T A N T A L U M 

" I WAFER 

CATHODE 

S T A N D A R D FILAMENT 

Physical Parameters Arc voltage 

Arc current 

Gas flow rate 
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B48 The Synchro-cyclotron ion source: 
the feeder and the multifilament 

The Ion Source is powered via a tube (the Feeder) 
which is coaxial with the central geometry support. 
Because these components are coaxial, and because 
the mechanical components of the Axial Support are 
stacked one on top of another (see Technical Note), 
the overall length is 6 m, very much more than the 
2.80 m needed for the passage through the yoke and 
the pole piece of the magnet. 

Moreover, the installation of a multiple fila
ment made it much more difficult to construct the 
Feeder. This type of filament was developed to 
compensate for the relatively short useful life of 
the standard filament previously used (80 hours), 
especially since it is desired to operate the ma
chine continuously. 

1) The Multifilament 
This component consists of a set of six fila

ments, which can, by means of a rotational movement, 
be successively brought in line with the axis of 
the Source chimney for use. The upper part of each 
filament is the same as the previously developed 
standard filament (see Technical Note). The indi
vidual filaments are powered via a common point and 
six terminations, the changeover switching being 
effected by thyristors. The rated current of each 
filament is 560 A. They must be manufactured to a 
,high degree of precision (1/10 m m ) , and thus grind
ing, , spark erosion, wire saw and electron gun weld
ing methods., are used for the various tungsten and 
tantalum components, which are assembled in a jig. 
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Fibm.W u 8S Pastille Tg, 

_éJ4Q 

MULTIFILAMENT 6X ¿ 4 0 

MulNFilament ThyrisFors 

ELECTRICAL SCHEME o T n S 9 e r 

totaling connectons 

r3n 

2) The Feeder 
The Feeder supports the Ion. Source, makes provi

sion for the gas transport, the supply of current 
to the filament and the cooling system and, by ro
tating the filament rod, makes it possible to change 
the filament. 

The outer casing is a ground, perfectly straight, 
hard-chromium-plated stainless steel tube 70 mm in 
diameter. Its polished surface ensures perfect 
sealing while the source is being introduced or 
wi thdrawn. 

Between the outer tube and a tube 52 mm in dia
meter there are three kidney tubes for the source ' 
box cooling system and the gas supply. \ 

The filament rod is a stainless steel tube, 47mm 
in diameter, with an insulating coating of heat-
shrunk sleeving. The seven filament current conduc- ; 
tors are symmetrically distributed around the in-
terior of the tube by means of stays. The conduc- 'l ¡-\ 
tors themselves consist of copper tubes (OD-12 mm, ' r> 
ID-8 mm) with 6 mm diameter stainless steel 'tubesíí 
running coaxially through them for cooling purposes.,|||' 
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«Feeder 0 70 

•«Guide tube f o r m u l t i f . stem 

-Feeder i n s u l a t i o n 

- M u l t i f i l a m e n t stem 

-•Mult i f i lament power supply 

-•Mult i f i lament stem i n s u l a t i o n 
-Source gas supply 
-Source c o o l i n g box 

Coaxial tube c o o l i n g and 
m u l t i f i l a m e n t connect ion 

At the base is fitted the mechanism for rotating 
the filament rod (consisting of an angle sensor and 
a motor working to an accuracy of 1/10°), the thy-
ristor changeover switching system and two rotary 
mercury contacts to provide the link between the 
heavy current supply and the Feeder/Filament Rod 
rotary system. 

The seal is provided at the upper end, as near 
as possible to the Source box. 

\ 'R. Galiana/MSC 
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B49 The Synchro-cyclotron ion source: 
the central geometry 

This consists of an assembly of electrodes fitted 
at the centre of the synchro-cyclotron for the fol
lowing purposes: 
- extracting the beam from the ion source, 
- electrically focussing the beam during the first 
few turns. 

Beam extraction The beam is extracted in the acceleration gap 
located between the ion source chimney and "puller" 
electrode when the latter is taken to a negative 
potential during one half-cycle of the RF potential. 

There is a 1 x 10 mm 
slit, with Pierce geo
metry, in the source 
chimney. 

The puller is a small 
flat tantalum electrode 
in which there is a 2 x 
12 mm slit to allow the 
beam to pass through. It 
is inclined at 30° to 
the main acceleration gap 
axis to compensate for 
the electrical phase 

shift of a bunch of protons during initial accelera
tion by virtue of its geometrical phase shift. The 
angle of inclination can be altered merely by re
placing the puller electrode. 

The extraction optics are defined by the rela
tive positioning of the puller electrode and the 
source, the latter being movable. The nominal dis
tance along the beam is 3 mm, while the transverse 
distance between the axes is 0.7 mm. These two > 
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distances can be adjusted by ± 1 mm to optimise the 
optics during the operation of the machine. 

Electrical beam 
f ocuss ing 

The Central Geometry is essentially designed to 
obtain maximum electrical focussing during the 
first few acceleration cycles, i.e. when the beam, 
which is turning around a small radius, cannot 
take advantage of the magnetic focussing effect of 
the magnetic field gradient (zero at the centre). 

The double-cone shape of the electrodes re
sults from the tapering of the acceleration gap 
from a radius of 5 cm to the 1 cm radius of the 
initial trajectory. 

The angle of the cones (60°) was selected after 
the potentials had been measured in an electroly
tic tank and after the trajectories had been cal
culated in order to obtain the optimum focussing 
compromise (the electrodes are to some extent the 
beam envelope, the shape of the beam itself de
pending on that of the electrodes). 

D e s c r i p t i o n The Central Geometry consists of five main 
parts: 

Electrodes 

the electrodes; 

- the RF contacts; 

- the insulators; 

the trimmer, 

- the heat radiator, 

TRIMMER 

üPPEje CONTACTS, 

RADIATOR — 

ELECTC0D6S-

L O W E R C O N T A C T S ' 

MSULKTÔRS • 

AXIAL SÜPP0RT-
There are two electrodes, the DEE and the Dummy-

Dee electrodes, each in the shape of two half-cones 
with their points facing each other, and joined to
gether at this point by a semi-cylindrical rod, the 
core. 

The core is very elaborate in shape. The centre 
and« the radius of each semi-cylinder correspond to 
the centre and radius of each of the two p a r t s o f 

V , the first-trajectory. The purpose of the core is: 
I s - • - , 

- to provide the mechanical support for the upper 
; half : cones ; . , " r > - , / , S • , ' ' *'» - ? - < 

w-¿ 



- 116 -

- to carry the puller electrode; 
- to restrict the acceleration gap to the geometri
cal centre of the machine, which is very important 
for the potential distribution. 

By providing a symmetrical geometry in relation 
to an axial plane perpendicular to the acceleration 
gap, the vertical inversion of the electrodes makes 
it possible to cause the accelerated beam to rotate 
in the opposite direction (this operation is con
nected with a movement of the symmetrical source in 
relation to the same plane). 

(See special Technical Note) 

At both top and bottom of each electrode there 
are two segments, each with pneumatic contacts, 
making eight contacts in all, which are designed to 
ensure that the r.m.s. RF current of 85 A, due to 
the capacitance of the electrodes, can pass. 

Each electrode is fitted on five boron nitride 
insulators. They are relatively small in view of 
the RF potential of 30 kV, but this is because of 
the various considerations with respect to the di
mensions of the Central Geometry itself and the Ion 
Source box. The insulators must also withstand the 
fairly high mechanical stresses produced by the 
pressure of the electrical contacts. Since the di
electric and mechanical properties of boron nitride 
are in mutual conflict, a compromise must be struck. 

s 

The Trimmer is an additive capacitor fitted to \ 
give the Central Geometry a constant capacitance of 
30 pF (dictated by the actual specifications ,of the 
RF system), whatever geometrical changes are made. 
It consists of two titanium plates, with an area of, -• 
70 cm 2, 5 mm apart. - i } ' 

All the components of the Central Geometry a r e - r r ^ v - l f 
designed to operate at 350°C in the "worst case" ' / ' J 
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event of beam loss. Here, the safety margin 
available to avoid mechanical distortion of the 
electrodes, seizure of the RF contacts and sparking 
between the electrodes is very small. This is why 
a heat shield has been fitted. It consists of a 
very fine tungsten grid which is transparent per
pendicularly to its surface but opaque to the acce
lerated particles impinging on the electrodes at a 
small angle of incidence. The grid therefore re
ceives the beam energy and, because of its low ther
mal capacity, it can reach high temperatures and 
dissipate most of the energy outwards by radiation. 

CENTRAL 
GEOMETRY 

/NTERMEÙIATE ZONE 

C E N T R A L F'EGIOli 

| H C « I ! i „ l i ' r . 1 ' f i S 

, 12 March 1974 
* R: Galiana/MSC 

B49-4 
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B50 The Synchro-cyclotron ion source: 
the RF e lec tr ica l contacts 

The electrodes in the centre of the machine (cen
tral geometry) have a capacitance of 30 pF, with 
the result that an RF-current of 170A circulates at 
the maximum frequency of the RF cycle (30 M H z ) . Be
cause of the variation in frequency during the ac
celeration cycle and duty-cycle (65%), the rms cur
rent is 85A. 

A problem arises in that the characteristics of 
the moving electrical contact must be such that it: 
- allows the electrodes to move in the horizontal 
plane, over a distance of 10 mm in all directions; 
- has a low inductance; 
- has a low resistance, to ensure that the heating 
of the central geometry, which is thermally insula
ted by the electrical insulators and vacuum,is kept 
to a minimum; 
- ensures that the DEE, on which the stationary 
part of the contacts is located, does not undergo 
any unacceptable axial mechanical stresses - in 
addition, it must have a contact pressure which 
does not vary unduly with the position of the cen
tral geometry; this is to prevent any distortion of 
the electrodes which may be related to the position; 
- occupies a minimum space, particularly as the 
available radial distance is very limited, 
- dispenses the part of the contact fixed to the 
DEE from any servicing; failing that, servicing 
must not be necessary for several years, in spite 
of the immediate proximity of the ion source, which 
is a major source of electrode pollution owing to 
cracking and ionization of the heavy molecules 
(vacuum pump oil). 
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Design requirements 1) Spring contact 
This component has to be of large dimensions in 

view of the movement required, to ensure that the 
contact pressure can be varied within acceptable 
limits. Furthermore, the elastic properties of 
non-magnetic metals will have already disappeared 
at the maximum operating temperature envisaged for 
the central geometry (350°C). This type of contact 
cannot, therefore, be envisaged. 

2) Pneumatic contact 
The ideal solution, in which a constant contact 

pressure is maintained, is that provided by a fric-
tionless piston contact, or a variable-volume cham
ber without mechanical elasticity, the volume of 
which would be considerably greater than the varia
tion in volume due to contact movement. If per
mitted by the materials of which it is made, this 
type of contact can operate at very high tempera
tures. The dimensions can be more appropriately 
matched to the space available. This is the type 
of contact which has been adopted. 

D e s c r i p t i o n The contacts are connected in groups of 4 to a 
small pressure chamber in the form of a segment. 
Each contact consists of a shaft/guide assembly, a 
deformable chamber and the electrical contact proper. 

Pressure chamber 

I n s e r t i o n 
Area 

Displacement 
path 

Bel 1 ows Head 
Fixed 
c o n t a c t 

1) The shaft guide assembly has been designed to 
withstand the transverse loads occurring during la
teral movement,especially when the central geometry 
is rotated into the nominal position. A tungsten 
carbide,coating on the shaft makes it possible for 
this system to operate up to 350°C and above (Union 
Carbide process for supersonic gun). 

2) The deformable chamber is a bellows composed of 
5/100 mm stainless-steel discs welded together. 
(CALORSTAT); it is, covered with a 1/100 mm-thick 
silver"coating. Owing to skin effect, the'current 
circulates only in the silver coating. This type of 
bellows has a very low inductance. The electrical 
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contact proper is effected between a replaceable 
tungsten-copper (20%) alloy nipple attached to the 
bellows and a tungsten component fixed to the inter
mediate region. The latter is specially profiled 
to allow compression of the contacts by sliding the 
bellows along a curve with a constant slope (loga
rithmic spiral) whilst rotating the central geo
metry through 21°30 during introduction. 

1. RF contacts : introduction position 

2. RF contacts : nominal position 

3. RF contacts : excentric position 

4. Pressure chamber with 4 contacts 

R. Galiana/MSC 
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B51 The Synchro-cyclotron ion source: 
the axial support 

T h i s i s a m e c h a n i c a l s y s t e m l o c a t e d u n d e r t h e 

m a g n e t a n d d e s i g n e d t o e n a b l e : 

- m o v e m e n t o f t h e i o n s o u r c e i n r e l a t i o n t o t h e c e n 

t r a l g e o m e t r y ; 

- m o v e m e n t o f t h e c e n t r a l g e o m e t r y / i o n s o u r c e a s s e m 

b l y i n r e l a t i o n t o t h e c e n t r e o f t h e m a c h i n e , 

- i n t r o d u c t i o n a n d e x t r a c t i o n , i n v a c u u m c o n d i t i o n s , 

of t h e I o n s o u r c e a n d c e n t r a l g e o m e t r y . 

M e c h a n i c a l p r i n c i - T h e a x i a l s u p p o r t c o n s i s t s o f 2 m e c h a n i c a l s y s -

p l e t e r n s , e a c h b a s e d o n a s i m i l a r p r i n c i p l e . T h e s u p 

p o r t o f t h e i o n s o u r c e , w h i c h i s n a r r o w e r a n d l o n g e r , 

i s s i m p l y c o n t a i n e d a n d c a r r i e d b y t h a t o f t h e c e n 

t r a l g e o m e t r y s u p p o r t . 

E a c h s y s t e m c o n s i s t s of 3 e c c e n t r i c t u b e s , o n e 

i n s e r t e d i n t h e o t h e r . T h e i n t e r m e d i a t e t u b e h a s 

a n e c c e n t r i c i t y w h i c h i s e q u a l a n d o p p o s i t e t o t h a t 

of t h e t w o o t h e r s . B y c o m b i n i n g t h e r o t a t i o n of 
t h e s e t u b e s , i t i s p o s s i b l e t o l o c a t e a n o b j e c t 

m o u n t e d o n t h e t h i r d t u b e i n a n y p o s i t i o n w i t h i n a 

c i r c l e w h o s e r a d i u s i s t w i c e t h e e c c e n t r i c i t y , a n d 

w i t h a n y d e s i r e d a z i m u t h . I n t h e d e s i g n a d o p t e d , 

t h e a z i m u t h of a t u b e r e m a i n s s t a t i o n a r y d u r i n g t h e 

r o t a t i o n of t h e o t h e r s , b u t t h i s i s p u r e l y of s e c o n 

d a r y i m p o r t a n c e . 

A s t h e t h i r d t u b e s l i d e s a x i a l l y i n r e l a t i o n t o 

t h e s e c o n d , t h e o b j e c t c a n b e w i t h d r a w n t h r o u g h a n 

\ a i r l o c k . , 

, v . T h e e q u i p m e n t , o p e n s o u t t o a h e i g h t of 1 2 m . T h i s 

'\ i'< J m a y s e e m paradoxical w h e n " i t i s b o r n e i n m i n d t h a t 

< t h e h e i g h t of t h e i o n source i s 5 2 0 . c m , a n d t h a t of 
' t h e c e n t r a l g e o m e t r y 3 0 } c m ' . v j T h e ' r e a s o n for t h i s 

" h e i g h t 1 i s t h a t , iViaddition t o t h e 2 . 8 0 m of t h e 

• h o l e t h r o u g h t h e ^ m ä g n ^ e t ^ b o d y , i t i s n e c e s s a r y , for 
e x t r a c t i o n - 5 ' o f t h e ^ c ' e n t r á l f * g e o m e t r y ' , , t o < a d d t h e 

D e s c r i p t i o n 
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height of the rotation mechanisms of the first 2 
tubes, and, to extract the ion source, to add the 
height of the air lock of the central geometry, and 
the height of its own rotation mechanisms. In 
order to accommodate the equipment, it was necessary 
to dig a 5 m deep pit in the ground of the room un
der the magnet. 

The vertical movements are provided by 2 slide 
columns, with a chain drive. The rotation of each 
tube to obtain the horizontal movements are effec
ted by means of a position-control system compris
ing a digital angle-sensor, a digital comparator 
and a high-torque step-by-step motor. In order to 
maintain the azimuth of a tube constant during the 
movement of the others, each tube is mounted on a 
system of crossed slides. 

The assembly is controlled by an electromechani
cal system, the purpose of which is to ensure par
tial safety in the large number of operations re
quired during functioning, some of which are man
ual and are difficult to control. 

In designing this equipment, mechanical problems 
were encountered owing to the need to have very long 
tubes which were perfectly aligned, whereas the 
base was mobile and relatively narrow. Any slope 
in one of the tubes results in mechanical stresses 
which upset the accuracy of the horizontal movement 
(1/10 m m ) . 

•^12 March 1974 
¿ R. Galiana/MSC 1; 
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B52 The Synchro-cyclotron ion source: 
the electronic system 

For its dimensions, the ion source supplies a 
very high ion current (see Technical Note). This 
means that the setting values undergo rapid change 
depending on the specific mode of operation. 

The change may be of two types: 
- involuntary, because certain components of the 
source are modified during operation (filament, 
collimator aperture, anti-cathode) without it being 
possible to control them, 
- deliberate: to obtain an extracted beam of con
stant intensity and emittance, other parameters may 
be varied in order to compensate the changes in 
operation due to the uncontrollable parameters. 

Furthermore, adjustment of the operating mode to 
obtain a given brilliance requires, on each occa
sion, a successive three-parameter approximation; 
this is always difficult and sometimes leads the 
operator towards operating areas which are unac
ceptable for the source. 

The reason for the aura which surrounds ion sources 
lies in their highly multi-parameter characteris
tics. Apart from the geometric parameters which 
are more or less perfectly defined during design, 
bub. which remain fixed, the problem is to establish 
simple basic relationships between the physical 
parameters -(voltage, current, temperature, pressure) 
,so that.optimum operation is possible. 

;\In this equipment, the relationships are as fol-
,„ lows : 1 . / . . ,« , * , . 
- automatically regulated on loops consisting of 

"""one (e.g. gas flbw-râte) or'several 'paramete'rs~(è".'gr 
^filament current versus I.--, V._„ function, gas,„ 
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- or programmed - e.g.: co-ordination of principal 
parameters (V , gas) as a function of the 
desired brilliance, 
- or in the form of recommendations given to the 
operator - e.g.: filament positioning in accordance 
with wear, choice between 2 stable arc operating 
modes, etc. 

The equipment makes extensive use of digital 
electronic techniques in the fields of measurement 
and control. The principal comparators are of the 
analog type, but digital comparators are used for 
the adjustable limits of the parameters. 

Regulation of the power supplies is effected on 
the primary winding by variacs controlled by step-
by-step motors. 

Problem : The coupling, within the ion source 
(also an excellent source of oscillations (!)), of 
the parameters A N A * A R C ' w b i c h have independent 
regulation loops, also induces oscillations 
between the two loops; the only solution to this 
problem was to use the possibility of making a clear 
separation between the two time constants. 

There are certain more specific items of equip
ment. 

The pulse generator (500 V - 5 A - 5 to 500 usee) 
is of the thyristor type. 

The gas equipment regulates the flow rate on the 
basis of the indication of an electronic differen
tial pressure gauge (Data Instruments),which detects 
the downstream/upstream pressure differential at a 
diaphragm, and by means of a precision motorized 
valve (GRANVILLE-PHILLIPS). Mention should also be 
made of the transfo-shunt sensor (L.E.M.), for 
measuring heavy current (500 A) in a circuit carry
ing a pulsed high-voltage current. This tricky 
problem has been solved in the equipment by measur
ing the current of a coil which compensates (mag
netic zero) the magnetic field produced by the heavy 
current in a very low resistance bar. Similarly, 
the pulsed-arc current is measured by means of a 
current probe • (TEKTRONIX). Associated equipment: 
-sequential relays interlocks, display, remote con
trol, Recording, programming, timing, .... 

R'. Galiana/MSC 
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B53 The ISOLDE-2 electromagnetic isotope 
separator 

The ISOLDE (Isotope Separator On-line) facility is con
structed for nuclear studies of short-lived radioactive isotopes 
of the different elements. The principle of the installation 
is shown in Fig. 1. Nuclides produced by exposing a target 
to the external proton beam of the 600 MeV Synchro-cyclotron 
(SC) are removed as a gaseous stream. They are subsequently 
purified chemically, either before entering or when they are in 
the ion source of the electromagnetic isotope separator. An 
ion beam of one element is formed in an electrostatic lens sys
tem and then passed through an analysing magnet situated in 
a thick shielding wall. By means of an electrostatic switch
yard, the isotopically pure ion beams are allowed to enter a 
beam-handling system for further transport through a second 
shield to the measuring instrumentation. 

The ISOLDE facility has been entirely reconstructed in con
junction with the SC shut-down. In the ISOLDE-2 machine, new 
techniques have been taken into account so that it differs 
considerably from the otherwise well-established isotope sepa
rator technology. Apart from the numerous small improvements 
made on the basis of the previous six years of on-line expe
rience, the following special features should be emphasized: 

i) the new target and ion-source system that has been devel
oped and which is described in Technology Note B54j 

ii) a remote-handling system by means of which the highly 
radioactive target and ion source unit can be connected, 
disconnected, as well as exchanged with any of three 
other units situated in a shielded target vault} 

iii) the new electrostatic lens system and differential pumping 
chamber designed for easy cleaning and re-alignment of 
the radioactive lens; ' 

îv) a switchyard based on a new beam-switching principle for ^ 
isotope separators on-line. Pairs of cylindrical electro-
static deflection plates (Fig. 1), which can be moved ' * 
independently along the direction of the deflected beam 
in order to intercept different isobaric beamsare used.. 
This movement guarantees constant alignment with the 
lenses in the beam lines, and allows the experimenter to¿ „ í * 
cover a range of 200 mm across the'direction'of, the ion ,;,//"; 
beam in the collector chamber. (This corresponds^to.20^HgV 
isotopes being accessible without change of the mass spec-l« 
trum. )• 
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v) four secondary beam lines, up to 6 m long, equipped with 
electrostatic quadrupole lenses, allow for as many experi
ments to be performed simultaneously; 

vi) finally, an oil-free vacuum system based on turbomolecular 
pumps is used. 

Further information can be obtained from E. Kugler and 
S. Sundell, NP Division, CERN. 

15 March, 1974. 
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854 The ISOLDE target and ion-source unit 

B54 THE ISOLDE TARGET AND ION-SOURCE UNIT 

The assembly shown is a production target for radioactive 
nuclides, which is integrated with the ion source of an electro
magnetic isotope separator. In its different versions the 
apparatus yields an ion beam of one of the nuclear reaction 
produced elements shown in the table. 

T a r g e t 
m a t e r i a l 

T o t a l 
w e i g h t 

(s) 

T a r g e t 
e l e m e n t 
w e i g h t 

( g ) 

T e m p . 

t°C) 

P r o d u c t 
e l e m e n t 

S c - L a a l l o y 50 18 1300 Ca 

S c - L a a l l o y 50 18 1300 K 

S c - L a a l l o y 50 18 1300 A r 
Y - L a a l l o y 60 50 1300 S r 

Y - L a a l l o y 60 50 1300 Rb 

Y - L a a l l o y 60 50 1300 K r 

L a 70 7D 1400 Ba 
La 70 70 1400 Cs 
La 70 '0 1400 X e 
T h - L a a l l o y 98 30 1400 Ra 

T h - L a a l l o y 98 30 1400 F r 
T h - L a a l l o y 98 30 1400 Rn 

U - C r a l l o y 190 182 1300 Ra 
U-CT a l l o y 190 182 1300 T r 
U - C r a l l o y 190 182 1300 Rn 

G d - L a a l l o y 96 90 1400 E u 
G d - L a a l l o y 96 90 1400 Sm 
L u - L a a l l o y 90 S9 1400 Y b 
L u - L a a l l o y 90 59 1400 T m 
Ge 134 134 1100 Z n 
Sn 203 203 1100 C d 
Pb 270 270 700 Hg 

The system was developed for use with the reconstructed * 
ISOLDE (Isotope Separator On-Line) facility near the 600 MeV \ 
Synchro-cyclotron (SC). This project, intended for the study 
of the nuclear properties of short-lived nuclides by means of ~\f}f< 
several new techniques, is further described in Technology , ,"̂ J 
Note B53. The key problem in such an on-line machine is'Vl,-r.è^ 
that of target and ion-source technology related ¡to the methods'^ 
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i . . . . 
S for obtaining a continuous liberation of carry-free nuclides 
; from large amounts of target material. 
Target and ion- A schematic view of the target and ion-source assembly is 
source unit shown in Fig. 1. The target material is contained in a cy

lindrical container clamped between two cooled electrodes and 
placed axially in the proton beam. In order to speed up the 
liberation of volatile reaction products, the target material 
is heated to above its melting point by ohmic losses from an 
alternating current of typically 1000 A. A stirring action 
obtained by an electromagnetic field at a right angle to the 
current path in the target (magnet not shown) gives in some 
cases a further increase. By means of a short side-tube kept 
at a temperature of 800-1500°C by ohmic heating, the volatile 
products are taken to the ion source of the electromagnetic 
isotope separator. 

Containers for the extremely corrosive target metals pre
sented a particular problem. Only by the choice of low-melting 
alloys combined with uniformly heated containers made of tan
talum, tantulum carbide, or graphite, have container life
times of the order of 100 hours been reached. 

In most cases several product elements are released from 
the target, but by proper choice of the type of ion source 
and the temperature on the transfer line a selective ioniza
tion of only one element has been obtained. For this purpose 
two new, surface ionization type, ion sources have been devel
oped. Built into the unit shown in Fig. 1 is the plasma-type 
ion source used for ionizing elements with ionization potential 
> 7 eV. A surface ionizer heated by Joule effect, which allows 
temperatures up to 1700°C for ionizing the alkalis and the 
alkaline earths, is seen in the lower inset of Fig. 1. The 
constriction at the end of the transfer line serves as the 
ionizing surface. The upper inset of Fig. 1 illustrates the 
high-temperature surface ionization source developed for the 
rare earth target version. The ionizing surface is here made 
up of a rhenium cube (m.p. 3180°C) prolonging the transfer 
line and heated to ^ 3000°C by means of electron bombardment 
from a surrounding filament. 

The target and ion source are enclosed in their common vacu
um container, which carries on its front all the necessary 
supplies in the form of quick connectors. By means of a 
mechanism, which is not shown here, the whole assembly can be 
connected or disconnected from the separator by remote control. 

Further information can be obtained from H. Ravn, S. Sundell, 
NP Division, CERN. 

,t 12 February, 1974. 

¡54-Z 
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PLASMA ION SOURCE 
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1. Target c o n t a i n e r 

2 . T a r g e t - t o - i o n - s o u r c e 
t r a n s f e r l i n e 

3 . Ion source 

4 . E x t r a c t i o n e l e c t r o d e 

5 . Water c o o l i n g 

6. Heat s c r e e n s 

7. Cathode f o r e l e c t r o n 
bombardment 

8. Ion- source ground 
terminal 

9. Gas i n l e t 

10 . Low-current f e e d -
through 

1 1 . Water-cooled h i g h -
current f e e d -
through 

1 2 . I o n - s o u r c e magnet 

1 3 . E l e c t r i c a l p l u g - i n 
connec tors 

14. Water -coo l ing 
connec tors 

15. Separator HV 
i n s u l a t o r 

16. Target vacuum 
chamber 

17. E l e c t r i c a l c a b l e s 

F i g . 1 Target and i o n - s o u r c e assembly wi th i n s e t s showing 
t h e two d i f f e r e n t thermal i o n - s o u r c e s . 
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B55 Fabrication of spark chambers 

Spark (or vire) chambers are detectors used to track the path 
of particles which ionise the gas medium through which they 
pass. An applied electric field produces a local discharge 
which is detected as a current measured at field electrodes 
fitted for this purpose (parallel wires). Coordinates taken 
on successive grids produce a 3-dimensional pattern of the 
trajectory. 

Spark chamber A spark chamber consists of a number of pairs of "high-
components voltage planes"/"read-out planes" stacked between two end 

planes. 
The high-voltage planes are made either of a closely woven 
metal wire lattice or of a metal grid or of a thin aluminium 
foil or of a metallised plastic-foam plane. 
The read-out planes (earthed)are made of a horizontal, verti
cal or oblique array of parallel wires stretched over a frame. 
Gold plated tungsten wires are used, the diameter (20 pm to 
10 um) depending on the chamber dimensions (exceptionally 
4 um is used for small chambers of 50 x 50 mm). 
The supporting frames are made from various insulating mate
rials with good mechanical properties such as "Vetronite" *) , 
filled or reinforced epoxy resins, acrylic glass, etc... 
In most cases two types of support frame adapted to flat or 
perpendicular chambers can be used. The choice depends on 
whether the printed circuit boards to which the wires are 
soldered are parallel or perpendicular to the wire plane. 

- (In the case of perpendicular wire chambers, the high voltage 
planes which are made of metallised plastic foam sheets form 
an integral part of the read-out planes frame). 

The main steps are as follows : 
1. Preparation of the frame structure 

- " Fabrication of the support frames equipped with 
guard strips. 

< - ,For perpendicular chambers, preparation of the 
metallised plastic foam sheets and glueing to the 

*, , frame. 
Breidenbach," Switzerland. 

Manufacture of spark 
chambers 

1 f A ! 1 * ) ' 
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- Grinding of the frames to obtain the required gap 
between successive planes and fixing of reference 
points. 

2. Positioning of electrical connections : 
- Printed circuits. 
- Guard strips. 

3. Plane fabrication 
- Por flat wire chambers the high-voltage planes are 

made either by soldering a weave, or by glueing a 
metal grid or aluminium foil on to the frame. 

- The read-out planes are made either by weaving and 
soldering the wires directly on the loom or by 
soldering after weaving on an auxiliary supporting 
frame. 

4. Mounting the different frames 
The different planes, including the end planes are 
assembled as a leak—free sandwich stack either by 
glueing or by clamping an 0-ring seal, using the frame 
reference points for guidance. 

- Prom the experience gained in the course of fabrication of 
numerous wire chambers, some recommendations can be made : 
- Preliminary cleaning and degreasing of the chamber 

components and cleanliness throughout the production 
process. A final cleaning of the assembled chamber 
(e.g. by ultra-sound) is often impossible. 

- Systematic geometrical and electrical control of all 
components and parts at each production stage. 

- Use of specially adapted equipment for precision work 
on large components, in particular : 
- marble, template, calibrated reference frames, 

gear or pneumatic looms, 
- microwelding tools, etc... 

If the above precautions are taken it is possible to produce 
to given specifications wire chambers with the following 
tolerances : 

Weaving pitch of 5 mm + 0,03 for read-out wires of diameter 
less than 15 Um. 
The wire tension, dependent on the diameter and length of 
wire, is constant to within + 5 %. 

- The gap between planes obtained by grinding the frames is 
10 mm + 0,05 for a chamber of 1000 x 2000 mm. 
The error in stacking parallel wires of different read
out planes is less than the diameter of the wire used. 

Further information can be obtained from G. Dinkel, Central 
Workshops, SB Division, CERN and G. Muratori, NP Division. 

2 March 1974 v 
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B56 Fabrication of Cerenkov counters 

When a particle passes through a medium at a velocity greater 
than that of light in that medium, "Cerenkov" light is produced 
which may he used to detect the ionising particle. The light 
produced travels along a conical wave front with the particle 
at the top of the cone, much like the shock wave produced by 
supersonic aircraft. As in the case of a supersonic wave the 
angle of the cone formed by the wave front depends on the 
difference between the particle velocity and the velocity of 
light in the medium. 

, The mediums used in Cerenkov counters are transparent gases, 
liquids or solids. When gas is used, the velocity of light can 
be varied by altering the density of the medium. Photomultipliers 
are used to detect the Cerenkov light reflected from an optical 
system composed of 2 n <* order concave mirror surfaces. These 
mirrors are metallised plastic surfaces of the required geome
try. With such an optical system a large variety of measure
ments can be performed. 

Production of optical Surfaces of the required geometrical shape are obtained by two 
surfaces principal methods : 

1. Spherical and elliptical surfaces are obtained by hot-
forming thermoplastic resin sheets having a good surface 
finish (acrylic glass). Only that portion of the total 
surface with the specified geometrical characteristics 
is used. 
Given the axes or radius of curvature of the required 
mirror and on the assumption that the deformed surface 
is of 2n<i order, the height of deformation necessary can 
be calculated . 
The annealed acrylic glass sheet is pressed tightly 
between a support plate and a ring. The inner surface of 
the ring is machined so as to produce the profile of the 
straight section of the mirror. The whole is then heated 
to 1A0°C in a hot air circulation furnace. At this 
temperature, compressed air (at low pressure) is injected 
between the acrylic glass sheet -and the support plate to 
produce the required deformation. During the cooling cycle 
the pressure is1regulated so as to maintain the deforma-

, , * , - tion constant. *, , 
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After cooling, the mirror is inspected. If the required 
specifications are not obtained the forming process is 
repeated. Once the specifications are met the mirror is 
cut to the required shape. This may provoke a slight 
sagging, so that a preliminary test to determine the best 
operating conditions is necessary. 

2. Cylindrical or revolution parabolic surfaces are obtained 
by centrifugation with a mould containing thermosetting 
resin. Horizontal centrifugation (with cylindrical mould) 
is used for cylindrical surfaces and vertical centrifugation 
(of an exact copy mould) for parabolic surfaces. 
A high fluidity resin is cast into the preheated mould, 
and rotated at a controlled speed (inversely proportional 
to the square root of the parabola parameter). If the 
speed is maintained constant, a homogeneous layer of resin 
of uniform thickness is formed over the complete mould 
surface (2 to 3 mm thick). 
After gelification and polymerisation (lasting about 20 
hrs. at 83°C) the mirror base can be withdrawn from the 
mould. 

3. Geometrical control of the surface is performed by compa
ring the reflection of a laser light beam with a reference 
calculated from that expected of a perfect geometry. 

Flat acrylic glass mirrors are metallised by simply glueing 
a ".25 mm thick aluminium foil stretched over a frame. 
Th -¿rher mirror forms are metallised by evaporation of alu-
min. _¡n from an electron bombarded crucible. When used under 
goo. -icuum conditions with a sufficiently high evaporation 
rate this process gives highly reflecting surfaces. 
Good quality mirrors can only be obtained on surfaces free 
from machining and polishing marks, grease or electrostatically 
fixed dust particles. 

The mirrors are finally mounted in leak-tight containers of 
various shapes which can withstand high pressures. 

Using the methods outlined above, components of precise geome
trical form can be obtained (error less than 5 % on the radius 
of curvature for hot formed mirrors, and less for centrifuged 
mirrors). They have excellent optical properties due to the 
fine "glazed" finish resulting from the solidification of a 
viscous surface. 

Further information can be obtained from M. Flammier, G. Juban, 
J. Lecoultre and M. Sartorio, Central Workshops, SB Division, 1 

CERN. 

2 March 1974? 
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B57 Manufacture of s c i n t i l l a t i o n detectors 

When an energetic particle passes through any material it 
looses a certain amount of energy. If the material involved is 
a scintillator, part of this energy loss is transformed into 
photons which can then be detected by a photomultiplier. 

Composition of All detectors are composed of a scintillator, a light guide and a 
Scintillation photomultiplier, but the form and dimensions of the detector 
Detectors depend on the physics experiment to be performed. 

1. The scintillator : 
- In general the scintillating material is a composite 

of : 
a) A good light transmitting medium : 

liquids such as benzene, toluene, xylene or solids 
such as polyvinyl-benzenes,-toluene,-xylene (known 
respectively as polystyrene, polymethylstyrene, 
polydimethylstyrene) or lead glass. 

b) A scintillating substance such as p-terphenyl. 
c) A "wave-shifter" substance such as POPOP (*) . 

- The molecules of the scintillating substance are 
excited to a high energy level by absorption of part 
of the energy lost by the initial particle. On de-exci
tation these molecules emit characteristic radiation 
which in turn excite the molecules of the wave shifter 
substance. De-excitation again occurs with emission of 
ultra-violet radiation at a higher wave length. 

- A scintillator is characterized by the peak height and 
decay time of the photomultiplier signal for a particle 
of a given energy passing through the material. The 
choice of these parameters depends on the experiment 
involved, for example, for a high sensivity detector 

, the signal, peak height must be as high as possible 
whereas, for high resolution the decay time 
must be as short as possible. 

2.' The" light guide ':' 
The light guides are chosen mainly for their optical 
properties, in particular for high U.V. transmission, and 
the'ease of machining." The most commonly used materials 

" ' are^acrylic' glass and' glass fibre. 
(*) 2,2'-p-Phenylene-bis (5-phenyloxazole). 
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Producing scintillators 1. 
with yield independent 
of particle position 

Construction of 
scintillators and 
light guides 

2. 

Composite scintillators 
The interpretation of experimental results is complicated 
by the fact that in a typical scintillation detector the 
photomultiplier yield varies with the position of the 
particle passing through the scintillator. This effect 
may be corrected by modifying locally the emitting power 
of the scintillator by varying the concentration of the 
scintillating substance. 
The use of composite scintillators with differently doped 
sections allows one to obtain a photomultiplier yield 
which is largely independent of the position of the 
initial energetic particle. (Theoretically it is possible 
to reduce the dispersion A R/R by increasing the number 
of sections with different emitting power. However, since 
the light transmission characteristics are adversely 
affected by the glue used between each section, there 
exists a best compromise between the number of these 
sections and the overall performance of the scintillator). 
Synthesis of scintillating materials 
In the absence of suitable components available commer
cially, it is often necessary to produce scintillators 
from a cheap basic substance, which is commonly used and 
easily machined, such as polystyrene. The classical 
method of synthesis has been adopted here. 
A mixture composed of styrene, p-terphenyl powder, POPOP 
powder and stéarine or zinc stéarate, (a mould withdrawing 
agent which deposits during the cooling cycle) in correct 
proportions is cold cast into glass moulds and purged of 
oxygen by vigorous bubbling with a stream of nitrogen. 
During the heating, the vapours produced by ebullition of 
the styrene (at 146°C) are condensed and returned to the 
bath. Boiling stops two hours after the mixture has reached 
the polymerisation temperature (about 170°C). This tempe
rature is maintained for two days before the cooling cycle 
starts. 
Forming 
Except for lead glass, scintillators are hot formed in 
moulds and then annealed in air furnaces. Acrylic glass, 
after stabilisation at 120°C, is iormed at 150oc-160°C 
and then annealed at 80°C 
Machining 
All these materials may be dry machined with a tool fixed 
on a rotary head. As the surface finish is dependent on 
vibrations of the tool-holder spindle it is necessary to 
use relatively low cutting speeds. 
The use of a stable air-driven milling head equipped with 
a diamond tool has recently allowed milling rates up to 
three times that of conventional methods for an equivalent 
surface finish. The tool-holder shaft, mounted on air-
bearings and driven by an air-turbine, has stable 
rotational speeds of between 1000 and 18000 r.p.m. The 
speed can be servo-regulated to a pre-set value and is 
constant to better than 10 % for variations in the 
resistance torque within "the range of normal machining 
conditions for plastic materials, > , , ' 

B57-2 
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3. Glueing 
The bond between the scintillators and lirjht guides is 
formed by a monomer cyanoacrylate-base glue ensuring 
good mechanical properties, fair optical transmission 
and high resistance to radiation. 

4. Polishing 
In order to reduce light losses at the surface, the 
component is polished with a buff wheel made of pure cot
ton, or a lapidary or by hand using fine aluminium oxide 
powder dispersed in a "grease free" paste in such a way as 
to achieve a very high brightness. After polishing, which 
must avoid thermal shocks, the component is annealed. 

5. Protection 
After fabrication the scintillator light guide component 
is covered with an opaque material to eliminate stray 
light. 

- How to quench light attenuation in plastic scintillators. 
S.A. Gabriele, P. Giusti, T. Massam, A. Zichihi, 
Phys. Lett. 42B, 504-506, 1972. 

- A plastic scintillation counter with an effective attenu
ation length of 25 metres. 
S.A. Gabriele, P. Giusti, T. Massam, G. Valenti and 
A. Zichichi. 
Nucl. Instrum. Meth. 108, 431-433, 1973. 

- Developments in plastic scintillators. 
A. Zichichi. 
Internat, conf. on instrumentation for high energy 
physics, Frascati, 8-12 May 1973, proceedings, 
Frascati, CNEN, 1973, p. 565-585. 

Further information can be obtained from P. Kristensen, 
MSC Division, A. Zichichi, NP Division and R. Maître, 
L. Thornhill, Central Workshops, SB Division, CERN. 

19 March 1974. 
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B58 Pulsed e lec tros ta t ic quadrupole focusing 
for the CERN muon storage ring 

¿j_m In order to improve the precision in the measurement of 
the g-factor anomaly a = (g-2)/2, it is desirable to have the 
polarized muons circulating in an uniform magnetic field 
(B • v = 0). Vertical focusing of the muons must be done 
with an electrostatic quadrupole field. Although the requir
ed potentials on the electrodes are reasonable (-40 KV), the 
combined action of magnetic and electric field considerably 
enhances the probability of breakdown. This is due to trapped 
electrons which circulate around the electrodes and ionize 
the molecules of the rest gas. However, with reasonable 
vacuum (<10 - 6 Torr) the build-up of charge is slow. There
fore a pulsed electrostatic quadrupole field is applied, the 
field being on only during the storage time of the muons, 
i.e. 1 msec. In this way the build-up of trapped electrons 
sufficient to cause breakdown is avoided. 

Method The potential is essentially two-dimensional: o) = k(x 2 - z 2 ) , 
and the constant is related to the electric field gradient 
by dEr/dr = 1.17 x 10 7 Vm - 2. Lines of constant potential lie 
on hyperbolae. The electrodes are surrounded by the vacuum 
tank, the walls of which contribute considerably to the field 
configuration. 

Figure 1 shows the disposition of the electrodes. The 
shape, which would ideally approach that of a pair of hyper
bolae is calculated in successive approximation to obtain 
best ôn/n values, in which the focusing'factor n = 0.185. The 
muons occupy a rectangle with vertical half aperture a = 4 cm 
and radial half aperture b = 6 cm. It follows that the poten
tial difference between the two pairs of electrodes is AV = \ 
(a2 + b 2) dEr/dr = 30.4 kV. As only 71£ of the storage ring 
is equipped with electrodes (because of the inflector), the-
nominal working voltage is about 43 kV. The potential of the 
top and bottom electrodes (the low-voltage pair) is about 5 kV 
with respect to the vacuum enclosure (ground), and the poten
tial of the side electrodes (the high-voltage pair) is 38 kV 
with respect to ground - and, of course, of opposite polarity.. 

The choice of the electrode material is limited by the 
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Why Pulsed Electro
static Fields? 

Reference 

demand for lowest magnetic susceptibility. Aluminium (x = 
0 .65 x 1 0 - 6 ) and most of its alloys, or titanium (x = 3 . 1 
x 1 0 - E ) are suitable. Titanium and, in particular, its alloys 
are difficult to shape. On the other hand, finished products 
are very form-stable. 

The electrodes are held in position relative to the tank 
walls by stand-off insulators. Best results up till now have 
been obtained with the design shown in Fig. 1 . The insulating 
part is sintered aluminia ( A I 2 O 3 ) . The electrical feed-
through is similar in construction. An advantage of the 
pulsed regime is that the feedthrough can be less bulky. The 
insulators appear to be the most critical part of the system 
because in the long run a deposit may develop which leads to 
breakdown, hence research on this part is still going on. 

The mean lifetime for ionizing collisions is of the order 
of some 200 usee; the muons to be stored originate from the 
decay of a single bunch of pions. At 3 GeV/c the muons have 
a laboratory lifetime of 64 ysec, therefore one measures muon-
decay electrons for an interval not exceeding a time of 1 msec 
(16 lifetimes). To operate the electrostatic field in a puls
ed régime, i.e. 1 msec every two seconds, diminishes the pro
bability of breakdown due to trapping of electrons. 

F. Krienen - NP Division. 

1 April 1974 

ANTICOROOAL 

172 

Fig. 1 Section of electro
static quadrupole 

B58-2 
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B59 Prototype magnetic position monitor 

This position monitor measures the product of the beam in
tensity and the horizontal distance of the beam from the- centre 
of the monitor. 

It is intended for use with the 50 MeV Linac beam for cur
rents up to 100 mA and a pulse length of 100 vs. The frequen
cy response will be similar to that of beam transformers also 
used for this beam. The sensitivity limit is 30 mA mm. 

The response of the monitor is 

where n is the number of turns, [iß0] t h e product of beam cur
rent and displacement and x the time constant. A figure of 
merit for the detector is the product [ v d e t T) = [igüj . n . L^ 
where L Q is the inductance of a single turn and for a given 
cross-section is proportional to the length of the detector. 
The low value of L Q t> 0.3 uH) makes it difficult to achieve 
a large time constant and a correcting integrator has to be 
included in the following amplifier. 

It would appear desirable to have n large but this leads to 
clumsy construction and poor high-frequency response due to 
interturn capacitance. The solution preferred here is to use 
a single turn linked with a toroidally-wound current transform
er. With such a transformer we have obtained a performance 
equivalent to having wound 100 turns inside the detector. 

The linearity of the device is assured by the reprocity 
theorem which, in this application, states that if the detector 
loop produces a vertical uniform magnetic field within it, when 
supplied with current, it will act as a linear position monitor." 
The construction of the detector as a "window-frame" magnet en
sures this. The magnetic frame is constructed from a high 
resistance ferrite for good high-frequency response (5 - 10 MHz). 

The advantage of this detector compared with electrostatic,1,,^ 
devices is that of simple and inexpensive construction outside,a* 
a non-conducting (glass or ceramic) vacuum pipe. It is not\£/,% 
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sensitive to beam, or beam-induced ions, striking electrodes. 
However, it has the disadvantage of being sensitive to external 
varying magnet fields at frequencies above the low-frequency 
cut-off of the detector. The magnetic field associated with 
the proton beam of 100 mA is of the order of 5 milligauss. 
Tests for adequate shielding with mu-metal are being made. 

For further information please contact R. Sherwood, MPS 
Division. 

April, 1974 
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B60 Particle distribution measurements 

When a beam of charged particles passes through magnetic or 
electric fields which may focus, deflect or accelerate them, 
each particle follows its own trajectory. These paths can be 
calculated by integrating the appropriate differential equa
tions. However, often we are not interested in the motion of 
the individual particles but in the way the distributions of 
the particle co-ordinates change. When the electromagnetic 
fields of the beam itself become significant compared with the 
external ones, we need to know the distribution if we are to 
calculate the motion at all. 

In this note the discussion will be referred to the 50 MeV 
proton beam emerging from the Linac injector and the passage 
to the next machine in the CERN accelerator complex. The 
concepts involved are quite general but we choose to limit the 
discussion to more specific examples. This note also then 
serves as an introduction to Notes B15 and B61 on measuring 
systems currently in use on the 50 MeV beam line. 

The beam from the Linar consists of bunches spaced 50 cm 
apart and containing £ 2.109 particles per bunch. At the 
exit of the Linac they occupy a roughly spherical ball of 
radius 1 cm. Because the particles do not all have the same 
velocity, the ball tends to grow in size both transversely and 
longitudinally with respect to the path of the bunch centre. 
The interlinking beam transport line has magnetic lenses and 
RE cavities to control and modify the way a bunch changes its 
shape. 

Using the centre of a bunch as origin, we can assign 3 posi
tion and 3 velocity co-ordinates to each particle in the bunch. 
Often the transverse velocity components are combined with the ' 
bunch velocity to define a path angle relative to that of the 
bunch centre. The longitudinal (along the bunch centre path) 
component, when combined with the bunch velocity, leads to an 
energy deviation for that particle. 

A common and often quite good assumption for the particle v f ' 4 

density in this six-dimensional configuration or phase spaceo»ï\ 
is that it is gaussian, i.e.: * , t'.'^^Dí 
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This distribution has some simple properties. Projections 
(integration over one or more co-ordinates) to spaces with 
fewer dimensions are also gaussian distributions. Contours 
of constant density are super-ellipsoids. Furthermore if the 
particles are traversing magnetic fields that are frequently 
used for focusing and bending, or if the region is field-free, 
the equations of motion are to a good approximation linear and, 
although the constants of the distribution change, the distri
bution remains gaussian. Constant density contours, in spite 
of being squeezed and rotated, remain super-ellipsoids of the 
same volume. Any particle within a contour will still be in
side the transformed one. In the six-dimensional gaussian 
there are 21 coefficients. For linear equations the evolution 
of the distribution can be calculated using 21 equations, even 
though there may be an exceedingly large number of particles 
involved. If internal fields (space charge) are involved, no 
such closed system of equations is possible but approximations 
using the above equations for the distribution coefficients are 
often valuable. 

A knowledge of the distribution parameters is important in 
this beam technology because they measure the correct func
tioning of the Linac and indicate how to adjust the beam trans
port elements (lenses, bending magnets) to match the beam into 
the next accelerator. The term matching implies that an acce
lerator can contain within its vacuum chambers, and accelerate 
particles within a certain range of co-ordinates. This limi
tation is defined by the equi-density contour surface that con
tains all the particles that can be accepted. 

To achieve simplicity and because in practice one often works 
,in projections of two or one dimension, we will consider only 
these projections for the remainder of this note. For example 
in the (af,x**) or horizontal transverse space, the gaussian dis
tribution becomes 

D . = D 0 exp [ a . x 2 - 2o ,xx' + o x ' 2 ] xx 0 \_ x xx x J 

Constant density contours are ellipses 

* 2 

X XX X 

, The-arearof this ellipse is tie. 

; i *.,Ifvwe^define .the contour containing all x of magnitude less 
than o and all x" of magnitude less than a * to have e = e , 

x , i x o 
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then another result is that the number of particles inside a 
contour defined by the constant e is given by 

N = N 0 [l - exp f - £ - ] l 

The symbol e is given the name emittance and another impor
tant concept, the beam brightness, is defined as (beam current/ 
e ). Even when the distribution is not gaussian it is found 
empirically that these notions are still useful when discussing 
the quality of the Linac beam. 

It is important to know the emittance containing a certain 
fraction of the beam (say 95%). This parameter can be measur
ed by relatively simple techniques of which two will now be 
described. 

a) The envelope of the beam, emittance e , in a field-free 
region is given by 

X 2 = x 0 2 + { l - h ) Z { x ' 0 ) Z 

where x Q is a minimum value (at a beam waist) , Z is 
measured along the beam, 1 is the distance to the waist 
and e = x 0 x Q'. Three measurements of x for different 
I are sufficient to determine e . The size of the beam 
may be determined by various beam profile measurements, 
e.g. with adjustable slits, secondary electron emitting 
grids or ionization beam scanners. 

b) An alternative to using monitors at three locations is to 
choose a single location for beam size measurement but to 
vary the size with a focusing magnet upstream of this posi
tion. In principle, measurements with three settings of 
the magnetic lens are sufficient to determine the emittance. 

This variant has an interesting application for the longi
tudinal space where the co-ordinates (z, dE) can be the par
ticle' s longitudinal displacement from the centre of the bunch 
and its deviation from the bunch mean energy. Instead of a 
magnetic lens we take an RF cavity which generates a longitu
dinal electric field operating synchronously with the arrival 
of successive bunches and phased for zero field when the bunch 
is centred on the accelerating gap. Particles arriving with 
a non-zero z are either early or late and gam or lose energy. 
Subsequent analysis of the energy spread as a function of peak 
cavity voltage enables the longitudinal emittance to be mea
sured. 

When detailed information on the distribution is required, 
more elaborate techniques are needed. Then we can examine 
the nature of the distribution and calculate its moments and 
correlations from the measurements. 

The simplest method involves a pair of slits of widths W j 
and w 2 and separated by a suitable distance I along the beam 
The values of Wj and w 2 are small compared with the radial 1 
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extent of the beam. The first slit defines a range Ax = w^ 
centred about d̂  the distance in the x direction the slit is 
displaced from the beam axis. The second, off-set by d 2, 
defines a range Ax* = 2w2/Z centred about x' = d 2/Z. By 
varying dj, d 2 systematically after each Linac pulse and mea
suring the beam current passing through the system, one builds 
a picture of the distribution in elements of area Ax, Ax'. 
This method requires that the Linac beam quality remains con
stant over the several hundred pulses (5 to 10 minutes) re
quired for the measurement. The Linac beam is unavailable 
during the measuring time. The method only gives a result 
which is an average over the duration of the Linac pulse. 

Recently, a new system which is capable of defining a 
single constant density contour in 10 usee during a single 
Linac pulse has been installed and is described in Technology 
Note B15. An on-line computer program calculates the emit
tance of this contour and the brightness of the beam. All 
information is displayed on a TV screen. 

For the longitudinal plane, up to the present we only 
measure the single dimension distribution of energy variation. 
This system is also described in another Technology Note B61. 
We plan in the future to be able to display the two-dimension
al longitudinal distribution which will show the range of 
energy as a function of the particles1 longitudinal positions 
in the bunch. 

For further information contact R. Sherwood, MPS Division. 

April, 1974 
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Bfil The 50 MeV spectrometer 

The energy spread in a particle beam arises because not all 
particles are moving with the same longitudinal velocity (cf. 
Technology Note B60). Energy spread can be transformed to 
transverse position spread by passing the beam through a bend
ing magnet. 

Layout The design parameters of the spectrometer line were fixed 
by designing the optics to give the best resolution with a 
simple system in the tunnel space available. For a single mag
net, the resolution is determined by the perpendicular distance 
D, of the final image from the incident direction and by the 
width of the object slit image. A magnification of - 0.5 was 
chosen as a compromise, allowing a small image without exces
sive aberrations. The distance, D, normal to the beam line 
is in the vertical direction. A single magnet with a bending 
angle of 54° and a bending radius of 1.2 m was chosen and, 
with edge focusing, gives an image of the 2 mm object slit at 
a detector just under the tunnel ceiling. The first-order 
dispersion (value of D) for this arrangement is 3.2 m and, 
with an image size of +_ 0.5 mm, the first-order energy reso
lution is 30 keV. After measuring the field of the magnet, 
and from the second-order calculations made with the TRANSPORT 
computer program, an actual resolution of 40 keV was estimated. 
These calculations included the deviation from a constant field 
in the centre of the magnet and the curvature of lines of con
stant field at the exit and entrance faces. At present these 
faces are plane, but the magnet has been designed with replace
able end-blocks, which can be machined to give a correcting 
curvature. Calculations indicate that the first-order value 
for the resolution could almost be achieved, if desired. 

Detector The detector consists of nineteen secondary emitting nickel 
strips 1 mm wide, separated by 0.2 mm. These are mounted on 
a carrying frame which can be rotated to lie in the image 
plane of the spectrometer. Because of second-order effects 
the image plane is not normal to the axis, but at an angle of , 
about 25 to it, and the detector must lie in this plane for 
best resolution. Sometimes, when it is suspected that there -'( 
are particles with unusually large energy deviations", the ' 
detector is rotated to a position, of poorer resolution, > ^ 
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covering a wider energy range. The strips are sandwiched 
between two aluminium foils which have a + 100 V bias to 
collect the emitted electrons. Each strip is provided with 
a 50 H input impedance pre-amplifier whose outputs are trans
mitted to the control room for further amplification and con
version to digital form. 

Two methods of observation are currently employed. In 
the first, the digital information is read by the computer 
which prepares a histogram display. Each channel corresponds 
to an energy interval of 36 keV. For each measurement the 
sampling time is 0.5 us and the conversion time can be 1 ms. 
The second method consists of choosing the analogue signal 
output of four strips, summing and displaying the output on 
an oscillograph. This simulates measuring the beam passing 
a 5 mm slit in the focal plane of the spectrometer, with a 
current transformer, and is particularly useful when tuning 
the Linac, because it gives information over the whole 100 us 
pulse instead of at one specific time during the pulse. 

DETECTOR 

D 

For further information please contact T.R. Sherwood, 
MPS Division. 

April, 1974 
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B62 Electrostatic pick-ups 

Use at the CPS 

Mode of operation 

The electrostatic pick-up measures the horizontal and ver
tical positions of the beam inside the PS vacuum chambers. 
There are 48 stations installed. Forty are equally spaced 
around the PS ring to measure the form of the beam closed orbit 
at any moment, 3 serve as the radial reference, 4 as the phase 
reference for the beam control system, and one is a special 
high frequency position measuring device. 

The proton beam on passing through the pick-up induces 
charges on the electrodes which develop voltages depending upon 
the intensity (number of protons), position of the beam and the 
capacity of the electrodes to ground. The four electrodes are 
arranged in two pairs and shaped so as to get a linear relation
ship between the voltage difference of the two electrodes of one 
pair and the position of the beam between these two electrodes. 
One electrode pair is oriented to show the horizontal position, 
and the other the vertical position. The sum of the voltages 
on the four electrodes corresponds to the intensity of the beam, 
being independent of the vertical or horizontal position. 

Installation 

Orbit display 

The pick-up electrodes being installed as near to the beam 
as possible, the two difference amplifiers and the sum ampli
fier have to be located in a low-radiation, remote position 
under the concrete magnet foundation (see Figure 1). 

The signals from the electrodes are fed through 4 m coaxial 
cables to the amplifier. There they are terminated in such a 
way as to compensate for the frequency-dependence of the sig
nals from the capacitive electrodes. The time structure on 
the beam to be observed during acceleration covers a frequency 
range from about 6 kHz to 30 MHz. The frequency characteris
tic must be compensated for this range. The dynamic range of 
the equipment covers about 3 decades of beam intensity with a 
position resolution of about 1 cm for the lowest, and about 
0.2 mm for the highest, intensities. 

The three signals from the pick-up (the horizontal and ver-/w-
tical difference voltages and the sum voltage) are sent to the* < 
Central Building of the PS via coaxial cables. .Here'they "can 
be observed on an oscilloscope, or measured by a digital system^/' 
(CODD) which is able to follow one bunch of the twenty composing^ 

« v¡s. jugara 
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the circulating beam during one turn around the ring. The 
information obtained in one plane, that is the horizontal or 
vertical value and the sum value, are acquired by the PS com
puter vhich calculates the beam position at each place and 
displays all the values in the correct order on a screen. 
This presentation corresponds to the shape of the closed orbit 
of the PS (see Pigure 2). 

Figure 1 
Pick-up, sum 
and difference 
amplifiers 

Figure 2 
Example of 
closed orbit 
display print
out 

•CLOSED ORBIT DISPLAr « 
i R A D . MEAN POS.» - 1 6 

POS SI 13 » - 6 7 POS 5S 1 5 « - 7 5 
Pns SS 5 7 » 4 5 POS SS 9 7 . - 7 3 
ORBIT HEASU«ED A 7 « • 1 3 1 SENSIT IVITY . 1 
LAST CALIBRATION ON 7 4 / 0 3 / 13 1 7 H 48M JOS 

References J. Boucheron, D. Boussard, F. Ollenhauer and G. Schneider, 
Particle Accelerators, Vol. 2 pp 315 - 324, 1971. 

For further information please contact G. Schneider, 
E. Schulte, MPS Division. 

April, 1974 
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Cryogenics and superconductivity 

\ 
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CIO Liquid-helium transfer l ines with 
vapour-cooled radiation shields 

The gas shielded transfer lines are special elements of 
pipework used to transfer liquid helium from one container to 
another with the minimum of heat inleak to the liquid from the 
surroundings. Two rigid and one semi-flexible line are 
exhibited. 

Practical Application It is often inconvenient to provide a sufficient reser
voir of liquid helium within the cryostats of supraconducting 
magnets to allow a significant autonomy. The cryostats must 
then be supplied continuously from a transport dewar and 
classical vacuum insulated transfer lines, using only reflec
tive insulation to reduce thermal radiation losses, contribute 
a considerable proportion of the total thermal loss of the 
system. The use of gas cooled shields can reduce this contri
bution to insignificant propertions. It can also drastically 
reduce the cool-down time and losses for intermittent use. 

Operating Principle Even if the heat inleak to the liquid helium in the 
transfer line is reduced to zero, a proportion (typically 
about 5%) of the liquid is vaporized during transfer, due to 
the pressure difference between the transport dewar and the 
cryostat. If the vapour is returned along the transfer line 
in an annular space surrounding, but insulated by vacuum from 
the tube containing the liquid, it can absorb nearly all the 
heat transmitted by radiation and conduction from room tempe
rature through the insulation and still remain at a low enough 
temperature to limit the heat it can transmit to the liquid. 
The amount of protection provided by the screen depends on the 
length of the line, the efficiency of the insulation of the 
screen and the number of joints in the system. 

Technical Development Three transfer lines using the above methods are exhibited; 
(a) and (b) are rigid lines using 36% Nickel-Iron alloy 
("Invar" or "Nilo") to limit differential thermal contractions 
between the various elements at different temperatures whilst 
(c) is a semi-flexible line which relies on the ductility of 
the pure aluminium cold tubes and a convoluted vacuum jacket. 
This line requires a cold, vacuum-tight joint between alumi
nium and stainless steel for which friction welded transition 
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pieces were used (supplied by British Oxygen Co.). 

The principal difficulty in the fabrication of the rigid 
lines is the production of accurate bends in the four con
centric tubes. In line (a) this was solved by consecutively 
welding concentric elbows and in line (b) by simultaneously 
bending all four tubes, with subcooled ice filling the space 
between them. 

For details of line (a) contact D. Leroy, PS/EA, CERN, 
and for lines (b) and (c) contact M. Firth, TC-Division CERN. 

15 February, 1974. 
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Cil Special liquid-helium cryostats 

These cryostats have been designed to hold superconducting 
devices of various kinds. Different solutions to the problem 
of supporting the weight of the contents and the magnetic 
forces acting on them, without incurring excessive thermal 
losses, are demonstrated. 

Practical application Superconducting magnets are used increasingly in the 
installations used to guide beams of charged particles from 
the accelerator to the detectors because of the greater field, 
and field gradient or smaller size and power consumption they 
offer. In general these devices are cooled with liquid 
helium supplied from transport dewars and because of the low 
heat of vaporization of helium, it is important to reduce the 
heat transmitted to it from room temperature. Force of 
several tons must often be transmitted to supports at room 
temperature. 

Technical development Three cryostats are exhibited. All use multi-layer 
reflecting insulation to protect cooled radiation screens from 
external radiation. Their other characteristics are as 
follows : 

1) Superconducting Quadrupole 

This cryostat has a liquid nitrogen cooled radiation 
screen. The magnet and the helium tank form a complete 
mechanical structure supported by the nitrogen tank via 
fiberglass rings. The nitrogen tank is in turn fixed to the 
cover of the vacuum tank by similar rings. All the tanks are 
made of stainless steel. This type of construction is very 
convenient for assembling the cryostat and the displacement 
of the magnetic centre is minimised (about 0.1 ma) due to the 
concentric structure of the cryostat. The magnet is cooled 
to about 80K by liquid nitrogen circulating in a symmetric 
finned pipework system within the helium container which is 
pressurized with helium gas during this operation. The total 
vaporation of liquid helium in steady operation at 4.2K 
corresponds to heat^flow of about 5W, including current leads 
carrying 1000A. , 
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2) Superconducting Dipole 

The superconducting coils and associated helium bath 
are suspended inside the vacuum tank by means of fibreglass 
discs, which support the total weight of the coil structure 
(about 1 ton) and ensure concentricity after cool-down. 
Incoming heat conducted through these discs is intercepted by 
means of a gas-cooled ring located about midway. Radiant heat 
is intercepted by means of a gas-cooled shield placed 
concentrically in the annular space between the helium bath 
and the vacuum tank. Both radiation shield and support disks 
are cooled using boil-off from the bath. 

Liquid nitrogen is only used for initial cool-down from 
room temperature. The total heat load on the helium bath in 
steady operation, including current leads at 700A is about 6W. 

3) Superconducting Shielding Tube 

Although the weight of the superconducting elements in 
this cryostat is relatively small, they are subjected to large 
magnetic forces (axial and transverse components each exceed 
1.5 ton). The axial force is taken by a fibreglass cone and 
the transverse force by a double fibreglass disk, convoluted 
to reduce differential contraction stresses. A tubular cooling 
ring is cast between the disks and a spiral copper strip, to 
which a cooling tube is soldered, is cast in the cone. Boil-
off gas leaving the helium reservoir cools first the disk, 
then a radiation screen surrounding the liquid helium containers 
and finally the cone. The rate of evaporation of liquid helium 
in steady state operation corresponds to about 1.5W. There 
are no current leads. 

References Quadrupole - Proc IVth Inter- Magnet Conf. 1972, pl64. 
Contact : D. Leroy, PS/EA CERN. 

Dipole : CERN Courrier No. 5, Vol. 30; 1973. 
Contact P. Dow, TC-Division, CERN. 

Shielding Tube - Proc. Int. Conf. Inst. HEP 1973, p79. 
Contact M. Firth, TC-Division, CERN. 

18 February, 1974. 

cii-2 
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Cl2 Superconducting f i e ld shielding tube 

The superconducting shielding tube is a device used to 
exclude externally applied transverse magnetic field and so 
allow low-momentum charged particles to pass through its bore 
without being deflected. 

Practical application In the CERN 2 meter Hydrogen Bubble Chamber a uniform 
magnetic field of about 17 kilogauss is applied to the 
working volume of the chamber to bend the trajectories of 
charged particles in a controlled way. However, a very non
uniform field extends for some meters out from the chamber and 
this deflects incoming charged particles so that, if they have 
low momentum, they may not enter the working volume of the 
chamber. The shielding tube provides a field-free path, 15 cm 
diameter and over 2 m long, through this stray field. 

Operating principle When power is applied to the bubble chamber magnet the 
field at the tube wall changes and this induces currents in 
the wall which oppose the penetration of the field. Since the 
tube wall consists of superconducting material whose electrical 
resistance (below a certain critical current density) is 
effectively zero, the induced currents are not dissipated 
but persist as long as the material remains in the superconducting 
state. The external field variation is arrested in the wall, 
leaving the bore free of field. 

Technical development The motion of the flux in the tube wall which induces 
the shielding currents also produces heat, reducing the current 
the superconductor can carry and permiting further flux motion. 
This mechanism finally leads to a run-away heating which destroys 
the shielding currents and limits the field which may be 
shielded. For optimum performance the niobium-titanium 
superconductor is arranged in many layers of 0.1 mm thick foil 
separated by wire mesh for liquid helium access and interleaved 
with high purity aluminium foils to reduce the speed of flux 
motion. Stacks of foil are machined to the required width 
and then bent into half shells to form the tube. Superconducting 
foils used in the test program or the final shielding tube 
were specially developed by Vacuumschmelze GmbH, NV Kawecki-
Billiton and Cryomagnetics Inc. 

1 
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References Proc. International Conference on Instrumentation for 
High Energy Physics, 1973; p.79. 

For further information contact M. Firth, TC-Division, 
CERN. 

15 February, 1974. 

C12-Z 
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Cl3 Track-sensitive targets 

A Track Sensitive Target (TST) for the beam tracks in a 
cryogenic bubble chamber is essentially an appropriately 
shaped liquid hydrogen or deuterium volume. It is surrounded 
by a neon-hydrogen mixture in the chamber. The target liquid 
is separated from that of the chamber by a transparent box 
and therefore the tracks inside the TST and in the neon-
hydrogen mixture are photographed on the same frame. In this 
way the important features of hydrogen/deuterium and heavy 
liquid chambers are combined : primary interactions occur 
on free protons or neutrons and gammas are efficiently converted 
on the n;on nuclei. 

To meet the optics requirements and to avoid a separate 
expansion system, the target body is a shallow rectangular 
Plexiglas (perspex) box whose flexible walls allow the expansion 
pressure variations in the neon-hydrogen to be transmitted to 
the target fluid. Such targets are assembled by employing 
a gluing technique developed at CERN for this purpose. The 
method uses unpolymerised plexiglas mixed with a polymerising 
agent. Careful control of clearances between abutting parts 
allows thin films of this liquid plexiglas mixture to be 
injected. The resulting joints have high structural integrity 
and excellent optical properties. Careful examination for 
residual strains by using photo-elastic techniques confirm a 
plexiglas structure, which can be cooled down to 25K and, due 
to the flexibility of its walls, undergo volume changes of 1% 
within 20 ms for several million cycles. Anti-reflection and 
conductivity coatings ensure the optical standard required for 
track photography. The shape of the target body is controlled 
via strain gauges glued to the plexiglas. Vacuum sealed plexigl 
metal connections are achieved by shrinking metal tubes at 80K 
into plexiglas at 350K with carefully adjusted dimensions. 

For further information contact : J. Tischhauser, TC-
Division, CERN. 

Nucl. Phys. and Meth. 114 (1974) 381. 

14 February, 1974 



Cl4 Liquid-hydrogen targets 

The liquid hydrogen. LH2 in a target provides the counter 
physicist with a dense concentration of protons (hydrogen 
nuclei") for interaction with incident particle beams. 

Targets consist generally of a standard upper section 
and of a lower section which is different for the various 
experiments. 

Due to the low temperature of the L H 2 and to the low 
latent heat the container is insulated by a vacuum space and 
heat barriers, normally aluminized Mylar sheets. 

The vacuum should be better than 10"^ torr. The boiled-
off hydrogen is either replaced by fresh LH2 supplied from a 
dewar, or recondensed by a cold helium flow or in the head of 
a refrigerating machine. 

Liquid hydrogen has a low density (70 g/1) compared 
with constructional materials so that quite thin container 
walls interpose sufficient mass to produce significant 
interference with the passing beam and scattered interacted 
particles. 

For this reason it is important that the walls of target 
flasks, which can interfere with the beam and scattered particles, 
should be as thin as possible and constructed of a suitable 
low density material. 

The flasks are generally constructed in Mylar (Du Pont 
De Nemours) for its high strength and low density. 

For further details please contact : L. Mazzone, MPS-
Division, CERN. 

15 February, 197A. 
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Cl5 Low-temperature inflatable gasket 

General information The three types of inflatable gaskets presented in this 
paper have the following points in common : 

a) they are designed to seal the cold elements of the 2 metre 
Liquid Hydrogen Bubble Chamber, therefore their normal 
working temperature is around 26 K (-247°C) ; 

b) their sealing medium is pure indium wire ; 

c) the pressure on the indium wire is ensured by a helium 
inflated membrane ; 

d) two indium wires are always provided so that the space 
between wires can be pumped to monitor any leak which 
might occur so as to preserve the desired differential 
pressure between elements to be sealed ; 

e) the elements of the gaskets are made from austenitic 
stainless steel of 17% chrome, 14% nickel and a low carbon 
content of less than 0,035%, welded together without 
filler metal under argon. 

Use in the 2 metre Gasket type Mr. 1 ensures the seal between the chamber 
Liquid Hydrogen Bubble body and its optical glass windows, the assembly forms a 
Chamber vessel containing some 1150 litres of liquid hydrogen. The 

visible region is 2 metres long, 0.6 metre high and 0.5 metre 
deep. The liquid hydrogen contained in the chamber is submitted 
to pressure variations usually twice every two seconds at 
intervals of 150 milliseconds from 5 kg/cm absolute to 
2 kg/cm^ absolute whilst the safety tanks which determine the 
volume outside, the windows and the inflatable gaskets are 
evacuated to a residual pressure of some 10" ̂ mm Hg. , 

Description and method The gasket (cross section shown in fig. 1) is composed 
of operation ., of two rings each bearing two grooves designed to house the 

two" 4'mm'diameter indium wires. The two rings are linked 
together by means of the membrane which thanks to its figure 
of 8 shape can safely afford a movement of 3 mm to the rings. 

/**; The?membrane is usually pressurised to 45-kg/cnr* *Jhich results 
in a pressure of about 1 kg/mm^ on the squashed, üidium wires. 
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Use in the 2 metre 
Liquid Hydrogen Bubble 
Chamber 

Description and method 
of operation 

The 45 kg/cm pressure of helium is applied when both glass 
and stainless steel of the chamber body have been cooled down 
to below 100 K , that is when most of the contraction of the 
materials has taken place. (The contraction of stainless steel 
from ambient temperature to liquid hydrogen temperature is of 
the order of 3 mm per metre whilst that of glass is 1,5 mm 
per metre). 

Gasket type No. 2 ensures the seal between the chamber 
body and the intermediate safety tanks as well as between the 
latter and the safety tank covers. The five elements involved 
being all made from stainless steel, no problems of differential 
contraction arise. This gasket is designed to ensure leak 
tightness during cool-down and warming-up of the chamber when 
it is desired to maintain an inside hydrogen pressure of 
1 kg/cm^ absolute to favorise heat transfer to the glassware 
whilst the surrounding vacuum tank is evacuated to some 10"^ mm 
Hg to afford thermal insulation. The gasket has therefore only 
to cope with small movements of the sealing surfaces provoked 
by temperature gradients in the fastening flanges. In this 
case, the 4 mm diameter indium wires are squashed when the 
elements are assembled whilst the flat membrane gasket (cross 
section shown in fig. 2) which has a permissible movement of 
0.3 mm, ensures the seal during temperature variations thanks 
to an internal helium pressure of approximately 35 kg/cirt̂ , 
also resulting in a pressure of about 1 kg/mm" on the squashed 
indium wires. 

References 

Use in the 2 metre 
Liquid Hydrogen Bubble 
Chamber 

Description and method 
of operation 

This gasket has been described in the proceedings of the 
1967 International Colloquium on Bubble Chambers held at 
Heidelberg. 

Gasket type Nr. 3 ensures the seal between the safety 
tank covers and their camera and flash port windows. In this 
case also, leak tightness has to be ensured during temperature 
variations therefore the 2 mm diameter indium wires are squashed 
when the elements are assembled. Although the seal has to be 
made between glass and stainless steel, due to the modest 
dimensions of the windows, the differential contraction results 
in a small relative movement which is insufficient to shear 
the indium sealing wire. The gasket only has to maintain the 
desired pressure on the indium to maintain the seal without 
distorting the optically ground windows. This gasket (cross 
section shown in fig. 3) is composed of a flat membrane which 
applies, via a pressure spreading ring, a force to one side 
of the window so that its other side is pressed against the 
two indium wires set in the grooves of the safety tank sealing 
face. In this case also the membrane is helium inflated to 
some 35 kg/cm^ resulting in a pressure of around 1 kg/mm^ of 
the squashed indium wires. 

Further information can be obtained from: 
M. Schmitt, M. Dykes, TC-Division, CERN. 

R. Stierlin,"^; 

15 February, 1974 

a s - 2 
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Figure 3 

i 1 
1 cm 
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Cl6 Superconducting RF cavi t ies for particle 
separation and acceleration 

Above particle momenta of 5 GeV/c the only way of sepa
rating charged particles like T T + , K +, K~, p, d... is using 
radiofrequency separators. 

The principle of operation is illustrated in Fig. 1. 
A momentum analysed beam of particles with different rest-mass 
nty, m̂ g passes successively through two radio-frequency fields 
EF 1, EP Z, which exert in one plane a sinusoidally time-
varying deflection fo'cce on the particles. The centre of RF 1 
is imaged into the centre of RF 2 and the particles get a de
flection in RF 1 

A^ sin üit 

depending on the amplitude A and the entry phase tot (u = 2irf ; 
f * 1-10 GHzj X = 30-3 cm). The phase between RF 1 and RF 2 
is adjusted in such a way that the entry phase of the unwanted 
particles ("u") is the same in RF 2 as in RF 1, thus the de
flection of the unwanted particles is cancelled independently 
of their entry phase. The wanted particles ("w") arrive in 
RF 2 with a time delay because of my = m^, corresponding to a 
phase difference T U w and their final deflection is 

D (t) = -A sinut + A sin(ut + u ) w v v uw 
T 

= 2A sin —r— . cos(cot + T /2). 2 - uw T 
Generally the deflection amplitude D - 2 A sin — j — will 

be different from zero. One places behind RF 2 a central beam 
stopper whose thickness is adjusted to stop all unwanted par
ticles. All wanted particles with sufficient deflection Dw(t) 
then will pass-the beam stopper sidewise thereby achieving 
spatial separation. > ' 

Normal temperature RF separators which use RF pulses of 
a'few^usec at power levels of many MWhave been used since 
1965 with great-success in bubble chamber1 physics but cannot 
be1applied'to'counter beams where long beam-spills of a few 
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Lu 

Fig. 1 a) Working principle 
b) Phase relation of 

particle "u" with 
fields. The case 

of a two-cavity RF-separator 
a wanted "w" and unwanted 
respect to the deflection 
tut = 90° is shown. 

100 msec are needed because the RF losses are too high. The 
only known way to reduce these RF losses sufficiently is the 
use of radio-frequency superconductivity allowing cw-operation 
with RF power losses of the order of 30 W per deflector (at 
He-temperature). With this technique it is possible to do 
particle separation in counter beams up to a momentum range 
well above 100 GeV/c. 

Superconducting deflectors are microwave cavities (re
sonators) of complicated geometry with extremely high quality 
factors (Q 0 = 10^ - 10*°). They are made of pure metals with 
a high transition temperature like niobium or lead. For the 
fabrication of the niobium deflectors used at Karlsruhe the 
technology of niobium (machining and electron-beam welding) 
had to be developed. As the electromagnetic fields in super
conducting cavities can only penetrate to a depth of ^ 500 â, 
very high quality surfaces are needed. Therefore, the de
flectors are submitted to a complicated program of surface 
treatments involving electropolishing, anodizing and heat 
treatments under UHV conditions around 2000° C in order to 
reach sufficiently high quality factors and field levels. 
Other problems arising in superconducting RF separators are 
the RF-measurements on high Q-cavities, RF-coupling, high qua- ̂  
lity RF-joints at He-temperature, frequency tuning and phase _,i 
comparison. Contrary to dc-superconductivity the electrical '\ 
resistance is not falling to zero below the transition tempe- '* 
rature of the superconducting but decreasing exponentially v ¿ 
with temperature so to become zero only at T = 0. In order 

' .-.Va, 

C16-2 
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Fig. 2 a) Geometry of the normal cells and a joint cell of one 
deflector section. Some field lines are indicated. 
For mode stabilisation the cells have an elliptical 
cross-section. 

b) Schematic layout of one deflector assembled from 
5 sections. 
A: RF joints; B: RF-in; C: RF-out; D: fine 
tuner; E: coarse tuner; F: beam tube. 
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to get sufficient low surface resistance the working tempera
ture has to he lowered well below the nrmal boiling tempera
ture of He to 'v. 1.8 K (12 Torr He) and one thus is faced with 
the technology of He II for the cooling of the deflectors. 

This also involves the use of powerful refrigerators 
with large pumping units supplying some 100 W refrigerator 
power at 1.8 K. 

At the Institut für experimentelle Kernphysik, GfK, 
Karlsruhe a superconducting RF particle separator is currently 
under construction which will be used from 1976 onwards in 
counter beams at the CERN 300 GeV accelerator. It will be 
installed in a particle beam for the large Omega spectrometer 
and will allow separation of K +, K~ and p in the range of 
10-30 GeV. The separator has a working frequency of 2855 MHz 
(S-hand) and its two iris loaded niobium deflectors will have 
a length of ^ 3m each corresponding to 104 cells. Each de
flector will be assembled from 5 sections of ^ 20 cells each 
which are machined out of high purity niobium (99,98%) and 
then electron beam-welded around the outer circumference 
(fig. 2). This fabrication has been done at Siemens, Erlangen. 
It is intended to reach deflection fields of 2 MV/m correspon
ding to peak magnetic fields at the surface of 310 0e. 

Superconducting helix-accelerators are an interesting 
approach for the pre-acceleration of protons in the region of 
1 - 2 0 MeV because one can match helix-resonators in a simple 
and efficient way to the low and strongly varying velocity of 
the particles in this energy range. If superconducting 
resonators are used it is possible to obtain continuous particle 
beams of high intensity (̂ 1 mA) which are of great interest 
for ir-meson-factories and for applications in medical therapy. 

For the construction and operation of superconducting 
helix-resonators technologies similar to the ones necessary 
for superconducting RF-separators are needed. Due to the low 
mechanical stability of the helices the electromagnetic field 
can excite mechanical vibrations (ponderomotive effect) and 
it needs a sophisticated frequency regulation system in order 
to overcome this effect. 

At GfK, Karlsruhe a superconducting prototype helix-
accelerator is actually ander construction and test. It has 
an operating frequency of 90 MHz and will have in a first 
stage six X/2-helices. An energy gain for protons of 1.2 MV/m 
has been reached. In a later stage single A/2-helices will 
be used for the acceleration of heavy ions. A special type 
of cooling using He-II around 1,8 K inside the helix tube 
is used. RF wall-losses of the order of W/m have been 
obtained at the design field. 

Information supplied by H. Lengeier TC-Division, CERN 
and GfK, Karlsruhe. - -

20 February, 1974 
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Cl7 Superconducting quadrupole prototypes: 
The superconducting OXFORD quadrupole 

The superconducting OXFORD quadrupole is a particle 
focusing device for beam transport in the experimental aeras. 

It was designed in 1967 at CERN in collaboration with the 
Culham Laboratory (U.K.) and built by the Oxford Instruments 
Company (U.K.) following prototype work at CERN. The project 
was partially financed by the British Ministry of Technology. 
The goal in designing this superconducting quadrupole was to 
investigate the possible use of the superconducting wires 
developed at that by industry for high magnetic field gradient 
quadrupoles requested in specific experimental areas. 

At that time, the technology of fabricating superconductors 
for magnets consisted in untwisted superconducting wires made 
of Niobium-Titanium alloy, embedded in a rather large amount 
of copper so that when local normal transition appeared, the 
transport current could flow in the Cu matrix. This matrix, 
well cooled by liquid helium, stabilized the temperature of 
the whole conductor which did not reach the critical temperature 
(T c) of the superconductor. This process is generally called 
full stabilisation. Since a high overall current density is 
required in the winding of the quadrupole if a worthwhile 
performance is to be obtained, a fully copper stabilized 
conductor is unsuitable for that application. The coil has 
therefore been built to operate in a partially stabilized mode 
such that transient normalities, associated with short lengths 
of the conductor, would not result in a quench. To obtain 
this, the heat transport at the surface of the conductor has 
been limited to 0.4 W/cm2 and cooling channels of 0.25 mm wide 
have been provided between all layers by a specially manufactered 
nylon net. 

The characteristics of the Oxford quadrupole are: 
Length 70 cm 

winding inner radius 
winding outer radius 
useful aperture radius 
screen radius 

5 cm 
33.5 cm 

6.5 cm 
14.8 cm 



- 174 -

nominal current 820A 
nominal gradient 57 T/m 
max. end field 4.9 T 
stored energy 200 kJ 
quadrupole inductance 0.6 H 
overall current density 115 A/mm2 

conductor dimensions 1.5 x 4 mm^ 
number of strands 16 strands of 250 u 

This quadrupole was successfully tested in 1970 up to 930A. 

References A. Asner and D. Cornish Superconducting quadrupole 
focusing lens - Proceedings of the 1968 Summer Study on 
superconducting devices and accelerators - Brookhaven (1968) 
pp. 866. For further information contact: A. Asner, MPS-
Division, CERN. 

19 February, 1974. 

C17-2 
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Cl8 Superconducting quadrupole prototypes: 
superconducting CASTOR quadrupole 

The superconducting quadrupole - name CASTOR - is a 
focusing device for beam transport in experimental aeras. Its 
excellent optical properties make it also a good tool for 
high energy accelerators and storage rings with a slow rise time 
of the magnetic field. This quadrupole designed in 1971, 
was completed within 10 months and tested in 1972. It is now 
installed in an experimental area where it can be seen with its 
complete peripheral system (West Area - hall 180, u 7 beam). 

The liquid helium at 4.2 K, taken from an external dewar 
of 500 ¡L, passes through a special low-loss transfer line before 
going into the helium cryostat where the magnet is located. 
The total losses at 1000A are 5 W at 4.2 K. Several parameters 
like temperatures, helium flow-rates, liquid levels are measured 
and regulated by a data-logger and an electronic control system. 
The electric and cryogenic status of the magnet is registered 
and displayed. The current is requested by a computer as for 
a standard magnet. 

The superconducting quadrupole CASTOR was wound with a 
1.3 x 1.8 mm 2 conductor - supplied by IMI, U.K. - containing 
361 NbTi filaments of 53 urn. diameter in a Cu matrix. The 
conductor is insulated by an 80 um thick "Kapton film. 
Each layer of conductors is impregnated with loaded epoxy 
resin, pressed into position and cured. 

Circumferential cooling channels are provided on each 
side of the winding for liquid helium circulation. An iron 
ring split in two semi-annular parts surrounds the winding 
and a very efficient mechanical clamping is obtained by an 
external stainless-steel ring. 

The summary of the magnet characteristics is given in 
Table I. 

*) Du Pont trade name. 
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TABLE I 

Radius of room temperature bore (Ro) 4.5 cm 
Inner radius of the winding 6.5 cm 
Outer radius of the winding 7.9 cm 
Outer radius of the iron 14.2 cm 
Overal length of the winding 94.0 cm 
Filling factor in the winding 0.8 
Overall current density in the winding 

3.41 x 10 8 A/m 2 at 1000A 3.41 x 10 8 A/m 2 

Gradient at 1000A (G 0) 54 T/m 
Length of the cryostat 1.35 m 
Width of the cryostat 0.63 m 
Equivalent magnetic length (S^) 0.88 m 

The quadrupole has reached short sample current performance 
(1050A for a naked conductor at 5T perpendicular field) and 
has a high precision magnetic field as it can be seen from 
table II, which, referring to 900A, gives the normal harmonics 
(B ) in the integrated field up to the 28-pole. 

TABLE II 

+ 0 0 

I = / 
— 0 0 

B ds/G R S 
2 n o o eq (at Ro = 4.5 cm) in %o 

2n 6 8 10 12 14 16 18 20 22 24 26 28 
I -.19 -.06 -.6 3.71 .0 -.14 .09 -.24 .06 .15 -.21 -.11 

A 12-pole correcting winding has been provided to 
compensate the computed expected coil and configuration and 
iron saturation effects, both predominantely n=6 harmonic 
effects. With a current of 8.5 A in this connecting winding, 
the 12-pole component reduces to zero. 

The above results show that superconducting magnets can 
be built with a field error of 5 x 10~4 a n a reach the short 
sample current performance. 

References In Proceedings of the IVth International Conference on 
Magnet Technology - Brookhaven 1972 - pp.164. A low stored 
energy, high precision superconducting quadrupole for high 
energy beams by A. Asner and D. Leroy. For further information 
contact: A. Asner, MPS Division, CERN. 

19 February, 1974. 
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C19 Superconducting dipole with internal 
conductor cooling 

This d.c. experimental superconducting dipole has been 
designed to produce an uniform magnetic field of 40 kG within 
a cylindrical warm bore of 20 cm. The dipole cold bore is 
25 cm. 

The other main characteristics of the dipole are: 

Dipole length = 1 m 
Nominal current = 3400A 
Max stored energy = 500 000J 
Overall current density through the winding = 13000 A/ c m2 
Max field on the winding - 1.45 times the central field. 
Field uniformity within <j> 20 cm = 0,5% (calculated). 

The dipole has been tested, up to now, within a 
provisional cryostat. It has reached, before quenching, the 
rated nominal current of 3400A and a corresponding central 
field of 33 kG. The final dipole cryostat shall have an outer 
(«arm) iron shield which will have the double purpose to 
eliminate the external stray field and to enhance the central 
field up to 40 kG. The advantage of a superconducting dipole 
with respect to a conventional one is that it makes it 
possible to deflect charged particle beams using elements 
of smaller size and with a reduced power consumption. 

The dipole is wound with intrinsically stable wire. 
Experience with this type of wire has shown that fcrhen the size 
and the stored energy of the dipole are large) the quenching 
occures much before reaching the wire critical current. Only 
a very long and tedious training procedure permits, sometimes, 
to improve the magnet performance. 

In the present dipole the intrinsically stable wires 
have been cabled around a hollow pipe which, in operation, is 
filled with liquid helium. The idea is that the large specific 
heat of"the liquid helium which is everywhere in good thermal 
contact with the conductor should reduce the effects of any 
accidental heat dissipation inside the potted coil. 



- 178 -

In operation a small helium circulation is maintained 
in the hollow conductor by introducing, through the conductor, 
the liquid helium which is required to keep constant the 
liquid level on the cryostat. 

The training process required by this dipole before 
reaching the nominal current has been relatively short 
compared to the one of other magnets of similar size. 

For further information contact: M. Morpurgo, NP 
Division, CERN 

19 February, 1974. 
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C20 Current leads for the BEBC magnet 

If electrical equipment, such as a superconducting magnet 
drawing currents of more than 100 A, is run at liquid He tem
perature, the heat input from the current leads to the equip
ment begins to form an appreciable part of the total heat in
put into the cryostat and has to be taken into account if a 
design with a minimal total refrigeration cost is aimed at. 

Decisions have to be made on the following points: 
1) material of current lead; 
2) length/cross-section ratio; 
3) counter current cooling by an appropriate flow of cold 

He gas; 
4) safety against burn-out in case of accidental overload or 

lack of cooling. 

The ideal material should combine high electrical and low 
thermal conductivity, which in reality does not exist 
(Widemann-Franz law). The problem has been discussed by 
Locke 1). He shows that very high purity copper gives highest 
efficiency. But then the tendency to thermal runaway is parti
cularly pronounced since resistivity increases strongly with 
temperature. A less pure copper cures this weakness with 
little loss in efficiency. For the BEBC current leads, there
fore, ETP copper with p 0 = 2 x 10~ 8 fi-cm has been chosen. 

Points 2 and 3 have been discussed up to now in assuming 
that all the gas evaporated by heat flow Q c from_the cold end 
of the lead is used for counter current cooling. This is a 
good assumption if dewar cooling is used and all the gas is 
anyway recovered at room temperature. But in installations 
which like BEBC are refrigerator-cooled, the reliquefaction of 
warm gas is about five times more expensive than that of cold 
gas. 

So if only a mass flow corresponding to a part Q m of Q c is 
used for cooling, the total cost of lead cooling will be pro
portional to " -,. „ 

' ^ t = 5 Qm + Wc - Qm) = Qc + 4 Qm (1) 
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or, introducing the mass flow m corresponding to Q m (1 W eva
porates 0.05 g/sec), 

Qt M = Qc M + 8 0 Cw sec/g] * m [g/sec] . (la) 

BEBC current leads are designed to minimize Q t. Some es
sential design features are shown in Fig. 1. 

In a full copper cylinder, slotted disks are machined leav
ing at the centre the desired cross-section A c for conduction 
of the current. Then the cooling gas channel is closed by 
shrinking on a stainless-steel cylinder. This construction 
assures high mechanical stability, excellent heat transfer, 
and a good thermal inertia from the considerable copper mass 
in the disks. 

Included in Fig. 1 is information on heat transfer factor 
H and pressure drop. The measured temperature and flow de
pendence of H is in agreement with a non-dimensional relation
ship for turbulent flow. 

Evaluation was done in a purely numerical form but includ
ing full detail of data on geometry, heat transfer and material 
properties of this special design. 

The computer program starts for a given cross-section A c, 
current I, and cooling flow m, with an arbitrary value of heat 
flow Q c from the cold end. 

The differential equation of the temperature distribution 
T(x) along the lead can now be integrated progressing step-wise 
from the cold end with x = 0 towards the warm end with x = L. 
The temperature T(L) found is compared with T„ = 300 K. If T(L) 
is different from To, Q c is varied systematically until the 
distribution with T(L) = 300 K is found. 

Results are summarized in Fig. 2 with parameters normalized 
to a current of 1 A. Q t is plotted against flow rate m for 
different length/cross-section ratios. Minimum cooling flow 
rate is marked by a black dot. For smaller flow rates, thermal 
runaway occurs. In addition, the straight line which charac
terizes a flow rate equivalent to that produced by Q c is drawn 
in. [[Then Q m = Q c, and consequently with Eq. (1): 
Q t = 5 Q m or Q t = 100 m.] 

Obviously now the minimum minimorum of Q t is obtained for 
(LI)/AC = 26 x 101* A/cm at a mass-flow m as produced by Q c« 
But further on one sees that this working point is at the limit 
of thermal stability and therefore not acceptable if safety 
against burn-out of the lead is essential. 

The BEBC current leads therefore have a bigger cross-section, 
(LI)/AC = 15 * L O 1 * A/cm. This reduces efficiency comparea to 
the optimum optimorum by 16% but gives a good safety margin 
between nominal cooling flow rate and the minimal one necessary 
to prevent thermal runaway: 

nominal rate at 6000 A: 0.32 g/sec " - ' 
minimal rate at 6000 A: 0.24 g/sec . \.'r^~ 
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In case of an accidental complete stop of cooling gas flow, 
the thermal inertia of this design is high onough to allow 
6000 A to flow, without bum-out, for a further 5 minutes and 
a subsequent magnet discharge with a time constant as long as 
50 minutes. 

More information is given in Ref. 2. 

1) J.M. Lock, Cryogenics 9_, 438 (1969). 

2) D. Gusewell and E.U. Haebel, Proc. 3 r d Int. Cryogenic 
Engineering Conf., Berlin 1970 (Iliffe Science and 
Technology Publ., Ltd., Guilford, UK, 1970), pp. 187-190. 

Further information can be obtained from D. Gusewell, 
E.U. Haebel and A. Hervé, TC Division, CERN. 

19 February 1974 

ETPcapper 
2 discs/cm 

Gas-cooled length L = 100 cm 
Conducting crpss-section A. 
= 4 cm 

Equivalent cross-section of 
heat-storing metal A f c 

= (4 + 9) cm2 

Heat transfer and pressure drop in cooling flow 
measured at m Q = 0.3 g/sec and T 0 = 300 K 

H 0 = 1.8 W cm-K dp/dx = 1.6 mbar/cm 

H(T,m) =H(T 0,m 0) [(T/T 0) 0• 2(m/m 0) 0• 7] 

F i g . 1 Design f e a t u r e s o f current l e a d s 
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C21 Elasto-plast ic seal for the chamber bottom 
of BEBC 

An elasto-plastic seal is made up of two types of material. 
The first one, which is elastic, constitutes the body of the 
seal, while the second, which is plastic, is in direct contact 
with the surfaces to be sealed. The elastic deformation of 
the body ensures that there is always pressure on the plastic 
part, and, in addition, allows the mating surfaces to shift 
slightly in relation to each other. The plastic deformation 
of the contact material allows the seal to espouse the surfaces 
to be sealed, compensating for any errors of parallelism and 
flatness. 

Sealing conditions at 
the chamber bottom of 
BEBC 

The main features of such a device are, therefore: 

The rigidity of the elastic part; 
The compressibility of the plastic part. 

The bottom of the chamber must be properly sealed over an 
average diameter of about 2060 mm. 
The maximum pressure within the chamber is the test 
pressure : 15 kg/cm2, while the normal working pressure 
is about 6 kg/cm2. The pressure outside the chamber is 
zero (vacuum tank). 
During normal operation, the seal is at the liquid hydrogen 
temperature (25 K). It must be capable of withstanding 
several heating cycles up to 300 K. 
Because of the dimensions of the chamber, the machining 
tolerances, surface conditions and thermal deformation, 
the seal must be capable of compensating for perceptible 
variations in the clearance between the surfaces to be 
sealed (up to 0.2 mm locally). 

Geometry and materials The body of the seal is a C-section ring (see fig. 1). 
We derived the dimensions and shape of the cross-section from 
similar tests made at Saclay in conjunction with the Mirabelle 
project. The ring is fabricated from a cold-drawn stainless 
steel blank (23% Cr - 15% Ni) which is shaped and welded (one-
single weld): - t . 

Yield strength 
Young's modulus 

90 kg/mm (minimum at 300 K) [ V" 
19,500 kg/mm 2 (at 300 K) . ¡>'^ 
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15 February, 1974. 

Fig. 1 Elastic seal Fig. 2 Law of deformation Fig. 3 'Seals in the chamber 

Suitability for the 
chamber of BEBC 

The plastic part consists of a toroidal indium seal with 
a nominal diameter of 1.6 mm, which is fitted in a groove 
0.85 mm deep. 

Theoretical deformation This deformation law is graphically represented in fig. 2. 
law governing the seal Only one indium seal has been taken into consideration, 

the otier side of the metal body being in direct contact with 
one d the mating surfaces. 

It has been established that, if the real clearance between 
the surfaces to be sealed (H) varies by ± 0.1 mm: 

2 
- The contact pressure (p) remains between 200 and 400 kg/cm 
- The yield strength of the body is never reached; 
- The width of the indium lip (A) never exceeds the maximum 

useful width (L = 5 mm). 
Test results Before being fitted in the chamber, the seal was tested 

at the liquid nitrogen temperature (77 K) in a suitable rig. 
Helium was maintained at a pressure of 15 kg/cm2 on the inner 
side of the seal and vacua better than 10"^ t oíg were obtained 
outside it; with a negligible leakage rate (10 torr-litre/sec) 
In the intervals between each leak test, the seal was subjected 
to a fast heating-cooling cycle. 

The bottom of the chamber is sealed by two concentric 
C-seals (fig. 3). Although slight leaks were detected during 
certain cooling or heating operations, this system has so far 
given every satisfaction: It compensates for considerable 
errors in parallelism, flatness and even dimensioning, and 
it is sturdy enough to withstand being dismantled several 
times (five so far). 

Further information may be obtained from: S. Peraire, 
TC-Division, CERN. 
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C22 Test f a c i l i t y for the control of engineering 
materials at low temperature 

The production of several hundred tons of material capabl 
of working in a temperature region of between 300 K and 4 K 
calls for the setting-up and operation of a test facility to 
carry out the following tasks: 

- to predetermine the behaviour of engineering materials 
suitable for low temperature use, 

- to verify the quality of the materials supplied by CERN 
contractors. 

The facility was initially 
built in 1967/1968 to handle 
the above tasks as part of the 
contract between the competent 
authorities of the Federal Re
public of Germany, France and 
CERN for the construction of 
the big European Bubble Cham
ber (BEBC). 

This facility, known as 
"BRARACOURCIX", consists basi
cally of two concentric sys
tems operating independently 
of each other. The outer 
system consists of two super
conducting coils with a total 
of 5000 m of conductor, and 
developing a magnetic field of 
6 T (60,000 Gauss) at a rated 
current of 1000 A. The maxi
mum stored magnetic energy is 
2 MJ. Current density is in 
the region of 5000 A/cm 2. The 
total weight of material exposed 
to low temperature is 800 kg. 
The inside diameter of the bore 
in which specimens are tested 
is 364 mm. 

f?S.//e 0. 110 Kg/cm* 

,15000a. 
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The internal system comprises a specimen holder enabling 
the following tests to be carried out: 

- An electromagnetic test on a hyperconducting or supercon
ducting specimen exposed to a magnetic field of between 0 and 
6 T in a temperature range of between 300° K and 4° K. For 
this test, the specimens can be connected to a power source 
with an output of 15 000 A at 5 V. 

- A mechanical test on a specimen in a temperature range of 
between 300° K and 4° K, under a tensile load of up to 8000 kg 
with a displacement of 2 mm. 

This force Is provided by a hydro-pneumatic jack of an 
original design. If necessary, both test methods can be com
bined . 

The test system has operated for about 1500 hours. In 
addition to achieving its main objective, this facility has 
made it possible for several European Industries to get certain 
semi-industrial processes under way for the manufacture of super
conducting strips, and has enabled several teams of technicians 
from CERN and from industry to familiarize themselves with the 
operation of cryogenic systems in conjunction with high ener
gies and currents. 

Further information can be obtained from F. Wittgenstein, 
TC-Division, CERN. Laboratoires C.G.E. Marcoussis France. 
Siemens Forschungslabor, Erlangen, Germany. 

28 February, 1974 
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C23 Winding workshop for a huge magnet 

The techniques associated with the development of high-
energy physics have given rise to the construction of very large 
magnets. In view of the progress made in superconductivity, the 
competent authorities of the Federal Republic of Germany, France 
and CERN have, as part of the contract for the construction of 
the large European Bubble Chamber (BEBC), embarked on the con
struction of a 6-metre o.d. superconducting magnet with a maxi
mum field of 3.5 T (35,000 Gauss). The magnet consists of 2 
coils, each weighing over 100 tons. 

In addition to superconducting strip, the magnet comprises 
mechanical reinforcements, insulating elements and spacers to 
allow the cooling helium to circulate. 

In view of the particularly high electromagnetic stresses 
applied to the coils, an attractive force of 9000 tons between 
the coils at a rated current of 5700 A, exceptionally high 
engineering precision is required. 

The winding workshop, which was opened in 1969 on the CERN 
site,was resoonsible for carrying out the finishing work on certair 
components and handled the coiling and assembly of 40 pancakes. 

The design of the workshop, the definition of the work 
stations and development of tooling were decided after consul
tation with the specialist industries handling the construction 
of large electrical equipment. The winding of the strip was 
carried out by experts in the field of coil-winding for large 
electrical machines. 

References Further information can be obtained from: F. Wittgenstein, 
"TC-Division, CERN and Alsthom, Belfort, France. 
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(a) Lay-out of the BEBC winding workshop 

C23-2 
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C24 Fitting a hemispherical glass window on a 
metal support 

Hemispherical windows are to be fixed onto their metallic 
supports in such a way as to be capable of withstanding 
temperature variations between 300 K and 25 K. 

The system also has to support a test pressure of 15 bar 
acting against the convex side of the hemisphere and of 1.5 bar 
in the opposite direction. The assembly must remain tight in 
both situations. 

The Large European Bubble Chamber (BEBC) has five sets of 
hemispherical windows mounted on their metal supports. Each 
set consists of three hemispherical windows which should be 
concentric at the temperature of liquid hydrogen (25 K) . 
Measurements have shown excentricity of 50um. The three windows 
are thermically isolated by two vacuum systems (10-? T). The 
largest window is completely immersed in liquid hydrogen, has 
a diameter of 385 mm and a thickness of 35 mm. 

The normal working conditions of the bubble chamber are 
as follows : 

Temperature 26 K 
Static pressure 5 bar 
magnetic field at the windows 2.7 Tesla 
maximum acceleration caused by 
the expansion system at the 
window supports 8 g 

Only the large window is make of glass (BK7 Special, 
from Schott, Germany), which has a particularly uniform re
fractive index of the order of a few times 10"^, while the 
small safety windows are of Herasil top quality quartz (from 
Heraeus, Germany). These windows were manufactured by SAGEM, 
Paris, France). 

' The metal was selected so as to produce the smallest 
possible difference in contraction between the support and the' 
window during the cooling. 
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Measurements made at CERN at liqu^£ nitrogen temperature 
showed relative differences in length £~ of 0.5 to 0.6 %o. 
Feni 42.5 was chosen for the BK7 window and feni 36 for the 
quartz windows. These metals consists of invar : They are 
feni 42.5 and feni 36 containing respectively 42.5% and 36% nickel. 

After the metal supports and the windows have been 
manufactured to very strict tolerances (less than 0.01), they 
are lapped together. The outer surface of each window ends in 
a cylinder 20 mm high, fitting into a thin flange, 0.5 mm thick, 
in the support. The clearance between the flange and the 
cylinder is between 0.20 and 0.30 mm and is filled with the 
"glue" [_Devcon F^ (from Devcon Corp., Danvers, Mass., USA) + 
FLEX] providing the seal. 

The three windows are then assembled, centred with 
microscope, and finally pinned. 

This was the first time that assembly of optical glass 
manufactured with metal had been capable of satisfying the tests 
described. 

Many manufacturing problems were raised by the choice of 
materials : The construction of the quartz windows required 
many consultations with specialists (diameter of this size 
never made; risk of cracks-and bubbles in such big pieces). 

The welding on the thick invar supports required a great 
deal of investigation (electron beam welding, welding with a 
filler metal, etc.) before a satisfactory technique could be 
used by CERN workshops. 

For the final design now used, two years of work had to be 
done before the best glue and its thickness were found and, 
above all, before a rigid but elastic system (flange machined 
in the solid metal, clearance beneath the base of the window, 
lapping-in of the support and the window) could be worked out. 

For further information please contact: F. Pouyat, 
TC-Division, CERN, Tel. 4252. 

5 March 1974 

S e t of f i s h - e y e s 
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C25 Permanent superconducting magnets 

Magnets wound from superconducting wire or- strip find cur
rently wide application in high-energy physics. The super
conducting materials used are predominantly NbTi for fields 
up to 6 T and Nb 3Sn for higher fields up to 12 T. 

This note describes a method which uses the same materials 
in a much simpler way to produce permanent magnetic fields. 

An homogeneous coaxial field is applied to a tube, the wall 
of which is made from superconductor (in this discussion al
ways NbTi or NbjSn). During this operation the temperature 
of the tube is chosen high enough to keep it in the normal 
state. The applied field will therefore penetrate the wall 
and interior of the tube. Then the tube is cooled down to 
the superconducting state, and finally the applied field is 
slowly removed. This field change will induce currents with
in the tube wall, which circulate there in just the direction 
and strength around the tube to keep the internal field con
stant. When the applied field has disappeared a permanent 
solenoid magnet has been produced1 . 

Using the same principle, the whole family of n-pole magnets 
needed in high-energy physics for beam transport and analysis 
can be generated. If, for example, the homogeneous field is 
applied with field direction perpendicular to the tube axis, 
a dipole magnet (bending magnet) will result2'. 

The induced currents flow within a certain penetration layer 
so that their local density is everywhere just equal to the 
limiting critical value J c, up to which a loss-free transport 
of current through the superconductor is possible. 

J c depends on field B and temperature T in the sense that 
J c decreases with increasing B and T. The B-dependence of J c 

sets a theoretical limit to the fields attainable in super
conducting magnets. 

In reality, however, fields obtained in permanent magnets; 
are essentially lower than the theoretical limit because of 
field instabilities (flux jumps) created by the negative tem-, 
perature dependence of J c. The mechanism is the following: 



- 193 -

Imagine that the temperature T„ of _i nermanent magnet is 
suddenly increased by ó*T0 co T 0 + 6 1 0 . Then the current den
sity established at To is slightly larger than the new critical 
density J C(T 0 - <5T 0). Consequently the material shows resi
stance, and the excess J C ( T Q ) - J C(T 0 + <5T0) is dissipated 
generating a certain amount AE of heat. But this heat causes 
a new temperature increase STj., and so forth. The first dis
turbance 6 T 0 thus generates a whole chain of température steps 
(5T V . These may converge to a new, entirely superconducting 
state with T ' T 0 + I o"Tv, or they may diverge avalanche-like, 
in which case the trapped field is lost. The magnitude of öTi 
is decisive for what will happen. In order to have convergence, 
ÖTi must be smaller than the first disturbance 6 T o . Now a sim
ple calculation shows that AE is proportional to the square of 
the trapped permanent field B 0. So with increasing B 0 the ten
dency to instability must increase. On the other hand, for 
given AE, 5TI will be smaller the better the internal cooling 
of the material. 

Unfortunately, bulk superconductors are very poor heat con
ductors. Therefore in order to obtain best results, cooling 
channels must be provided which allow liquid He to penetrate 
into the interior of the tube wall. 

The geometry of the cooling channel system must ensure that 
no current path will be cut by a He channel. 

For a permanent solenoid, these requirements may be met by 
piling up in a mixture annular disks cut out of a thin super
conducting metal sheet and fine-gauge wire mesh. A further 
improvement of cooling efficiency is obtained, if disks made 
of high-conductivity copper or aluminium are added. The pre
sence of these disks slows down the speed of field changes and 
so reduces the rate of heat dissipation. 

For dipole magnets, two stacks of sheets are cut and bent 
to form the two half-shelfs of a tube. The thickness of the 
sheets and the mesh used is of the order 30 yin to 200 ym. Up 
to now, using this technique, small model magnets (solenoids 
and dipoles) have been built and tested. Dimensions of the 
solenoids were: 2 cm ID, 6 cm OD and 10 cm length. The di
pole had a 2.5 cm 0 bore, 5.5 cm OD, and 18 cm length. 

The aim of the tests was to find the arrangement and thick
ness of the different component sheets within a stack which 
gives the maximal stable trapped field. Results are: 

2.5 T if NbTi sheets are used 
4.5 T with Nb 3Sn composite sheets. 

At present a permanent dipole of 1 m length and 8 cm 0 warm 
bore is in the design stage. 
1) J.J. Hanak, Magnetization of niobium-stannide films in 
, transverse;fields, RCA Revue, Vol. XXV, No. 3, p. 551. 

2) M. Firth, L. Krempasky and F. Schmeissner, Preliminary 
' ' i >work on,field—free particle beam path from hollow super-
„ , conducting ̂ shielding tubes,, Proc. Third Int. Conf. on 

Magnet" Technology, Hamburg 1970, pp." 1178-1189. 
Further information can be obtained from E.U. Haebel, TC 

Division, CERN, Tel. 3479. 
12 March 1974 
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C26 Superconducting beam-bending magnets 

The magnet is of the "intrinsically stable" type with an 
entirely epoxy impregnated coil. An "intersecting ellipses" 
configuration is used to provide a central induction of 3.4 T 
i-n the 132 mm diameter beam tube. There is no iron shield and 
the beam vacuum is connected to the insulation vacuum of the 
cryostat ("cold bore"). 

Use in the u 7 beam The magnet is installed at the last deflection point in 
the particle beam to BEBC, where a bending angle of approx. 8° 
is required. The max. bending power of 5,6 T x m is sufficient 
for particle momenta up to 12 GeV/c. Liquid helium for 
the magnet is supplied from a dewar, the daily consumption being 
of the order of 200 litres (+ transfer losses). Useful 
experience was gained during some 2000 hours of operation, where 
no supervision was necessary apart from cool-down and the regular 
dewar change (once per day). 

The impregnated magnet winding is surrounded by a stainless 
steel tube to cope with the electromagnetic forces. A spiral 
of rectangular copper tube soldered around this cylinder 
serves as a liquid nitrogen cool-down circuit. The completely 
welded-up liquid helium vessel is surrounded by a helium gas 
cooled radiation shield. For suspending the He vessel inside 
the vacuum tank, an intermediately cooled concentric system was 
developed, making use of the favourable properties of fibre 
glass material. The gas cooled current leads consist essentially 
of a pair of copper braids, each enclosed in the annular space 
between two thin-wall stainless steel tubes. 

Technical problems Due to the field uniformity required, the winding had to 
be carried out rather precisely. A winding table was 
developed and two coils were wound and connected together to 
form the magnet. 2350 m of conductor was needed for each coil, the 
final length of which was about 2m. The field map of the magnet 
compared very favourably with the calculate.' figures. 

Several specimens of conductors similar to that_finally used 
but of shorter lengths (around 150 m) were tested-in' the form'of 

Details of 
construction 
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potted solenoids and behaved generally well. Though the 
bending magnet showed strong "training" fmore than 200 quenches 
were produced^ nó quench ever occured during operation at 
constant current level, indicating that reliable operation is 
possible with superconducting beam elements. Valuable 
experience was also gained with the external control circuits, 
the remote controlled power supply, etc. 

A short description of the magnet appeared in CERN-Courier 
13 (5), 144 (1973). 

For further information contact : Ph. Dow, TC-Division, 
CERN. 

5 March, 1974. 
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C27 Testing of materials at cryogenic 
temperatures 

Cryo-Mechanical Tests A tensile testing machine, which is fitted with a specially 
designed stainless steel cryostat, is used for tension, flexion 
and compression tests at ambient, liquid nitrogen and liquid 
helium temperatures. 

Such measurements are necessary as not sufficient technical 
information is available for plastic-resin compounds, filled 
and reinforced resins, which will be used for superconducting 
magnet construction. Furthermore, it is essential to understand 
the effects of nuclear radiation on these materials and 
consequently the life time of such magnets in a radiation field. 

Mechanical tests are carried out using an Instron tensile 
testing machine on which the cryostat has been mounted. Load 
versus extension graphs for test specimens are plotted directly 
by an X - Y recorder. The load signal is taken from an Instron 
load cell and the strain recorded from the output of a 
displacement transducer. The sensitivity of the system allows 
strain in the specimen to be determined to better than 10 -^ cm. 
The load may be accurately recorded up to 500 kg. The rate of 
cross head travel is defined as 2 mm/min. 

As no test norms for such measurements are available, 
optimum sample dimensions, corresponding sample holders and 
test methods have been established. 

Linear Thermal A glass cryostat equipped with a heat exchanger and a 
Contraction linear thermal contraction device has been developed. 

The numerous different materials used for the construction 
of superconducting magnets must have compatible properties. 
Due to the lack of adequate data of a suitable nature, it is 
necessary that a comprehensive test program be performed. 
Dimensional changes occurring as the temperature drops are more 
considerable in unfilled and non-reinforced plastic materials 
than in the case of metals. Thermal contraction is% not as 
marked in filled plastic materials, and, in addition, it depends 
to a great degree on the type and quantity of the filler. 
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The desired coefficients of expansion can be obtained by the 
judicious choice of the filler and the quantity in which it 
is used. With reinforced plastic materials, it must be 
mentioned that, on contracting, they may exhibit considerable 
anisotropy, depending on the type and direction of the 
incorporated reinforcement material. 

The dimensional changes of metals, alloys, glasses, 
filled and reinforced plastics are measured in a long fused 
quartz dilatometer. It consists essentially of a fused quartz 
tube into which the sample is inserted. A quartz rod is then 
placed on top of the sample. The relatively large changes in 
length with temperature associated with most unfilled organic 
materials are determined with a stainless steel dilatoraeter. 
The contraction of the unknown samples was measured relative 
to the contraction of Invar. The change in length of the 
samples on cooling was measured with a displacement transducer. 
The samples were formed in the shape of cylindrical rods 50 mm 
long and 10 mm diameter for the quartz dilatometer tests and 
90 x 20 x 6 mm-* for the plastic and elastomers. Tests were 
performed in the temperature range from 300 K to 4.2 K by 
cooling them slowly. The temperature of the samples is 
measured with a germanium (4.2 - 100 K) or platinum resistor 
(77 - 300 K). 

It was possible to detect relative changes in length 
smaller than 0.O02 mm for the quartz dilatometer and 0.05 mm 
for the stainless steel dilatometers. 

This apparatus is not commercially available, thus it was 
necessary to develop a system which can be used for many types 
of measurements accurately, quickly and economically. 

Thermal Conductivity A 250 mm diameter cryostat has been adapted for thermal 
conductivity measurements on insulating materials. 

The properties of organic materials at low temperatures 
are strongly dependent on both the chemical composition and 
on the manufacturing process. It is therefore necessary to 
perform thermal conductivity measurements on insulators to 
be used in the construction of superconducting magnets and the 
effect of radiation damage on thermal conductivity, as such 
data is not available from the manufacturers. 

Many problems have been solved relating to the optimum 
sample dimensions, heat shield design to eliminate thermal 
radiation problems for measurements at higher temperatures, 
the choice of suitable temperature sensors, and particularly 
for low thermal conductivity insulators, the question of time 
delay to obtain thermal equilibrium conditions, etc. 

The samples are rods of 10 mm diameter by 30 mm length 
and are mounted into the measuring cell at room temperature. 
The heat conduction is measured in the temperature range from 
6' K to room temperature in a"vacuum of 10"^ mm Hg. The 
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thermocouple junctions were in contact with thin copper rods 
which were pushed through the cross-section of the sample. 
The temperature measured was, therefore, the average cross-
sectional sample temperature. The distance between the junctii 
junctions of the two thermocouples used for determining the 
temperature gradient was 10 mm (the middle 10 mm of the sample 
length). This temperature difference was determined with an 
accuracy of ^ 0.05° C by means of Au-Fe/chromel thermocouples. 
The absolute temperature of the sample was measured with a 
precision of about 0.1 K by means of a germanium resistor 
between 6 and 40 K and with a platinum resistor between 40 
and 280 K. The applied power of the heater was in the range 
1 - 10 mW with a precision of 10~"3. The precision of the 
thermal conductivity values for these polymers is <\< 5%. 

For further information contact : M.H. Van de Voorde, 
ISR-Division, CERN. 

5 March, 1974. 
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C28 Polarized proton target cryostats 

Protons of chemically bound hydrogen can be polarized by a 
dynamic method in some hydrogen-rich solid materials. The 
method is based on applying microwave power at a frequency 
close to the resonance of a paramagnetic impurity. If the 
target material is kept at about 1°K temperature,or below, 
during microwave irradiation, a high polarization can be 
obtained. 

For a polarized target one thus needs three main compo
nents: a microwave source, a magnet and a cryostat. Because 
the cryostat is the nearest environment of the target, it 
needs to be matched with the varying requirements of experi
menters. Therefore the cryostats are built in-house, where
as the two other main components may be commercial. 

In the table below we show the evolution of CERN polarized 
target cryostats during the last ten years. In the beginning 
the common isotope uHe of helium was used for cooling lantha
num magnesium nitrate crystals during microwave irradiation 
(cryostat A)l). The discovery of high polarization in some 
hydrogen rich organic materials gave impact to use other cool
ing methods for reaching lower temperatures and higher pola
rization. After some preliminary steps a cryostat based on 
the evaporation of the rare isotope 3He of helium was cons
tructed (cryostat B)2). As can be seen in the table, much 
less microwave power is needed for polarizing the same size 
of target in cryostat B than in cryostat A. The reduction of 
power requirements subsequently allowed one to construct 
larger targets (cryostat C)3). 

In cryostat C a certain level of maturity was reached con
cerning the use of polarized proton targets at the CERN PS 
energies: the polarization is nearly complete and the target 
size is optimum from the point of view of experimentalist. 
Other needs, however, appeared a few years ago. So far the 
magnet poles above and below the target, necessary for pro
ducing a uniform magnetic field for continuous polarization, 
have confined most of the experiments to a horizontal plane. 
Thus all information concerning the spin degrees of freedom 
of a reaction cannot have been obtained. Getting rid of 
these poles would be possible with fche aid of a separated 
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function target, which is first polarized dynamically between 
magnet poles, and then transported to a large angle detector. 
During the transport and use in the detector the polarization 
is frozen in by keeping the target at 0.05° K temperature. 

The above method has been tested by using the cryostat D 4). 
The principle of cooling is based on the dilution of 3He with 
''He. A cryostat operating with this principle is capable of 
absorbing large amounts of heat at 0.5°K and of cooling smaller 
heat leaks even below 0.05°K, the latter property being not 
present in the evaporation cryostats A, B and C. A byproduct 
of these pilot cryostat tests was the discovery that the dyna
mic polarization at a lowered target temperature results in an 
increased polarization. This increase was particularly signi
ficant in a deuterated material, which may now became experi
mentally interesting as a polarized neutron target. A technical 
spin-off of the cryostat D was the design of the low tempera
ture heat exchanger, which was adopted by a manufacturing 
company. 

The cryostat E is also a dilution refrigerator; it is the 
cryostat of the actual Frozen Spin Target, which will be used 
next summer in a CERN experiment. 

References 1) P. Roubeau, Cryogenics 6_, 207 (1966). 

2) P. Roubeau and J. Vermeulen, Cryogenics 11, 478 (1971). 

3) J. Vermeulen and M. Rieubland, unpublished. 

4) T. 0. Niinikoski, Nuclear Instruments and Methods 97, 95 
(1971). 

1 April 1974 
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EVOLUTION OF POLARIZED PROTON TARGET CRYOSTATS 

Typical numbers 
Principle of refrigeration Year Power Tempérât. Volume Polariza Mode of o p e  Special features 

(mW) (K) (cm3) tion (%) ration 

A MHe evaporation 1962 1000 1 10 40 Continuous ^ 
B 3He evaporation 1969 20 0.5 10 80 Continuous b^ First 3He-cooled 

3 . , • a) He evaporation 
target 

C 3 . , • a) He evaporation 1973 200 0.5 100 80 Continuous Largest target 
D 3He-'*He dilution a ) 1971 5 0.5-0.05 2 95 Separated func First horizontal 

tion c) dilution refrigera
tor; highest polari
zation 

E 3He-"He dilution 1974 100 0.5-0.05 50 95 Separated func Most powerful dilution 
tion c) refrigerator. 

NOTES 

a) The cryostats C and D were shown without their He precoolers, which resemble much the precooler of the 
cryostat B. 

b) "Continuous" operation means that in order to keep the target polarized, one needs to irradiate the target 
continuously with microwaves in a uniform magnetic field, formed with specially shimmed magnet poles. 

c) "Separated function" operation means that the target can be, after polarizing, transported to a large 
angle detector, because the polarization is frozen at the very low temperature obtainable. 

The cryostats A and B were made in collaboration with the "Service de physique du solide et de résonance magna 
tique" (Commissariat à l'Energie Atomique, Saclay, France). 

The cryostats D and E were made in collaboration with the Low Temperature Laboratory of Htj.„inlti University 
of Technology (Otaniemi, Finland). 
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DIO Computer program for magnetic f ie lds 

DIO COMPUTER PROGRAM FOR MAGNETIC FIELDS 

The computer program MARE (MAgnet RElaxation) solves 
static magnetic field problems in two dimensions by the method 
of finite differences and relaxation. It treats separately 
and alternatively the region of air (u = u 0) and that of iron 
(variable u). 

Air-coil region In the region of u = u Q and despite the presence of the 
current carrying coils, a scalar potential is used by intro
ducing an_auxiliary vector M, such that rot H = J and 
rot (H - M) = 0. The magnetic field is then obtained from 
the equation 

H - M = grad V*, (1) 
the scalar potential V* satisfying the equation 

V 2V* = - div M. (2) 
After equation (2) has been solved, the magnetic flux is 
calculated at the air-iron interface, thus providing the 
initial boundary condition for the vector potential computation 
in the variable u region (iron). 

Iron region There the program solves the equation 
3 2A 8 2A _ 1 _3_u_ 8A _ JL 8JM 8A 
3x z + "ay2" u 3x 3x n 3y 3y " * ' 
where 
A = vector potential 
u = iron permeability, 

thus determining vector potential, magnetic induction and 
permeability in the whole domain. Then the MMF drops between 
points of the iron contour are computed and used to revise the 
values of the currents and of the scalar V* on the air-iron 
interface for the next cycle in the air-coil region. 

Method of calculation In order to solve equations (2) and (3), the region 
under study is covert-d with a suitable rectangular mesh net 
and the partial differential equations are replaced by 
systems of finite difference equations that have to be 
satisfied at all grid points. To speed up convergence to 
the solution, the MARE program uses an overrelexation process, 
artificial damping by means of stabilizing factors in iron, 
automatic check of residues with periodic adjustment of the 
overrelaxation factor. In its usual version, the nets may 
have a maximum of 16'000 nodes in air and of 3'000 in iron. 
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Applications and MARE, which was developed in 1965-1966 as a design tool 
accuracy for the magnets of the Intersecting Storage Rings, is currently 

used in many research institutes and industries for the com
putation of electro-magnets and of electrical machines. It can 
predict the magnetic field distribution with high accuracy; 
for example, in the main magnets of the ISR, the relative 
values of magnetic induction in the air gaps were calculated 
to an accuracy of 2 x 10~5. 

References The program MARE has been described in detail in the 
report CERN 67-7: "The program MARE for the computation of 
two-dimensional static magnetic fields" by R. Perin and 
S. van der Meer, 1967. Operating instructions can be ob
tained from the CERN Computer Library. 

8 March, 1974. 

D10-2 
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Dil Multiplex system for acquisition and control 
of mechanical position through stepping 
motor and position encoder 

Use in the MPS-LINAC The multiplex system described in this document is intended 
to remotely control, either from a manual command unit or from 
a computer, a set of 16 stepping motors, and to read the asso
ciated mechanical position through absolute position encoders. 

Several sets of this system are used in the linear accele
rator where a lot of specific equipment, especially the RF 
structure, requires a control (outside the radiation area) of: 
position references, such as anode and grid tuning of power 
cavities, phase tuning, power divider, etc. 

Another application where the system has been successfully 
employed is in the proton beam measuring devices. In these, 
calibrated slits are used to determine slices of beams with a 
view to analysing the transverse and longitudinal characteris
tics of the 50 MeV proton beam (emittance and energy distribu
tion) ; see Technology Note B15. 

These measurements are mainly under computer control. 

The economic aspect led us to design multiplex hardware in 
which a set of only 2 motors and the associated encoder can be 
controlled at a time, manual operation always taking priority 
over the computer for security reasons. 

Method of operation The block diagram shows the different sub-units of hardware 
used, starting from the,top (process). We have 4 junction boxes 
collecting and providing data to the motor and encoder. Demulti
plexing is made at this level, these elements being in the en
vironment of the process. Bus lines are linked to the manual 
command unit in the control position and to the "data scanner". 
The aim of this unit is to buffer the data • f 16 encoders with 
a scanner running at a speed appropriate to the length of the 
bus lines. Among other functions, the data scanner provides 
facilities to control selected motors through the computer. 
The "status and diagnostic" unit (common to 8 systems) allows 
the computer to look at the state of the equipment (power supr 
ply, manual operation,...) and to decode the appropriate Key
word .which will, enable a system to operate via the computer. 
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Block, diagram of a multiplex system 
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*STAR: Transmission line between IBM 1800 and control position 

Technical aspects The equipment is completely modular and uses mainly "hard
ware subroutine functions" connected together by wirewrapping 
technique. Any electronic system today is constructed from a 
series of interconnected circuit functions, these functions 
being common to many systems. By constructing each function 
separately, it can be re-used in future systems without any 
redevelopment. 

The position encoder was designed at CERN in the West 
Workshop at a time when these devices were difficult to find 
on the market and expensive. 

References A detailed description of the encoder can be found in 
"Electronique Industrielle" No 131, p. 69, March 1970. 
Further information can be obtained from A. Van der Schueren 
and R. El-Bez, MPS-LI Division, CERN. 

22 February 1974 
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Dl 2 BIDUL: the muí ti-computer communications 
system for the CPS control complex 

A computer control system is under construction to meet 
the future operational needs of the CPS accelerator complex. 
Our existing system is centred on one computer, the IBM 1800, 
but cannot be further expanded to cope with the future load, 
which will include multiple tasks due to the existence of 
four separate accelerators (old and new Linacs, Booster and 
CPS). For each accelerator there will be of the order of 
1000 acquired and controlled parameters. 

The new system will consist of three main computers 
(PDP-ll/451 s) , to be', connected to the processes either via a 
randomly-addressed data transmission system or indirectly via 
simple satellite computers. The communications system BIDUL 
("Bus d'Intercommunications Dirigées entre Unites en Lignes") 
is used for communication between the various computers, and 
between the main computers and the data transmission system. 
The present main computer will also be interfaced to the sys
tem in order to minimize operational disturbances during the 
changeover process. 

The heart of BIDUL is a number of modular data buses. 
Each device has one or more accesses to one or more of these 
buses, as outlined in Figure 1, thus allowing considerable 
flexibility in the choice of transmission paths. 

Transmission requests generated by applications programs 
in any of the computersiare sent to a dedicated message-
switcher computer (MS), whenever possible in advance of the 
point in real time at which the transmission is required. 

The message-switcher schedules requests for execution and 
subsequently initiates the transmission. Once begun, the 
transmission proceeds autonomous1} in handshake mode using 
direct-memory access channels (DMA). 

The flexibility,of the, system implies that each main com
puter can access any part of the process. This will allow 
a back-up scheme such that the control system continues to 
function^when one or more;of, the,main computers are down. 
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Figure 1 
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The message switcher software is designed to allow for this, 
-d for partial degradation of the BIDUL hardware itself. 

The BIDUL hardware in fact comprises four kinds of bus: 
Bl: the main data bus 
B2: the bus connected to each computer which acts as a DMA 

expander 
B3 and B4: subsidiary buses used to exchange interrupts. 

Each bus consists of a data, address and control signal 
highway into which are plugged one bus controller and a number 
of self-addressing stations. It is the controller that 
determines whether a particular bus is of type 1, 2, 3 or 4. 
Figure 2 outlines the complete data path between two computers. 
The Bl controller, itself controlled by the message-switcher, 
sets up an interconnection by addressing two plug-ins known as 
"access stations". Each of these is connected via a parallel 
link to a "communication station" on a bus B2. The Bl con
troller defines which computer acts as source and destination, 
and initializes the bus for the actual transmission. Further
more, it interrupts the message-switcher at the end of a 
transmission so that the bus may be released for the next user. 
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mit scheduling of transmission for predefined times. 
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The technology employed was designed to facilitate tests 
and diagnostics, both in on-line and off-line mode, and a 
comprehensive set of test programs is being provided. 

The software consists of the message-switcher itself, and 
a relatively simple "communications monitor" in each computer. 
A well-defined protocol is used between the message-switcher 
and the various communications monitors to avoid conflicts 
and to handle the problems caused by the use of multi-program
ming systems in all computers. Within the protocol, each 
transmission is identified by the logical computer number and 
the task identifier of both the source and destination pro
grams. 

The message-switcher utilises two data structures: a 
schematic representation of the hardware configuration and a 
set of linked-list queues of scheduled requests. Planned 
or accidental changes of configuration are therefore handled 
automatically, and the number of requests processed is limited 
only by the size and speed of the message-switcher computer. 

The software is written in a structured language (PL-11) 
which produces code almost as efficient as that produced by 
assembly language. As a result, the programming effort in
volved has been considerably reduced; furthermore corrections 
and modifications are extremely easy to introduce. The tech
niques used are closely related to those employed in stored-
program-controlled telephone exchanges. Complete error 
handling and performance monitoring are built into the system 
design. 

The implementation of hardware and software, although 
well advanced, is not finished at the time of writing. The 
prototype buses perform well, and the message-switcher soft
ware has been debugged under a hardware simu* >n system. 

It is anticipated that the system will handle about 200 
transmissions of about 100 16-bit words during each CPS cycle, 
about half the transmissions occurring within 0.5 seconds. 
The transmission of one word will take between 7 usee and 
60 ysec depending on the distance and other factors, leading 
to a duty cycle for the data buses of about 10%. 

For further information please contact E. Assëo, 
T. Streater. 

April, 1974 
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Dl3 CPS centralized computer control console 

Method of 
operation 

The console provides a centralized set of controls and 
displays from which an operator can look after the complicated 
business of running a particle accelerator. A system of com
puters links the two and deals with instructions, their execu
tion and the presentation of results in a comprehensible form. 

An interpretive language is employed to convert the users' 
instructions into a logical sequence of programs, and it also 
allows a reduction of the large number of linked parameters 
describing the state of the accelerator to a small number of 
independent computed parameters. 

The console was developed to facilitate control of the syn
chrotron by the limited number of operators. At present the 
two consoles installed in the CPS Main Control Room are used 
for injection of the beam from the Booster into the PS, to 
ensure correct magnetic conditions at low energy, and to per
form slow extraction at high energy. 

They fulfill three main functions: the selection of analog 
signals and their display on an oscilloscope, the presentation 
of accelerator characteristics in graphic and numerical form 
on display screens, and the provision of various types of con
trol functions by means of keyboards, shaft encoders or 
special control panels. 

There is no direct link with the process: interactions 
take place only through software, making it possible to operate 
almost exclusively in terms of theoretical machine parameters. 

The programs are of three main types: resident routines for 
handling the displays, analog signal multiplexers and program 
request units; non-resident routines, loaded on call and re
moved once the job is finished ; and the interactive syntax 
(ISAAC: Interpretive System for Automated Accelerator Control), 
which forms the essential tool. This syntax logically analyses 
the user's requests and then dynamically loads the various rout' 
tines to be run, transmitting the necessary parameters to them.f 
Execution can be single-shot or repetitive, depending upon the*^ 
request, and in the latter case may be stopped by a release ¿,1 
command. 
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15-2 

Where appropriate, the routine may make acquisitions, carry 
out processing and provide results in a sophisticated form, and 
it may also modify coupled parameters by means of associated 
independent ones. The coupling coefficients are dynamically 
specified. They may be adjusted in various différents ways: 
by numeric keyboard in absolute or incremental mode, or by 
shaft encoders in incremental mode. A parameter, and when 
necessary the coefficients coupling it to the shaft encoders, 
are evaluated just before execution. The commands are ex
pressed in the following general manner: 

COMMAND EXPR1 (OPERATOR EXPR2) 
COMMAND may be SET or HOOK for control and TYPE or DISPLAY for 
acquisition. EXPR may be of different types: numeric, pro
cess variable, software variable, simple expression. OPERATOR 
may be UP, DOWN (incremental type), = (absolute type), OFF 
(logical type). A Fortran-type CALL statement may also be used. 

Example D(ISPLAY) QD to observe the currents of defocusing quadrupoles 
H(OOK) QDC0S2 TO Kl 
H(OOK) X TO Kl 
which makes it possible to adjust 20 magnetic correction lenses 
and to observe the applied current each cycle in the form of a 
histogram. These currents are in the form 

where N = A 
2 TT 

100 a N 

a = 
N = 
Kl = 
X = 

harmonic number (= 2 here) 
the position of the lens in the machine 
a shaft encoder controlling the correction 
a software variable which indicates the modifica
tions made without the need of a harmonic analysis 

Problems 
encountered 

The main difficulty lay in the grouping together of the 
large number of controls and analog observations necessary for 
the operation of the CPS (about 180 power supplies for inflec
tion and magnetic corrections at low energy). Moreover, the 
analog signals come from centres located some 200 metres away 
and to be usable many of them have to be transmitted on a 
30 MHz bandwidth. Suitable cascaded multiplexers and ampli
fiers had to be developed. Each computer-controlled multi
plexer system terminates in an oscilloscope, on which 4 out of 
the n x 225 available signals may be observed (at present 
n = 1 at the CPS). 

Reference 

, The limitations of the present system are imposed by the 
small amount of space available in the core memory (4 Kwords) 
and saturation of the existing computer system. 

The ISAAC system is described in a paper presented by 
B. Carpenter at the IEE Conference, Software for Control, 
Warwick, 1973 (CERN/MPS/CO 73-1). 

For further"information contact M. Bouthéon, B. 
or J.P. Potier, MPS Division. " í ! 

April, 1974 

Carpenter 

I 
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Dl4 Computer-driven function generator 

Use at the CPS It is necessary to modulate many accelerator parameters 
(e.g. magnet currents) during the acceleration cycle of the 
CERN Proton Synchrotron. The required modulation can be a 
function of time or an independent variable linked to a pro
cess; in both cases it must be possible to modify the func
tion either for study purposes or to optimize performance. 

A system has been built to provide 48 independent program
med voltages which approximate to the required functions. 

Principle This approximation can be expressed by: 
|kF - V| £ e (1) 

where F is the required function of a variable X, e the maxi
mum acceptable error and V the actual voltage generated; k 
is a scaling factor. 

The terminals of the generator provide V as a linear func
tion of X and therefore co be able to satisfy equation (1), 
the range of X is split into intervals [ x n , X^+^J over which 

V = V n + a n(X - X„) (2) 
These intervals are selected in such a way that (1) is always 
true. 

System The system has three main parts, 
structure 

a) Terminal 
Each linear segment or vector is generated by a terminal 

which uses the information V n, <xw, C&n+l - %n) delivered to 
it by a small computer (VARÍAN 620/i - 4K), working in real
time. 

b) Real-time computer 
The small dedicated computer provides the 48 terminals with 

the necessary information. Each terminal is independent of -
the computer during each interval ^X^, X^+jJ.and the real-, \ 
time computer acts as a shared memory and performs some '/house
keeping" services. , , ' , U V 
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c) Interaction access 

The process control computer used for the CPS provides, 
through specialized consoles, a means to modify the functions 
created by the terminals. It deals vith users' requests and, 
after processing the data, updates the necessary tables in the 
small computer through a data link. 

Characteristics The analog function V is generated digitally and a D/A 
converter with a "deglitcher" is used to create the analog 
voltage. For higher resolution, it is only necessary to 
provide a more accurate converter. The converter is driven 
by an up/down counter fed by a frequency, controlled by a 
Binary Rate Multipler (Medium Scale Integrated Circuit). 
The flexibility provided by the system is limited only by the 
imagination and skill of the software driving the overall 
system, and is particularly suited for self-learning loops. 

Specifications Output voltage +_ 4 095 mV 
Resolution 1 mV 
Maximum slewing rate 1 023 V/s 
Minimum slewing rate 1 V/s (or zero) 
Time quantification 10 us 
Data given for an internal clock of 10.24 MHz 

Future A considerable number of such generators are required for 
development the expansion of the CPS control system (about 200 units). 

For this new series the evolution in technology led us to 
reconsider the problem. The main changes will be to use 
a local memory attached to each unit, instead of sharing the 
memory of a real-time computer, thus avoiding the necessity 
of a private transmission network, and to replace the Binary 
Rate Multiplier by a new module based on a different prin
ciple. 

For further information contact E. Assëo, MPS Division, 
J. Bosser, Lab. II, G. Daems, MPS Division. 

April, 1974 

«H-2 
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Dl 7 Non-Ii near track ball system 

This plug-in is part of the ERASME system which is used 
for scanning and measuring films from various bubble chambers. 
In this system a track ball is provided which, firstly, allows 
the operator to move the film image in the x and y axes on the 
scanning table and secondly, moves a cursor on the CRT das-
play units. 

It was felt that moving the image over the whole length 
of the scanning table was rather time consuming and therefore 
a non linear system would alleviate this problem by giving a 
high maximum speed whilst allowing fine adjustments. 

As an operator is part of this system, to find an optimum 
solution,we must consider the relationship between a stimulus 
applied to a human being and the resulting sensation. This 
is defined by Fechner's law which states that the sensation 
felt is proportional to the logarithm of the intensity of the 
stimulus. For our purposes a good approximation of this law 
can be derived as follow: 

If x and y are the incoming frequencies from the track 
bsll the plug-in unit gives out the frequencies 

X = x [A+B (x2 + y 2)] 
Y = y [A+B (x 2 + y 2)] 

where A and B are two constants adjusted to suit the system. 
The direction of motion of the image is the same as the di
rection of motion of the track ball since: 

1 =£ 
X x 

The incoming frequency, x for example, is made up of two 
square waves in quadrature and used to give four pulses per 
cycle and the direction of motion. The conversion of this j , 
frequency into a digital number is done by integration of-the'V 
pulses into a counter whose content is sampled and held. ' v , ; „ 
These values of x and y are then sent sequentialy to a'squa-J>^ 
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The circuit which is made up of shift registers and 
adders, works on the following algorithm: 

J=n 
- £ 

j = i 

a j 4 

j-i [ 4 k j + 11, 

where : = 2 k l + 
+ a„ 

l k J = 2k T . + J+l J+l 
Thus to square a number it is only necessary to shift 

and add according to the value of a and iterate. 
J 

2 2 
Two registers keep the values of x and y after each 

sampling and an adder generates x^ + y 2. The part of the 
operation B (x 2 + y 2) is done by a rate multiplier. The out
put frequency is equal to the input frequency multiplied by 
the rate input M and divided by 64. 

f - . . „ = M out 64 
By using two rate multipliers in series, with B as the f 
and x ¿ + y¿ as M, the output frequency is 

out = B(x 2 + y 2) 

Clock A and B are synchronised with the internal plug-in 
clocks to make non—coincidental pulses. By ORing B (x2 + y 2) 
and A we can proceed to the next step with a rate multiplier. 
In this case, f£ n = A+B (x 2 + y 2) and M is either x or y de
pending on the axis. The output is a train of pulses which 
is fed into two flipflops to regenerate two pseudo 90° out 
of 'phase waveforms. 

This plug-in uses Texas Instruments integrated circuits. 

For further details, please contact R. Benetta, internal 
phone 3122 - CERN TC Division1. 

14 February, 1974 
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Dl8 Fast digital microprocessor for ERASME 

Use in the DD/TC 
ERASME project 

A small, fast microcoded processor is being developed which 
will be connected on-line to the control computers (PDP-11) of 
the ERASME scanning and measuring units for the analysis of 
bubble chamber photographs. 

The main task of the processor will be to generate 
histograms in real time during track-following, but due to its 
relatively powerful instruction set, it is ideally suited to 
execute short routines which can then be made to look like a 
couple of instructions in the program of the PDP-11. 

Method of operation The processor is modular in architecture as well as in a 
physical sense. Its configuration is as follows: 

Unit A: An instruction unit with a 256 word 48 bit fast read/ 
write instruction memory and its addressing and control 
logic. This memory can be replaced by a "read only" 
type. 

Unit B: An arithmetic logic unit with its operation- and 
data- flow control. 

Unit C: A 256 word 16 bit fast data memory with its addressing 
and interfacing logic. 

A fixed point signed/unsigned multiply and divide unit 
is being designed. 

The processor is loaded and controlled by the PDP-11 
computer. (As the interface logic is external most modern 
minicomputers could be used as hosts). When not executing, 
the processors memory looks like a section of the host 
minicomputers own memory. 

The units are built up from TTL logic, mostly of the 
Schottky type. 4 

The mode of operation is of the sequential stored 
program type with one new instruction every 70 nanosecond.' 
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The three main units all work simultaneously; fetch and 
execute are overlape-! in time- New addresses for data and 
instruction are calculated during the execution of the present 
one. 

The control logic contains a system which enables the 
programmer to compose his own skip or jump instructions, where 
up to four way branching is possible. A jump or skip condition 
is checked by this system each cycle. This means that single 
instruction loops can be executed where a given condition will 
cause the relevant skip or jump, yielding high speed operation. 

The PDP-11 programs for loading and checking the processor 
have been written and a simple assembler will be ready soon. 

Although the processor was designed primarily for fast 
acquisition and pre-processing of data, it would find an 
application in numerous other areas such as in digital control 
systems where ordinary minicomputers are too slow or for data 
logging and complex function generation. 

A preliminary internal report is being prepared. Further 
information on the hardware can be obtained from T. Lingjaerde 
C. Ljuslin or D. Marland and on the software from D. Myers, 
all DD-Division, CERN. 

For further details on the ERASME system see : "ERASME: 
A scanning and measuring system for large bubble chamber 
photographs", ERASME Group, CERN/DD/ 71-19 and CERN/D.Ph.II/ 
INST. 71-9, 6.10.1971. See also Technology Note D22 : ERASME. 

19 February,1974. 
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D19 PSB mobile computer control console 

Use in the PS Booster 

The PSB mobile computer control console is a means of inter
action with the PS central computer which controls the Booster 
process. 

The main purpose of this console was to provide an observa
tion and control instrument to facilitate maintenance and test 
procedures in the Booster buildings located 400 m from the 
Main Control Room. The console is linked to the PS standard 
transmission system through a single 28 lead cable, 8 meter 
long. This cable can be connected to different connection points 
in the Equipment rooms in order to serve the whole Booster 
building area. 

In a near future this console will offer the same control 
facilities as the central console located in Main Control Room. 

Description and 
Operation 

The complete console is mounted on an oscilloscope carriage. 
It consists of an alphanumeric and graphic display (IMLAC), 
one keyboard for interaction and three rows of push buttons 
(Program Request Unit) to call programs on interrupt. Pour 
shaft encoders will be soon added to the system. 

The PRU allows one to select and call the control for 
data acquisition program one wants to work with. The selected 
program displays messages and graphics on the alphanumeric 
display. The operator can then dialogue with the computer with 
the aid of the keyboard; he can either answer some questions 
(check list method) or move the cursor on the screen, etc. 

A special program is used to hook any shaft encoder to a 
selected Booster parameter (one out of seven hundred). When 
turning the shaft encoder (KNOB) the control value of the 
corresponding parameter varies. 

The mobile console and the central console located in MCR 
work in exclusive mode. 

Technical problem The main technical problem was to transmit over 400 meters^* 
analog signals which monitor the alphanumeric and graphic dis-^ 
play. This problem has been solved in using differential' signals 
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transmission (two coaxial cables for each signal). 

As noted earlier, the link between the console and the 
transmission system is a single 28 lead cable. All four control 
16 bit words and three acquisition words were serialized. 

A remote console will be installed in the Linac; it will 
use the same analogue transmission system as the Booster one. 

Further information may be obtained from Messrs. G. Baribaud 
and G. Benincasa, MPS Division. 

8 March, 1974. 
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D20 Large-amplitude solutions of non-linear 
dynamic systems 

Producing dense proton beams of increased intensity re
quires a more detailed understanding of particle motion under 
the influence of external and self-forces. A corresponding 
study leads to equations which occur also in astronomy and 
control theory. The pictures exhibited show some samples of 
solutions in the phase plane. 

Use in the PS Booster The objective of the work was to examine the large ampli
tude effect of parametric resonances and to determine the 
onset of so called stochastic effects (motion so complex that 
it appears to be random). 

Method used The formulation of a dynamic system is reduced to a point 
mapping. The latter is studied by means of analytical and 
numerical techniques. Only one of the possible display types 
are illustrated at this exhibit. Others are shown in refer
ences under III. 

Technical problem The general properties of point mappings being unknown, 
research is needed to obtain data characterizing possible 
beam behaviour. 

Acknowledgements The work leading to the displays shown was carried out in 
collaboration with the "Laboratoire d'Automatique et d'Ana
lyse de Systèmes", Toulouse, France. 

References See page 2. 
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D21 The ^-transition jump scheme of the CPS 

In order that particles can be accelerated, they have to 
move in synchronism with the electric field provided by the 
RF cavities. There is an ideal phase and an ideal radius 
which together define the synchronous particle. The stable 
region around it is called a bucket, the region actually 
filled with particles is called a bunch. 

At low energy a particle with positive momentum displace
ment revolves more rapidly than the synchronous particle 
because it is faster. But a particle with positive momentum 
displacement has in general to ride also on a longer circum
ference and thus highly relativistic particles with positive 
momentum displacement have a smaller angular velocity than 
the synchronous particle. 

At some intermediate energy, the angular velocity is inde
pendent of the momentum displacement. This energy is called 
transition energy and is measured conveniently, as Y c> in 
units of the particle rest energy. If the transverse hori
zontal focusing is strong (large number of betatron oscilla
tions per revolution, Qjj) , a particle with some momentum 
displacement revolves near to the synchronous particle and 
Yt is high. Roughly speaking therefore : Yt K Qh-

Several phenomena occur at transition. Since the sense of 
rotation around the synchronous particle reverses, the RF 
phase angle has to be shifted suddenly. In addition, at high 
intensity, the (repulsive) longitudinal space charge forces 
lengthen the bunch below transition, but tend to shorten the 
bunch above transition (negative mass effect). Strong bunch 
shape oscillations are created at ordinary transition cros
sing. In addition,above transition the so-called negative 
mass instability sets in and causes small modulations of the 
bunch shape (Schottky-noise) to grow exponentially. The 
growth rate is a function of time and the wave length of the 
(Fourier analyzed) modulation, a 1.6 cm wave length being 
most dangerous in the CPS. At some point above transition 
(threshold), self-stabilization takes place since the diffe-, 
rences of the revolution frequency between particles are 
large enough (Landau damping). 
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The cure for both these effects lies in a suitable manipu
lation of the transition energy. This can be achieved by 
acting ci the focusing system. Before the energy of the par
ticles approaches transition, Yt is moved up slowly and at 
some well determined instant is dropped sharply (the jump is 
as fast as "v 0.5 ins) and then brought back gently to the 
unperturbed value. Immediately after the jump, one has 
re-established a new equilibrium bunch length which has been 
matched to the length before the jump. This solves the prob
lem of the shape oscillations. 

With increasing intensity, a larger jump is required. 
Simultaneously the speed of crossing is increased by a large 
factor (̂  50 at present in the CPS, 200 to 400 in the future). 
This limits the duration that particles remain in the nega
tive mass unstable region so that the initial modulations 
remain small enough not to cause an excessive blow-up of the 
momentum width of the bunch. 

Only for very small changes of Yt can one dare simply to 
alter the betatron tune Qjj since one runs quickly into reso
nance phenomena (stop bands) which cause transverse beam loss. 
In practice, from 1969 until November 1973, such a scheme was 
in operation, called the Q-jump system, at intensities below 
2.10 1 2 protons per pulse. For the (much) higher intensity now 
obtainable with the Booster (̂  6.10 1 2 protons per pulse), it 
has been necessary to plan for a much larger yt change but now, 
of course, without affecting Qh. Again magnetic lenses are 
employed, but in a rather selective way. The basic element 
consists of two quadrupoles of opposite polarity, half a 
betatron wave length apart. Such a doublet leaves Qjj unchan
ged but causes second order effects in Yt< There are two 
sets of these doublets in the CPS, the one (4 doublets for
ming two triplets) is powered slowly, the other (4 doublets) 
is pulsed rapidly and causes the desired charge of Yt UP o r 

down, which is otherwise only possible with an ordinary first 
order system. 

With the new system,transition is crossed without beam 
loss or bunch distortion even at high intensity. For an 
illustration four oscilloscope pictures are shown. 

Further information ̂ can be obtained from : 

- W. Hardt, MPS Division (theoretical aspects), 
- E. Brouzet, J. Gareyte, MPS Division (operation), 
- F. Rohner, MPS Division (hardware). 

The Lens 
Configuration 

n-i 
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Current vs time of triplets 
(upper trace) and doublets 
(lower trace). Sweep:5 ms/div. 

II. Wide-band electrostatic pick
up waveform. This signal is 
inversely proportional to the 
bunch length. The first peak 
corresponds to the beginning 
of current rise in the doub
lets, the second to the pas
sage of transition. The inten
sity was 5.5 . 1 0 1 2 protons 
per pulse. Sweep : 10 ms/div. 

IV. ^•'^H'^HHKi^H'^H^I Bunch shape after transition 
(at 9.1 GeV). Sweep: 5 ns/div. 
The shape is as before, the 
bunch length can be evaluated 
to prove that no blow-up/has 
'occurred. 

D 2 1 - 3 
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D22 ERASME 

ERASME stands for Electron RAy Scanning and Measuring 
Equipment. It is a system designed around a high precision 
cathode ray tube (CRT) for the evaluation of bubble chamber 
photographs. 

Description The system will consist eventually of 5 scanning and 
measuring units (S/M units), each unit being made of the 
following parts: 

- a mechanical framework which carries the precision CRT, an 
illumination system and several stages to perform the opti
cal projection and manual pre—measurement of any one of the 
A stereoscopic views photographed on 70mm film (see figure); 

- a film transport system; 

- an operator's table which includes 2 storage tube displays, 
a function keyboard, an alphanumerical keyboard and a track
ball; 

- the associated electronics. 

The five S/M units are connected to a medium size compu
ter (Digital Equipment Corporation PDP-10, 36 bit word, 160 
k-word core memory, 15 M-words of disk store). Each S/M unit 
is equipped with its own PDP-11 computer linked to the PDP-10 
in two ways, by a slow serial link and a fast parallel link. 

This parallel link allows zones in the PDP-10 core store 
to be assigned to each PDP-11. These zones, which can be lo
cated anywhere in the PDP-10 memory, serve as extensions of 
the PDP-11 memory thus allowing both computers to exchange 
data through these zones. They may also contain sharable code 
directly executable by all PDP-ll's. 

Mode of Operation The basic philosophy is that scanning, predigitizing, 
measuring of the film, geometrical reconstruction and any re
quired manual event recovery should be integrated in one single 
series of operations. 



hi 

Mirrors 

l e n s P h o t o m u l t i p l i e r 

General layout of a Scanning and Measuring Unit 
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As. seen from the point of view of the operator the se
quence is as follows: 

- after having pressed on the function keyboard a button that 
advances all views by one frame, the operator inspects the 
optical projection for an interesting event (scanning phase); 

- when he finds an event he aligns in turn the images of the 
vertices or any other required points with a fixed cross 
projected on the table, and then pushes buttons to record 
the positions of these points (pre-digitizing phase). The 
movement of the optical projection is controlled by a track 
ball; 

- the view is then taken into the measuring cnannel below the 
CRT where all tracks of the events are automatically 
followed, filtered out and accurately measured (measuring 
phase) ; 

- from the result of the track following the operator may de
cide at this stage to intervene either via two display units 
equipped with cursors or directly on the table with the same 
view switched back into the optical channel (recovery phase) ; 

- finally when all stereoscopic views of the same event have 
been successfully measured, the geometry program performs 
the event reconstruction into the chamber space (geometri
cal reconstruction phase); 

- if a problem occurs during this last phase the operator, 
provided with the necessary information on the display units, 
is again able to correct or even repeat any one of the pre
vious steps (another recovery phase). 

The major difficulties were met in trying to achieve the 
following specifications: 

- a spot size in the film plane ^ 17pm over the whole visible 
area to match the size of the bubble images, 

- a reproducibility in the measurement of 1:65,000; 

- a digitizing accuracy of the order of a few microns; 

- an automatic handling of varying background and low contrast 
of the objects to be measured in the photographs. 

All this has been achieved with a sophisticated high 
precision electronics including several special purpose compo
nents developped in the industry on CERN specifications. 

Í 

D. Lord and E. Quercigh: "The ERASME Project Summary" 
CERN DD/DH/70/20, September 1970. 

v -H. Anders et al. : "LUCY, a CRT Film Measuring Device -
A Brief Description of the Prototype and Results of Detailed 
Hardware Performance Measurement",-Proceedings of the Inter
national Conference on Data Handling Systems in High Energy 
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Physics, Cavendish Laboratory, Cambridge, March~23-25, 1970, 
CERN 70-21, 24 July, 1970. 

T. Lingjaerde: ERASME: A Scanning and Measuring System 
fox Large Bubble Chamber Photographs, CERN DD/71/19 and CERN 
D.Ph.Il/lNSTR 71-9, 6.10.1971. 

For further information, please contact J.-C. Gouache 
TC-Division and D.H. Lord DD-Division, CERN. 

26 February, 1974 

D22-4 
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D23 Computer control system for the SPS 

The size of the new CERN accelerator has made necessary 
a distributed approach to the gathering and distribution of 
control data. The configuration chosen uses 24 computers 
interconnected through a Message Transfer System. The 
connections, which may be up to 5 km in length are made by 
DATA LINKs which operate at a serial transmission frequency of 
1 MHz. 

The direct interface between the accelerator equipment 
and the computers is made by the CAMAC system, and most of the 
hardware to be controlled or monitored is connected to the CAMAC 
via a GENERAL PURPOSE MULTIPLEXER. 

Control of individual items of hardware can be achieved 
by an easily learnt INTERPRETIVE LANGUAGE. 

The computers, which were chosen as the result of an 
extensive enquiry throughout Europe and the U.S., are made 
by Norsk Data Elektronikk A.S., of Oslo. Twenty-five 
of these machines are used in the SPS control system for 
various purposes. They have a 16 bit word length, a memory 
cycle of 100 ns., and are supplied with memories ranging from 
16K to 64K. The largest computer has magnetic tape, line-
printer and many other peripherals, but some are interfaced 
only to CAMAC and the data-link and have no conventional 
peripherals in normal operation. 

i 

The manufacturers software includes a time-sharing 
system usable only with the larger configurations, and a real
time operating system (SINTRAN II), which will be used in 
a modified form in all computers. 

This system uses a NORD-10 computer. Software and special 
interface hardware is being built by T.I.T.N. (Paris) under 
contract. Transfer of messages between any two of the 24 

, lines connected to the system can proceed at 30 K words/second, 
even in the presence of traffic on other lines. Short messages, 
consisting' of a .single interpretive command, take priority over 
longer ones. Comprehensive>monitoring facilities are available 
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so that throughputs can be studied and over-loaded lines 
identified. 

CERN Contact : Dr. J. Altaber, Lab II-CO 

The data links, like the message transfer system,are 
being built by T.I.T.N. Each data link consists of two half-
duplex circuits and is capable of information transfer at 
30,000 words of 16 bits per second. Undetected error rate 
is specified at l:10l3. 

CERN Contact : Dr. T. Hyman, Lab II-CO 

The primary interfacing between the computers and the 
equipment to be controlled is done by using the CAMAC system. 
Much of this material is available commercially, but a number 
of units are being manufactured to CERN specifications and 
designed by outside contractors. 

Companies who are supplying CAMAC equipment to CERN 
for the SPS control system are : 

Nuclear Enterprises (GB)" 
SAIP-Schlumberger (F) I 
Borer (CH) 
Grenson Electronics (GB) 

Modules 
crates 

CERN Contact : Dr. T. Hyman, Lab II-CO 

The need to control and monitor equipment at considerabl 
distances from the CAMAC crates, together with the limited 
connection space available for large numbers of signals on 
the front of individual CAMAC units, has made it necessary 
to use a special purpose multiplexer. Each branch of this 
multiplexer has a control unit operated by the CAMAC system 
and a highway on to which remote stations can be connected. 
The multiplexer, including some 50 master stations and 3000 
remote units of 13 types was designed at CERN. 

CERN Contact : Dr. R. Rausch, Lab II-CO 
(See Technology Note D27) 

An interpreter for the control language NODAL has been 
designed and written at CERN to enable complex real-time 
control functions to be programmed and debugged on-line. 

Whilst the syntax and arithmetic capabilities of the 
language are based on a number of well-known systems, the 
language offers in addition the facility of addressing hard
ware values as if they were software variables. Such 
references to hardware can be scheduled from the language tV" 
occur at interrupt-driven event times. 

The language allows programs to be launched in other 
computers of the system and the retrieval of information 
available to the hardware of any computer. Comprehensive ' <f' 
facilities are available for on-line debugging and editing.;',^ 

- • '"if 

CERN Contact : Dr. G. Shermg, Lab II-C0(4g 
15 March 1974 (See Technology Note D24)^ s 



D24 Interpretive control language for the SPS 

¡se in the SPS A high level interpretive language called NODAL has 
I been developed at CERN for use in the computer control system 
I of the 400 GeV Accelerator. The main purpose of NODAL is to 
É provide easy interactive programming with instant on-line 
I response, either for issuing "immediate commands" or for 
t writing and running programs. 
I 
I An immediate command is, for instance 
( SET MBBQ(2)=456 
I Typing this command causes the current in the second of a 
I series of quadrupoles MBBQ to be set to 456 Amperes. Similarly 
i 
• TYPE BCT(3) 
f would cause the computer to reply by typing the value of the 
I third beam current transformer reading. 
I 
\ Such commands can be strung together in a sequence to 
; form a program, e.g. 

1.1 ASK "INITIAL POSITI0N=" IP "FINAL POSITION=" FP 
1.2 FOR MINSCN(2,0POS)=IP,FP; DO 2 
1.3 END 

2.1 WAIT EVENT(4) 
j 2.2 TYPE "P0SITI0N=" MINSCN(2,0POS) "CHARGE=" MINSCN(2)! 

I This program might move a beam scanner through the 
beam and plot a table of charge against position. Such a 

I program can be run by typing "RUN", or stored on a file by 
! the command "SAVE FILENAME" where "FILENAME" is the name of 

the file. 

ï The main features of NODAL are outlined in the following 
sections. 

'rinciple Features INTERPRETIVE IMPLEMENTATION 

' i * -** « NODAL is implemented by direct interpretation of the 
M«,- J , source,code,-rather .than'by separate'compile and run steps. 
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This enables the high level interactive features mentioned 
above to be obtained at low "cost". A real-time multi-tasking 
NODAL system can be run in a 16K core only computer. Also 
since variables are always represented by their names, rather 
than by fixed core addresses, the multi-computer facilities 
mentioned below are greatly facilitated. The price paid is 
slower execution of stored programs. This is made acceptable 
here, partly by the use of fast special purpose machine code 
routines, partly by the slow tempo of the accelerator cycle. 

HARDWARE ACCESS 

Extensive facilities have been made available inNJDAL 
for calling machine code routines. These are used to link 
NODAL commands to the hardware. Such routines can be called 
in three ways, e.g. 

SET MBBQ(1,0CUR)=456 
TYPE MBBQ(1,0STAT) 
CALL FPT(A,-1) 

The first two examples show how a "system variable subroutine" 
can be used. MBBQ is a machine code subroutine which accesses 
the hardware. It can be used just like a mathematical 
variable, viz. in SET, FOR, IF, or other commands. The third 
example is the more familiar subroutine call. 

MULTI-COMPUTER FACILITIES 

The control system for the 300 GeV Accelerator uses 
24 computers, all linked to each other but controlling 
different parts of the process. NODAL commands in one computer 
can cause action in another. For example the command 

IM (8) TYPE MBBQ(l) 
typed in, say at a console computer, will cause the command 
"TYPE MBBQ(l)" to be sent to computer 8 for execution and any 
response will be sent back to the console computer for output. 

NODAL programs can send sub-programs to other computers 
for execution, then get the results back, for example the 
program 

1.1 ASK "INITIAL POSITION=" IP "FINAL P0SITI0N=" FP 
1.2 SET P=IP; EXECUTE (8) 3.2 P 
1.3 FOR P=IP+1,FP; DO 2 
1.4 END 
2.1 WAIT EVENT(4);EXECUTE (8) 3 P 
2.2 TYPE "POSIT10N=" P-l "CHARGE=" A 
3.1 SET A=MINSCN(2); REMIT A 
3.2 SET MINSCN(2,0POS)=P 

• i ' >} v -

This does essentially the same as the example given earlier, 
except that the program runs in one computer, say,a console 
computer, and sends commands to another,1 here computer 8,for t 
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execution. Computer 8 remits the data to the originating 
computer for output. 

REAL TIME FACILITIES 

NODAL works together with a real time operating system 
SINTRAN so that time or interrupt driven tasks can be used as 
well as interactive tasks. For example the sequence 

1.1 TYPE TIMEÎ 
SAVE TIMEPROG 
CALL SCHEDL(TIMEPROG,TELE,5,10) 

will cause the program consisting of line 1.1 which is saved 
on the file TIMEPROG to be scheduled for execution in 5 seconds 
time followed by an execution every L0 seconds. 

Such "real-time" programs can be scheduled for 
execution at a given time in the accelerator cycle, or 
repeated every cycle, or hooked to interrupts. When a "real
time" program runs it merely interrupts the interactive level 
for a short time then disappears, perhaps leaving some visible 
results such as a display, but does not interfere with the 
interactive level as the NODAL interpreter is re-entrant. 

Preliminary Programming Information for the SPS 
Computer Control System, Lab II-CO/Int/CC-73-5, T. Hyman, 
G. Shering. 

15 March 1974 
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D25 Computer-controlled knob 

This knob will be used in the central control of the 
new CERN accelerator. A single knob of this kind will be 
installed on each console in the control centre. As a 
computer input device, the knob is conventional, consisting 
of a Leine and Linde model 35A encoder, with 512 counts per 
revolution, interfaced to the computer by a CAMAC incremental 
encoder (SEN type 2IPE 2019). 

The unconventional feature of the knob is that in 
addition to being a computer input device, it is also a com
puter output device. Instructions from the computer, via 
CAMAC, to the knob, may cause the knob to be, at will: 

i) A knob with programmable resistance to turning, all 
the way from free movement to complete locking. This 
is useful both for giving the operator "feel" of the 
operations he is controlling, and also for limiting 
his actions, when necessary. 

ii) A knob with spring-return to zero, with a small 
triangular pointer, apparently attached to the knob. 
This can be used for controlling the velocity of a 
variable, rather than its position. 

iii) A multi-position switch, with detents and visual indi
cation of the currently selected position. The number 
of positions per revolution has been set at 16 so that 
each index position of the switch shall cause the 
counter to increment by an exactly integral number 
(512/16 — 32), making the switch suitable for use in 
manually controlled selection processes. 

How the knob works Figure 1 shows how the knob is arranged to be both an 
input and output device for the computer, Figure 2 shows 
the mechanical arrangement. The encoder is permanently 
attached to the operator knob through a gear train. Other \ 
devices are attached through gear trains containing electro
magnetic clutches. The energizing of a clutch causes a 
particular device to be attached to the otherwise freely ' t 
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moving knob, thus restricting its movement in a suitable way. 
Figures 3a, 3b, 3c and 3d show these phases diagrammatically. 

The resistance to movement o£ the knob may be controlled 
by energizing an electromechanical brake with a current supplied 
from a digital-analog converter whose digital input is 
supplied from the computer. A digital value from 0 to 255 
gives a proportional current, and this range of currents 
allows the knob to run freely at zero current and to be 
locked completely for maximum current. The brake used 
(Warner Model RF160) appears to introduce smooth proportional 
resistance at intermediate currents. 

The knob may be turned into a switch by energizing a 
clutch and thus attaching an indexer. The indexer consists 
of a spring-loaded ball running on a wheel with 16 detents. 

The spring-return-to-zero motion is obtained by 
energizing yet another clutch, and attaching a device using 
a cam and two springs, to obtain the necessary progressive 
return force as the knob is moved away from the home position. 

Visual indication of the behaviour of the knob is 
obtained by lamps. One of these is in the centre of the 
knob, and shows when controlled "feel" is available. The 
others shine through the translucent front panel and are only 
visible when energized. They are on arms mounted concentrically 
with the knob and are driven by gear trains through the appro
priate clutches so that the indicator appears to be rigidly 
attached to the knob. 

The entire device is encased in a cylindrical body 
287 mm long and 146 mm in diameter. Three knobs will just 
fit side by side in a 19" rack. 

F. Beck and B. Stumpe, Two devices for operator inter
action in the central control of the new CERN accelerator, 
CERN 73-6 (1973). 

CERN Contact : F. Beck or B. Stumpe, Lab II-CO 

15 March 1974 
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D26 Touch buttons 

This device is essentially a panel consisting of push
buttons connected to the computer, each button having a 
legend written on it, which can be changed at will under 
computer control. The advantages of such a device are 
obvious. Not only can a few buttons perform in turn the 
functions of an arbitrarily large number, but there is no 
need to confuse the operator with the presence of hundreds 
of buttons that are irrelevant in the current context. 

Button legends In the current state of technology, it seems that the 
only way to write the legends is with a CRT. All other 
methods produce characters which are too large to allow a 
useful message to be written in the area of a button or 
are impractical for other reasons. 

Having drawn the "buttons" and their legends on the 
face of a CRT, we are now left with the problem of detecting, 
in the computer, which button has been selected. 

Physical principle After consideration of the physical principles which 
employed could be applied, it was decided to use electrical capacitance. 

The device which has been constructed uses a set of 
capacitors, etched into a film of copper on a sheet of glass 
and made of line elements sufficiently thin and well separated 
to be effectively invisible. Each capacitor is so constructed 
that the proximity of a flat conductor, such as the surface 
of a finger, increases its capacity by a fairly large factor. 
Figure la shows the over-all connections in the touch-screen 
system. Figure lb shows a touch-button in use. 

The leads which connect each capacitor to its detecting 
circuit also have capacitance, but the proportional increase 
due to bringing a finger near these is very small. 

Actual contact between a finger and the capacitor is , 
prevented by a thin transparent cover which is integral with 
the glass sheet. 
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Fig. la Over-all connections in the touch-screen system 

Fig. lb Touch-button in use 

Interference between adjacent capacitors is prevented 
by the use of an earthed pattern covering all unused parts 
of the screen. Capacitance between individual elements and 
earth is reduced by interposing unconnected wires. All leads 
which have important functions are in triplicate with frequent 
cross-connections, to prevent an isolated defect of manufacture 
from breaking any important circuit. 

lie screen The actual screen used was made by normal printed 
circuit techniques. The fact that the conductors comprising 
the capacitors and leads are 80/* wide and are separated by 
the same distance, meant that exceptional care had to be taken 
with the process, and especially with the subsequent removal 
of the photo-resist, but the screen was produced successfully 
with careful application of the techniques normally used in 
the printed circuit shop. 

The final screen was thinly goid-plated as a precaution 
against,corrosion. To get the original copper layer on glass 
was a slightly harder problem. Vacuum deposition was tried, 
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but it proved impossible to get reliable adherence by means 
of this method. Ion sputtering, however, gave better results, 
and this process was chosen. Boroscilicate glass was origin
ally used as a protection against thermal shocks incurred 
during the process, but this turned out to be unnecessary. 

By ensuring scrupulous cleanliness of the glass, and 
depositing the copper slowly, sufficiently strong adherence 
of the copper was obtained for soldered connections to be 
feasible. (Low-temperature soldering at 150 e C is used, and 
the work must be done quickly.) Approximately 10>*.of copper 
were deposited over a period of one hour. 

Detecting the The capacitors printed on the touch-screen have a capa-
change in capacity citance including fairly long leads, of about 200 pF, rising 

by about 10% when a finger-tip is brought into close proximity. 

Obvious methods of detecting changes in capacity are 
the upsetting of a balanced bridge network and the detuning 
of a resonant circuit. Both these methods are liable to be 
upset by extraneous voltage spikes and by themal and other 
drifts. The chosen method is to use a phase—locked oscillator 
circuit which has recently become available as a single inte
grated circuit chip. One of these circuits is used as a 
reference oscillator for all the buttons, and each button 
has a similar circuit, controlled by the capacity of the 
button. The oscillator, running at 120 kHz, locks in fre
quency to the reference oscillator, and a change in capacity 
causes only the phase, but not the frequency, to alter. A 
change in the error-correcting voltage is detected by 
discrimination against a reference voltage, using an integrated 
discriminator chip. 

Acknowledgements The touch buttons were made in the West workshop and 
surface treatment shops of CERN. 

A contract for a small production run of panels with 16 
buttons has been given to Messrs. Ferroperm of Copenhagen, 
Denmark. 

Reference F. Beck and B. Stumpe, Two devices for operator inter
action in the central control of the new CERN accelerator, 
CERN 73-6 (1973). 

CERN Contact : F. Beck or B. Stumpe, Lab II - CO 

15 March 1974 
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D27 General-purpose high-speed multiplexer 

The General Purpose Multiplexer is an acquisition and 
control system used to interface the electrical equipment 
of the 400 GeV accelerator to the control computers over 
distances up to 200 metres. It is designed in such a way 
that one physically identifiable module provides all of the 
functions necessary for the control and monitoring of one 
physically identifiable piece of equipment. This approach 
simplifies enormously the problems of software, interconnec
tion, cable administration and facilitates breakdown repairs. 
The figure shows a simplified multiplexer chain. In all, 
nearly 50 separate chains - involving 300 crates and 3000 
modules will be used at the SPS. 

The sequence of operation of the system is roughly as 
follows: 

1) the computer, through the CAMAC, loads the Control 
Unit (unité de commande) with the Address of the 
required Module (this is unique to tbe module and 
hence to the equipment connected) together with the 
function to be executed (e.g. digital acquisition, 
digital output, analogue acquisition, on/off, fast 
status check). 

2) this address information is converted to serial 
form for transmission over the Digital Bus and the 
appropriate Module selected. 

3) the computer passes to or receives from the 
chosen Module, via the Control Unit, the required 
information. In the case of analogue acquisition, the 
remote Module connects the required signal to the 
Analogue Bus and the CAMAC Analpgue/Digital Converter 
is triggered. On/off commands do not require the 
passing of additional information to the Module so 
that step 3 is not needed. 

Very careful consideration of the functions provided 
in each module type was necessary to minimise the number of 
different types and yet retain an adequate margin of uncommit-



- 246 -

ted facilities to cope with unforeseen requirements. 
Careful design of the input/output circuits of the Modules 
was required/ involving the use of photo-isolators and 
reed-relays, to prevent unwanted earth loops between user 
equipment and the computers. The problem of accurate 
voltage measurements over the distances involved required 
the use of a special dual-slope integrating analogue/digital 
converter, together with care in system layout. 

Future developments A long distance version of the system is being 
developed which will require two simple additional units 
(Digital Bus Extenders). The system will then provide 
digital facilities over at least 5 km. 

A special module to drive a high precision DVM and 
multiplexer will extend the precision to 15 bits binary + 
sign for a 1 volt signal. 

Facilities will be included for stepper-motor drives to 
allow one additional CAMAC module to control a number of 
separate motors. 

Special modules are being developed to allow the 
Multiplex system to be used for the general distribution of 
timing signals throughout the SPS. These modules will 
contain pre-set scalers and pulse selectors which will be set 
up through the normal Multiplex facilities. 

Applications The exhibit shows parts of a Multiplexer chain connected 
to a piece of SPS equipment. In this case it is driving a 
Video and Waveform Switching Unit, used to select and route 
closed circuit TV and analogue signals in the SPS. These 
units have several interesting features in their own rights 
and are described in the Appendix to this note. 

The GP MPX is very suitable for all forms of control 
and monitoring in industrial computer control systems. 

References Multiplexeur de commande et d'acquisition digitales 
et analogiques pour le système de contrôle par ordinateurs 
du SPS (CERN/Lab II/CO/73-2). 

Further information on the Multiplexer can be obtained 
from R. Rausch or R. Wilhelm, Lab II, Controls Group. 

D27-2 
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Appendix Video and Waveform Switching Units 

The Video and Waveform Switching Units are selectors 
for routing closed circuit television and analogue signals 
from all parts of the SPS complex to the central control 
building where the same switching units are used again to 
route these signals to one of the four control desks. Con
siderable saving in cost is made by restricting the number 
of cables to the number of signals the operators can observe 
simultaneously and using the switching units to provide the 
required flexibility. 

The signals to be routed are connected to the switch 
units via short individual cables. High reliable telephone 
relays are used to select one out of eight input signals 
and send this tó BÏther another switch unit or directly 
to the control building. Relays were chosen for two reasons, 
1) for their superior switching characteristics (except 
for speed) over semiconductor switches, 2) because mechanical 
latching acts as a memory, and this feature is of importance 
in the case of power failure. 

The switch units are constructed as plug-in modules, 
several of which can be inserted into a standard CIM crate, 
Two versions of crates are at the moment foreseen, one with 
two rows each of 10 switch modules and the other with only 
one row of 8 switch modules, either crate can be driven by 
one 3.P. MPX C-module. 

Further information on these Switching Units can be 
obtained from U. Kracht, Lab II, Controls Group. 

15 March 1974 
TELEVISION SWITCH CHASSIS 
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D28 Technical f a c i l i t i e s at the CERN 
Computer Centre 

The building stands on 3000 m of ground and consists of 
concrete wings (East and West) connected by a metal-framed and 
metal-roofed central section, the north and south façade, metal 
clad, onto which a possible future extension can be built. 

A basement for technical equipment [power substation, fluids 
substation, cooling substation, converter room, etc., and store 
rooms (magnetic tapes)]* 

A ground floor with the computer hall (floor area of 1500 m 2, 
possible extension to 2100 m 2 ) , a "central core" for users 
'.floor area 250 m 2D, an office section. 

First and second floor: the East Wing for the air-
conditioning plants; the West Wing contains offices. 

The computer centre air-conditioning system must satisfy 
the extremely strict conditions relating to the temperature, 
relative humidity and air purity, necessary for the operation 
o-F certain types o-F large computers. Moreover, the instal
lation must allow the computers to be arranged in any manner 
desired. 

Heat generated from 0 to 400 kcal/m2; dew-point tempera
ture 10°C to 12°C; dry-bulb temperature (21.5 ± 1)°C; re
lative humidity 40% to 60%. 

Ten air-conditioning plants in the East Wing provide air of 
a constant quality. Two plants provide a minimum output of 
25,000 m 3 of fresh air per hour. In no-load conditions, one 
of these maintains a minimum temperature of 21°C in the hall. 
Eight "recirculated air" plants are each capable of treating 
a maximum volume of air of 85,000 m 3/h. All these plants are 
connected to a channel feeding into a network of trunking, 
passing above the false ceiling which distributes the treated 
air around the hall via motorized registers and plenum chambers. 
The used air is collected in the space above the false ceiling, 
within which there is a slight underpressure. 

, Iced water is produced by,three centrifugal-type units, each 
,„ of which is rateo1 for, ,1,100,000 kcal, flow rate 172 m 3/h. 
There are three cooling towers on the roof. 
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Hot water is produced by two heat exchangers 
(2 x 450,000 kcal/h) fed from the superheated water system 
and an emergency electric water heater. 

Steam is produced by two tubular steam generators 
(2 * 1250 kg/h) and an emergency electric boiler. 

In winter, when the atmospheric conditions are suitable, 
the installation operates on the "free cooling" system in 
which the outside air is used for cooling (cooling units off). 

Three other areas are air-conditioned separately. 

The substation comprises two 2 MVA, IB kV/380 V, 50 Hz 
transformers, one far the general services and one reserved 
for the power supply to the computers. 

With a few exceptions the power supply to all the machines 
is at 208-120 V, 50, 60, and 400 Hz. There is no emergency 
supply system. 

The 50 Hz is powered from transformers. 

The 60 Hz is powered by three motor-generators synchronized 
with each other, delivering 350 kVA each. These are fitted 
with 5000 kg inertia flywheels which prevent short-term power 
failures (0.500 msec). Power consumption at present is about 
500 kVA. 

The 400 Hz is powered by 4 x 20 kVA 50/400 Hz MG sets, 
5 x 40 kVA 60/400 Hz MG sets, and 2 * 120 kVA 60/400 Hz MG set 

Each machine is connected to the general CERN earthing sys
tem by a direct connection to a grid system and by the screen
ing on the power cables. 

The power, control and signal cables are screened and pass 
over cable-carriers fixed under the floor. The logic cables 
run beneath the false floor. 

There is a maintenance team for the computer centres on the 
site, and a general SB emergency service (outside normal 
working hours). 

- A control room with display panels, various recording in
struments, TTY, etc. 

- A remote monitoring system which keeps a check on the main 
installations on the site and passes information (alarms, 
signals, measurements) to the SB main control room. This 
information is analysed by a computer and transcribed in 
plain language on teleprinters. There are 250 remote alarm 
points and 20 remote measures for this computer centre. 

- A fire detection system monitors via the space beneath the 
false floor, the air return trunkings, etc. Three types of 
detector are used: linear smoke detectors; point-location' 

> smoke detectors; point-location fire detectors sensitive < 
to infra-red radiation in the storage area. 

- An emergency cut-out system. 
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Further information may be obtained from M. Jenin, SB 
Division, CERN, Tel. 4902. 

15 March 197 

Trunking 

119 Registers | _| 

Pressure sensor 

Servo motor 

Plant sequencing unit 

Sequencing the p l a n t s 

(Total volume 16,000 m 3; 
max. air change rate 38 vol/h) 

Forced air trunking 

2m 

6m 

1m 

7 
air 

return 

air 
pulse 

1rs v ^ r r z 

Computer 

False 
ceiling 

Jr\ n . I K . 

Hall 
• Thermostat 

False floor 

,System f o r d i s t r i b u t i n g t r e a t e d a i r 
and re turn ing used a i r 

(Twelve areas are-individually controlled) 



- 252 -

D29 Remote input/output station 

What is it? This is a small computer, equipped with a card reader 
and a printer, connected by a communication line to the main 
CDC 7600/6500 computer centre. It reads a user's cards and 
sends his problem to the main computer for processing. It 
later receives his results and prints them out for him. An 
independent teletype is also provided to allow the progress 
of a user's job to be monitored, and a TV set provides general 
information about the state of the central computers. 

The computer system was supplied by Computer Technology 
Ltd. [UK), and the software was developed at CERN from an 
original version provided by the manufacturer. 

Why was it needed? Remote Input/Output stations allow CERN to decentralise 
the use of its main computers, while centralising their 
actual location (in a new computer centre, Building 51?) to 
simplify their operation. There are 8 such remote user sites 
within CERN, including one at Lab. II, about 6 Km away from 
the new computer centre; the other sites are about 1-2 km 
away. At two of the most heavily used sites, twin systems 
are installed to double the capacity. One more remote 
connection also exists, to the University of Geneva, located 
outside CERN in the city itself. 

About 8000 jobs per week are processed via the CERN 
remote Input/Output stations, the vast majority of the total 
load on the 7600/6500. 

How does it work? To send a job for processing by the 7600/6500, a user 
simply places his card deck in the reader and presses the 
starting button. After each job is read, the central computer 
sends out an acknowledgement which is printed on the remote 
station's console. When the results are ready, they are 
sent out automatically to the remote station, unless the 
amount to be printed exceeds a limit of about 100 pages, in 
which case they are printed centrally and the remote station 
is informed accordingly. After each job is printed, another 
console message is issued, so the remote console keeps a >v-v ', 
complete log of all jobs sent and received. ' t

 !' , 

Up to 600 cards per minute are read, translated into a -
farm suitable for transmission, and sent down the line; about '-̂  
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20 pages of output per minute can be received and printed. 
However, the CDC system cannot send and receive data at 
the same time, so the station is normally set up to stop 
printing automatically while a user reads in his cards, then 
resume printing afterwards. 

Soma special problems The main problem encountered, when the remote stations 
tolvad were first installed, was that to conform to CDC requirements 

for connection to the central computers, each system had to 
simulate exactly a standard CDC remote station Known as a 
"User Terminal 200", or "UT200". As a UT200 is a very 
limited device, and also requires a great deal of user or 
operator control, its use is very inconvenient. To achieve 
the desired job throughput, a development was undertaken by 
CERN CDD) to extend the facilities and speed of the remote 
stations, and fully automate their operation, by modifying 
the manufacturer's UT200 simulator program inside the remote 
computer. 

The present remote station requires no user or operator 
control in normal use, other than loading it with cards and 
keeping the printer fed with paper. It accepts all jobs, and 
prints their results, in a form identical with centrally-
submitted work (except, for the moment, that binary cards 
are not accepted as input). Some extra facilities are also 
offered remotely that are not available centrally, such as 
"instant listing" of cards on the printer, and the acceptance 
of jobs punched in a mixture of "old" and "new" IBM keypunch 
codes. 

For further information For further information on CERN's remote stations, please 
contact Ben Segal - DO, 4941, or John Ferguson - DD, 4935. 

129-2 
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D30 Computer output onto microfilm 

For many years permanent and easily readable output from 
computers could only be produced on paper; this was done via 
either a plotter or a line printer. Ignoring other consider
ations such as cost of raw materials and expensive mainten
ance of complicated mechanical devices, the comparatively 
low speed at which they can produce output has resulted in 
plotters and printers being supplemented or even replaced by 
machines which receive output from a computer, convert it to 
a picture on a cathode ray tube and photograph the picture. 
The information is finally available as a piece of film. Such 
machines are called computer output microfilm recorders. 

Graphical Output In September 1971 CERN installed a Ferranti EP 140 microfilm 
plotter. This works in on-line mode; i.e. it is connected to 
a COC 6000 series computer output channel via a Ferranti 
Argus 500 computer. With a minimum of operator intervention 
at the 6000 console, instructions contained within a program 
are transmitted to the EP 140 cathode ray tube where they 
are automatically photographed. The plotting speed of the 
device is approximately nine times greater than that of the 
pen and ink plotter also attached to the 6000 series computer. 
It is thus a much more useful device where either large 
numbers of drawings or very complicated drawings must be 
produced. 

Output from the EP 140 can be either on to 35mm roll-film 
or on to aperture cards. The roll-film is loaded into 
cassettes holding 250 frames. Following exposure ths film 
must be removed and developed in an external processor. 
Aperture cards are the same size as punched cards but contain 
a 30x 40mm 2 window of film. The film is developed within 
the EP 140 and a developed aperture card is available within 
a minute following termination of plotting. 

A physicist's computer program may produce a single frame 
or several dozen. Aperture cards are considerably more 
expensive than roll-film and tend to be used where small 
amounts of output are required. 

Plots on film may be viewed by means of microfilm readers, 
they may bs copied on to other pieces of film, projected on 
to a scieen or enlarged on to a piece of paper. Two thousand 
drawings on aperture cards can be kept in a 42cm deep drawer. 
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Alphanumeric Output Within the last few weeks CERN has made available to 
computer users an N.C.R. Quantor-105 microfiche recorder. 
This machine works in off-line mode. In other words a 9 track 
ÖOObpi magnetic tape is written by the CDC 7600; the tape is 
then removed from the 7600 and mounted on the 0-105, where 
it is read and the information on it transferred to a micro
fiche at a speed of up to 1D000 lines/minute. This corresponds 
to the output of about ten line printers. [Ultimately it is 
planned to connect the Q-105 directly to the 7600 system thus 
reducing the amount of tape handling required and improving 
job turnround.) 

Microfiche Cor fiche) is a piece of film measuring 
14.7 x 10.5cm2. The raw film is loaded into the machine in 
rolls containing 200 microfiche. Following exposure the 
fiche is automatically cut and developed within the Q-105 and 
the output is available within a minute of termination of 
recording. Recording and processing work in parallel such 
that recording on a fiche starts while the preceding fiche is 
still being developed. 

Both positive (black characters on a white background) or 
negative output are available and, by exchanging the lens 
within the machine, various reduction ratios are abtainable. 
By using the maximum reduction factor a fiche containing 270 
individual frames is produced, the frames being arranged in 
IS rows and 15 columns. The bottom right hand frame contains 
an index which allows selection by the user of the desired 
frame without the need to examine all frames. The top row 
is written in large characters, which can be read by the 
naked eye. 

The Q-105 is equipped with a set of 128 characters includ
ing both Latin and Greek alphabets; this makes it more flex
ible than our line printers. Other advantages of fiche over 
paper are economy - a fiche which contains more than <v 50 
frames costs less than the equivalent amount of paper - and 
ease of distribution - a fiche may be readily copied and thus 
a large amount of information may be sent airmail to several 
different collaborating groups. (An envelope of ten fiche 
contains as much information as a 22cm. high box of paper). 

Fiche output by the Q-105, like film output by the EP 140, 
can only be read in a viewer. Several have been installed 
equipped with lenses giving a magnification such that the 
characters ón the screen are about the same size as on 
computer paper printout. A reader printer has been ordered 
which allows reproduction of a fiche frame on to A4 paper. 
It is hoped that the Q-105 will attract many users, as has 
been the case at other installations, i.hus reducing load on 
the line printers and saving large amounts of paper, which 
is in increasingly short supply. 

Further information is available from D. Stungo, DD, 
Tel. 3106. > 1 

K 5 0 - 2 
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D31 FOCUS: communications network for consoles 
and experiment computers 

FOCUS is an acronym for Facility for On-line Computing 
and Updating System. It was designed at CERN in about 19SB 
to enable physicists in experimental halls far from the 
central computing facilities to allow their local experiment 
control computers to pass samples of experimental data to the 
central computers for processing and to receive back results 
for verification. Prior to this the only available option 
for these physcists was to have their local computer write 
the data on to a magnetic tape, which they would then take 
over to the central computer installation. This latter 
method was known as 'Bicycle on-line', and its immediate 
disadvantages Cin addition to a cycling ability requirement) 
were the relatively long delay involved (at least 15 to 30 
minutes) and the fact that the physicist had to leave the 
experimental area, so that in practice two physicists were 
required to be on shift simultaneously. 

The implementation method chosen for FOCUS was that a med
ium size computer would provide a -Pile handling system for 
many simultaneous users, each situated at a teletype console. 
Each experiment whose control computer is connected to FOCUS 
has also a console connection. By typing instructions (known 
as commands) on the console the physicist can cause transfer 
of data between the FOCUS computer and his experiment control 
computer (in either direction) or between the FOCUS computer 
and the central computers. He can thus cause a sample of 
data to be sent from his experiment control computer to the 
central computers (via the FOCUS computer) for processing and 
receive back the results within the space of a few minutes. 
This allows him to check regularly on the validity of the 
data coming from his experimental apparatus. 

The software implementation method of FOCUS however was 
done with the idea of providing also a general purpose multi
access system for CERN programmers. Thus there is no logical 
connection between an experiment control computer and a FOCUS 
console, so that consoles are useful even without links to 
experiments. FOCUS facilities are such that any console can 
be used by any'of a large number of known users to create. 
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stört! and modify files of information of varying types and to 
submit jobs co the central computers and receive back results 
for inspection. Tn practice there are about 150 registered 
usera of FOCUS and their files can be for example copies of 
computer programs, lists of items available in equipment 
stores, representations of graphical information etc. Some 
users with particular applications have had special purpose 
commands built into the system for them. 

Configuration of Hard- Over ths years the FOCUS system has grown to the canfigur-
ware ation shown in the diagram. It uses either a CDC 3200 or a 

CDC 3100 as its medium size computer, and user consoles are 
connected to it via a Hewlett-Packard 211BB computer or via 
a separate Hewlett-Packard 2100 computer. This 2100 allows 
an extension of the number of connections to experiment 
contiol computers. Currently there are 27 user consoles and 
6 experiment control computers. The Hewlett-Packard computers 
are used instead of a hardware device for multiplexing Input/ 
Output because of the necessity to deal with different types 
of devices operating at widely different speeds. Currently 
there are five different types of user consoles and four 
different experiment control computers, and the Hewlett-
Packards are designed and programmed to deal with all these 
simultaneously in a flexible manner. 

Until very recently FOCUS also allowed two IBM 1130 comput
ers to act as remote job entry terminals for the central 
computers. However the recent CERN policy has been to 
standardize on a different remote job entry station and 
reserve FOCUS for connection of experiment control computers 
only. 

Current Situation FOCUS is now in a relatively stable state, and is in oper
ation virtually continuously during the periods when the CERN 
accelerators are running. It will continue thus for the next 
few years, servicing up to 15 experiment control computers 
at any time, until such time as new developments can provide 
better facilities. 

FOCUS has proved a great success at CERN, bringing users 
of various disciplines into more direct contact with the 
central computers. It has also been implemented at the 
University of Paris and at Brookhaven National Laboratory, 
and is currently being implemented at an Atomic Energy 
research establishment in Canada. 

Further references For a more detailed description of FOCUS see the paper 
"FOCUS - A Remote Access File Handling System On-line to a 
CDC 6000 series Computer" which was printed in the Journal 
of the British Computer Society, Volume 14, Number 2, May 
1971. For an idea of how FOCUS has been used by physicists , 
see the paper entitled "The Use of the FOCUS System to 
Monitor an Experiment at the CERN Intersecting Storage 
Rings" which was presented at the International Conference on < 
Instrumentation for High Energy Physics, Frascati, 6-12 May 
1973. Copies of both papers as well as further information 
are available from M. Gerard, DD, Tel. 4942. 

For further information on hardware aspects of communie- , 
ations networks see Technology Notes, Numbers 32-34. 

D31-2 t 
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D32 Data communications for the CERN 
Computer Centre 

The present CERN site, comprising the two laboratories, oc
cupies an area of nearly 6 km . Computers and terminals exist 
in nearly every building on the site. There is a considerable 
demand for data communication between these and the powerful 
central computers. Many computers are therefore directly con
nected to the Computer Centre, which is geographically well 
situated for data coinmunications in Lab I. TWD different net
works for general data communications are connected to CERN's 
central computers: the local PTT network, and an independent 
network developed at CERN. 

The local PTT network CERN has a Private Branch Exchange (PABX) of some 4,000 
subscribers. The great advantage of the PTT network is that 
it is present everywhere on site, and that it offers switching. 
Thus from the same console the user is able to dial different 
time-sharing systems. However, there are some major drawbacks: 
a) Dial-up connections are only attractive at speeds up to 

300 bits/sec; above this they become very expensive owing 
to the special equipment required. 

b) The telephone exchange is designed for telephone traffic 
and not for data communication. 
A major limitation is the small number of simultaneous con

nections possible, which is only 34 per 1,000 subscribers. 
There are approximately 30 teletype terminals connected via 

MODEMS and acoustic couplers to the PTT network. They operate 
at 110 bits/SBC. At the user end of the connection, acoustic 
couplers are very handy because no physical connection to the 
telephone network is required. The 30 terminals share 15 com
puter ports of two rime-sharing systems FOCUS and INTERCOM 
(see Technology Notes D31 and D41). In terms of load to the 
exchange this corresponds to approximately 10% of its capacity, 
which is all that can be spared for data communications with 
the present load of regular telephone subscribers. 

During 19B4 the first data link in CERN was established be
tween an experimental area and the Ferranti Mercury computer. 
Since then the interest for on-line computer service has grown, 
and today the CERN private c a b l e network consists of 150 km of 
high-quality links. The present data network connects in a 
star-like form to the central computers. So far, all the con
nections are point to point with only some manual switch capa
bility at the computer centre. More than 20 computers have 
been connected to the network, mostly Data-Acquisition comput-'. 
ers (see Technology Note D31) and Remote Batch computers (see;-

The independent 
network 
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Technology Note D29. Also, some 40 alphanumeric, graphic, and 
hard-copy consoles are connected on fixed lines (see Technology 
Note 41]. 

At CERN a lot of effort has been put into data-transmission 
research. Until two years ago. 26-pair IKD cables wero used 
with cross-sections of 0.5 mm 2. They permitted us to go at 
750.000 bits/sec up to distances of 3 km, using 60 mA balanced 
current drivers. We are very pleased with a 24-pair video 
cable (POD), which has been used for two years and which per
mits very considerable transmission speeds of up to 4 Mbits/sec 
at distances of up to 3 km using the same balanced drivers. 
Error rates are smaller than 10~ 9. Each transmission line con
sists of two wires. 

In the early years only parallel data transmission was used. 
Each bit and each control signal required two wires from the 
cable; thus a two-way (full duplex) 12-bit parallel data link 
required approximately 60 cable wires. This system was aban
doned when the CERN site expanded with the advent of the ISR, 
and was replaced by a much simpler serial transmission system 
which only uses four wires for each full duplex connection. 
The longest link existing at present is between Lab II and the 
computer centre; it is 4 km long. However, most connections 
are at distances of about 1 km. The serial transmission sys
tem for computer-computer links is very simple. The trans
mission is asynchronous; it contains 16 data bits, one parity 
bit, and start/stop bits for character synchronization. The 
graphic and alphanumeric display consoles, which are connected 
via the network, operate at up to 9,600 bits/sec. For all 
these consoles, as well as for the Remote Batch stations, 
special transmission equipment has been developed at CERN. 

The. network utilization is rapidly increasing. We are at 
present looking for better cable utilization using Time Divi
sion Multiplexing techniques. Furthermore, we are investi
gating the possibilities of including circuit-switching as a 
general service on our network. This would allow every user 
to be connected to any computer in the network, and would per
mit important reductions on the number of computer ports. 

During the Conference a film will be shown demonstrating 
the various aspects of Data Communication at CERN, with par
ticular accent on areas which are normally not accessible. 
1) T. Bruins, K..S. Olofsson, R. Pieters, H.J. Slettenhaar and 

P. van de Kerk, Data Communication at the CERN Computer 
Centre, DD/72/14, April 1972. 

2) T. Bruins, K.S. Olofsson and H.J. Slettenhaar, Some Ideas 
about an Independent Digital Exchange (INDEX) for the CERN 
Data Communication Network. Data Communications Note 16, 
August 1973. 
Further information can be obtained from: T. Bruins, 

Tel. 4898; S. OloFsson. Tel. 4898; H. Slettenhaar, Tel. 2173 
(DD Division. CERN). 
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D33 A general-purpose direct memory access 
multi plexer 

Purpose This note describes a multiplexor which is developed and 
built at CERN and implemented for use on the Computer 
Technology Ltd. Nodular 1 computer. The Direct Memory 
Access Multiplexor (MUX) makes use of the flexible architecture 
of a minicomputer with a separate memory and processor system. 
The main input/output characteristics of this MUX are: 
a) Simultaneous direct memory access for IB devices (each 

connected to a sub-channel of the MUX). 
h) Total throughput of the MUX is in excess of 16 Mbits/s. 
c) Several types of standard interfaces avallaba (parallel, 

serial low speed and high speed]. 
The MUX may be connected to one processor [Modular 1] and 
to a number of memory modules. 

Implementation The processor controls the MUX, initiating block transfers 
directly between devices on the MUX and the memory modulas, 
and carrying out one word transfers between MUX devices and the 
processor. The MUX generates interrupts to the processor 
whenever device activity or DMA activity require it. Once 
initiated blcok transfers procede directly between the 
device and memory (via the DMA bus of the MUX) quite independ
ently of the processor. Each MUX sub-channel has its own 
memory block address and word count registers, together with 
the necessary logic to control the external device and to 
connect it to the DMA and programmed I/O buses of the MUX. 

The MUX is connected to the processor in the standard 
Modular 1 fashion and appears to thB processor and the 
memory as a standard Modular 1 module. 

Features The significant features of the MUX may be summarized as 
follows: 
a) ThB MUX operates as a standard Modular 1 module, providing 

a simple and clean TTL compatible device interface for 
connecting up to 16 external devices to a Modular 1 ,'-
computer system consisting of one processor and several ' 
memory modules. 
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b) The MUX is equipped with two independent I/O buses, the 
programmed I/O bus and the DMA I/O bus. Up to 16 block, 
transfers direct to memory may occur concurrently on 
the DMA I/Q bus. The programmed I/O bus provides for 
processor control and interrupt and for one word transfers 
directly between external devices and the processor at 
the same time as other devices carry out DMA transfers. 

c) The DMA facilities include a simple form of data chaining 
and automatic packing and unpacking of 5 bit bytes to and 
from 16 bit words. 

d) Extensive processor control and device status sensing 
facilities are provided together with a flexible interrupt 
mechanism that gives each device its own individual 
interrupt vector. 

e) The MUX is modular and there is no differencö between 
a device interface built to operate under DMA and one 
built to operate under program control. The sub-channel 
DMA logic is separate and identical for each sub-channel, 
and only sub-channels requiring DMA need to be equipped 
to do so. 

f) The Modular 1 dependent part of the design is confined to 
the MUX-processor and MUX memory interface and much of the 
MUX design could be easily adapted to operate on any 16 
bit computer with flexible memory access facilities. 

g) If need arises more than one MUX can be connected to a 
Modular 1 system. 

Constructional aspects The whole multiplexor is housed in a 19" rack and consists 
of 3 basic parts: 
a] control and interface logic with control panel for the 

connections with the CPU and memory modules. The printed 
circuit (PC) boards are double size DEC-type cards, 
connected in 4 levels of DEC-connectors. The front panel 
serves also as door for access to the PC boards. The 
connections between the logic and the front panel (displays, 
LED's, switches mounted on a PC board) are provided with 
plugs and consist of flat cables. After assembly this 
part is to be fixed on top of part (b). 

b) 16 input/output interface cards and 16 DMA cards are 
housed in one unit. The mechanical requirements for this 
unit were: 
1. reliable solid connector with at least 120 contacts 

(avoiding connectors on the front side). 
2. front panel with some control switches and LED's. 
3. practical size of PC boards receiving a great number 

of 14 or 16 pin IC packages and 5 data ways of 16 
bits (5 x 16 connector,pins). 

' 4. Easy exchangibility for maintenance purposes, 
together with modularity tone input/output interface 

' on one PC board). ' ' < 

D33-2 
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The solution was found by using 4 levels of DEC connectors 
with gliders for the PC boards. Every PC board is 
especially cut at the connector end in order to reduce 
the inserting pressure of the 144 contacts. A special 
PC board was developed for distribution of the power 1+5V) 
to the 32 cards and mounted at the wiring side of the 
connectors. Each card gets its power from 4 pins for +5V 
and B pins for OV. In the final version a second PC baarti 
will be made which shall provide all the other interconn
ections (buses and control signals]. Connections with 
the control part is done with wire-wrap technique. 

c) A blower unit and a +5V power supply is directly mounted 
underneath the I/G and DMA part. Big bars from the 
5V/500W power supply distribute the power to the modules 
mentioned in [a] and (bl. Special power supplies for 
+ 12V, -12V and -5V are housed in a 19" unit underneath 
the blower unit. The cooling air of the 6 fans is 
distributed through the I/O and DMA cards as well as the 
control logic cards. 

More information on the design can be obtained from 
R. Pieters, DD, telephone 4899 and P. van de Kerk, DD, telephone 
4899, on construction and assembly from H. Schröter, DD, 
telephone 2404. 

Reference Data Communications Note Number B, E.M. Palandri, 13.12.1972. 

D33-3 
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D34 10 Mbit/sec serial data links between 
computers 

High-speed, long-distance O 1 Km) asynchronous serial trans
mission poses in general the following problems: 
a) synchronizing the receiver clocK with the incoming bit-

stream; 
b) preventing loss of data due to unpredictable speed of the 

computer I/O channels; 
c) providing a good common mode noise rejection and earth 

separation between the two systems; 
d) testing the hardware with minimum occupation of resources. 
Points Cb), (c), and (d) apply also for non-serial data linKs. 

In a computer network where six small computers are linked 
up to one central general-purpose computer, these problems 
have been resolved in the following way. 

The transmitter clock is coded together with the data. At 
the receiver the clock is retrieved and used to strobe the 
data bits (Fig. 1). 

This scheme is called Frequency Shift Modulation (FSM) and 
it has the following advantages: i) transmission clock (Fj) 
can be retrieved; ii) narrow bandwidth (no d.c. component; 
transformer coupling.'.); iii) automatic error recovery; 
iv) error correction is in principle possible. 

A safe way to deal with I/O speed variations of the sender 
and receiver is "handshaking". However, over long distances 
it is slow owing to delays in the cables. To get around this 
problem, a "buffered transmission" scheme has been implemented 
(see Fig. 2). The transmitting computer (CI) sends data at its 
maximum rate. At the receiver, data enters a small buffer and 
is taken out by the receiving computer (C2) at its own specific 
speed. If the receiver is slower than the transmitter, the 
buffer tends to fill up and overflow. Before this can happen, 
a signal (HOLD) is generated and sent back to the transmitter, 
holding up the transfer of, data. Because of cable delays this 
does not happen immediately, and therefore the buffer should 
still have enough empty places ,to accept a few more data words. 
If, after some time,, the buffer has been emptied sufficiently, 
the" HOLD signal disappears'and data transmission may resume. 

The implementation of the HOLD signal in the serial scheme 
is,achieved'by coding,a continuous stream of "ones" onto the 
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transmitter af the return path as long as HOLD is tru¿. At 
the receiver this continuous stream is converted back to a 
HOLD signal that holds up the sending af data. 

This approach is only passible if no data transfer takes 
place simultaneously in both directions. This condition is 
generally satisfied with data links. 

Because of the narrow bandwidth of FSH, transformer coupling 
could easily be implemented, giving an excellent earth sepa
ration and common-mode noise rejection. 

Coupling the transmitter back to its own receiver gives a 
powerful means of testing. Test programs can then send data 
and control information to its own link driver. Errors can 
easily be loc.-ted without having to rely on two computers — 
and all the problems that are related to using them together. 

This closed-loop coupling and testing is possible because 
i] the links are symmetric; ii) there are no clock adjustment 
problems at the receiver; iii) owing to the data buffer, 
small blocks of data can be sent and read back alternately. 

The system has been designed for 10 Mbits/sec transfer 
rates and a distance of maximum 1 km, depending on the quality 
of the coaxial cable used. 

As the I/O channel of the central computer in the network 
is limited to 400 Kbytes/sec, the transmission system could 
be set to 5 Mbits/sec without loss in performance. This makes 
it possible to use cheaper cables. Error rates are less than 
1 in 1 0 1 2 bits for the worst-case connection. 

Further information can be obtained from J. Joosten, OD 
Division, CERN, Tel. 3361. 
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D35 CERN program library 

The CERN library of computer programs contains over 350 
program packages, consisting of about 1500 subroutines, of 
which 90% are written in FORTRAN and the remainder in CDC 
assembly code. Most of these programs were developed by 
CERN physicists and programmers and are therefore oriented 
towards the needs of a high-energy physics laboratory. 
However, the majority of the programs are of a general data-
handling or mathematical nature, applicable to a wide range 
of problems. For a complete list of contents, see the para
graph below on documentation. 

Each program package has its testing program and/or test 
data, which provides an example of usage and assures the 
absence of major errors, but these test cases seldom con
stitute a proof that the program works correctly in all 
circumstances. The best evidence of the validity of the 
programs and documentation is their extensive use both at 
CERN and elsewhere, and their constant maintenance by the 
authors and by the CERN computer users' support group. 

The programs and documentation may be used freely inside 
CERN and are also available to other institutions under the 
conditions stated in the accompanying "Policy on Outside 
Distribution of Programs in the CERN Program Library". 
Programs are distributed in source form [FORTRAN or COMPASS) 
either as card images on cards or tape, or for CDC users as 
an UPDATE PL. The entire library contains over 100000 card 
im?ges. Requests should be addressed to the Program Library, 
Data Handling Division, CERN, CH-1211 Geneva 23. 

For purpose of documentation, each program package is 
assigned a four-character CERN code which not only identifies 
the package but also indicates in which of the 26 established 
categories the program has been classified. Prospective 
users may consult the list of program titles arranged accord
ing" to' the CERN code, and a keyword index is also available 
to help m finding a routine to solve a particular problem. More 
detailed information may be found in the "short write-up", 
consisting of one or two pages for each program package, and 
designed to describe it sufficiently to determine its 
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suitability for the problem. Where necessary, a further 
"long write-up" exists to fully explain the program and its 
usage. A full set of short write-ups fills two large binders; 
the full set of long write-ups weighs about 20kg. 

Further information can be obtained from F. James, DD, 
Tel. 4959. 

Computer Programs in the CERN Program Library which are 
not subject to limitations in distribution due to the condi
tions under which they are being used in CERN are made avail
able to other institutions under the following general terms: 

Universities, national laboratories and other non-profit 
organizations in Member States may receive programs and 
documentation freely and without charge, subject only to a 
limitation on the number of copies to be sent to any one 
institution free of charge. 

Other organizations (commercial firms) are expected to 
pay a small fee to cover our immediate expenses in supplying 
the desired material. This fee is 150,-- Frs. for a small 
request ( < 5 programs and < 5000 card images) and 300,-- Frs. 
for anything more including the entire library. The fee 
includes the cost of a magnetic tape. 

Universities and other non-profit organisations in non-
Member States normally pay a small fee as in the preceding 
paragraph, but the fee is waived in the case of laboratories 
collaborating on CERN experiments or engaged in a reciprocal 
exchange agreement with CERN. 

CERN reserves the right to charge a higher fee, up to the 
full cost of developing the programs, or to refuse any 
request which it deems to be not in the interest of the 
Organization. 

Programs and documentation are provided solely for the use 
ofvthe organization to which they arB distributed and may not 
be redistributed to any third party without the express 
agreement of CERN. 

The material cannot be sold. 
CERN should be given credit in all references, library 

documentation, and publications based on the programs. 
CERN undertakes no obligation for maintenance of the 

programs, nor responsibility for their correctness, and 
accepts no liability whatsoever resulting from the use of 
its programs. 
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D36 GD3, a universal graphics package 

What is GD3? GD3 is a package of subroutines, mostly written in Fortran, 
which can be called by any Fortran program to produce output 
in a graphical form Csee Fig. 1). CERN has a variety of 
different devices available for the production of graphical 
output and the main reason for developing a special package 
at CERN was to allow a user to choose freely between the 
devices without having to make any changes to his Fortran 
program when changing from one device to another. The 
package contains all the facilities for producing such items 
as graphs and histograms, and in addition it contains a number 
of facilities for running interactive graphical programs. 

The Hardware Used Currently, in CERN, versions of the G03 package are 
installed on the CDC 6600 running under the CERN SCOPE operat
ing system, on the CDC 7600 and 6500 running under the CDC 
SCOPE operating systems, and on the CII 10070 for the Omega 
project. In addition GD3 has been installed at Amsterdam 
University, and is being installed at the Ecole Polytechnique 
Federale at Lausanne. 

The graphical output can be produced an a number of diff
erent devices including line printers. Computer Instrument
ation plotters, Ferranti microfilm device, and Tektronix 
T4002 and T4012 storage tube displays. In addition a 
Ferranti refresh display driven by an Argus 500 computer is 
attached to the 6600 to allow interactive graphics programs to 
be run on the B600. The facilities for interaction consist 
of a keyboard, function keyboard, tracker ball and light pen. 
Interactive programs can also be run on the 6500 using 
Tektronix T4012 terminals. Fig. 2 shows the various means of 
producir g graphical output which are available on the 6600. 

GD3 Software Most of the GD3 package has been written in Fortran with a 
few basic routines which have been written in machine code. 
The main problem which has been solved by thB package is 
that of obtaining device independence, i.e. the ability to 
obtain the pictures on any of the devices without having to 
change the user's program. This has been done by separating 
the process of producing the pictures into two separate steps. 

In the first step the user writes a Fortran program which 
calls the GD3 routines to produce the pictures he requires. 
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The routines create a file, Known as the 'display file', which 
is a description of the pictures in a device independent format. 

At the second stage the user decides which device he 
wishes to use far his output and then calls a program which 
translates the contents of the display file into a form which 
is suitable for the chosen device. These translation programs 
Known as interpreters, are independent of the user's own 
program, so that, to change from plotter to microfilm output, 
the user need only change the name of the interpreter called 
without altering his own program. 

For Further Inform- The 0D3 package is described in the document, "CERN Com-
ation puter 6000 series Program Library, long write-up J510". 

A new version of the package including a number of addition
al facilities such as the use of polar ca-ardinates and 
greater text handling capabilities, will be introduced 
shortly. At the same time a new long write-up will be issued 
and a user's guide will be published. 

For further information contact R. Miller, DD, Tel. 4443. 

D36-2 
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D37 RHINO: interactive program for the study 
and design of "magnetic horns" 

Object of the Program Magnetic horns are large coaxial lenses which are used in 
neutrino physics to collect charged particles emitted from a 
target over a wide range of angle and momentum. These part
icles, which eventually decay to produce neutrinos, have to 
be focussed, so as to produce a beam as parallel as possible 
to the axis. 

Because of the complex form of the lenses and the wide 
energy range they must cover, simple analytic methods of 
design are insufficient. Instead, an interactive display 
provides the designer with a powerful tool to experiment with 
different horn designs. Using the display, he can quickly 
make a qualitative (and quantitative, if necessary) assess
ment of the performance of a particular system for the range 
of particle energies in which he is interested. 

Input Data for Program In order to run the program, the user must first supply 
initial data which defines the boundaries of his system, that 
is the length of the beam line from the target (x coordinate 
on the screen) and the outer radius of the system (y co
ordinate on the screen). For each horn in the system the 
user must also specify: 

a) the position of the horn in the beam line 
b) the shape of the horn 
c) the energising current of the horn 

Program Facilities After input of the initial data, the user is presented 
with a choice of options with which he can carry out his 
investigations. The main options open to the user are the 
following: 
Ray Tracing: The user defines a particle trajectory by 

giving the starting coordinates of the trajectory (inside 
the target), the initial angle of the trajectory to the 
axis and the energy of particle. The program then traces 
the path of the particle through the system until it 
reaches one of the pre-defined boundaries of the system. 

- - Facilities exist for tracing several rays at the same 
time and for-stepping through a desired energy range with 

-a suitable energy increment. 
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Equipment 

Diagram 

Hard Copy: The user can demand at any time to have a hard copy 
made of the information on the screen. This hard copy can 
later be produced either on a plotter or on microfilm. 

Modifying a Hort?: The parameters defining a horn can be mod
ified whenever it is required; that is, the position of a 
horn can be changed, its shape can be modified or the 
energising current can be altered. At the end of a run 
the user can, if he wishes, make a copy of the data defin
ing the state of his system, which he is then able to use 
as input data for his next run. 

The display used for this work is the Ferranti MD4 Display 
Unit attached on-line to a CDC 6600 via a Ferranti Argus 500 
Computer. The user at the display communicates with his 
program in the 6600 computer via an alphanumeric keyboard, a 
function keyboard, a light pen or a tracking cross. 

Figure 1 shows five rays, representing particles of the 
same energy but emitted at different angles, being traced 
through a system of two horns. 

The program uses the subroutines in the CERN GD3 System 
(Graphical Display package) which is itself described in the 
Technology Note D36. A detailed write-up of the program 
RHINO is not yet available, but further information can be 
obtained from M. Howie, DD, Tel. 2993. The magnetic horn is 
described in the report, CERN 72-11 (July 1972). 
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Fig 1 Five particle rays traced through two horns 
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D38 BETON: a program for the interactive design 
of beam transport systems 

BETGN CBEam Transport ON-line) is a program for the 
design of particle beam transport systems in an interactive 
manner using a graphical display terminal. The program is 
written in Fortran and runs on the CDC 6600 computer using 
the Ferranti ARGUS 500 computer and refresh display for the 
interactive processes. Interaction between a user and the 
program is done by means of an alphanumeric Keyboard, 
function Keyboard and light pen. 

The user presents data for a' beam transport system 
either on punched cards or by typing it in at the display 
console. The data describes the various beam-line 
components - free field regions, bending magnets, quadrupoles 
and other special elements - and also provides the character
istics of the beam as it enters the transport system. 

Once the data has been read in, the user has the possibility 
to view and modify the data from the display (figure 1). 
When the input data has been verified a graphical represent
ation of the system is displayed on the screen (figure ¿). 

The user has a wide range of facilities available to 
him for studying the properties of his system and for 
altering the design. It is possible to obtain a graphical 
trace of individual rays through any wart of the beam-line 
by typing in the parameters of the incoming particle and by 
specifying the region through which it is to be traced. The 
envelope of the beam can be traced through the system and a plot 
of the phase-space ellipse obtained at any point. 

There are two types of facilities available for modifying 
the characteristics of the transport system. Firstly there 
are the automatic matching facilities, available in traditional 
off-line programs, for phase-space ellipse matching and 
trajectory matching. Even here the user has more control 
than in off-line programs as he can interrupt the process at 
any time if he is not satisfied with the results which are 
appearing. Secondly there is a series of options for manual 
editing of the data by the user at the console. These maKe 
it.possible to alter the data, change the parameters of some 
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components, delete components from the system, and insert 
new components. When the editing is finished the user can 
immediately see the effect this has on the properties of the 
transport system by using the tracing facilities. 

Throughout a run with the program the user automatically 
obtains a record of his actions on the line printer and, in 
addition, he can at any time obtain a hard copy of the 
information on the display screen for recording either on 
microfilm or on a plotter. At the end of a session at the 
display he can save the data describing the design of his 
system at that point and can feed it back again the next 
time he uses the program. 

The main advantage gained by using an interactive program 
in a design process of this type is that the user can more 
rapidly see if the projected design is satisfying his 
requirements and take steps to correct design faults more 
quickly. In this way the same amount of work as performed 
by five or six runs of an off-line batch process program can 
be done in one hour at the display. 

Applications The program has now been in use at CERN for nearly three 
years and has been constantly modified and improved during 
that time. It has been used for a number of beam designs 
including the Serpukhov 70 GeV fast ejected beam, a redesign 
of the beam for neutrino experiments, and the proton beam 
for the g-2 experiment. 

For further information A complete description of the BETON program is 
currently being prepared but is not yet ready for publication. 
For all graphical software and interaction the program uses 
the GD3 software package which is described in the Technology 
Note D3B. For further information contact R. Miller, DD, 
telephone 4443 or A. Ball, TC, telephone 3849. 

Fig. l An example of an input 
data display showing the vari
ous parameters which can be 
altered for each beam-line com 
ponent. The type column in
dicates the component, FFR -
free field region, QHD and QHE 
- quadruples, RNI and RSY -
bending magnets, MAT - special 
elements. 

Fig. 2 A typical beam line 
display. The rectangles re
present the components other 
than free field regions. The 
solid trace is the beam en
velope, the dotted linos ore 
ray traces. The phase space 
ellipse at the end of the beam-
line is shown below. 

D38-2 
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D39 CLAN, an interactive program for 
CLuster ANalysis 

The problem of classification of objects in different cate
gories is encountered in many disciplines. In biology the 
objects may be flowers, in microscopy they may be cell images, 
in high-energy physics the problem may be to assign events oc
curring in a bubble chamber to different types of interactions. 

It is assumed that every object is described by a number of 
observations. These observations are usually the result of a 
number of measurements which one makes on every object. Tak
ing an example in the field of microscopy, one may try to char
acterize a white blood cell by measuring the cell area and the 
ratio of nuclear area to cell area. In this case, each cell 
is described by two numbers, which may be plotted on a two-
dimensional graph. Each point in the plot represents one cell. 

The plot in Fig. 1 shows 
two distinct groups of 
points. In fact, this sit
uation occurs because meas
urements have been made on 
just two classes of cells: 
neutrophils (NEU) and lym
phocytes (LYM). In the two-
dimensional observation 
space oF Fig. 1, each cell 
class corresponds to a close 
group of points or cluster. 

NUCLEAR AREA 
CELL AREA 

LYM .\\Ï*Y 

CELL AREA [ j i m ' ] 

- I 

Fig. 1 Two classes of white blood 
cells in a two-dimensional 
observation space. 

The problem of cluster 
detection is to see i-F, giv
en the observation on all 
objects, one can localize 
regions of high density in 
the observation space, each 
of which would correspond to 
an object class. If the 
dimensionality of the ob
servation space is greater 

than two, the clustering is difficult to visualize and com
putational methods are called for. 

Although procedures exist which detect clusters automati
cally, the technique described here takes advantage of a 
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certain amount of a priori Knowledge. Thus it is assumed 
that, at the beginning, a certain number of objects can be 
classified. These objects constitute "cluster nuclei" around 
which the procedure will grow real clusters by classifying 
more and more objects in successive iterations. 

At the start of each iteration step each cluster K is de
fined by a number P^. which is the fraction of objects that it 
contains, and by the covariance matrix E ^ . The clustering qua
lity is then described by one number: 

M p 
H = Y P K In - 7 - , 

k = i K l 

where M is the total number of clusters and | E L J is the de
terminant of the covariance matrix of objects in cluster K. 
A high value for T) corresponds to a case in which there are 
well-defined clusters. Indeed, as |ZTK15 can be related to 
the volume of the K t n cluster in the observation space, 
maximizing n corresponds to locating regions with high prob
ability densities. 

Given a value Ti =no at the beginning of each iteration, the 
procedure then tries to assign each object to each of the M 
existing classes. Thus, each object generates M numbers Ar|̂ , 
k = 1, 2, .... (1, which represents the change in r| resulting 
from the assignment of the object to class k. Having done 
this for all objects, the procedure then displays the histo
gram of values Ar|̂  for each class k. Ideally, these histograms 
have a shape such as displayed in Fig. 2. 

The peak to the right is generated by objects that really 
belong to class k. The operator is then asked to provide a 
threshold value T for An.̂ , above which the objects should be 
accepted in class k. This is repeated for all classes. Then 
the classes are updated accordingly and the procedure enters 
the next iteration step. This is repeated until a stable sit
uation is reached, where no substantial change in object 
assignment is observed. 

References E.A. Patrick, Fundamentals of Pattern Recognition, 
Prentice Hall, Inc. 

Further information can be obtained from E. Gelsema, DD, 
Tel. 3347. 

NUMBER OF 
OBSERVATIONS 18 March 1974 

.1,0 o.s 0 o.s 
Fig. 2 Histogram for class k 

D39-2 
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D40 PERT: planning and management of projects 

The PERT (Program Evaluation and Review Technique] method 
is widely used at CERN to facilitate the planning and manage
ment of engineering and construction projects. At CERN, the 
use of a computer to assist in the evaluation of PERT networks 
started in 196G, the present PERT program was written during 
1968. Notable applications are to large construction projects 
such as the ISR and SPS, also to maintenance and improvement 
scheduling for the CPS. 

For input to the program, a project is divided into a net
work of activities (up to 5000 are allowed). Two levels of 
analysis of this data are possible: 
i) By the critical path method which determines the time-
scale of the network and the resources required, but without 
consideration of the availability of the resources. 
ii) By the resource allocation method which also takes into 
account the quantity of resources available as a function of 
time. 

The output results may be requested either as lists of 
the activities with the assigned calendar dates and slack 
periods, or in the form of bar charts. 

The program is undergoing a continual improvement process 
reflecting the specific needs of the users. At present the 
most interesting development is an attempt to replace the 
tedious manual drawing of PERT networks (often necessary for 
study or presentation purposes) by graphical output. An 
interface program reads the PERT output results to produce a 
graphical display of the network as microfilm or as a plot on 
paper (see example overleaf). 

PERT is written in FORTRAN and has been implemented at 
computer centres outside CERN. A more complete description 
is contained in the report "La planification des projets au 
CERN à l'aide de la methods PERT" (CERN 70-15). Further 
details may be obtained from A. Poppleton, DD, Tel. 3697. 
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D41 INTERCOM, an INTERactive COMputing f a c i l i t y 

INTERCOM is the name of a collection of supervisory and 
executive routines which allow the interactive use from remote 
terminals of the facilities of a Control Data 6000 series 
computer. In CERN's case this machine is a Control Data 
6500 with 96 K words of memory and two central processor 
units, installed in its final form in December 1973. (CERN 
has had 6000 series machines since 1965). 

Although the 6500 is connected to the large Control Data 
7600 computer, INTERCOM allows only indirect use of the 7600, 
and not direct interactive use as it does of the 6500. The 
vast majority of the CERN INTERCOM system is the standard 
Control Data product available to all 6000 series users; 
however some modifications and additions have been made at 
CERN, and these will be sometimes indicated in the following 
by (CERN). 

Solving problems and accomplishing tasks with a computer 
always involves a series of discrete s t e D s . This is implied 
not so much by the way a computer works as by the way human 
problem-solving proceeds._ Whenever possible, we want to 
stop at the end of each step and evaluate the intermediate 
results, whether it is just to check on progress before 
continuing, to choos- from alternatives for the next step, 
or even to work out what else is needed from the intermediate 
results themselves. All current uses of computers are based 
on this principle, but with steps of different sizes. 

At the top we have the applications which need several 
"jobs" - for instance: 
1. select and summarize the data (e.g. from an experiment) 
2. scan the summary of the data and select significant 

blocks or features 
3. analyze the data making use of these significance 

criteria (e.g. plot graphs of interesting quantities). 
At'the next level, we may have (to take job (3) as an 

example): 
3.1 , Write the data summary from tape to faster disk 

storage. 
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3.2 Compile the analysis program [translate it from a 
programming language to machine-readable form] 

3.3 Run the program to do the analysis 
These are called "job steps". 

Job steps are thf„> smallest practicable subdivision when 
access to the computer is indirect and periodic, e.g. when 
the instructions and programs are punched into cards, read 
by the machine all at once,and produce eventually a printed 
record of all that happened. CIn fact, only complete jobs 
are run in this "batch mode", but a job can consist of one 
step only.] If one wants to interact with the computer on an 
even more immediate level, it is possible only through what 
are called "on-line" or "time-sharing" systems such as 
INTERCOM. 

To pursue the example of job 13] to analyze the data 
summary, there are three ways we can extend our step-by-step 
control over the process: 

we can run the three job steps from a terminal, where 
we get back control and the ability to monitor progress 
after each one, without the delay of submitting three 
separate jobs and waiting each time for the printed 
results. 
we can write the analysis program in such a way that it 
periodically reports on what it has found, and asks 
how it should continue. 

- we can write the analysis program in cooperation with 
the computer, so that we get control back after each 
instruction, and have every smallest step depend on 
all those that came before, as we decide (CERN). 

These three extensions of the batch conceDt constitute 
interactive computing: INTERCOM provides full facilities for 
the first two. which will be discussed briefly below, and a 
framework for the third which is discussed in a separate 
technology note (D42). For comparison, APL and BASIC are 
other well-known examples of the third concept, called an 
incremental compiler (or interactive compiler-interpreter). 

In summary, interactive computing allows the user to 
specify the size of the tasks the computer performs without 
interference from or reference to him, in other words the 
rate of interaction. This is useful not only for control 
purposes, but more particularly for those tasks whose final 
goals and specifications depend on conditions encountered 
half-way. In addition, interactive systems often provide 
physical advantages (such as no card handling, no need to 
travel to the computer if one has a terminal nearer) and 
savings in waiting and programming time. 

Terminals The INTERCOM terminals available currently are represented 
schematically in figure 1. They include one Tektronix 4002 
graphic display terminal linked through a synchronous-
asynchronous coupler (SAC) at a speed of about 500 characters , 
per second, and many terminals (teletypes and Tektronix 4012 

D 4 1 - 2 
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displays) linked at 10-12 characters per second. Df the 
latter, some are connected aver dialled telephone lines, whuse 
advantage is the flexibility of having a large number of 
terminals which can be connected over the seven lines (only 
seven simultaneously of course]; and the rest are perrf.ans.rtly 
connected. 

All terminals are controlled by two Control Data B671 
multiplexors, or line controllers; these also support remote 
batch (input/output) stations (see Technology Nats D29). 

INTERCOM facilities Steps within a batch job consist of "control cards" which 
are processed by the 6500 using a supervisory system called 
SCOPE 3.4. For instance, job (3] would require a minimum 
of three control cards - the first to copy the "file" of 
information, the second to compile the program, and the third 
to execute (run) it. INTERCOM allows the typing in of almost 
all such control cards at the terminal; the tasks they perform 
include programming language translation, copying and manip
ulation of disk data files, upkeep and line-by-line modification 
of large programs without the need of punched cards, and 
printing of results in the desired form and at the desired 
location (see also Technology Note D29). 

INTERCOM also provides a number of commands unique to it, 
which have the same external characteristics as SCOPE 3.4 
control cards, but whose functions are relevant only in an 
interactive environment. These include: editing of programe 
and data in context, and creation of new files; submission 
of jobs created at the terminal but to be executed in batch 
mode, and receiving their results; scanning programs, data 
and results selectively; identifying other INTERCOM users and 
communicating with them; and providing information on the 
status of the machines and the progress of selected or all 
batch jobs (partly CERN]. 

Finally, there exists the facility of writing programs 
which interact directly with the user. For instance, a desk 
calculator can easily be written in Fortran, which will 
calculate each problem as it is typed in, and print out the 
answer. Or one can have data base management routines, which 
provide reporting and updating facilities for a large 
information store from a terminal, analyzing and executing each 
operation in turn (see, for instance. Technology Note D43 on 
INFÜL). These programs, just as the one mentioned previously 
to allow the user to select interesting quantities to plot on 
a terminal from a data summary file of an experiment, read from 
the terminal keyboard, and print on the terminal printer/ 
display, as if they were using ordinary files - a method which 
makes for simple programming, and batch/interactive compatibility. 

The functioning of Intercom will DP demonstrated on fast 
and slow terminals, with emphasis of the different levels of 
interaction possible (see also Technology Note D42 and Ü43). 

Further information can be obtained from G. Barta, DD, 
telephone 5010. 

. M l - 3 



CERN central computer installation 

(Control Data system), showing 

interactive INTERCOM facility 
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D42 SIGMA: interactive language for 
array-oriented computing 

During the last few years a new phrase "man-machine inter
action" has become fashionable in computer literature. The 
phrase is new. but the concept is not. When, in the early 
fifties, the operator was manipulating his computer, he was 
actually continually interacting with the machine via the keys 
and the lights on the console. With batch-processing tech
niques, the user is now normally far from the computer. Several 
methods have been implemented or are under development to bring 
the man back into close contact with his computer. In parti
cular, the last few years have seen the development of several 
on-line (also called time-sharing) computing systems. 

The availability of graphical interactive devices has opened 
up a new dimension in the field of the man-machine interaction. 
The displays allow the user to communicate with the computer 
in graphic terms and with a very high data display speed. They 
are the most flexible and fast man-machine interactive device 
available today. 

With general-purpose, fully interactive systems, the com
puter user is able to define, manipulate, and execute his own 
algorithms on-line in continuous conversation with the computer. 
In the field of applied mathematics this kind of interaction is 
of great interest, in particular for research problems when the 
user wants to experiment with different formulations and dif
ferent methods of numerical analysis, and when the feedback of 
results determines the algorithms, i.e. problems where not only 
is the answer unknown but also the question is difficult to 
formulate. Many systems of this kind have been implemented in 
the past, and at CERN the result of several years of practical 
work in the field of interactive, array-oriented computing with 
graphical display is SIGMA. 

SIGMA (System for Interactive Graphical Mathematical Appli
cations) is a programming language for scientific computing 
whose major characteristic? are the following: 

i) The basic data units are scalars, one-dimensional arrays, 
and multi-dimensional rectangular arrays; SIGMA provides 

' automatic handling of these arrays, 
ii) The calculational operators of SIGMA closely resemble the 

operations of numerical mathematics;, procedural operators 
are often"analogous to those of FORTRAN. 
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iii) The system is designed to be used in interactive mode on 
terminals connected to a central computer; it provides 
powerful facilities for araphical display of arrays in 
the form of [sets of) curves, 

iv) The user can construct his own programs within the system 
anri has also access to a program library; he can store 
and retrieve his ú'ata and pugrarns; he obtains, on re
quest, hard copy in alphanumeric or graphical form, 

v) The SIGMA implementation is laid out as a multi-access 
time-sharing system using the central processor only for 
actual computation; the implementation also provides for 
batch-processing use of SIGMA, the user-written code be
ing the same for both interactive and batch modes. 

The rest of this note shows the capabilities of the language 
through examples. 

A simple example We would like to solve the transcendental equation 
x = cos (x) 

by successive approximations: 

1. x= 1 
2. do 100 J= 1,50 
3. 100 x=cosCx) 
4. orint x,coscx) 

X = .73903513392166 

.73908513273925 

Average We have an array A which I "" 
contains 34 items, representing .... 
the number of jobs over 34 weeks 

° 7 . . . 

at the CERN Remote Input/Output 
Stations (see also Technology 
Note D29]. We type 

B = ARRAY(34,1#34) 
to place the integers 1 to 34 
in B tD represent time, then .... 

DISPLAY A%B,MAX(SUM(A))/34 
plots these quantities and .„ ','"»'.* 
their averages against time, 1 
producing Fig. 1. 

Mathematical functions To compute and display the function 
f (x) = 4 + sin x • e x / z -TT < x < TT 

we type 
F = ARRAY (100,-PI#PI) 
r = 4 + SIN(X) * EXP(X/2) 
DISPLAY F % X 

This results in the display shown in Fig. 2. Scale of the co
ordinate axes and position of the coordinate origin are auto
matically chosen: the system scans through all values of F 
and X and then sets the scale on the axes such that no point 
is lost while the curve appears in reasonable size. 

D42-2 
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Fig. 2 Automatic display of 
the function 

f Cx) = 4 + sin x • exp Cx/2) for -IT < x 1 IT 
We might wish to have the same in logarithmic scale and 

we might also wish a grid. The commands are: 
:LOGY 
¡GRID CFig. 3} 
DISPLAY F%X 

Finally we wish to see F and its square together in one 
single figure without grid and in linear scale; F as a full 
line, F 2 broken. We type 

¡NDGRID 
: L I N Y CFig. 4) P2 = F * * 2 
DISPLAY F%X, [.-5] F2 

--
/ \ 

\ 

Fig. 3 Automatic display of 
the function fCx) Cas in Fig. 
2) with grid and logarithmic 
scale as the ordinate 

Fig. 4 Automatic display of 
the function fCx) Cas in Fig. 2) 
together with its square (linear 
scale, no grid) fCx) as full 
line, [fCx)]2 as broken line. 
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Happy -Face The following subroutine produces a happy face [Fig. 
response to 

CALL HPYFACE 

5) in 

P R I N T HPifACt 

Recursive functions 

5 U B R O U T 1 N C H f M T A C C 
I 
* sei s c a l e ron p i c t u r e , d r a w r*CE o u t l i n e 

r P . A R R A l i 1 A 0 . 0 . 2 I P ! i 
01 SPLAT . - 2 ' ! > - J ' l i SIN<ZP i«C0Si ZP> 

S . S HOU D R A U A S N I L I H C H 0 U T M 
S. « 

l e , K . A B R A T tíes.- . 6 . . 6 » 
1 1 . T « < X-.6 '•« X . . G • 
i:. T«f(.t 2 • T » 
1 3 . I 
1*. « SMAftt P U P I L S Of t * t S 
1 « . « 
I S . DO 1R I . . t 3 . . 1 1 . . a i 
1 ? . i I I S I N * Z P . . 3 » 1 ' licosi Z P * ' 
1 8 . « 1 A S 1 N « Z P i . . 4 5 > « * l i C O S « Z P » - . • » 
1 9 . !• C 0 R T 1 N U C 
2 1 . I 

2 1 . f DRAU C T C S R O U S AMD M O S C 
\\\ 'l . 2 2 I S I W Z P - P l ' 4 >».S > » ' . 7 Z « C 0 S U P > - . 1 S > 
2 . . . Z 2 I S I H < Z P . P I ' 4 ...5 • » i . 2 2 R C D S I Z P I . . 4 5 > 

2 5 . I . 1 1 S I M ( 2 P > > « I . I R C O S I Z P I I 

2 6 . END 

Fig. 5 A happy face and its program 
Although the procedural aspects of SIGMA are modelled on 

those of FORTRAN [subroutines, functions, DO-loops), there is 
one very significant procedural extension: the ability to code 
recursive routines, i.e. routines which call themselves. Re
cursively called procedures are terminated in exactly the op
posite order to that in which they were begun. 

The two examples here, FIB and HANOI, calculate respectively 
successive terms of the Fibonacci series, where each term (from 
the third] is the sum of the two preceding terms, and the num
ber of moves needed in the game of the Tower of Hanoi for a 
given number of disks. 

1. FUNCTION FIBCIO 
2. IFCK LT 3)FIB=1 
3. IF(K GE 3) FIB=FIB(K-
4. C N D 

1 )+FIB(K-J) 

1. FUNCTION HAN J I(K) 
¿. IF(K LE 1) HAN3I=1 
3. IFCK GT 1) HAN3 I = 2">HAiMá I CK-
L\ . Ei\J D 

1 )+ 1 

Demonstration 

References 

This latter game involves transferring a pile of disks of 
increasing size (top to bottom) from one spike to another, us
ing a third spike as intermediary. Only one disk may be moved 
in one move, and no larger disk may rest on a smaller one at 
any time. The legend is that, somewhere in Tibet, a group of 
monks has been playing one game for thousands of years (with 
presumably a very large number of disks), and that when they 
finish the world will end. 

FIBCI),1=1.20 gives 
1,1,2,3,5,8,13,21,34,55,89,144,233,377,610,987,1597, 
2584,4181,6765 

and HANOI(I),1=2,4,6,...20 gives 
3,15,63,255,1023,400*.,16 383,65 535,262 143,1 048 575. 
A demonstration of SIGMA will be given on a fast graphic 

display terminal. 
Further information on SIGMA can be obtained from 

C.E. Vandoni, Tel. 3355; J. Reinfelds, Tel. 3348; or 
G. Barta, Tel. 5010 (DD Division, CERN). 

< /VT) 

25 March 1974/7 
D42-4 
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D43 INFOL: interactive information retrieval 

The INFOL language INFOL is a generalized computer system for information 
storage and retrieval applications. It appears to the user 
as a self-contained language which provides all the functions 
needed to define the structure of the data to be stored, to 
populate the Data Base, to validate input data before being 
accepted, to retrieve selected pieces of information accord
ing to user imposed criteria, to generate reports and to 
update the contents of the Data Base. 

INFOL tries to cover the needs of non-programmer users who 
have to extract information from medium-sized collections 
of data in a flexible way. Any number of criteria based on 
values of data items can be logically combined to extract 
a sub-set of the Data Base. The information in this sub-set 
can be reported also in a very flexible way - different Kinds 
of sorting, headlines, some computational capabilities, etc. 

Implementation INFOL was orignally (1966) implemented by CDC and has since 
been rewritten and upgraded at the "Institut I^tir-Pacultaire 
de Calcul Electronique" at the University of Geneva, where an 
interactive version was also developed. The program is coded 
in such a way that it can be made to run in many different 
computers with a few minor alterations. 

INFOL at CERN Some ten data bases at CERN are managed by INFOL, their 
data coming from different fields - medical records, personnel 
records, scientific conferences records, technical training 
courses, etc. Besides these long-term applications, INFOL 
has proved itself very useful for setting-up and rapidly 
exploiting short-lived collections of data - statistics on 
questionnaires, lists of documents for committee work, etc. 

Demonstration The interactive use of INFOL will be demonstrated during 
this Technology Conference. This mode of operation is part
icularly useful for either interrogating small data bases or 
for testing out in advance elaborate retrieval criteria and 
report generation lay-out commands to be applied later to 
larger data collections. 

Further information can be obtained from S. Santiago, DD, 
Tel. 4134 
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D44 TABLOID, information retrieval program 

A Data Base Management System CDBMS3 called TABLOID, has 
been Implemented for the CDC 6000 Series Computers, under 
SCOPE 3.4, primarily to meet some of the needs of Lab. II 
in the construction of the 300 GeV accelerator. From an 
external point of view, TABLOID is a self-contained DBMS by 
means of which Data Bases of a fairly general type may be 
defined, and procedures for update, retrieval, sorting and 
report generation specified, all in a [rather primitive) high 
level language. Internally, TABLOID interfaces with the CDC 
SCOPE Indexed Sequential [SIS) file organisation module for 
storage and access of data on disks. 

In TABLOID, a Data Base consists essentially of a SIS 
file containing variable length records composed of items, 
sub-items, and repeating items to a single level, the organ
isation within a record being defined by a Schema. Some 
of the items are designated in the Schema to be the compon
ents of the unique Data Base Key used to access the records. 
The Schema and the user-defined procedures are kept in a 
separate word-addressable file. 

In addition, a second SIS file containing any number of 
'Dictionaries' may be attached. Each Dictionary has its own 
Schema defining the record format and key, in the same way as 
the main Data Base. The key is generally an abbreviation 
which may occur many times as an item in the main Data Base, 
and the purpose of Dictionaries is thus to avoid the reading 
in and storing of excessive amounts of redundant information. 

TABLOID is now used for about a dozen Data Bases relevant 
to the installation of cables, magnets and other equipment in 
the SPS tunnels and auxiliary buildings. 

Further information can be obtained from w.G. Moorhead, DD, 
Tel. 2995. 



S P S f * Q N T ( r O L C U P L F L I S T r , I N S T A L L A T I O N L I S I 7 " . . ( 1 2 . Z I . 

S Y N F I r<t. 

J 0 3 NO. 
106! AUDIO C01MUNICÍi IONS 

U N S PAZ - TAZ - TSJ2 

CA11E " F E NE?t 13><?Y0 .5 S FL SC 

CA ILE CA3LF • • ••*.Ff OM CABLE LGTH 
cotise FUIID rnFT • FOS SUFF CHASSIS 5UIL3. E1PT • PCS SUFF CHASSIS COHHFC im 

5351 3«.'C. FA..I)7T0"t. G..9 209* PA.214 RA..1301.. .... 2093 2SUPF 115 C 
335? 269P1 2T93 TS.2.. CIA.2181°. .... 2092 2GHPF Iii L 
Î353 26 « M TS.7.. CI/Í.21S10. .... 2092 T*.Z.. CIA. 21719. .... 2092 26SPF kit c S2SI. TS.'.. CIA.21719. 2C9? T F . 2 . . CIA.21619. .... 2092 260FF Ht c 
535S Pb9p<1 Tl.?.. tit.2 Ii 1°. .... 2092 T*.2.. CIA.21519. .... ?C92 2&5PF c 
3356 TS•?.• Clt.Zlrl9. 2092 T £ . ¿ . . CIA.Jli.19, .... 2092 2&-äPF L 
3357 TS.?.. CIA .21<tl9. . •. • 2 n 9 ' T S . 2 . . CIA.21319. .... 2092 26tJPF <•<• c 
5351 TS.?.. Li«.21319. .... 209? TS.2.. CIA.21219. .... 2C92 2G3PF <F"T c 
J3C9 ?6°PH TS.2.. LIA.21219. .... 2092 TS.2.. CIA.21119. .... 2092 26BFF •<<• L 
3360 'fcPPH T"!.Z. . Lit.2111". .... 2092 i r.2.. CIA.21019. .... 2092 255PF HT c 
3361 2E3P-» TS.?.. LI«.21010. .... 2092 T . 2 . . CIA.23919. .... 21)92 266PF HH L 
5362 ?60Pi TS.?.. Lit.»091°. .... 209? T?.2.. CIA.20819. • • • • 2C92 2bJPF C 
Î?63 ?É-)P1 TS.?.. LIt.20Pl<). .... 209? Tf.2.. CIA. 20719. • • • • 2092 25BFF T T c 
•>2»><i 26PP^ TS.2.. (IA.2071 0. . ... 209' TS.2.. CIA.20619. .... 2C92 263PF HH L 

• K.RLAF.<S. 

SPS R O N T F O L CA31E LIST •= / IN >1 ALL ATION L I S I 7*.02.21 
P H G E 2 

TOTAL LENGTH Pf tAJLF 928 

CONrFCTlûN AR3PF\(1ATILK 

2t I F F 
2 6 3 F 1 

HYFFH/tMRtm 
HYFFN/PAOIALL 

3u PINS PLjr, 
?o PINS F L U » ; 

FFHALE 
MAL F 

19 
19 

LOÎITICN AS=prv)I»TIOMS 

A B » 3UIL0INS AtiCN EOOIFMENT A L J N SJFFK 

B» "UILOING / AUXUJAPT CIA 
P A SHAFT / «CCFSS AUX.9UIL3ING HEAVY FÜPT ?A 
TS TUNNEL / 1 INS SEXIÍN1 

INTEKCUr STATION / IT^E A (KALL) 
STAUDA« 19 INCH KACK / LAP II TYPT 

CHASSIS NR. TITLE 

2032 
2033 
203«. 

INTFkCOh STATION TYPF A (TUNNEL) 
INTFPCOf STATION TYPE 8 (BUILDING) 
INTFFTOM AREA AHPLI CIFRS 

Example of TABLOID-generated Report for cables installation 



- 292 -

D45 The Omega on-line system 

Introduction The Dmega data acquisition system, which uses one EMR 
6130 and three PDP-11/20 computers, enables three experimental 
groups to work simultaneously around the Omega detector. 
Normally, one of the three groups is "in production" , taking 
data from the complete detector system as well as their own 
counters and using the EUR 6130 and one of the PDP-ll's. 
The other two groups make use of the beam at the same time 
and use a PDP-11 to set up and test their counter system. 
Changeover from one group to another is very fast, and in 
fact, more than one group could take data at the same time. 
The on-line computers are backed up by a CII 10070 to which 
they all have high-speed data links. 

Equipment Control Each experimental group has the use of a PDP-11/20 to 
Computers for Each set up and check its own triggering system. • The character-
Experiment istics of these machines are: 

Core store : 16 k words 
1 word = 16 bits 

cycle time: 1.2 ys 
Data from equipment transferred via a CAMAC interface 
Minimum configurations due to the use of a fast link 
to the CII 10070 

- Production data sent to the EMR through a CAMAC link. 
The tasks of these computers are: 

to acquire experimental data from various counters 
to check validity of data 
to make histograms of distributions 
to send useful information for further processing 
to the EMR 
communication with the CII for 
i) program development 
li) analysis of samples of data. 
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The Main Data Data from the common parts of the detector system are 
acquisition Computer read directly into the EMR 6130 which has the following 

characteristics 
core store : 24 k words 

1 word = 16 bits 
cycle time : 0.775 usee. 

fast I/O capabilities : maximum transfer rate 
= 1.6 ijs/word. 
data from equipment transferred via a CAMAC interface 
high speed tape units : 1600 bpi, 150 ips -> 240 kbytes/s 
fast link to the CII 10070 : maximum speed = 400 kbytes/s 

Its tasks are to: 
1. Collect data from 

Plumbicon cameras 
- Beam counters 

Proportional chambers 
- PDP-11 computer. 

2. Write data onto tape 
3. Perform simple checks and calculations on data [essentially . 

for equipment control) 
4. Send sampling data to the CII for more complicated checks 
First priority is given to tasks 1 and 2. Tasks 3 and 4 are 
performed on a background level. The burst structure of the 
data taking process is shown in Figure 1. 

Special Features of Notable features of the system as a whole are: 
..he System _ ^ CAMAC for high-speed read out from chambers 

and communication between computers 
- high data takxng capacity combined with operational 

flexibility, provided by CERN written software 
- use of a larger machine, the CII 10070, for back-up. 

Further Information Extra information about the system can be obtained from 
C. Bizeau, telephone 4643 or S. Lauper, DD, telephone 4666. 
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D46 The Omega/SFM data-handling computer 
network 

Purpose and structure The use of small computers on-line to physics experiments 
of the network is nowadays a widespread and well known technique to help 

physicists to collect and record experimental data on magnetic 
tape. 

Small dedicated computers are particularly well suited 
for this task, a general purpose computer being inherently 
less efficient because of system overheads involved. Physicists 
have also to check the performance of their equipment by 
regularly processing samples of the recorded data in order to 
avoid wasting precious beam time. However, checking of 
complicated equipment and sample analysis are often beyond 
the scope of small computers in complex high energy physics 
experiments. Therefore a combination of a small computer and 
a more powerful general-purpose computer is the most reasonable 
solution, especially since the larger machine can also provide 
program development facilities for the smaller ones. 

The diagram in Figure 1 shows the Omega/SFM computer 
network. Six small computers are connected in a 'star-like' 
fashion to a central machine. Four of these (EMR 6130/Í2 and 
three PDP-11-P.s) serve the fi spectrometer, one [EMR 6130) 
serves SFM and another one IPDP-11D) is common to both. 

The EMR 6130's are devoted to data acquisition and 
recording on magnetic tape. They are 16 bit machines with 
fast data channels and are equipped with fast tape units. 
A foreground-background operating system developped at CERN 
allows also some apparatus checking to be done in these 
machines. 

The Omega spectrometer is now used on a multi-user 
spectrometer where up to three experiments Cm different 
states of development) can be active simultaneously. 

To provide indépendance and as little interference as 
possible between these experiments, each one has its own 
PDP-11. Data that is common to all experiments is treated by 
the EMR 6130-n, whereas data particular to the different 
experiments is treated in the corresponding PDP-11, which 
either sends data to the EMR 6130 (production stage) or is 
linked to the central machins (test and set-up stage). 
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The central machine is a CII 10D70 with 112k, 32 bit 
core and 118 Mbyte disc space besides standard peripherals. 
The PDP-11D common to Q and SFM serves as a terminal 
controller for both interactive graphics and alphanumeric 
terminals. There are at present B terminals connected to it. 

The design goal for the data link system was to allow 
any number of programs in the central machine to communicate 
with any number of programs In ^ny of the remote machines 
and vice-versa. Messages do i have fixed standard sizes 
but rather an upper size limit. 

As much use as possible is made of manufacturer supplied 
hardware and software. When modifications of the manufacturer 
software could not be avoided, extra facilities were added 
to it instead of changing it. The additions had to be 
clearly interfaced to manufacturer's software in order not 
to lose compatibility and to allow easy introduction of 
manufacturer's updates or releases of new versions of the 
operating system. 

In order to achieve the design goal the following 
decisions were taken: 
1. The data-link interfaces were designed to look like 

standard peripherals and were connected to standard I/O 
channels. 

2. The 'message protocol' had to be such that data to be 
exchanged is wrapped in an 'envelope' carrying the 
identification of both the receiving and the sending 
program plus information on the amount of data to be 
sent. 

3. Due to implementation difficulties in some of the small 
machines, a rigid master/slave relation was imposed. 
The sending program is always master. 
We now give some technical details on the implementation 

resulting from these decisions. 
The transmission method chosen is serial 11 bit transfer 

of 8 bit bytes in full duplex mode via a pair of coaxial 
cables. The normal transmission speed is 1.2 Mbits/s 
but can easily be reduced to allow for MODEM/telephone line 
transmission (see also Technical Note D34}. 

The data link system software consists of an interrupt 
handler, a supervisor task and several monitor service 
routines which a user program may call to communicate with 
a partner program in another computer. 

The interrupt handler treats all interrupts coming from 
data link interfaces and tells programs waiting for such 
interrupts that they have arrived. If a data read operation 
is tD be initialised, it activates the link supervisor. This 
supervisor in turn reads the envelope and distributes data to 
receiving "programs. A sending program uses a set of monitor 
service routines.' 
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Generalised service With this design in mind one can easily think of having 
programs. Automatic service programs available in the central machine that are 
Rollin-Rollout activated upon request from a remote computer, do their task 

and then disappear. However, real-time requirements in the 
Qmega/SFM system are such that a remote job submission 
cannot always satisfy the demands. Therefore an automatic 
rollin-rollout system which allows service programs to exist 
in a 'standby' state using almost no core memory was developed 
in collaboration with CII. There are now a few 'system 
resident' service programs in the central machine which are 
'sleeping' on a system disc and automatically brought into 
core upon request via a data link. This process may include 
the 'force-out' of batch programs currently in core memory 
onto a system disc. Once in core the service programs 
perform their task by reacting on the request received via 
a data-link. When no more input is received, they go back 
to sleep on disc thus liberating memory which can be used by 
other serviceprograms and previously 'forced-out' or newly 
activated batch jobs. 

A particularly attractive application of this scheme is 
to have an equipment checking program in 'stand-by' mode 
in the CII that is every now and then activated by a request 
across the data link. It performs its task and returns 
the results via the data link to be displayed locally. Thus 
a physicist can easily check whether his equipment is going 
well. 

A typical service Another example of the service programs mentioned 
program: the ORION above is ORION, the Omega Remote Interactive ONline 
system system. 

Its main uses are for text-editing, file handling and remote 
submission. 

A physicist using one of the Q-PDP-ll's can use ORION to 
edit the source file of his program kept on the central 
machines disc, submit a job to compile this program in the 
CII creating a PDP-11 core image on the CII disc, and 
finally load the modified version of his program for execution 
into the PDP-11 he is using. 

Similarly a program in the EMR 6130's can use ORION to 
read or write files kept on the CII discs. The terminals 
connected to the PDP-11D are either used for work with ORION, 
or, if they have graphics capability, with the general 
purpose display system GD3 (see also Technology Note D36) 
implemented in the CII/PDP-11D system. 

Conclusions The Dmega-SFM computer network is a versatile computer 
system adapted to physicists needs in high energy physics 
experiments. It is flexible enough to accommodate further 
extensions. 

Further information may be obtained from H. Davies, DD, 
telephone 3695 or S. Lauper, DD, telephone 4666. 

1)46-3 
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D47 Data acquisition and reduction for the 
Spl i t -Field Magnet spectrometer 

The Detector Layout The Split Field Magnet ^ [SFM) is situated at the inter
sect 14 of the CERM Intersecting Storage Rings 2J [ISR) and 
is used to study proton-proton interactions at high energy. 
Two high intensity beams, each of momentum up to 2B GeV/c, 
collide, producing high multiplicity events with particles 
emerging into all directions in space. The detection of 
these particles is achieved, by means of wire chambers which 
surround the intersection region (Fig. 1) and are situated 
within the magnetic field. 

The chambers of the detector are grouped into two separate 
categories: (i) the forward detector chambers, and (ii) the 
central detector chambers. The forward detector consists of 
all chambers whose normal vector is along the y-axis, and 
the central detector all those with normal vector along the 
x- or z- axes (Figs. 1,2). There are 28 chambers in the 
forward detector, each consisting of one vertical wire plane, 
one horizontal wire plane and a system of high voltage strips 
which are inclined at an angle of 30° to the vertical (Fig.3). 
The central detector consists of B chambers, of which two 
have nine, two have ten and four have three wire planes. The 
total number of wires present in the complete detector system 
is approximately 70000. 

Data Readout The chambers of the detector are self triggering and a 
rate of 50000 triggers per second can be obtained. However, 
only certain event types are normally required, and hence 
each trigger must satisfy certain selection criteria before 
acceptance. 

Decisions for trigger acceptance are made at two levels. 
The first level is a fast decision to check that the chambers 
have triggered on a beam-beam interaction. If the result 
is satisfactory, the signals from the wires are stored in 
their associated flip-flops until a decision is made to read 
or clear them. The next level of decision is a slow decision, 
which is experiment dependent. This decision utilises inform
ation from experiment dependent,additional hardware (e.g. , L 

scintillators, Cerenkov counters etc.) as well as the( wire 
chamber data. The additional hardware da(ta is stored via 
CAMAC scalers and pattern units, which are provided by the 
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physics group. If the trigger is to be accepted a read'is 
then performed from the flip-flops by the read-out-box CROB], 
which is connected directly to a channel of the SFM control 
computer. 

Computer Configuration The SFN on-line computer, the EMR 6130, is used to perform 
several tasks: During a run, it handles the data acquisition 
and also monitors running conditions throughout. Prior to a 
run and during installation, it is used to carry out hardware 
checks on the chambers, the read-out system, the electronics, 
the hardware of the experimental groups etc. 

The data acquisition program writes to magnetic tape the 
data from the ROB and from the user's CAMAC modules. The 
data taking rate is in fact limited by tape writing speed, 
and is typically of the order of 150-200 triggers per second. 
At this ra.e, a tape can be filled in 3-4 minutes, containing 
of the order of 30000 to 40000 triggers. 

The data acquisition and monitoring programs are written 
in FORTRAN IV, to which a simple real time feature has been 
added. The monitoring programs run as background jobs to the 
data acquisition program, and only perform checks on a 
sample of the data which is written to tape. The sort of 
checks done during and before a run are wire mapping, to 
ensure that wires are firing correctly, displaying of triggers 
on the graphics terminal, time of flight checks from the 
CAMAC data, etc. There is also a facility to transmit data 
to the CII 10070 real time back up computer via a data link. 
This computer is capable of performing on-line checks of a 
more sophisticated nature than are possible on the EMR 6130, 
such as track finding. 

The CII 10070 also has connected to it several PDP 11/20 
computers to which graphics and alphanumeric display terminals 
are attached CFig. 4). Jobs can be submitted to the CII from 
a terminal by means of the remote interactive on-line system 
ORION.3} In the SFM control room there are two display 
terminals connected to the ORION system, one alphanumeric CA4) 
and one graphic (G2J. During a run, jobs are submitted to 
the CII to analyse data sent over the link from the EMR. 
Messages can be sent over the link to control the program, 
and messages and histograms can be received from it via the 
EMR graphics console GE. In this way, the SFM pattern 
recognition and track finding program MARC1*} is used to check 
on the events being written to tape, giving statistics for 
the number of tracks found, the number of wire signals, the 
number of "bad" events, etc. Also, the program writes a 
display file onto disc at the CII, which contains all the 
information necessary to display the events together with 
the fitted tracks. Another program is then activated on the 
CII, to display these events on the graphics terminal G2. 

Pattern Recognition ' The magnetic tapes which are written by the EMR 6130 are 
taken by the different experimental groups to various research 
centres in Europe for processing of the data. The first stage 
in the "processing "is to group together wire signals into track 

W7-2 

Y 
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candidates, and for this purpose the pattern recognition pro
gram MARC was developed on the CDC 7600 computer at CERN. 
This program has been converted to run on the different com
puters of the experimental groups. It has also been converted 
and modified to run on the CII 10070 in an on-line mode. 

For the forward detector, space points are first determined 
in each chamber. Each coordinate pair is weighted by its 
distance from a high voltage strip signal and then the assign
ment algorithm of Munkres5} is used to minimize the weights. 
This reduces the number of wrong space points by approximately 
50%. The space points must then be correlated into tracks. 
The particles do not follow simple trajectories within the 
magnetic field. However, the track trajectories can be 
approximated by either parabolae, straight lines or second 
order spline curves5^ in two orthogonal projections depending 
on the part of the detector the track traverses. Tests are 
then performed on all combinations of three points. The 
projected trajectories must pass within certain limits of the 
intersection region, and the maximum curvature must also lie 
within fixed limits. If a three point combination passes 
these tests, additional points are looked for within a road 
around the approximate curve. 

For the central detector, tracks are found in projections 
and then are matched using the inclined wires (which are 
present in the central part but not in the forward). The 
track projections are again approximated by parabolae, and 
the tests mentioned above are carried out before matching. 
After all combinations have been tested in the complete 
detector, there remain a number of track candidates which, 
especially for high multiplicity events, contain real tracks 
plus wrong ['ghost') tracks due to incorrect association of 
points. A consistency check is thus performed on the track 
candidates using a modified form of graph logic^• 

When the track finding for an event has been completed, all 
final tracks are written to magnetic taoe for input to the 
geometry program NICOLE 4). 

The purpose of the geometry program is to examine each of 
the track candidates from MARC in turn and to determine 
whether, within certain probability limits, the signals 
really belong together and thus represent a true particle 
trajectory. Tracks accepted are then sorted and fitted to a 
common vertex. 

The program was aeveloped on the CDC 7600 computer, and 
has been converted to run on other computers of the experi
mental groups. The core size requirements of the program 
precludes the possibility of running it on the CII 10070 
(A total of 60000 coefficients for the magnetic field map 
must be stored in core to enable rapid access). 

The first step for each track is to perform a rough back-r-, -
ward tracking from the first chamber hit to the beam tube. 
At the track's intersection with the tube, the five para
meters describing the track are stored. A track corresponding 
to these parameters is then tracked through the field, and , 



- 301 -

its intersections with the relevant chamber planes are com
pared with the measured signals and the differences kept in a 
residual vector. Five variations of the track are then 
followed, each one corresponding to four of the parameters 
unchanged and one slightly varied. In this way a derivative 
matrix is obtained describing the effect on the intersection 
points of small parameter variations. A classical least-
squares fit is then performed to minimise the x 2 of the fit to 
the measured points. A track with too high a value of \ 2 is 
rejected. If there are any incompatible tracks left after 
this procedure, the graph logic is again used to select the 
largest independent set. The remaining tracks are then 
passed to the vertex fit routines. If a high x 2 for the 
vertex fit is obtained, then any track with an appreciably 
larger deviation than the others is rejected and the vertex 
refitted. The final output consists of a fitted vertex and 
the track parameters at the vertex, plus the error matrix. 

Further information can be obtained from: 
P. Innocenti, Div. TC, Tel. 42B1 Chambers + electronics 
R. Cooper, Div. DD, Tel. 4417 EMR 6130 programs 
H. Grote, Div. DD, Tel. 4961 Pattern recognition 

programs 
M. Metcalf, Div. DD, Tel. 4409 Geometry programs 
C. Onions, Div. DD, Tel. 5039 CII programs 

J) A. Minten - The Split Field Magnet Facility CERN/ISRC/71-19 
z^ K. Johnsen - The CERN Intersecting Storage Rings 

Nuclear Instruments and Methods 106 (1973] 
205-223 

3^ R. Russell - The Omega Remote Interactive On-Line System 
Int. Computing Symposium 1973, Davos 

^ H. Grote et al - A Users' Guide to the SFM off-line 
program chain. CERN DM développent pote 
AP-18, 1974 

5^ F. Bourgeois and J.C. Lasalle - An extension of the Munkres 
algorithm for the assignment problem to 
rectangular matrices 
Comm. ACM 14 (1971) 805 

6^ H. Wind - Function parameterization 
CERN Computing and Data Processing School 
(1972) CERN 72-21 

7^ H. Grote et al - Identification of digitized particle 
trajectories 
Int. Computing Symposium 1973, Davos 
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IQ. 1 Arrangement of spark chambers in the gap of the SFM 



F i g . 3 Wire-chamber modules 
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D48 Special hardware processors for 
wire chamber data 

Purpose The special purpose hardware processors described in this 
note and shown in the exhibit perform simple pattern recog
nition tasks on data provided by multi-wire chambers used in 
high-energy experiments. The processors are intended to find 
unambigiously the coordinates of the points where particles 
traversed a detector and then to recognize a number of tracks 
through the points found in a set of' detectors. See figure 1 
for a schematic of a typical set-up of detectors and a magnet. 

Modern multi-wire chambers of the proportional or drift 
type, have dead-times of the order of a microsecond or less, 
combined with excellent efficiencies for the detection of 
multi-particle events. Their use opens the way to experiments 
with high data rates and to a rapid accumulation of data which 
would take considerable computer time to analyze. A part of 
the analysis tasks, normally performed on a large general pur
pose computer is of a rather simple and repetitive character. 
Special purpose hardware can therefore perform these tasks 
much faster and cheaper. When used at the data-acquisition 
stage they can reduce the number of events retained for further 
analysis. For the selected events a further saving of computer 
time is obtained. For high multiplicity events the latter can 
be of the order of 50% of the event analysis time. 

Principle of point A typical wire chamber module is shown schematically in the 
finding inset of fig. 1. The detector produces an electrical pulse on 

the wire nearest to the particle crossing. The read-out system 
provides the wire numbers for all the wires in a single plane 
which were "hit" by a particle. Each plane in a chamber module 
therefore gives a single coordinate (for instance X) for each 
particle in a multi-particle event. The pairing of X and Y 
coordinates is ambiguous and needs the measurement of additional 
coordinaces Cfor instance U and V.fig. 1.3 to be solved. With 
the measurement of U and V, the coordinates of a particle satisfy 
thB following constraint equations: 

I X + Y - 2 1 1 ] ¿ex Cl) 
J -X + Y - 2 V i s. e 2 ( 2 ) 

where £j and e 2 are small. CThe wire spacing In .the U and V , -
planes is 2 y / 2 mm, in the X and Y planes 2 mm). *f ' 
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To find the CX,Y)-pair of a particle unambiguously the 
two constraints must be tested for all combinations of Xi 
and YJ where i=l,..., n and j = 1,0.., n, with n the number 
of particles in the event. This requires, in a computer pro
gram, the execution of nested DO-loops over the coordinate 
data. 

principle of track- When points have been found unambiguously at discrete dis-
flnding tances along the main direction of the particles, these points 

must be grouped into tracks. Each track should go through 
one point in each detector. Since more coordinates have been 
measured than the degrees of freedom of a particle the problem 
in general can be solved. Under certain conditions all the 
information necessary to describe the trajectory of the 
particle C5 parameters in the case of a trajectory through 
a magnetic field) can be compressed into five transformed 
coordinates by a linear transformation applied to the k 
measured coordinates: k 

Çi = I a. .x. i = 1, ..., 5 C3) 
J-l 1 J 3 

It then turns out that the Ç^'s for i=B, ...,k are small. 
They can be used to decide ' if a set of points lie on a 
possible trajectory or not. In a computer program, this 
method, known as the method of principal components, would 
involve checking Çg, ... , for every possible choice of 
a point in detector 1, a point in detector 2, etc. For k 
measured coordinates Ci.e. |k detectors) this would involve 
testing n combinations, a formidable task for large n 
and/or k . Not all combinations are therefore tested, but 
only those which lie approximately on*a straight line in one 
projection. This speeds up the selection process considerably. 

Operation of the The hardware processors that perform the calculations 
hardware processors. described above make a maximal use of the parallelism in

herent in the problem. A block diagram of a point finding 
processor as shown in fig. 2. Coordinates from different 
planes are loaded in separate scratch pad memories for very 
fast access. A number of adders are used to obtain parallel 
computation paths. For instance the two constraint equations 
CI) and C2) are checked simultaneously. The scratch pad 
memories are organized to facilitate the execution of nested 
DG-loops. 

The control logic is based on a programmable logic array 
CPLA, implemented at present in the form of a pin-diode 
matrix). The use of PLA results roughly speaking in a 
parallel execution of all the program "instructions". The 
largest factor in the speed improvement over conventional 
general purpose computers resides in this fact. A modest 
PLA can contain a quite complicated program: rewriting in 
Fortran the arithmetic and the control program contained in 
a 40 x 60 matrix results in more than 1 page of coding i 



- 306 -

Performance of special The speed improvements of special purpose processors over 
hardware. Fortran programs performing the same algorithms have been 

measured. For both point and track finding it has been found 
that special hardware (implemented in normal MSI TTL logic) 
executes 40 times faster than Fortran on a CDC 7600. A net 
gain of a factor 2-3 in the CP time required to analyse a 
multi-particle event is the result. The point-finding box 
performs one pass through the nested loop structure in 12 us 
for 6 particles crossing the wire chamber module. In future 
developments, using content addressable memories, these figures 
can be considerably improved. 

Exhibit of point- The exhibit will show a point-finding processor, connected 
finding processor. to a PDP 11/40 and working on Monte-Carlo data, so that the 

correct operation can be checked. More details about special 
purpose hardware processors for high-energy physics will be 
available at the exhibit, or can be obtained from C. Verkerk, 
DD, Tel. 2376. 

References 1. M. Hansroul and C. Verkerk; 
Point and track finding processors for multiwire chambers. 
Proc. Seminar on Track Analysis for Rapid Cycling Bubble 
Chambers, Feb. 1973, Rutherford Laboratory Report RHEL/R 271, 
page 156. 

2. M. Hansroul, C. Verkerk and P. Zanella; 
Hardware Processors for Pattern Recognition Tasks in Wire 
Chamber Data; 
1973 Int. Conf. on Instrumentation for High Energy Physics, 
Frascati, page 497. 

Reprints of both reports are available from the authors. 

9 m 

Fig. 1 Typical set-up of detectors and a magnet 
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D49 The CERN library system 

Library services Forming part of the Scientific Information Service, the 
CERN Library specializes in the literature of high-energy 
physics and certain fields of nuclear physics, together with 
related aspects of accelerator technology, instrumentation, 
data handling and computing. The present holdings include 
some 35,000 books, 750 periodical titles, (with 260 duplicate 
sets), and a large collection of scientific and technical 
reports, preprints and pamphlets, to which over 6000 new titles 
were added last year. 

Branch libraries 

While serving primarily all categories of CERN personnel, 
the Library also provides help to others in so far as its 
resources allow. The Library is open to CERN personnel 24 
hours per day, every day, with library staff in attendance 
during normal working hours. On an average over 1000 loans 
are issued each month. 

To facilitate services on the extensive site of CERN, the 
Central Library is supplemented by branch libraries, notably 
the PS Library (since 1954), the ISR Library (1970), the 
Computer Science Library (1970), and the Lab. II Library (1972) 
(see plan overleaf). 

Current awareness For current information, new acquisitions are displayed in 
the Library and the following lists are issued regularly: 

CERN Library Accessions Lists 
- Preprints and Reports 
- Books and Pamphlets 

List of Forthcoming Conferences 
List of CERN Publications 

(weekly) 
(every 2 weeks) 

(every 2 to 3 months) 
(monthly) 

Use of computers The central and branch libraries are interdependent and, 
in the interest of efficient operation, all ordering and cata
loguing of library material is done centrally. The consequent 
problems of multiple catalogues and indexes, and fast services, 
call for the use of computers. 

The first field of computer application has been in the 
cataloguing of preprints. These scientific papers (received 
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at CEBN in advance of their publication in the periodical 
literature), together with research reports, are a major 
source of information in high-energy physics, and rapid cata
loguing and announcement are important. Since 1969, the ac
cessions list for preprints and reports has been typed with 
the aid of a Flexowriter, which enables up-to-date indexes by 
author, report number, subject descriptors, and conference 
place and date, to be produced each week by computer. The 
accessions lists and printed indexes together replace the con
ventional card catalogue. Processing time from receipt of the 
document to appearance in the Library indexes is 7-10 days; 
an average of 130 documents per week are processed in this way. 

Development The future needs of the branch libraries, as well as the 
problems of controlling and providing easy access to all the 
library resources at CERN, call for more powerful computeriza
tion of library operations, especially for ordering, following 
up orders, controlling invoices, cataloguing, and circulating 
library material. To this end, an interactive computer is 
being developed (see Technology Note D50). This system should 
also play a part in the interchange of computer-readable data 
bases, which is increasingly being developed on a world-wide 
scale. 

Information Further information may be obtained from A. Günther, 
Scientific Information Service, CERN (Tel. 2454). 

8th March 1974 

Computer Science 
Central Library PS Library Library 

(Computer Building) 
ISR Library 
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D50 An interactive computer system for the 
CERN Library 

The CERN Scientific Information Service is responsible for 
providing scientific information to readers on an extensive 
site necessitating the operation of a number of branch libra
ries. The consequent problems of centralized processing of 
preprints and reports, multiple catalogues and indexes have led 
to the introduction of a minicomputer to mechanise library 
housekeeping. The minicomputer is used for the interactive.in
put and editing of bibliographic descriptions which can then be 
stored permanently as a data base on the CERN '6000' computer 
system. 

Interactive input and editing of bibliographic information 
is controlled by a PDP-11/20 minicomputer with 3 'RK' 
(1.2 M-word) moving-head disk drives, 16K of 16 bit core-store 
and 12K of multi-port 'MOS' memory that has been designed and 
built at CERN. Four terminals are connected to the minicomputer 
to provide input and editing capabilities, each terminal com
prising a special keyboard and two Tektronix '611' storage-tube 
displays. The keyboards allow the direct input of a large, 
programmable character set including full Roman and Greek 
alphabets, diacritic signs and over 50 mathematical symbols. 
The keyboards also cater for a wide range of control characters 
to facilitate page composition. The characters entered from 
the keyboard are echoed to the screens by a special purpose 
interface while for printed output, a 'Varsatec' electrostatic 
plotter has been connected to the PDP-11. Memory protection is 
provided by a card that monitors all addressing on the PDP-11 
and indicates if any of eight areas are referenced. This 
"address comparator", the interface and the keyboards have been 
entirely designed and built at CERN. 

The standard 'DEC* disk operating system (DOS V004A) has,been 
modified to provide flexible multi-user capabilities for inter
active operation from the terminals. The document input and 
editing system has been written in a generalised manner and^ope
rates from tables which define the various document structures. 
Once the user has selected the document structure, the computer^ 
prompts for the sequence of fields to be input and provides''I 
error diagnostic information. The records entered are stored v^*t 
initially on the PDP-11 cartridge disks but can be transferred, 
via a link, to a data base on the CERN '6000' system. * 



11-14 Display Stations 
each 2 Tektronix 611 Displays 

1 Special keyboard (CERN made) 
15 To CDC 6000 system. 

Layout of the Library computer system 
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1 Di sp lay u n i t s 6 Normal keys w i t h s h i f t 
2 Control lamps f o r mathematics 
3 Keys f o r Greek a l p h a b e t 7 Page l a y o u t 
4 Cursor contro l and computer commands 
5 Character c o n t r o l 

DISPLAY STATION 

D50-3 
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D51 Non-linear digi ta l control x s y table motion 

This device translates linear control signals into non
linear motion of an x,y table to provide precise control of 
table position at low speed and high translational speeds for 
large table displacements. 

It was developed in an effort to make a stable, low cost 
device for accurate measurements on bubble chamber film, suitable 
for computer control. 

Electronic control receives signals from an x,y linear 
speed generator, "SPEED-BALL", and send signals to the x,y 
servo amplifiers; both input and output signals are digital. 

If using dc levels, the relation between input and output 
will be the following : 

V = V . [K. (V2. + V 2. ) + K] xout xin 1 x m y in 

V = V . [K, (V2. + V 2. ) + K] yout yin 2 x m yin 

where V. are signals from speed generator and V are signals . . . m .. out driving an xy servo system. 
Vxout Vxin By making Ki = Ko, the ratio w • becomes rr—.— keeping the j • J. I-u i -, ^vyo,ut . . v y m direction on the plane equal to-'the direction on the speed-ball at any speed. 

The servo mechanism following the non-linear speed 
generation uses optical incremental digitzer for positioning 
control and speed generation making possible low speeds down 
to 10~3 revol./sec. Maxima speeds are not critical and ratios 
lp m'lh UP t 0 50xlo3 arev achieved. 

The resolution for computer positioning is 10 -^ turns on 
the shaft motor. 
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The main advantages of the device are simplicity, low 
cost, reduced trimming and long term stability without using 
special and sophisticated components. 

For further information please contact Mr. P. Cennini, 
TC-Division, CERN. 

5 March, 1974. 
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D52 Prediction of accelerator beam quality from 
computed and measured magnet imperfections 

Basic idea The main job of the bending and focusing magnets in a 
circular accelerator is to keep particles within a few 
milimetres of the central orbit for hundreds of thousands 
of revolutions. Even small departures from the ideal guiding 
field seriously perturb the particle orbits, leading to 
unacceptable enlargement of the beam cross-section and 
perhaps losses. 

Mechanical tolerances on magnet position, coil position, 
and pole shapes, must be specified, magnetic field maps 
computed and possible correcting elements selected. As 
perturbations due to position and shape errors combine in a 
very complicated way, field analysis and beam simulation 
programs were developed to treat them. 

Application to From the initial design to final magnet alignment and 
PS Booster accelerator operation, these computer programs have been 

successfully applied to the PS Booster (Tech. Note M41)-

The design, production and testing sequence is as follows. 

1) Choose the main accelerator parameters; determine magnet 
field strengths, lengths, apertures, and estimate 
magnetic tolerances. 

2) Optimize magnet geometry using field analysis programs. 
Compute the influence of manufacturing errors on field 
distribution. 

3) Make a first estimate of the correction elements 
(multipoles) from a run of the beam simulation program 
with the computed magnetic fields. 

4) Have a prototype magnet unit manufactured, and its 
mechanical and magnetic properties tested. 

5) Write the final magnet specifications. 

6) Magnets are then manufactured according to final 
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specifications. Tolerances over the entire length of 
the PSB laminated magnets are : 

Pole faces Coil position 

Bending magnets ± 0.03 mm 0.2 mm 
Quadrupoles ± 0.05 mm 0.2 mm 

7) Measurements are made on every magnet 

i) to confirm magnet field computations, 
ii) to check manufacturing tolerances, 
iii) to provide data for the beam simulation program. 

Approximate analytic functions are derived from the 
measured field charts by harmonic analysis. 

8) The fringe field aberrations are corrected by irachining 
the end plates. The corrections to be applied are 
determined by the field analysis program. 

9) The beam simulation program is run with measured data 

i) to confirm the design values of the correction 
elements, 

ii) to find the optimum magnet distribution in the ring, 
iii) to compute the remaining orbit perturbations, 
iv) to predict the current settings for the correction 

elements. 

10) Beam is injected into the synchrotron for the first time. 
The calculated current settings and the predicted beam 
properties are verified by measurement. 

Conclusion It turns out that the beam behaviour related to magnetic 
field imperfections can be predicted surprisingly well. 
Computer simulation of particle orbits in conjunction with 
extended magnetic measurements is a powerful means of coping 
with unavoidable magnet imperfections. 

References A. Asner et al., proc. III Int. Conf. Magnet Technology, 
Hamburg 1970, p. 418. 

C. Bovet et al., Proc. VIII Int. Particle Accelerator, 
Geneva 1971, p. 380. 

C. Iselin, Proc. Ill Int. Conf. Magnet Technology, Hamburg 
1970, p. 83. 

K.D. Lohmann, Proc. IV Int. Conference Magnet Technology, 
Upton N.Y. 1972, p. 745. 

For further information contact: C. Iselin, K.D. Lohmann 
or K. Schindl. 

052-2 

April, 1974 



- 319 -

Electronics 
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El0 Precision reference source (16-bit DAC) 

Use in the ISR The precision reference source is used as the variable 
voltage reference for the most critical ISR magnet power 
supplies, and as such determines the absolute stability obtai
nable from each supply. The stability of the magnet currents 
to a large extent determines the performance of the ISR. The 
reference source receives data from the ISR computer in serial 
digital form and converts the data into a proportional analogue 
reference voltage and therefore acts as the interface between 
computer and power supply. The precision reference source is 
in fact an ultra-high performance digital to analogue converter 
(16 BIT DAC) having special features essential to the control 
of a storage ring power supply. 

The precision reference source is a completely solid-state 
electronic device designed as a self contained unit. Such a 
source can be used in any power supply which needs the ultra
high performance, and is therefore designed with a number of 
special features giving extreme flexibility in usage, both for 
the power part and remote control. Clearly, applications out
side accelerator physics are also possible. 

Method of operation The unit contains three main sub-assemblies : 
1) a memory card for storing the digital input data 
2) a 16 BIT (binary) digital to analogue converter card 
3) a small power supply giving the essential voltages to 

items 1) and 2). 

Digital data is presented to the memory either via front 
panel controls (local operation) or via the rear panel connec
tors (remote operation), the latter data being fully isolated 
by the use of photo couplers. The memory, which is a reversible 
binary counter, can accept data in both serial and parallel 
modes. The inclusion of a binary comparator enables parallel 
data to be converted into a serial form at a predetermined rate. 
This produces a smooth transition between successively presented 
parallel data. An internal clock generator is also included 
having a preset FAST pulse rate and an increasing SLOW rate 
thus facilitating manual adjustment. Finally, interlock inputs 
are provided to reset the memory to zero e.g. when a power 
supply is switched off. 



- 324 -

The 16-BIT binary digital-to-analogue converter card accepts 
the data from the memory card and produces a proportional ana
logue output voltage. The analogue output is 9.99985 volts 
corresponding to max. input demand. The converter can produce 
2 1 5-1, or 65,535 discrete steps of output voltage from 0 - 10V, 
each step being 153 uV or 15-3 ppm (parts per million) enabling 
an extremely fine adjustment of the output to be made precisely. 
The least significant 10 BITs are produced by a commercially 
available monolythic D-A converter using current steering 
technique. The 11th and 12th BITs use the same technique but 
are produced using decrete components. The 4 most significant 
BITs use a modified voltage summing approach; the 12 other BITs 
also being summed at the same time. The output of the summing 
amplifier passes to an inverter stage thus producing both + ve 
and - ve analogue outputs simultaneously. 

The small power supply produces ± 15 V for the converter 
card and + 5 V for the TTL memory card. A special guarding 
technique is used on the toroidal mains transformer reducing 
the common mode capacitance of the unit and giving improved 
noise immunity to mains transients. 

Technical details and The major technological problems were encountered in the 
problem? development of the D-A converter card. Since it must be 

remembered that a 16 BIT converter must remain monotonie over 
the normal temperature range (in this case 10°C - 40°C) and 
that zero and scaling drifts add to the total drift of output 
voltage, it can be rapidly seen that special techniques have 
to be employed (̂  LSB implies a max. drift of 7.5 ppm). A 
new technique * employing parallel shunt switches was used to 
reduce switch errors on the 4 most significant bits to less 
than 1 ppm over the temp, range. Furthermore, even when using 
the ratio performance of the best precision resistors available, 
the desired performance could not be obtained. A method using 
an adjustable temperature coefficient primary reference voltage 
(10 V) was employed to reduce to acceptable proportions (i.e. 
< 4 ppm) the overall output voltage variation over the full 
temperature range. Zero drift contributes < 2 ppm additional 
drift. Clearly, at this performance level, card layout and 
extreme care in construction are vital to obtain the best 
results and only the best components can be employed. 

The major performance parameters can be seen in the 
specification overleaf. 

References Further information can be obtained from J. Pett, 
ISR Division, CERN. 

* IEEE. Transactions on Aerospace and Electronic Systems, 
January 1971. 

5 March 1974 

E10-2 
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Specification for 
precision, reference 
source 

Analogue section 
Output voltage 0 to +10 V, 0 to -10 V 
Output current < I mA (recommended)} 2 mA (abs.max.) 
Resolution 16 BIT binary Cv 15 ppm/step) 
Monotonicity Fully monotonie over temp, range 
Linearity (within ± 15 ppm of full scale) including zero off
set and over temperature range 
Temp, coeff. of output 
Stability of output 

Slew rate of output 
Settling time (to 16 BIT s) 
Relative humidity 
Digital inputs 

< 0.25 ppm/°C (10°-40°C) 
'v. 2 ppm/24 hrs \ typical maximum 
'v lOppm/month ) at const, temp. 
0.25 V/us 
< 100 us 
< 80 % 
TTL inversed lo¿,ic 

Digital control section 
Control modes 
(in local or remote position) 

1) Direct parallel set 
2) Ramp to preselected value 
3) a. Increment, fast/slow 

(fast speed preset, with 
increasing rate on slow), 

b. Bipolar pulse incremental 
mode (in remote only). 

Special features 
1) Automatic reset to zero on switch-on 
2) Direct interlock to zero 
3) Ramp to zero, input 
4) All remote inputs via photo couplers 
5) Linear, or "exponential" rate on modes 

2) and 3a) performed digitally 
6) Preset rate generator giving full scale 

setting from 6 sees - 200 sees. 

General 
Mains, variations ± 10% 
Dimensions 19 inch wide (483 mm) 

45 mm high 
350 mm depth 

E10-3 
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Ell CAMAC control system 

CAMAC for controls The success of CAMAC in the field of nuclear data acquisi
tion is a recognised fact. However, in spite of a real need 
for hardware standardisation in process control, CAMAC is 
still not fully accepted in that field. 

Until now, one was obliged to buy the interface proposed 
by the computer manufacturer or one has had to specify and 
develop it independently. The use of a standard interface, 
supported by a high level language, would achieve similar 
benefits to those obtained by standardising on a single com
puter family, but without being committed to one single 
supplier. 

CAMAC is for the moment the only independent standard 
interface available from manufacturers spread over the whole 
industrial world. Early in 1972 CAMAC was installed in the 
ISR, in order to complete the computer control of the already 
working machine. Our enthusiasm about the use of this 
standard has increased steadily. 

Appreciation Some people evaluating CAMAC have felt worried about the 
speed of the dataway - typically one microsecond for an opera
tion. Although this might be critical in the nuclear 
physics data-taking field, in control applications one gene
rally performs a large amount of calculation around each CAMAC 
operation and the one-microsecond dataway cycle is insignifi
cant compared with the 10 to 1000 microseconds computing 
overhead for a complete operation. We have not been hampered 
by CAMAC speed and do not expect computers to be developed 
which could match the speed of CAMAC for many years. 

A more serious problem we have encountered is the lack of 
CAMAC modules really suited to control applications: this 
situation is gradually improving. 

Most of our difficulties in using the CAMAC system have 
arisen from non-compliance of purchased equipment with the 
specification. In this case, once the non-compliance is 
established, the user is in a strong position to insist that 
the manufacturer must correct his equipment. CAMAC is well ' 
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specified, and the specification has been set up by users. 
The situation is much more favourable than in the case of a 
manufacturer's proprietary design in which such matters as 
interchangeability and operational margins are often glossed 
over. 

In the following paragraphs some features of the ISR CAMAC 
equipment, in many cases designed or specified by ISR staff, 
are described. 

The Dataway The dataway is a passive multi-wire highway which links 
all stations in a crate. It constitutes the heart of the 
CAMAC crate and great care should be applied to its realisa
tion. Our nine-layer printed circuit board offers: 
1) very low cross-talk and earth noise achieved by earth and 
power planes and direct power sensing from the dataway; 
2) highly reliable plated-through connection holes; 
3) easy replacement of damaged contacts in sockets; 
4) economical quantity production. 
The circuit was developed at the ISR and produced by H. Kolbe 
in Germany. 

Powering We have sponsored the development of a special power crate 
to house power supplies. This occupies the same volume as a 
CAMAC crate and all semiconductors are contained in plug-in 
modules. The power output can be tailored to the require
ment by combining up to eight regulator modules. 

± (4.5 - 6.6)V at 6A 
± (10.8 - 16.5)V at 3A 
± (21.6 - 26.4)V at 3A 

Regulators can be run in parallel in order to obtain the 
desired current. In such a way the power supply offers the 
same reliability and ease of maintenance as the rest of the 
CAMAC equipment. The power bin has been developed and 
manufactured by Grenson in the United Kingdom. 

Connections to plant Modules communicate with the process through their front 
panel. This is not usual in process control. It is how
ever quite logical to use both front and back space to locate 
the large amount of connections needed. The hardware has 
not to be placed in a showroom and the whole can be closed 
off by a door. 

The most important problem found with the use of CAMAC 
modules m control systems is related to the logic common 
tied to the chassis. In the ISR we generally provide gal
vanic isolation between the CAMAC hardware and the process 
(transformers, optocouplers, relays etc.). 

The high density front panel connectors presently recom
mended are not suitable for industrial use. In the ISR, 
the cables coming from the machine are connected to the back 
of patch units provided with CAMAC connectors on the front. 
Short jumpers link the patch units to the CAMAC modules. 

Connectors and 
patching 
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Patch units can contain only the wiring between connectors, 
but often they contain passive elements (transformers, 
attenuators, relays) which are too bulky to be housed in the 
CAMAC modules. 

Conclusion CAMAC is well established for ISR control, the new CERN 
LINAC will be controlled through CAMAC, and CERN Lab. II 
have planned CAMAC for their controls from the beginning. 
Although CAMAC is not widely known in industry, it is begin
ning to be used in off-the-shelf control systems. People 
would be surprised to know how many systems are already using 
the new standard. Now that CAMAC is in course of standardi
sation by the International Electrotechnical Commission its 
wide acceptance seems assured. 

Bibliography 1. Specifications - EUR 4100 e 
- EUR 4600 e 
- EUR 5100 e 

Obtainable from: Office for Official Publications of the 
European Communities, Luxembourg, P.O. Box 1003, or 
through various national publications offices and agents. 

2. Introductory reading 

Iselin, F. et al. "Introduction to CAMAC". CERN 
report, CERN NP CAMAC Note 24.00 (1971). 
Obtainable from: Mr Halon, NP Division, CERN, 
1211 Geneva 23, Switzerland. 

3. Periodic publication 

CAMAC Bulletin 
Obtainable from: Commission des communautés européennes, 
D.G. XIII - CID, 29 rue Aldringen, Luxembourg. 

Further information can be obtained from H. Vereist, 
ISR Division, CERN. 

2 March 1974 
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El2 High-speed 16-bit digi tal - to-analog converter 
and digital deglitcher 

Use in ERASME A high performance Digital/Analog converter (DAC) has 
been developed for the "ERASME" project (1). The purpose of 
the ERASME system is to measure the events recorded in bubble 
chamber pictures. These pictures are analysed by using a C.R.T. 
flying spot scanner. Movement of the spot is achieved by 
currents in two deflection coils. The high performance DAC's 
control these currents as a function of the digital signals 
that they receive from synchronous counters having a 10 MHz 
maximum clock frequency. 

Principle It was decided not to construct a discrete 16 Bit DAC 
since 12 bit DAC's could easily be purchased. However the 
four most significant Bits (M.S.B.) and their reference supply 
which are the most critical parts, had to be designed in detail 
and constructed at CERN. An inverting amplifier is used to 
sum the output current of the 12 bit DAC with the 4 M.S.B. 

The five main parts are : 

1) A very high speed 12 bit DAC with current output. 
2) An ultra high stability voltage reference < lppm. 
3) Four fast switches using complementary MOS FET's. 
4) A high stability resistor network (metal film technology). 
5) An operational amplifier with high slew rate and very 

fast settling. 

Using this configuration it is possible : 

a) To mount all the components on one printed circuit 
(24.5 x 11 cm). 

b) To do series production without problems. 
c) To have easy adjustment of the critical parts. 
d) To make improvements as better components become available. 

Problems encountered Sixteen bits correspond to an accuracy of 1/64000, or 
in development 150 uV for a 10V output. To achieve this accuracy the following 

problems had to be taken into consideration : White noise, s\ 
electrostatic and magnetic radiation, position of components, V* 
ground distribution, thermal stability and finding a monotonie''",' 

«y i 
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12 bit DAC with low cross-talk between, digital and analogue 
signals. However, one of the most important problems in our 
application has been the suppression of "Glitches". Analogue 
"Deglitchers" are commercially available but they have certain 
limitations when used for a fast 16 bit DAC. These include 
the introduction of noise, thermal effects and speed limitation. 
For this reason it was necessary to develope a purely digital 
deglitcher. 

The basic idea is to introduce delays between a synchronous 
counter and its DAC, to compensate for the difference in the 
delays of each bit, and also the lack of symmetry of positive 
and negative edges. Whilst counting up, the delay of the 
positive edge for each bit in turn, is adjusted with respect 
to the fixed negative edge delays of all lesser significant 
bits, so as to minimize the glitches. This proceedure is 
repeated whilst counting down, but in this case it is the delays 
of the negative edges that are adjusted. Therefore each bit 
has two completely independent adjustments. 

A N A L O G O U T P U T 0 — 10 V ond 0 — 20 mA 

T E M P E R A T U R E Coed. 3 P. P. M. /• T Y P . 

S T A B I L I T Y 1 1 Year) 
( Air conditioned ) 

No npw adjustement inside t L . S . B . 

D I F F E R E N T I A L LINEARITY 
ond M 0 N 0 T O N I C I T Y 

10.00075 % of 
full scale lonqn 

NOISE DC - 1 NIHl 150 /xV p - p 

V O L T A G E S P E E D 
Settling Time wiinin 0.01% 
tot lull icole slep 
Slew rale 

7 ¿tsec 

50 V/^tsec 

C U R R E N T S P E E D 
Settling time within 1 L A B . 
lor lull acete step 
_ D.A.C. 12 bits 
_ S « i t c h M.O.S. F E T 

Rise and Foil lime 

120 nsec 
= 1 /isec 
50 nsec 

MAIN P E R F O R M A N C E 
D.A.C. 16 BITS 

,'M'1 I—-N, 

I y- DOWN 

DIGITAL DEGLITCHER 

Further information can be obtained from : J.C. Wollès, 
D.D. Division, CERN, or from the following reports. 

1) D. Lord - E. Quercigh "The ERASME project summary", 
CERN/DD/DM and TCDPH.II/INSTR. 70-7 Sept. 1970. 

2) "Journées d'électronique 1973"conversion A/D and D/A, 
EPFL Lausanne. 

3) J.C. Wollès "Convertisseur Digital Analogique de haute 
performance", CERN/DD/74/4 and D.Ph.Il/lNSTR. 74-2. 

15 February, 1974. 
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El3 Generator of analog functions simulating the 
signal from a photomultiplier 

Use in TC Division This generator supplies pulses similar to those provided 
by the photomultipliers in devices like the Spiral Reader. 
These pulses are produced in sequences of 1, 2 or 3. Their 
frequency and phase-shift can he adjusted separately. Their 
width, height and slope can be independently adjusted for each 
pulse. They can be amplitude-modulated by a variable voltage 
and a noise signal may be superimposed. Their shape may be 
adjusted by means of a second-order active filter with a 
variable band-width. It is possible to choose between voltage 
and current output. The device also contains a generator of 
sine, square, triangle and saw-tooth waveforms, a noise 
generator and also a multiplier. 

Motivation for the We decided to develop this simulation device because it 
development was uneconomical to stop the Spiral Reader in order to examine 

the signals from the photomultipliers. Furthermore, we could 
not find any device on the market which offered the same 
results. 

Method of operation A master generator supplies a triangular signal which is 
modified by clipping, amplification, shift etc. in order to 
obtain the 3 pulses. This generator is used to modify 
the frequency, slope, width and phase-shift of the 3 pulses 
simultaneously, in addition to the adjustments which may be 
made to each pulse. 

A second-order low-pass active filter with a variable 
damping factor is used to give the pulses a more natural 
shape, closer to the real photomultiplier output. 

The noise generator consists of shift registers. The 
digital-to-analog conversion is performed by a ladder network 
of R-2R resistors. The noise may be synchronized by the master 
signal, thus giving a clearer reading on the oscilloscope. 

The generator comes in a 19" rack sub-divided into 
modules for easier use. 
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For further information, contact may be made with: 
S. Reynaud, TC-Division, CERN. 

12 February, 1974 
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E14 Spot-shape control unit (SSC) 

The purpose of the Spot-Shape Control Unit is dynamically 
to maintain the spot of light on the screen of a microspot 
cathode-ray tube, round and of minimum size, independently of 
its position and motion. 

Application at CERN An important instrument for high-energy physics experiments 
is the bubble chamber, in v/hich tracks of elementary particles 
are photographed stereoscopically for later analysis. This 
starts with reconstructing the precise position of the inter
esting tracks in space by measurement of the stereo photos. 
The precision required is a few microns over some 70 * 100 mm2. 
Many million such photos are taken each year, and so several 
types of more or less automatic measuring systems have been 
constructed. 

One such system being developed at CERN uses a precisely 
deflected spot on a microspot CRT. The spot is projected 
optically on to the film and is deflected over a small raster, 
whose position, orientation, and size are programmable. A 
photomultiplier receives the light after passing through the 
film, and signals from this determine the positions of pieces 
of particle tracks. 

For recent large chambers, the film contrast is rather 
poor and the track images very narrow (> 10 Um). This, along 
with the requirement to scan at any angle, implies that the 
spot must be very small 15 ym), precisely round and as 
bright as possible, everywhere in the measuring area. These 
conditions are at the current limits of CRT technology. Op
tical limitations dictate the use of a flat-face CRT, and so 
spot growth and astigmatism for off-axis positions would be 
intolerable. It is, however, possible to recover the original 
spot conditions by using focus and astigmatism correction 
coils in which the currents are varied according to the spot 
position. Measurement has shown that the required compensa
tion is not sufficiently radially symmetric or regular to be 
generated by a simple analytic function derived from the de
flection signal. This is due to imperfections in the CRT 
electron optics. Of the remaining possibilities it was de
cided on grounds of performance and simplicity to use inter- , , 
polation of two-dimensional arbitrary functions represented 
by nodal values established by measurements. 
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Principle of operation The Spot-Shape Control Unit implements this idea in the 
following manner. The unit contains three identical channels, 
one for the focus coil and one for each of the two astigmatism 
coils. For each channel the correct settings are stored for 
9><9 points on a matrix potentiometers. In use, the three 
most significant bits of the 16-bit digital deflection value 
in each axis are decoded to select the four points nearest t:o 
the spot position. Bits 25-2lz are fed via digital-to-analog 
converters into a network of multipliers which interpolate 
between the values at these four points to obtain the optimum 
correction currents. The system operates dynamically, main
taining the proper corrections when the spot is moved by 
counting up or down the digital deflection values in X and Y. 

Performance The performance of the systen allows a spot size of ¿ 17 Um 
with near perfect roundness everywhere in the measuring area. 
With no corrections the size would grow to > 40 ym in the 
screen corners. The system is capable of dynamically main
taining the corrections for sweep speeds up to 40 um/ysec and 
settles in 20 ysec after a maximum jump in the spot position. 
Its stability allows > 6 months of continuous use without 
readjustment. Computer-aided optimization techniques are 
being developed to ease the task of setting the correct values 
at the 3 x 81 matrix points and to verify correct operation 
in use. 

Publications D. Lord and E. Quercigh, The ERASME system, Concepts and 
Current Status, CERN/D.Ph.II/Report 71-35, November 1971. 

H. Anders, J. Antonsen, W. Shkundenkov, B. Stumpe and 
D. Wiskott, Dynamic Astigmatism and Focus Correction of the 
Cathode-Ray Tube of ERASME, Paper to be presented at the 
Oxford Conference on Computer Scanning, 2-5 April 1974. 

Further information may be obtained from: H. Anders, DD 
Division, CERN. 

19 February, 1974. 
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El5 High-power radio-frequency feedback in 
deflecting ir is- loaded waveguide 

RF separators, which select high-energy particles pro
duced in accelerators, incorporate deflecting iris-loaded 
waveguides. These components are similar to those used in 
electron linear accelerators, but propagate hybrid waves of 
dipolar symmetry which have deflecting properties. 

This type of waveguide has been produced at CERN and is 
being used in the separated beams of the 2 metre bubble cham
ber and BEBC. The following table gives the parameters of 
these deflectors. 

KLYSTRON 

In order to obtain a higher power than that available at 
the output of the amplifier tubes (Thomson-CSF klystron with 
25 MW peak), the power can be recovered at the output of the 
waveguide and reinjected at the input, as shown in the above 
diagram. To produce this resonant ring, it was necessary to 
develop a phase-shifter operating in a vacuum of 10~8 torr and 
able to transmit a peak power of 20 MW. The maximum operating 
peak power at the input of the iris-loaded waveguide is 40 MW 
during a 3 microsecond pulse. This corresponds to an electric 
field of more than 390 kV/cm on the surface of the copper. 

A detailed description of iris-loaded waveguides is given 
in the publication: New disk-loaded waveguides for the CERN RE 
Separate", CERN 70-26. Further information can be obtained from 
Ph. Bernard, TC-Division, CERN. 

28 February, 1974 
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Parameters for the CERN deflectors 

Name Symbol or formula Unit From corni-at:ition 
or des ; ¡ tn From measurements 

Design ftiNiuency (2S°C, 
in vacuum and for ° c) 

f» Mb 2855.11,7 28SS.10 [No. Y) 
2854.96 (No. 2) 
2855.10 (No. 3) 

(from de f l ec t i on t e s t ) 
Design wavelength \ an 10.500 -
IVphasiiiR per c e l l - - 2n/ 3 -
Opening Za TTJ 4 7 . I i i . 

(cylindi tc^n 
•»s.Pf ' n.p] 

Diameter 2b mm 117.2^3 117.64 i 0.005 

Disk thickness t inn 10 10 î 0.01 

Ef fec t ive length for de
f l e c t i o n (99 c e l l s • 
2 * 1 coupler c e l l ) 

t m 3.5Ó -

Normalized group 
v e l o c i t y 

- -0 .02ÍI -0.0233 i O.ÖOOn 
(from model measurement) 

r i l l i n g time - Msec - O.505 

Voltage attenuation coef
f i c i e n t s [from measure
ments on def l ec tors No. 1 
and No. 2) 

a Np/m 0.093 0.106 t 0.002 

Surface impedance for 
copper 

rs n 1.394 v K,-2 1.66 « 10-* 

B/Q Wl/m 1.3/1. 1.38 : 0.07 
[from model measurement) 

- - 3.3 

Limiting power 
(4 usee ; l i p " 470 kV/cm) 

p p m -
Quality factor 

g 
- 121(10 -

Shunt impedance R . R/Q " Q MO/in 16.40 -
S e r i e s impedance 

1« ». ß

BJ 
a t *) 

( t - 3.5 n) 

SiSifn 1 I j 

0.37' -

Deflector constant M - Ä 1 " ^ 
a 

5 4 j -
Transverse momentum 

for P B - 17 IM McV/c 22 c-. 22 1 ± 0 075 
(from de f l ec t ion t e s t 
on def lector No 2) 

for P c • 20 Ht MeV/c 24.63 (24 0) 

*) Experimental values tor a am' v /c. 
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El6 Radio-frequency low-level system 

The main purpose of the radio-frequency low level system is 
to control the parameters of the RF drive signal fed to the 
inputs of the power amplifiers- This control is achieved 
by several closed loop systems, the references of which come 
either from the RF system itself (especially the cavities) 
or from the rest of the synchrotron (especially the beam 
monitors). 

Amplitude Control The amplitude control of the accelerating field in the cavi
ties has to cover a very large dynamic range (60 dB) and 
should work even under strong beam loading conditions. The 
signals picked up on the cavities are mixed down to an IF 
frequency (10.7 MHz) and then rectified with log detectors. 
The feedback system works both on the level at the inputs 
of the power amplifiers and on the relative RF phase shift 
between the two cavities. It will be of the log type, giving 
constant loop gain and optimum speed independent of the RF 
level over a very large dynamic range. 

Phase Lock System The frequency control is achieved in a more sophisticated 
way. The rotation frequency of the protons is considered 
as a short term frequency standard onto which the RF 
frequency is phase-locked. The phase lock system should 
keep a very precise relationship between RF phase in the 
accelerating cavities and phase of the rotating hunches of 
protons. The latter is obtained by a phase pick-up station 
which is a low Q re-entrant coaxial cavity excited by the 
beam. RF information is obtained via coupling loops. 

Critical elements of this phase lock system are the input 
mixers, the levelling circuits and the phase discriminator. 
The main problem here is to accomodate a very large dynamic 
range (60 dB) with a negligible phase error. This combi
nation of circuits gives ± I o phase error over 60 dB. 

Input mixers make use of specially designed distribution 
amplifiers m order to achieve good isolation between ports 
of the double balanced mixer. RF levelling circuits *" ' 
are of the closed loop type, using PIN diodes with long 



- 3 3 9 -

recovery times as control elements. The loop circuitry 
ensures a loop gain independent of EF level (log elements) 
and therefore gives the fastest response (settling time 
of the order of 15 ys)- Special care has to be taken in the 
mechanical layout in order to achieve the required perfor
mance -

The phase discriminator has a good linearity over a large 
phase range (> 300°) due to the use of fast logic circuitry 
and very little dependence on input amplitude (Í. 0,5° for 
10 dB variation) because of tunnel diode shaping at the 
inputs. 

The long term frequency control is achieved either by a 
computer controlled frequency standard or by using infor
mation on the radial position of the proton beam in the 
vacuum chamber. In this latter case, the same kind of 
circuitry will be used. 

Wide Band Pick-up Information on the longitudinal shape of the bunches of 
protons circulating around the machine is of primary 
importance for the RF system. In fact, this information 
enters into one of the loops of the system. The purpose 
of the vide band pick-up station is to provide this informa
tion. The length of the proton bunches can vary from about 
5 ns at injection down to about 120 ps at transition. This 
requires a very broad bandwidth extending up to several 
GHz (= k GHz). At these frequencies, the vacuum pipe 
acts as a waveguide and, therefore,"waveguide mode traps" 
should be installed at both ends of the pick-up station. 
Several types of detectors have been studied: 
- broadband directional couplers (exponential line and 

resistive coating type) 
- resistive couplers, excited by the wall current asso

ciated with the charge displacement. This type gives 
a somewhat higher sensitivity at the expense of a 
smaller bandwidth. 

Further information can be obtained from D. Boussard, 
RF group/Lab II. 

15 March 197^ 

E16-2 
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El7 Power amplifier 

Three 3dB hybrid couplers are required to combine the output 
power of four 125 kW amplifier units to a total power of 
500 kW (see fig. l) 

125 kW 

Dummy Load 

125 kW 

Hybrid 1 250 kW 

Dummy Load 
Hybrid 3 

125 kW 

Dummy Load 

125 kW 

Hybrid 2 250 kW 

500 kW 

Fig. 1 

The hybrid consists of two coupled transmission lines with 
a coupling length of one quarter wavelength (37-5 cm at 
200 MHz). If two power sources PT and P¿ are connected as 
shown in fig. 2 , the combined powers at the output and at 
the dummy load are: 

output 

dummy load 
out 

DL 

If the two input powers Pj and P 2 are equal the output power 
is the sum of the input powers and no power is absorbed in * 
the dummy load. 
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Dummy 
Load 

Output 

Fig. 2 

must have a phase lead 
of 90° with respect to P 2 

High Power 
Transmission Line 

125 kW Power Ampli
fier Unit (Prototype) 

This type of 3dB hybrid enables the following functions: 

1. Combining of the input power sources 
2. Isolation of the two input sources 
3. Matching of signals reflected from the output port 
k. Suppression of the second harmic content of that power-

source (P 2 in fig. 2) connected to the same line section 
as the dummy load. 

(Manufacturer: Spinner, Germany) 

Two radio frequency transmission lines are required to 
connect the accelerating cavities, situated in the ring 
tunnel at a depth of 60 m below the ground surface, to the 
power amplifiers installed in a building at ground level. 
Each line is capable of transmitting a power of 750 kw at 
a frequency of 200 MHz-
The line lengths are about 95 m and 110 m, respectively. 
These lengths are divided into line sections with a standard 
length of 5.55 m. The outer conductor (aluminium) of the 
coaxial line has an inside diameter of 3^5 m^-> the inner 
conductor (copper) an outside diameter of 150 mm. 

The different thermal expansions between inner and outer 
conductor are compensated by sliding contacts on the inner 
conductor at the end of each line section. 

(Manufacturer: Spinner, Germany) 

The final stage of the 500 kW power amplifier will be built 
up of four of these amplifier units connected together via 
hybrid circuits. The driver of the 500 kW amplifier also 
uses this unit. 

The' Í25 kW unit operates1 with' one tetrode (Siemens ES 200k) 
in grounded screen grid configuration. The anode is water-
cooled, and the radio frequency circuits, screen grid-, 
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control grid- and filament connections are aircooled. 
A coaxial structure is used for anode-, screen grid- and 
input circuits. A broadband input circuit was developed 
to allow operation immediately after a tube exchange with
out readjustment of the matching devices. In order to damp 
higher modes, ferrite suppressors are mounted in input-
and screen grid circuits. 

Special coaxial coupling capacitors made of a teflon cylinder 
copperplated by electroforming (manufacturer: Polyflon, 
Italy) are used in anode-, screen grid- and input circuits. 

Some electrical characteristics of the amplifier unit are: 

Nominal output power 
Maximum output power 
Frequency range for 
full power output 
Gain 
Anode efficiency 
Anode voltage 
Screen grid voltage 
Control grid voltage 

125 kW 
137.5 kW 

199-5 - 200.U MHz 
> 11 dB 
> 55 % 
9 kV 
1100 V 
- 1+50 V 

(Manufacturer: Siemens AG, Germany) 

The loads will be mounted on top of the accelerating cavities. 
Only part of the radio frequency power generated in the RF 
power amplifier and passing through the accelerating 
structure can be fed into the accelerated beam, the rest 
must be dissipated in the terminating loads. The loads will 
also be needed for testing the RF power amplifier. A total 
of three terminating loads is required, each capable of 
absorbing 500 kw BF power at a frequency of 200 MHz. 

The load is built up in a coaxial configuration. The RF 
power is dissipated directly in the cooling water which 
flows between inner and outer conductor of the coaxial 
structure. The required resistivity of water is obtained 
by doping demineralized water with sodium dichromate or 
nitrite. A coaxial ceramic window separates the water-
filled line from the RF input. At the same time, this 
ceramic section is designed to match the low input impedance 
of the water-filled line to the 50 Ohm RF input. 

The load must withstand a static test pressure of 15 atm 
gauge. The pressure drop at a flow rate of 550 Ä/min 
is less than 2 atm. 

(Manufacturer: Varian, USA) 

Further information can be obtained from H.P. Kindermann, 
RF group/Lab II. " ' 

- - i - • 1 ' 15 March 197^, 

High Power 
Terminating Load 

E l 7 -3 
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E18 Accelerating cavity 

An accelerating cavity is a metallic vessel where an electro
magnetic field can he produced in order to accelerate 
charged particles. 

In the SPS, the charged particles are protons, and the two 
accelerating cavities are essentially circular pipes of 20 m 
length with a diameter of 0.75 m. The protons move along 
the axis of the cavities and are accelerated by the longi
tudinal electric field of an electromagnetic wave which 
travels down the structure (see figure). 

In order to give the protons a large energy gain, it is 
essential that the particles keep in phase with the accele
rating wave throughout the full length of the cavities, i.e. 
the phase velocity of the wave must be equal or extremely 
close to the velocity of the particles. This is achieved 
by loading the circular pipe with bars at regular intervals; 
in the middle of each bar, a circular tube bored axially 
allows the proton beam to travel along the axis of the 
structure. 

The circular pipe is made of copper-clad steel; the bars and 
drift tubes are made of OFHC copper. 

At one end, each accelerating cavity is fed with RF power 
through an input coupler. At the other end, the cavity is 
terminated by a similar output coupler which couples out the 
remaining power of the electromagnetic travelling wave into 
a matched load. The main part of the couplers is the RF 
window which must be transparent for electromagnetic waves 
and,at the same time, must separate the vacuum inside the 
cavities from the external atmosphere. In the SPS cavities, 
the RF windows are cylindrical tubes made of beryllium oxide 
because the good thermal conductivity of this material pro
vides a better cooling. 

Further information can be obtained from G. Dôme, RF group, 
and for mechanical questions, from G. Rogner, ME group, 
Lab II. ; , ! 

„I ' ', , : , ' 15 March 191^ 
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HORIZONTAL CR05S-SECTION OF AN ACCELERATING CAVITY AND OF ITS 

OUTPUT COUPLER 

At_the^^her_er2d_of the_ çavi ty Jherejs a ^i£TilâUi]flul£oy£l£r 

Vertical coaxial l ine 
to terminating load Beryll ium oxide w i n d o w P r o t o n b u n c h A c c e l e r a t i n g electric f ie ld 

Proton b<rarn 

Bar _ \ 
Dritt t u b e 

There is a proton bunch every fourth drift tube. The field pattern move 
along the structure with the same velocity as the proton bunches. 
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El9 Function generator with varying repetit ion 
frequency for the main RF system of the 
Synch ro-eye!otron 

The purpose of the RF-4900 generator is to modulate the 
RF voltage produced on the main acceleration electrode (DEE) 
of the synchro-cyclotron by the new rotary capacitor system. 

Mounted on the control room desk, this equipment will en
able operators of the SC machine to ensure optimum output of 
the main RF system. 

Potentiometer-type adjusters make it possible to give the 
RF amplitude the required shape between the beginning and 
end of the acceleration? programme. 

This function generator, which has a new control system, 
is of special interest in that it maintains the parameters of 
its output signal constant, irrespective of the repetition 
frequency of the acceleration programmes. It is not, there
fore, necessary to make further adjustments if the number of 
acceleration programmes changes from 300 to 800 per second. 

The RF amplitude of the acceleration programme is given 
the desired shape by means of 4 independent analog functions : 
1. continuous level (square wave), 2. positive or negative 
slope sawtooth wave, 3. multiple triangles with controlled 
spread, 4. multiple triangles for controlling the end of 
the function. 

This equipment, which is entirely transistorized - even the 
warning lights are LED-, was designed in order to operate 
reliably during continuous operation. The circuits are moun
ted on interchangeable cards but, in view of the small number 
to be produced, printed circuits were not used. The mechanical 
part was designed bearing in mind the limited space available 
in the control desk of the MSC. 

Yellow Report "Générateur de dents de scie à pente asservie", 
J.P. Tribolèt', CERN' 71-24 
M-Report""Générateur de fonction RF 4900", J.P. Tribolet, 
CERN MSC-M-4,* March"1971 " , ! ' ' 

Further information can be obtained from J.P. Tribolet, 
MSC Division, CERN, telephone 4213. 



- 346 -

E20 Function generator with varying repetit ion 
frequency for the slow extraction system of 
the Synchro-cyclotron 

Purpose 

Location 

Operation 

Special features 

This RF-4950 generator is designed to control the fre
quency and voltage applied to the extraction electrode (CEE) 
of the Synchro-cyclotron. It is linked with the main acce
leration system via the RF-4900 function generator. 

As the equipment is located on the control room desk, the 
SC machine operators can at any time select the appropriate 
parameters for the slow extraction. 

Several potentiometer-type adjusters provide independent 
control of the amplitude and frequency modulation of the 
slow extraction cycles. 

By means of a new control system, this generator ensures 
that all the voltage.and frequency parameters which it pro
duces are maintained constant, irrespective of the repetition 
frequency of the slow extraction programmes (from 300 to 4000 
per second). 

It is not necessary, therefore, to make further adjustments 
in the event of a change in the repetition frequency of the 
extraction programmes 

The desired shape for the RF amplitude is obtained by four 
independent analog functions : 1. continuous level (square 
wave), 2. positive-or negative-slope sawtooth wave, 
3. multiple triangles, 4. multiple triangles for controlling 
the initiation of the function. 

Construction 

The following parameters can be adjusted for frequency 
modulation by means of the internal oscillator (VC0): 
1. frequency range between 16 and 18 MHz, 2. form of fre
quency variation between the limits of the range selected 
by the action of multiple triangles. 

This equipment which is fully transis;orized - it contains 
more than 600 discrete or integrated components - , has been 
designed to function in a permanent operating mode. The 



- 347 -

circuits are mounted on interchangeable wired cards. The 
mechanical part was designed bearing in mind the limited 
space available in the MSC control desk. 

Literature Yellow Report "Générateur de dents de scie à pente asservie", 
J.P. Tribolet, CERN 71-24 

M-Report "Générateur de fonction RF 4950", J.P. Tribolet, 
CERN MSC-M-5, 20.9.1973 

References Further information can be obtained from J.P. Tribolet, 
MSC Division, CERN, telephone 4213. 

E20-2 
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E21 A large rotary-face seal for high vacuum use 

Object of seal The rotary capacitor which will be used to modulate the 
frequency of the acceleration voltage of the synchro-cyclotron 
contains an aluminium rotor of 1440 mm diameter which runs at 
about 1800 rpm in high vacuum. Some means,therefore, had to 
be found to segregate the rotor bearing lubrication oil from 
the capacitor vacuum system. The seal had to be about 
250 mm diameter and work at up to 36 m/s circumferential 
speed. Some experience had been gained with small diameter 
steel-carbon seals and this system of seal was chosen. 

To eliminate the destructive effects of Rf-currents on 
the steel seal rings, a carbon-ceramic configuration was 
selected. 

History The first seal used was an oversized standard seal with 
of seal development the ceramic ring glued to a retaining ring. This seal 

failed after very few hours of service when the glue 
(Araldite F) failed because of temperature extremes. 

A new design using 0-rings and clips to hold and seal the 
ceramic was produced by the manufacturer and was tested in 
simulated working conditions at CERN. The rig was built to 
measure oxl leak rate as a function of speed, time and 
pressure. The new seal behaved well at low speeds (1400 rpm) 
but with time excessive leakage was found at higher speeds. 
Burnt and decomposed oil was found to be the cause of seal 
deterioration and measurements showed that the ceramic 
temperature rose to at least 300 C. These temperatures would 
soon destroy the carbon seal ring and the 0-ring seals. 

In the 0-ring design, the ceramic was effectively isolated 
and as about 1 kW can be dissipated in the seal, thermal 
problems were bound to arise. 

Some improvement could be obtained if oil could be cir
culated around the seal, and the next design allowed this 
whilst maintaining a ceramic to support vacuum seal. In this 
seal, the ceramic temperature did not exceed about 200 C. The <' 
diagram, although showing the next development, indicates how 
the cooling improvement was obtained. 
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! i i 
Present monoblock seal 
assembly 

Effect of surface Certain surface and seal flatness criteria must be applied 
jad seal flatness to Kiis type of seal. The tolerances set out for smaller 

seals are inadequate for this larger type. At best, with 
optically polished ceramics and mounting to optimize toleran
ces, an overall surface flatness of 4u could be obtained. 
After running in the sea], leak rates of 1 to 5 cc per hour 
of oil could be measured over a long period. It should be 
noted that the leak rate varies with time. At 8u flatness 
very much higher rates could be found. 

Helium leak rates With the requirements of vacuum systems in mind, the 
helium leak rate has also been measured. This was found to 
be a strong function of flatness and speed. A 4u seal 
showed leak rates around 10 -^ Torr 1/sec whereas an 8y seal 
could be up to 100 times higher. Passing to higher speeds 
had similar effects and rapid speed changes caused erratic 
seal leakage behaviour. 

Further experience Recent measurements on operating seals have shown higher 
vacuum and oil leak rates. The stainless steel support ring 
of the ceramic was found to be distorted and has been 
replaced by the monoblock construction shown. Much greater 
rigidity in the design, plus the better thermal properties 
of the aluminium alloy used, should improve the flatness 
stability of the seal whilst enabling more heat to be removed 
from the seal permitting cooler operation. 

Oil vapour Whereas liquid oil can escape via the leakage oil line, the 
protection oil vapour will diffuse rapidly into the vacuum. To prevent 

this a rotary turbomolecular pump baffle is inserted between 
the main vacuum and the seal space vacuum; the seal space 
being pumped separately. 

To ob-.ain a high pressure ratio on the baffle whilst run
ning at low speeds (i.e. 1400 rpm) a special large diameter 
turbopump disc was designed. As the pressure ratio of a disc 
is a function of the linear speed of the disc, the use of 
multiple small cuts on a large diameter gave, at 1425 rpm 
and 20 stages, a compression ratio of 2860:1 for air. This 
rotary baffle has proved very efficient in pumping oil and 
other vapours. At standstill it acts as a large resistance. 

H21-2 

S 
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The seal was designed in collaboration with 
Sealol GmbH..Fischbach/Germany 
AEG-TELEFUNKEN, Grosswelzheim/Germany 

and made by Sealol and CERN. 

The turbopump baffle was designed in collaboration with 
Pfeiffer, Wetzlar/Germany. 

1. Self Circulating Lubrication System 
CERN Technology note 

2. Performance Analysis of Axisymmetric flat face 
Mechanical Seals - R. Metcalfe AECL 4432 -
Atomic Energy of Canada Ltd. 1973 

3. The Turbomolecular Pump - Pfeiffer -
technical note 40E1. 

Further information can be obtained from C E . Hill,tel.2788 
or S. Talas, telephone 2219, MSC Division, CERN. 
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E22 Protection of bearings from RF current 

The 1440 Tran diameter, 500 kg aluminium alloy rotor of the 
rotary capacitor, used in the synchro-cyclotron to modulate 
the frequency of the accelerating voltage, is supported on 
two preloaded high precision angular contact bearings. This 
arrangement ensures stability of the rotor. However, the 
rotor disc is not at zero potential and current would pass 
via the bearings to the support shaft. Insulating the 
bearings from the rotor would not be enough as the capacitance 
of the insulating sections would still allow RF-current to pass. 

If the bearings were insulated from both the rotor (i.e. 
voltage source) and the shaft (C3, C4 fig.l) and two additional 
capacitors (Cl, C2) added, the arrangement would make up a 
capacitive four arm a.c. bridge network with the bearings in 
the detector position. Careful adjustment of CI and C2 would 
balance bridge and reduce the voltage across the bearings 
to zero. 

In a mechanical construction, it is virtually impossible to 
trim CI and C2 to an accuracy required to ensure zero current 
(this assumes a "pure" capacitive bridge). Thus some current 
will always flow through the bearings. 

An experimental rig was built to enable current to be 
passed through ball bearings under similar conditions to be 
met in the Roteo, and to measure their lifetime. Lifetime 
was defined when a given vibration level was exceeded. 

Figure 1 
Protection 
system 
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Figure 2 
Test rig -
vibration vs time VIBRATION 

AMPLITUDE 
r 

H F c u r r e n ! - B e a r i n g s e e v* 2 5 m m -

L a r r ' n c t e d textile f i b r e c a g e • 

1300 F « p M - f = ? 0 M H z 

Viertic al l u ' i ü * O 0 R g 

; -, '. to i lo 

lOh 21h S4h HÇh t « r > 1700ti 

Figure 2 shows typical vibration-time curves for a number of 
currents. All bearings tested were of the angular contact 
type but different types and designs were tried. 

1. To obtain a satisfactory bearing life, the current through 
it must not exceed 1 ampere. 

2. Up to a certain limit, life increased with contact angle. 

3. Insulating cages were better than metal ones. 

The results obtained were used to design and build a 
bridge system for the rotary capacitor bearings and it has 
been set to ensure a minimum voltage across the bearings. As 
the bridge is also near the rotary face seal and mounted in 
vacuum, it also acts as an additional oil vapour baffle. 

Assistance in the supply of various types of bearings was 
given by Ransome, Hoffman and Maries, Nottingham, 
Great Britain. 

For further information please contact C . E . Hill,tel.2788 
or s . Talas,telephone 2 2 1 9 , MSC Division, C E R N . 



E23 Sel f -c irculat ing lubrication system 

During the design and construction of the S C rotary capa
citor there were many difficulties occasioned by the cooling 
and lubrication of the rotary vacuum seal and main support 
bearings of the rotor. This note describes a solution which 
is being tested at present and will be installed in the near 
future. 

The necessity of having one side of the rotor accessible 
and meeting high mechanical tolerances required that the rotor 
be supported on a hollow stationary shaft. Under these 
circumstances the outer races of the bearings rotate and a 
conventional lubrication system would not be acceptable because 
of the large quantities of oil which would remain in the 
bearings. This oil would cause very high power losses (up to 
6 kW). Naturally reduction of the oil film would reduce losses. 

The centrifugal force acting on the rotating oil film at 
the bearing outer diameter was used to return the oil to the 
reservoir. To avoid flooding the bearing chamber (high loss 
condition) at low rotational speeds, when the centrifugal 
force is low, a constant volume type oil feed pump electrically 
coupled to the rotor drive supply was used. By this means the 
flow rate could be made linearly proportional to the rotor 
speed. The flow rate was such that an oil-film thickness of 
2-3 mm was maintained against the stationary distance ring which 
also provided a passage for oil return. 

Control of this system proved to be difficult in practice 
and in the event of power failures to the rotor drive the 
oil supply system failed. Under these conditions there was no 
cooling of the rotary seal and because of the risk of damage 
to the seal, emergency measures had to be taken. 

i Further studies ^.d some experimental evidence indicated a 
means of overcojailig these difficulties. The general idea is 
shown in drawing RF 5669-2. The oil reservoir with its own 
heat exchanger in series with the existing rotor motor cooling 

i circuit willjbe put<inside-the main vacuum chamber. When the 
rotor is>stationary, oil-is filled into the reservoir to a 
level which twill, give a 3-4 mm film against the stationary 
spacer ring'when^'the^rotor^turns'.' J '•" ' 
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A turbine flow meter in the oil return line will give in
formation concerning oil flow rate and the thickness of the 
rotating film. Oil loss from the system (i.e. leakage through 
the rotary seal) will be indicated by the flow meter and the 
loss can be compensated from an external source. Filling and 
drain lines will be provided. 

1. In the event of a power failure, the system is self-
protecting. 

2. No external pump or circulating system will be required. 
3. Accidental flooding of the vacuum chamber with oil will be 

avoided. 
4. The flow rate will be automatically a linear function of 

rotor speed which will also give a constant temperature 
throughout the system. 

5. Interlocking will be very much simplified. 
6. The system will work equally well at atmospheric pressure 

or rough vacuum. 

The pressure which is acting on the oil film is given in 
the figure below. 

Further information can be obtained from S. Talas, 
MSC Division, CERN, Tel. 2219. 
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E24 Multichannel time recorder (Digitron) 

In experiments where many time-measurements are required, 
the application of conventional scalers is often complex and 
expensive. The instrument described below is capable of 
recording up to 200 time-measurements with a precision of 
± 5 nS using A scalers and a buffer memory. It has been deve
loped for the new "g-2" experiment but has other applications. 
(Tradition in "g-2" experiments dictates that this instrument 
be called a "Digitron".) 

Precision Timing precision is given primarily by the crystal-con
trolled 100 MHz clock. In addition, the input signals to be 
measured pass via Time-Quantizers (sometimes called Derando-
misers or Synchronisers) which place them in the nearest 10 nS 
time-bin. This is a necessary procedure in order to avoid 
errors (see later). The crystal-clock in the "g-2" applica
tion is always running - in other applications the clock could 
be started in synchronism with a Start pulse. 

The 4 scalers have each 16 bits (M X 95H16). They are con
trolled by a recirculating shift-register (95H00) which con
tains a single 1 bit and three zeros - thus only one scaler 
counts at a time. Having started the system such that the 
first scaler is counting the 100 MHz clock pulses, the arrival 
of a signal to be measured causes the shift register to move 
on one position, stopping the first scaler and starting the 
next. To avoid losing a count it is arranged that this shift 
takes place between two clock-pulses - hence the need for the 
Time-Quantizer. 

Organisation As soon as a scaler stops counting, its content is trans
ferred to the M.O.S. buffer and it is then cleared to zero. 
It takes 500 nS to do this transfer. If, during this 500 nS, 
two more input signals arrive, the next two scalers also stop 
counting and the fourth begins. A fourth input stops the 
fourth scaler and starts the first again (which has been 
cleared after data transfer to buffer). Should the fourth 
signal arrive before the first scaler has been cleared, this 
signal is lost. These losses we call the "Queuing Losses", 
somewhat analogous to Dead-Time losses; they can be predicted 
and in most applications will be small. The 500 nS transfer 
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time is a property of the particular MOS memory chosen. 
Faster buffers would mean even lower queuing losses. 

This procedure continues until the buffer of 200 words 
full or the measurement is complete. 

NP Internal Report 73-14 August 1973 - I. Pizer. 

1 April 1974 
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E25 A versat i l e cable and connector assembly 
tes t ing apparatus (NP 2026) 

This solid state, self-contained apparatus was developed 
to test cable or wiring assemblies, with a maximum capacity 
of 244 individual conductors. 

Intermittent or permanent faults of either open- or short-
circuit conditions are displayed, accompanied by an audio and 
visual warning. 

The apparatus, housed in a standard CERN chassis, accepts 
standard adaptor plug-in units, which may easily be construct
ed for use with almost any type of connector. 

Complete details of the apparatus may be found in the 
Yellow Report CERN 74-6. Further information can be obtained 
from K. Harrison, NP Division, CERN, Tel. 2609. 

1 April 1974 
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E26 1:10 scale model for studies of eddy current 
losses in the ROTCO rotor 

Problem The rotor of the rotary capacitor will turn in the stray 
field of the SC magnet and additional drive power will be 
required to overcome eddy current losses. The complicated 
shape of the rotor (like a turbine) made it difficult to 
calculate these losses and thus experimental investigations 
were necessary. 

A 1:10 scale model of the rotor and motor was built with 
a dynamometer and placed between the poles of a magnet. In 
order to simulate the conditions to be experienced in practice, 
the model rotor could be driven at up to 15 000 rpm by means 
of a small air motor. The torque with and without magnetic 
field could be measured and knowing the rotational speed, the 
additional power losses due to eddy currents could be calcu
lated. 

References Report MSC/SD/2490, "Eddy current losses in the rotor of the 
rotary capacitor" (theory), A. Fiebig, July 1971. 

Further information can be obtained from R. Hohbach, 
MSC Division, CERN, telephone 2160. 

Experimental control 
of theoretical 
estimates 

The rotor 



- 359 -

Fig- 1 _ . 
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E27 Radio-frequency problems of the rotary 
capacitor, resonator, and generator of the 
new SC RF system 

Specifications of the The SC improvement programme requires an accelerating 
new SC RF system structure which provides 30 kV KF frequency modulated between 

30 and 16.7 MHz 466 times per second with a duty cycle of 65%. 
These requirements go far beyond what has been achieved up to 
now with other SC RF systems. A careful choice of the 
electrical parameters was therefore necessary to find a tech
nologically feasable solution. 

Computer studies together with 1:5 scale model measurements 
(fig. 1) were undertaken before a full scale model was built. 

Problems The following problems were attacked by iterative approach: 

1. Practically feasible capacitance variation ratio of 
rotary capacitor. 

2. Optimisation of the impedance distribution of the resonator 
bearing in mind the limits of the magnet gap and beam 
profile conditions. 

3. RF power losses in the system 

4. Excitation and suppression of parasitic frequencies in 
the resonator structure. 

5. Optimisation of the impedance transformation between 
RF generator and resonator to provide a constant load 
on the RF generator. 

6. Provision of the basic parameters for the final stator 
blade shape to give a frequency-time function so that no 
beam losses would occur during acceleration. 

7. Check of range of upper and lower frequency variation 
possibilities. 

> 
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Final solution On the basis of the results obtained from the model measure
ments, the final versions of the rotary capacitors, the 
accelerating electrode and the RF generators were built. Very 
tight electrical tolerances had to be kept and clamping and 
filter circuits had to be added. 

Practical experience with the new system has shown that 
most of the electrical requirements have been met successfully. 

References Technology note "The new SC radio-frequency system -
essential technological features of its rotary capacitor -
E 28" 

Further information can be obtained from H. Beger, tele
phone 2274, A. Fiebig, telephone 2276, R. Hönbach, telephone 
2160, MSG Division, CERN. 

Figure 1 

The new SC RF system 

( a ) mechanical 
lay-out 

(b) electrical 
diagram 

Figure 2 
( a ) Characteristic 

impedance along 
the resonator 

(b) Voltage along 
the resonator 
(given values 
for the real 
model) 

ROTOR & STATOR 

E27-2 
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E28 The new SC radio-frequency system: 
essential technological features 
of i t s rotary capacitor 

Purpose Increasing the proton beam production by a factor ten with 
an essentially unmodified magnetic field has required the 
achievement, with the new SC RF system, of a combination 
of values of accelerating voltage, repetition rate, frequency 
swing and duty cycle unsurpassed by any other existing synchro
cyclotron (fig. 1) . 

The main source of difficulty in such synchro-cyclotron 
RF systems always lies in the frequency varyinp device. In 
the CERN case, this is a ROTARY CAPACITOR, a mechanical de
vice for providing a time varying capacitance, with a rotor 
carrying 3 rows of 16 teeth moving between 4 rows of stator 
blades (fig. 2). The capacitor has to handle up to 50 MVA 
of RF power. 
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Rotor diameter 1.4 m, speed 2200 rpm, rotor-stator gap 
1.1-4 mm, tolerance + 0,10 mm, disc capacitor coupling 
system to accelerating electrode 0.3 mm on 1065 mm diameter. 
The equipment carries radio-frequency voltages up to 35 kV. 
It must operate in high vacuum, free of hydrocarbon vapour. 
To meet the dimensional tolerances while operating under high 
RF-currents between 30 and 17 MHz (power loss ^ 80 kW), the 
system including the rotor has to be water-cooled. Various 
parts of the system have to be insulated and held at a d.c. 
bias of 3 kV. 

Radio-frequency considerations make it necessary to leave 
one side of the rotor accessible and unobstructed by any 
support. It was therefore mounted on a hollow, cantilevered 
stationary support shaft which carries in its centre the 
rotating drive shaft and the rotor cooling water. 

Special machining procedures were necessary to guarantee 
breakdown resistance of metal surfaces. 

The high mechanical tolerances necessitated the use of the 
prestressed ball-bearings which have to be lubricated, cooled 
and protected from RF currents. 

The lubrication and cooling is provided by an automatic 
centrifugal oil-pumping system actualised by the rotation. 

The oil filled ball-bearing cage is separated from the oil-
free high vacuum by a rotating seal of special design, and by 
a shaft turbopump and a fore-pump system separated from that 
of the main oil free vacuum. 

To protect the ball-bearings against deterioration by 
RF currents it is placed into the balance arm of a capacitance 
bridge, which is balanced at the centre of the frequency band. 

Design jointly by CERN + AEG, based on studies by CERN 
(ball-bearing, seal, breakdown). Manufactured by AEG. 

1. "Design of the new RF system for the 600 MeV synchro
cyclotron at CERN", H.H. Kannowade, AEG-Telefunken, 
Frankfurt/Main 

2. "Some essential features of the rotary capacitor in 
construction for the improved 600 MeV SC of CERN", 
H.H. Beger, CERN-MSC, Geneva 

both in "IEEE Transactions on Nuclear Science", Vol. NS 18, 
No. 3, June 1971 
Other technology notes : 
E27 RF problems of the rotary capacitor, resonator and 

generator 
E21 A large rotary face seal for high vacuum use 
E23 Self-circulating lubrication system 
E22 Protection of bearings from RF current 
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Other technology notes (cont'd) : 
E26 1:10 scale rotor model for studies of eddy current losses 

Further information can be obtained from 
H. Beger telephone 2274 
A. Fiebig telephone 2276 
R. Hohbach telephone 2160 
S. Talas telephone 2219 
all MSC Division, CERN. 

15 March 1974 

F i g . 1 
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E29 The NIM standard for nuclear instrumentation 

Electronic instrumentation for experiments at CERN is, in 
most cases, constructed according to the NIM standard. This 
Nuclear Instrument Module standard specifies the mechanical 
dimensions of a set of modules and the powered crate in which 
these modules can be plugged. The module power lines in the 
crate are also defined, as well as the input and output logic 
levels. Within modules the circui,'. designer has complete 
freedom. 

The NIM standard was the first system to find world-wide 
acceptance and it is now the main standard for nuclear instru
mentation. The classical compatibility and interchangeability 
problem of instruments from different laboratories or commer
cial firms has virtually been solved by the application of 
this scheme. 

CERN adopted the system in 1966, after having taken part in 
discussions on its definition with the US-AEC Committee on Nu
clear Instrument Modules. 

Since that time many modules have been designed and con
structed and used at CERN. It is a CERN policy to offer their 
NIM designs for production to European industry for non
exclusive commercialization. In this way a strong stimulus 
has been given to industry in this specialized field of in
strumentation and has had the advantage of making CERN-designed 
instruments available to other laboratories. This is of par
ticular interest to visiting experimental teams from the CERN 
member states, who can thus buy instruments that are standard 
at CERN and directly applicable to the peculiarities of high-
energy physics experimentation. 

In the cases where digital data is to be transferred from 
many modules to a computer, an alternative, more recent stan
dard is employed, called CAMAC (see Technology Note E30). 

2) H. Verweij, Proc. Int. Symposium on Nuclear Electronics, 
•Versailles, 1968 (La Documentation française, Paris, 

' 1968), Tome 1, p. 60.1 to 60.15. 

I ¡f or enees 1) US-AEC TD-20893. 

,3) NP Electronics Group. 

For further information, contact H. Verweij, NP Division. 

1 April 1974 
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E30 The CAMAC system of electronic 
instrumentation 

More than 30 large and small laboratories, institutes, 
international and governmental centres, including CERN, 
sponsored the ESONE committee (European Standards of Nuclear 
Electronics) in its development of the CAMAC system of modu
lar electronic instrumentation. The list of members is given 
in Appendix 1. 

As a result of this collaboration there is now in the CAMAC 
system a practical European standard particularly well suited 
to the data acquisition and control needs of high energy phy
sics experimentation. 

The CAMAC system is of general use in all applications 
which involve fast acquisition and exchange of information 
(measurenent, control, etc.) in direct connection with an 
electronic computer or special controller. This system of 
compact instrumentation was designed both as a general pur
pose peripheral and an interface to a computer. Therefore, 
although originating from nuclear centres, CAMAC is applica
ble in other fields (for example, médecine, process control 
and numerical control). This fact was recognised by the Inter 
national Electrotechnical Commission (IEC) which is now pro
posing the system to its national commission, under the 6 
months rule, for evaluation. 

The Commission of the European Communities (CEC) partici
pates in providing a secretariat in Ispra, publishing the 
basic CAMAC reports (particularly EUR 4100e, CAMAC) and also 
the CAMAC Bulletin. Contact is also regularly maintained with 
the AEC/NIM committee in the United States which has also 
endorsed CAMAC for use in the U.S.A. 

At CERN, CAMAC is extensively used in counter experiments 
and will be used in the control of the SPS accelerator. 
Various other applications are planned. 

One major success of the CAMAC venture is the current 
commercial availability of,CAMAC equipment. Many hundreds of 
modules (instruments) and interfaces (adaptors) to computers 
are on the market, well supported by the skill and'knowledge 
of industry (see Appendix 2 for list of manufacturers). 
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International European Organization for Nuclear Research 
(CERN) 

F. Iselin* Geneva, Switzerland 

Centro Comune di Ricerca (Euratom) L. Stanchi Ispra, Italia 
ESONE Secretariat W. Becker* 

Ispra, Italia 

Bureau Central de Mesures Nucléaires (Euratom) H. Meyer* Geel, Belgique 
Institut Max von Laue - Paul Langevin A. Axmann Grenoble, France 

Austria Studiengesellschaft für Atomenergie W. Attwenger Wien 
Inst, für Elektrotechnische Messtechnik an derT.H. R. Patzelt* Wien 

Belgium Centre d'Etude de l'Energie Nucléaire L. Binard Mol 
Denmark Forsögsanläg Risö P. Skaarup Roskilde 
England Atomic Energy Research Establishment H. Bisby* Harwell 

Culham Laboratory A.J. Vickers Abingdon 
Daresbury Nuclear Physics Laboratory B. Zacharov Warrington 
Rutherford High Energy Laboratory M.J. Cawthraw Chilton 
University of Oxford B.E.F. Macefield Oxford 
University of York I.C. Pyle Heslington 

France Centre d'Etudes Nucléaires de Saclay P. Gallice*- Gif-sur-Yvette 
Centre d'Etudes Nucléaires de Grenoble J. Lecomte Grenoble 
Laboratoire de l'Accélérateur Linéaire Ph. Briandet Orsay 
Centre de Recherches Nucléaires Strasbourg 
Laboratoire d'Electronique et d'Instrumentation 

Strasbourg 

Nucléaire du Centre Universitaire du Haut Rhin Mulhouse 
Laboratoire des Applications Electroniques de 
l'Ecole d'Ingénieurs Physiciens Strasbourg 

Germany Deutsche Studiengruppe für Nukleare Elektronik 
c/o Physikalisches Institut der Universität 

B.A Brandt Marburg 

Deutsches Elektronen-Synchrotron D. Schmidt Hamburg 
Hahn-Meitner-Institut für Kernforschung H. Kiessmann Berlin 
Kernforschungsanlage Jülich K.D. Müller Jülich 
Gesellschaft für Kernforschung J.G. Ottes Karlsruhe 
Institut für Kernphysik der Universität W. Kessel Frankfurt/Main 

Greece Demokritus' Nuclear Research Centre Ch. Mamakas Athens 
Hungary Central Research Institute for Physics J. Biri Budapest 
Italy Comitato Nazionale Energia Nucleare (CNEN) B- Rispoli* Roma 

C N E N Laboraton Nazionali M Coh Frascati 
C N E N Centro Studi Nuclean F Fiorom Casaccia 
Centro Studi Nuclean Enrico Fermt P F. Manfredi Milano 
Centro Informazioni Studi Espenenze P.F. Manfredi Milano 
Istituto di Física dell'Università G. Giannelh Ban 

Netherlands Reactor Centrum Nederland Petten 
Instituut voor Kernphysisch Onderzoek E. Kwakkel Amsterdam 

Poland Instytut Badan Jadrowych R Trechcmski Swierk K/Otwocka 
Romania Institutul de Fizica Atómica M Patrutescu Bucaresti 
Sweden Aktiebolaget Atomenergi Studsvik Per Gunnar Sjolm Nykoping 
Switzerland Schweizerische Koordinationstelle'für die Zu

sammenarbeit auf dem Gebiet der Elektronik 
H.H. Hidber Basel 

Yugoslavia Bons Kidric Institute of Nuclear Sciences M Vojmoiic Vinia Belgrade 

Affiliated Laboratory 
Canada T R I U M F Project, University of British Columbia 

Simon Fraser University, University o f Victoria, W.K. Dawson Edmonton 
University of Alberta 

Other recent ESONE members: ' 
Istitutul de Fizica Atómica, Bucaresti, Roumania, whose representative will be 
Mr. M. Patratescu, Cas Postala No. 35, Bucaresti, Roumania. 

- Centre de Recherches Nucléaires, Strasbourg, France. 
Laboratoire d'Electronique et d'Instrumentation Nucléaire du Centre Universitaire du 
Haut Rhin, Mulhouse, France. . - » ' , . , . > , 

Appendix i. MEMBERSHIP OF THE ESONE COMMITTEE 
This list shows the member organisations and their nominated representatives on the ESONE Committee. 

Members of the Executive Group are indicated thus*. 
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- Laboratoire des Applications Electroniques de l'Ecole d'Ingénieurs Phyr.iciens, 
Strasbourg, France. 

These three laboratories will have one representative who has not yet been nominated. 

LIAISON WITH THE USAEC NIM COMMITTEE IS MAINTAINED THROUGH: 
L. COSTRELL (Chairman), National Bureau of Standards - Washington, DC. 
F.A. K IRSTEN NIM-CAMAC Dataway Working Group), Lawrence-Berkeley Laboratory -

Berkeley, California. 
R.F. THOMAS Jr. NIM-CAMAC Software Working Group, Los Alamos Scientific Laboratory - Los 

Alamos, New Mexico 
D.A. M A C K NIM-CAMAC Mechanics Working Group, Lawrence-Berkeley Laboratory -

Berkeley, California. 
D.I. P O R A T NIM-CAMAC Analogue Signals Working Group, Stanford Linear Accelerator 

Center-Stanford. California. 

Appendix 2. 

EUROPEAN CAMAC INSTRUMENTS MANUFACTURERS* 

AEG-Telefunken 
D-7900 Ulm, Germany 

Eisenmann Elektronische Geräte 
D-7500 Karlsruhe, Germany 

BF Vertrieb GmbH 
D-7500 Karlsruhe 41, Germany 

GEC-Elliott Process Automation Ltd. 
Leicester LE3 1UF, England 

Borer Electronics AG 
CH-4500 Solothurn 2, Switzerland 

Grenson Electronics Ltd. 
Daventry, Northants NN11 4HQ, England 

Domier AG 
D-799 Friedrichshafen, Germany 

Hytec Electronics 
Maidenhead, Berkshire, England 

Informatek 
F-91401 Orsay, France 

Micro Consultants Ltd. 
Caterham, Surrey, England 

Laben (Division of Montedel) 
1-20133 Milano, Italy 

Nuclear Enterprises Ltd. 
Beenham, Reading RG7 5PR, England 

RDT Ing. Rosselli Del Turco 
1-00155 Rome, Italy 

O.S.L. 
F-06340 La Trinité, France 

SAIP/Schlumbe rge r 
F-9222 Bagneux, France 

Power Electronics (London) Ltd. 
Leatherhead, Surrey, England 

Saphymo-Srat 
F-75013 Paris, France 

Semra-Benney (Electronics) Ltd. 
Hampshire S05 3ZU, England 

Wenzel Elektronik 
D-8000 München 80, Germany 

Willsher and Quick Ltd. 
Highbridge, Somerset, England 

SEN Electronique 
CH-1211 Genève 13, Switzerland 

Zjednoczone Zaklady Urzadzen (Polon) 
PI-00-086 Warszawa, Bielanska 1, Poland 

Siemens AG 
D-7500 Karlsruhe 21, Germany 

* Manufacturers of components not given. 

E30-3 
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; CERN literature on For reference in CERN library, also obtainable from 
CAMAC Mr. J. Halon, NP division. The documents are: 

- CERN NP CAMAC Notes 
Technical and Information Notes on CAMAC development. 

- CERN CAMAC Notes 
An extension and replacement of the above NP notes to all 
CERN. 

- CERN CAMAC News 
A recent internal communication medium for CAMAC/ESONE 
related matters. 
No. 1 published Dec. 1973, No. 2 in March 1974. 

1 April 1974 
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E31 A computer-controlled analog multiplexing 
system 

The analog 
multiplexer unit 

Figure 1 
Analog multiplexer 
4 x 15 channels 

A large number of signals have to be observed on oscillo
scopes in the Main Control Room of the CERN Proton Synchrotron. 
The signals are generated at some distance from the Main Con
trol Room and in order to reduce the number of cables, we have 
developed an analog multiplexer with 15 inputs and 4 outputs. 
Multiplexers can be mounted in series, permitting the selection 
of 4 signals out of 225 (15 x 15). A special feature of the 
system is its large bandwidth, 0 to 30 MHz. 

The 15-channel analog multiplexer is constructed on a 
printed circuit card, which contains 15 input and 4 output 
lines and control lines to switch input to output via relays 
(see Fig. 1). The major technical problem was to design a 
layout which would minimize reflections and cross-talk between 
lines. Reflections are avoided by terminating non-selected 
input lines by a 75 ohm resistance, and by halving the unter-
minated portion of the output line when selecting inputs be
tween 1 and 7 (see Fig. 1, relay RL1). Cross-talk has been 
reduced to less than 20 dB from 0 to 100 MHz by separating the 
channels by means of an earth screen on the printed board and 
by superposing cards, one for the micro-strip and the other 
comprising relays and connecting lines. 
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Signals from the analog multiplexer unit pass through a 
distribution amplifier prior to transmission to the Main Con
trol Room. These distribution amplifiers present the follow
ing characteristics and advantages: 
a) a bandwidth from 0 to 30 MHz, sufficient for the majority 

of signals transmitted; 
b) they resolve the problem of noise isolation between the 

transmitting and receiving points of the low level signals, 
espacially the 50 Hz low frequency noise and its harmonics. 

Figure 2 
The circuit comprises low 
and high frequency channels 

iN-o 
IN* o 

OUTPUT 
STAGE 

Signal selection is done on a console. For each CPS cycle 
the STAR (Système de Transmission Adressé Rapide) acquisition 
reads the data corresponding to the selected signal. The 
computer then sends a control word via STAR to the analog 
multiplexer to establish the selection requested. Other data 
are sent to the console for display. 

CONSOLE 

CONTROL UNIT 

SIGNAL 
CHOICE 

DISPLAY — I — l f » J SEÄ[ \TIK TAK\ 
TRACE SE
LECTION 

lis- - : 

IS IS 

weirs * 
ADDRESS 

16 BITS + 
ADDRESS 

ISTARC 

STAR A 

ANALOG SIGNALS IN 

ilíL 

KEYBOARDS 

ANALOG 
MULTIPLEXE» 

Î7T 

30MHz AMPLIFIES 

ANAloa 
MULTIPLEXER \Z 

m 

SCOPE 

A 

Figure 3 Organization of the multiplexer analog control system 

At first the signal is selected by means of labelled push
buttons on a keyboard. Then the selected signal is directed 
to one of the 4 traces on the oscilloscope with the trace 
selection buttons. The signal then appears on the oscillo
scope and its name is displayed on a control unit below. 

Further information can be obtained from E. Asséo, J. Boucheron, 
E. Sigaud, MPS Division. 

April 1974 
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E32 Distributed dig i ta l read-out f a c i l i t y 

In the CPS computer control system, the computer treats 
process data so that they can be displayed in an easy and 
understandable format to the operating staff in the accelera
tor main control room. A total of 35 displays are installed 
in the different consoles and racks. 

General 
description 

Each display unit consists of a row of 10 labelled push
buttons, a rotating selector and nixie tubes with numbers and 
symbols. Push-buttons and rotating selector are directly 
connected to a gated matrix diode which, after coding, gives 
the identifying word of the parameter selected. Symbols (A, 
V, etc.) and decimal points are hard-wire positioned and coded 
on the same matrix for each parameter, according to the re
quirement. 

The incoming data control word, which contains the binary 
information of the 5 nixies and the signs, is transmitted in 
binary code decimal via adaptation cards to the nixies. 

Organization Input and output data transfers are made through the STAR 
(Systeme de Transmission Adresse Rapide) data transmission 
acquisition and control system. The 16-bit outputs are 
specified in the format illustrated below. 

bit 0 1 2 3 

timing 
treatment 

ring 
parameter No 

test 

4 5 6 7 8 9 10 11 12 13 M 15 

Input. Two 16-bit data control words are used to drive the 
nixies according to the following format code 

1 s t word 
b i t o i 2 3 4 5 6 7 8 9 10 U 12 13 14 15 

XI i i i i i i i i i T ~ r n 
1000 100 10 i 
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2nd word - + 

signs 10.000 

Seen from the user's side, the use of the general display 
is very simple. When a button is depressed, the computer 
will display the required data at the end of each machine 
cycle. 

For further information, please contact E. Asséo, 
E. Sigaud, MPS Division. 

DATA WORD CONTROL- STAR C 

r © P P \ 3 j p t 1 
1 — F - H 

PARAMETERS SELECTION, ^DECIMAL POINTS SYMBOLS, [IBM) 

ARE POSITIONED ON THE INTERNAL MATRIA^-^ 

-DATA WORO ACQUISITION -A STAR A 

DATA 
GENERAL DISPLAY ORGANIZATION VALUE 

April, 197A 

bit o I 2 3 4 5 6 7 3 9 10 11 12 13 14 15 
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MIO Water-cooled cable and terminations 

Use in ISR 

Main characteristics 

This special water-cooled cable was designed for the 
interconnection of the principal excitation coils of the ISR 
main magnet units. In all there are about 14 km of cables 
and 1300 terminations installed in the ISR. 

- Cross-section: 900 mm 2 

- Operating voltage: 2 kV 
- Minimum bending radius: 600 mm 
- Diameter of the cooling channel: 16 mm 
- Operating pressure: 10 kp/cm2 

- Test pressure: 50 kp/cm2 

The current rating depends on the pressure available 
between inlet and outlet, the maximum permissable temperature 
of the cable and the inlet temperature of the cooling water. 
Operating conditions in the ISR provide a current rating of 
1900 A. 

Terminations 

Acknowledgment 

Terminations had to be designed for the connection of 
the cable to the excitation coils. The lug is crimped to the 
cable by means of a specially designed hydraulically-operated 
tool, and afterwards insulated with a radiation resistant 
epoxy resin. 

The development and final design of the cable and termin
ations was made in collaboration with Kabel-Metal, Hannover. 

References "Water-cooled cables as interconnecting element for 
magnets" by S. Pichler et al, Proc. Int. Conf. on Magnet 
Technology, Hamburg, 1970, or Divisional Report CERN/ISR-MA/ 
70-14, 1970. 

"Wassergekühltes Kabel für die CERN" by S. Richter and 
M. Wilck, Fachzeitschrift "Draht", Coburg, 4/70, 1970. 

8th March 1974 
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Mil Water-cooled cable duct for the magnet 
system of the Intersecting Storage Rings 

This special water-cooled cable duct provides support, 
protection and cooling for the power cables interconnecting 
the main and auxiliary windings of the ISR magnet system. 

The cooling, provided by a water flow in the cable-
supporting pipes of the duct, made possible a considerable 
reduction in the capacity of the air-conditioning system 
for the ISR tunnel. 

The cable duct was standardized on two sizes, one having 
a cooling capacity of 110 W/m, the other 200 W/m. The exhibit 
is a sample of the smaller capacity duct. 

In all there is about 3.8 km of cable duct installed in 
the ISR. 

The development and final design of the cable duct was 
made in collaboration w i t h PUK Werk, Berlin. 

"The water-cooled cable duct for the magnet system of 
the Intersecting Storage Rings" by H. Laeger and S. Pichler, 
Divisional Report CERN/ISR-MA/73-3, 1973. 

8th March 1974 
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Ml2 Portable low-u permeameter 

This small portable instrument provides a direct measure
ment of the magnetic susceptibility K = u r~l (ur being the 
relative magnetic permeability) in the range of K = 0.0001 
to K = 0.2. The precision is of the order of 1% of the reading 
and it can be equipped with a large variety of probes which 
are designed for any specific task (measurement on blocks, 
sheets, bars, etc.) and for field levels up to 1 Tesla. 

The device was specially developed to measure the skin 
susceptibility of the austenitic manganese stainless steel 
support pillars for the SFM. Three probes were made for fields 
of respectively 0.24, 0.31 and 0.40 Tesla. 

The set-up is original in that a small permanent magnet 
is used to produce the required field level. When a piece of 
material of magnetic susceptibility K « 1 is brought into 
the gap, the magnetic flux in the coil varies by a small 
amount proportional to K(1-K). The signal induced into the 
coil is fed via an electronic integrator to a digital volt
meter calibrated directly in values of K(1-K). 

The main difficulties encountered in the development 
of this device resulted from the weakness of the signals. 
Low-noise chopper amplifier was selected for the integrator 
and measuring coils of typically 12000 turns were wound with 
0.05 mm diameter enamelled copper wire. The calibration of 
the instrument was made by comparison with another method 
based on the measurement of the force exerted on a small 
sample in "a non-uniform field. 

v "A; portable'device to measure low magnetic permeability 
in situ" by J.P. Gourbér, Proc. 4th Int. Conf. on Magnet 
Technology, Brookhaven, 1972. 

Ma 
Po 
Mc 
Mt 
Re 
A 

Dr 
DV 

ELECTRONIC INTEGRATOR permanent magnet 
soft iron pole pieces 
measuring coil 
material to be tested 
integration reset relay 
amplifier 
drift adjustment 
digital voltmeter 

8th March 1974 
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Ml3 Switching-mode power supply 

The switching-mode power supply is used to excite the new 
octupole and sextupole magnets in the ISR with direct current. 
These magnets are designed to reduce the effects of beam rea-
sonances. The supply is a new development for low power D.C. 
units from 2 - 1 0 kW, using a switching-mode technique. It 
has been designed as a self-contained, modular, air-cooled 
unit with a wide range of low power applications. 

The new supply differs from more conventional thyristor 
and/or transistor units mainly in the use of an electronic 
power switch as the single controlling element, which can be 
both turned on and off at a fast rate (10 - 20 kHz). For 
powers below 2 kW, a diode rectifier + series transistor 
regulator offers the best overall solution, while thyristors 
+ series transistor regulator become attractive above appro
ximately 10 kW. The power gap can be filled using the switch
ing-mode technique, which has a considerable advantage in over
all efficiency against the series transistor method but does 
not have the high power capability of thyristors. 

The new supply consists of a power part, and an electronic 
compartment containing the necessary regulation loops, re
ference source (12-BIT electronic DAC) and interlock/remote 
control logic, all in one small chassis. Two such chassis 
can be placed in a standard 19" ISR rack. 

The three phase mains is connected to a step-down trans
former of conventional design, which feeds a 3 phase full-wave 
diode bridge and capacitor input filter. A self oscillating 
electronic power switch (12 parallel connected transistors) 
operating at a pulse repetition frequency of around 10 kHz 
feeds voltage pulses from the input capacitor to a free wheel 
diode and LC filter. The output of the LC filter, which has an 
attenuation >60 dB at the operating frequency, then feeds D.C. 
to a magnet load via a polarity reversing switch and current 
measuring shunt. Variation of the on to off time of the switch 
(determines the output voltage. The electronics compartment 
provides the necessary drive signal to the power switch as well 
as the conventional voltage and current regulation loops, self-
.contained DAC, and interlocks/remote relay logic, which are. all 
-mounted on plug-in PCB's. < > , r¡ 
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The constructional arrangement is modular, in that all major 
component parts are mounted as sub-assemblies and are designed 
such that they can be exchanged very rapidly. Since each sub
assembly can operate up to the 100 A, 100 V output level, vir
tually every supply in the range 2 - 10 kW is identical, with 
the exception of the power transformer. 

Technical details The attractive features of the switching-mode supply are 
its overall efficiency >80 % and the very low effective rms. 
current ripple, which is < 1 0 - s with normal magnet loads 
(time constant >.ls) i.e. due to the high ripple frequency. 
However, to achieve the overall performance necessary, a num
ber of major technological problems had to be overcome. The 
power switch must be made with high speed, high voltage tran
sistors operating in parallel. Some devices now exist which 
meet these requirements; but the method of connecting such 
devices in parallel is as yet relatively unknown. The problem 
of dynamic current sharing was finally solved by placing air-
cored chokes in series with each collector and static sharing 
with emitter resistors. The overall mechanical arrangement 
was highly critical due to stray inductance and capacitance, 
(with 200 ns commutation speeds) and a careful compromise had 
to be made to achieve the best possible performance. The final 
switch design can control up to 100 A output at 100 V with a 
total loss (including switching losses) of approx. 300 W. The 
current measuring shunt sets the ultimate performance in terms 
of DC stability and a number of air-cooled designs were consi
dered. A special development was started to produce a flat 
air-cooled shunt using Zeranin material. The development 
models (1 V at 100 A) were produced by ALMA COMPONENTS(UK) and 
after some exhaustive trials and modifications gave excellent 
results. Typical performance measured over the 0 - 100 A 
range and ambient temperature variations of 15 - 35°C gave s 
total change in resistance of <50 ppm. The resulting shunt 
plus heat sink gives a very compact and high performance 
design. 

Finally, the mechanical/electrical design was carefully 
studied to evolve an equipment which could be both constructed 
and maintained in the shortest possible time, e.g. rapid de
mounting panels and sub-assemblies, modular electronics etc.. 

References Further information can be obtained from J. Pett, 
ISR Division, CERN. 

5 March 1974 

Ml 3-2 
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Specification for 
switching-mode power 
supply 

Typical model 60 A 53 V (load T = 0.34 sec) 

Output current 
Range 
Stability (mains and temp, 
variations included) 
Resolution 
Current Ripple 
Output voltage 
Voltage ripple 
Power factor 
Mains variations 
Temperature range 
Polarity change time 

60 A max. 
2-5 x 10-1*: 1 
± 10 - I f of I max. long term 

2.5 x 10~h of I max. 
< 10~ 5 of I max. rms (0 - 100 kHz) 
53 V max. 
< 10-1* of V max. rms. 
0.97 inductive at I max. 
± 10% slow ± 5% fast 
10°C - 40°C 
< 3 sees. 

Full manual and remote control possibilities via computer. 
Dimensions : 50 cm wide 

90 cm high 
60 cm deep 

Weight •• * 130 kg 

M13-3 
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Ml4 Experimental HV spark gap 

A 60 kA, 60 kV high reliability switching spark-gap is 
under development in the laboratory to be used in the future 
improved version of the present pulse generator of the ISR 
Beam Dumping System. 

Aimsof the experiment The aims of the experiment are to test the tetrode spark-
gap already in operation since May 1973 in the ISR Beam Dumping 
System, at current up to 60 kA and to check its reliability 
under long time DC conditions or pulse conditions. A very low 
erratic or spontaneous firing rate is required as well as a 
long life-time and easy maintenance. 

The CERN-made spark-gap is mounted directly on a 4,3uF capa
citor (LCC Montreuil, France) in series with a 1,10 resistor 
(Morganite Resistors, Jarrow, UK) making a very low inductance 
R-C circuit. The spark-gap is a field-distortion, high pressure 
tetrode spark-gap with a new triggering principle. The set-up 
is immersed in oil for HV holding. The carbon resistors are 
oil-cooled. 

Description of the 
laboratory set-up 

The HV triggering is achieved with a specially made R-C 
circuit switched by a deuterium thyratron (English Electric, 
Chelmsford-UK). 

The HV power supply (Brentford Electric Ltd-Crawley, UK) 
feeds the capacitor with a 300 mA max current. 

The electronics provides the low-level triggering, counting, 
safety controls and spark-gap flushing. A Faraday cage allows 
noise-free measurements of all fast pulses. 

Experimental results The erosion of the main electrodes and trigger electrodes 
of the tetrode spark-gap,which is acceptable at 40 kA, has 
to be measured with higher currents (up to 60 kA), and faster 
repetition rate (1 pulse every 1,2 sec). A life-time of 
500'000 pulses is wanted. The spark-gap HV range for a con
stant pressure is measured in order to choose the optimal 
working point in the HV-pressure diagram and the air flow 
rate influence is shown. Long life-time tests allow mea
surements of erratic firing rate under pulse conditions (10~5) 
and spontaneous firing rate under DC conditions (none for 1 
month). The jitter is measured as being less than 1 nanosecond. 
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The carbon resistor behaviour has been carefully studied, i.e. 
HV holding, influence of cooling, pressure and contact between 
resistors. 

Technical problems The purity and humidity of the air to be used must be spe
cified accurately. The electrodes of the spark-gap must be 
machined in a special alloy (Heavy Metal, GEC, Wembley-UK). 
The insulators are made of CERN araldite (West Workshop). 
Special air pressure connectors for use in HV environment are 
used. All HV metallic parts are specially polished. 

References 1) A tetrode spark-gap for high current switching with a small 
time jitter, J.C. Schnuriger, CERN/lSP-BT/69-50, Geneva, 
8th August 1969. 

2) Etude du circuit de déclenchement des éclateurs utilisés 
dans le système de décharge des faisceaux ISR, 
A. Dupaquier, CERN/ISR-P0/74-12, Genève, 13 février 1974. 

J.C. Schnuriger 

7 March 1974 

M14-2 
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Ml5 Experimental 0.5 ohm delay-l ine puiser 

The experimental 0.5 ft, 4 microseconds delay line puiser 
has been set up in the laboratory in order to study carefully 
all reliability aspects of the future improved ISR Beam Dumping 
system. 

Future use in the ISR The Beam Dumping System is used for clearing the ISR rings 
of all protons when necessary. It consists of parallel plate 
full aperture kicker magnets in UHV tanks, fed by 4 us pulses. 
The needed deflection given to the protons has to be increased 
from 2 mrad to 3 mrad at max ISR energy. The experimental 
0.5 ft puiser has been built to check the feasibility of using 
higher power pulsers in the ISR. 

This experiment is built with 6 "pulse-forming networks" 
(PFN) of 3 ft impedance put in parallel, and switched together 
by a tetrode spark-gap. The PFNs are L-C delay lines made 
with 20 iiF low inductance capacitors (LCC Montreuil, France). 
The spark-gap in use is the CERN-made tetrode spark-gap des
cribed in note M14 and already in use in the ISR since May 1973. 
This is situated in a specially designed oil tank to facilitate 
rapid demounting. The HV triggering of the spark-gap is achieved 
by using a R-C circuit switched by a deuterium thyratron 
(English Electric, Chelmsford-UK). The electronics provides 
pulse counting, recording and interlocks. The capacitors of 
the PFNs are DC charged by a HV power supply (Brentford, Crawley-
UK) which delivers 300 mA max current at 70 kV. The matching 
of impedance is achieved at magnet end of the transmission 
cables with carbon resistors of 1.875 ft (x 3) and 2.5 Ü in 
parallel; an oil flow gives the necessary cooling for these 
resistors. Bakeable feedthroughs having N2 pressure on one 
side and UHV on the other side are situated on the bottom of 
the UHV tanks (Sogeme, Valence-France). These tanks are made 
of low carbon stainless steel (316 LN2). The parallel plate 
kicker magnets have a very simple structure in stainless steel 
supported by pure alumina insulators. Special barium titanate 
capacitors (LCC, Montreuil-France) are inserted in the magnets 
to damp unwanted oscillations of the stored protons beams. 

Description of the 
experimental 0.5 ft 
delay line puiser 
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Expected results of Every part of the experiment must show a good reliability 
life-time test particularly concerning the HV holding. The pulse shape must 

not be impaired by any mismatch, equally the magnetic field 
rise-time must not be too long therefore drastically decreasing 
the beam dumping efficiency. The erratic firing rate has to 
be very low (10~5) and no spontaneous firing is acceptable 
under HV-DC conditions. The maintenance of the HV spark-gap 
has to be easier and cheaper than for other HV switches 
available on the market. 

Solved and non-solved 
technical problems 

Several of the technical problems involved by the very high 
level of pulse power (1.8 Gigawattj are already solved : 
- The spark-gap is able to switch + or - voltages without any 

change; its voltage range is from 20 to 70 kV with a cons
tant pressure. 

- The pressurized air system ensures a constant pressure in 
the spark-gap even during flushing. 

- The oil for many parts of the HV equipment is periodically 
treated and controlled. 

- The equipment must not be in radiation, therefore the magnets 
are fed by the pulsers through 50 m transmission cables. 

- The magnets are able to withstand very high pulse currents. 
The problems not yet solved are : 

- The perfect matching of all impedances is difficult to achieve 
at this low level of impedance (0.5 ft). 

- The HV power supplies seem to have a certain sensitivity 
to noise in the mains voltage, thus giving occasional switch-
off. 

References Projet d'amélioration du système de décharge des faisceaux 
des ISR, J.C. Schnuriger, CERN/lSR-PO/73-2. 

J.C. Schnuriger 

7 March 1974 

M 1 5 - 2 
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Ml6 Elements for fas t HV technique 

Spark and streamer chambers (which render the trajectory 
of a charged particle visible by means of short gas dis
charges) initiated the development of a special high tension 
technology; i.e. the production of electric pulses with an 
amplitude of several hundred kV and a rise time of a few nsec, 
including their measurement. 

Small Marx-Generator The most convenient method for the generation of such a 
(MG) high voltage has been given by E. Marx already half a century 

ago (n capacitors are charged via resistor chains to a vol
tage U and are thereafter connected in series by spark gap 
switches ; the resulting generator voltage is nU). The ar
rangement of the elements in their most compact form, and the 
usage of ceramic capacitors and high pressure spark gaps is 
essential for keeping the internal inductance of the MG as 
small as possible. A generator, composed of 10 * 1000 pF ca
pacitors in a pressurized container of = 0,5 1 volume, pro
ducing 240 kV, has been realized. The MG is triggered from 
a disc_triode-cascode generator which itself produces 
8 kV in several nsec; the overall time lag between a trigger 
signal of 2 V and the generation of the HV pulse is 40 nsec 
with a 5 nsec jitter. 

Applications: 1. Connected to a transmission line of 80 Q, a pulse with a rise 
time of 2,5 nsec and a peak amplitude of 200 kV is produced; 
short circuiting the pulse with an additional spark gap, re
sults in a pulse with a half width of 5 nsec 2 ) . Such a ge
nerator is capable of driving an isotropic streamer chamber 
with a volume of 10 * 10 x 100 cm 3. It has been used in an 
experiment for searching fractionally charged particles. 

2. The MG serves as a driver for the generation of a 4 nsec, 
100 kV square pulse with rise and fall times of 0,5 nsec. 
The stored energy of the MG is transmitted over a decoupling 
inductance into a pulse forming network (PFN), composed of 
4 x 80 ft lines. At peak amplitude (after 30 nsec), the PFN 
is switched, with the help of UV triggered spark gaps, to a 
20 fi transmission line. The resulting pulse has been used for 
streamer development studies. 
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The UV flash, which triggers the 4 spark gaps with a time 
jitter of = 0,2 nsec is produced in the discharge of a 150 kV, 
40 pF, 10 nHy capacitor; its supply generator is the above 
mentioned MG. The estimated photon output rise (between 200 
and 300 ran) of the flash is = 1 0 1 1 phot./nsec 3 ) . 

3. An arrangement whereby the MG transmits its energy into a 
100 pF water capacitor has been used to ionize a TEA-CO2 
laser. The compact water capacitor has an inherent inductance 
of 30 nHy only, i.e. it can supply a low ohmic load (= 10 Í2) 
with a higher voltage than that from the MG. The 200 kV pulse 
applied to the fine wire gauze cathode of the laser structure, 
releases a field emission current, which itself ionizes homo-
genously the electrode interspace (gas pressure 1 atm.). A 
subsequent 40 kV pulse of a 0,1 uF capacitor excites the gas 
only to low level states. A C O 2 laser, operated in this 
regime with an active volume of 3 * 5 * 75 cm 3 produces a 
light pulse of 18 J with a peak amplitude of 500 MW. With 
the help of such a device tests are being carried out in order 
to see, whether or not, a laser streamer chamber is feasible. 

Modular Marx-Generator A modular design has been adopted for the construction of 
a 600 kV, 90 J, MG. Capacitor elements (5 * 2000 pF ceramic 
capacitors, casted in silicon rubber blocks) and spark gap 
elements (a plexiglass block with a central bore, containing 
electrodes) can be screwed together and piled up to any de
sired number of stages. Insulation against the surroundings 
is ensured by using plastic foam. A twenty stage model, which 
has been realized, can drive a streamer chamber with 30 cm 
gaps. 

Voltage divider _ For the measurement of 500 kV pulses with nsec rise times 
a capacitive voltage divider has been developed with an at
tenuation ratio of lO 4 and a band width of 3 GHz. The small 
capacity of the divider is represented by the gap capacity 
between HV electrode and ground electrode; the large one 
by a mica foil capacitor (dielectric constant independent of 
field strength and frequency under consideration) glued onto 
the ground electrode. Electric as well as electromagnetic 
voltages give, due to a resistive electrode, the same divider 
ratio; the probe can be calibrated electrostatically with 
a low voltage 2^. 

References General Studies Group: A fast high voltage trigger generator, 
CERN-ISR/GS 68-8. 

E . Gygi, F. Schneider: A nanosecond pulse generator of 200 kV 
amplitude, CERN 64-46. 

E. Gygi, F. Schneider: A 4 nsec, 100 kV square pulse genera
tor, CERN-ISR/GS/71-17. 

For further information contact E. Gygi or F. Schneider -
Division ISR. 

8 March 1974 
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Ml7 Electros tat ic septum 

Slow extraction from the CPS is important for the production 
of ejected beams of stable intensity over periods of a few 
hundred milliseconds, which is an essential requirement in 
many high energy physics experiments. In the process employed 
at present, the circulating proton beam is gradually driven 
towards the outside of the vacuum chamber by changing the 
main guiding field. Special magnetic elements create an area 
of resonance in the outer part of the chamber, so that the 
protons reaching this zone enter a phase of "controlled 
instability" in which their outward excursions from one orbit 
to the next are large enough to leap narrow obstacles. Such an 
obstacle is the thin septum closing the aperture of the 
extractor magnet on the beam side, and the whole object of 
the process is to make as many protons as possible enter 
squarely into the field of this magnet, with the result that 
they will be ejected from the machine to form a clean external 
primary beam. Inevitably, however, the septum will intercept 
a proportion of the circulating beam, which is consequently 
lost. 

The situation can be improved by using other elements, 
with thinner septa, at earlier points in the particle orbits, 
to enhance the outward excursions. A magnetic septum preceding 
the extractor magnet is in fact employed for this purpose, 
but the bending power of such magnets is rather dependent 
upon the thickness of the septum. A considerable further 
improvement can be obtained by using an electrostatic septum, 
which can be much thinner than its magnetic counterpart, as 
the first element in the ejection chain. The electrostatic 
septum consists essentially of a pair f plane parallel 
electrodes, with the inner one showinQ ¿he thinnest possible 
profile to the approaching beam. 

Benefits from the use of this technique are twofold. 
Firstly, fewer protons are lost in the machine, reducing 
remanent radioactivity and radiation damage to components. 
Secondly, the design of the magnetic elements is simplified, 
since their septa need no longer be as thin as possible, and 
they can be made more powerful. 
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Description For the present installation, the thin electrode is the 
anode, and is at ground potential. To achieve the required 
deflection of the proton beam, a field of 100 to 110 kV/cm 
is needed over a gap of 1 to 2 cm. The positions of the 
electrodes must be adjustable with considerable precision. 
Taking into account the essential criterion of low beam losses, 
it is evident that the design of the thin electrode must be 
a compromise between conflicting factors such as thickness, 
flatness, mechanical strength, and high voltage behaviour. 

The general design is shown in the attached drawing. For 
the thin electrode, best results were obtained by using a 
0.1 mm molybdenum foil stretched on an accurately machined 
aluminium alloy frame. Such a method of construction gives an 
"apparent thickness" (thickness of the foil and departures 
from flatness) of 0.15 mm. As in the electrostatic separator 
(see Technology Note B18), the cathode is made of a light 
alloy PRE 30 (97 % Al + 3 % Mg) coated with a 6 to 10 um 
aluminium oxide film. For the electrostatic septum, working 
with a small gap, this film is formed by anodization in a 
chromic acid bath. The oxide film is then sealed in boiling 
distilled water. 

The insulators, the high voltage lead-in and the rod 
carrying the wire-wound resistor, are made of alumina ceramic 
(97.6 % A I 2 0 3 ) . (The purpose of this resistor is to absorb 
the external energy when electrical sparks occur). A beam 
scanner is installed at the entry to the septum; it consists 
of thin foil target which can be displaced transversally 
across the beam. Using electron emission from this foil, we 
can measure the dimension and position of the part of the 
beam to be extracted (Tech. Note B31). 

One of the technical problems encountered in the development 
of the electrostatic septum was to prevent the ions created 
in the residual gas by the proton beam being collected by the 
cathode and leading to electrical discharges wich may trip out 
the HV generator. This situation was improved by carefully 
screening the cathode. For high voltage quality and to prevent 
irradiation damage, organic materials are avoided in all parts 
which are under vacuum; the vacuum seals are all metallic. 

References For the construction of the high voltage lead-in, the 
special vacuum-tight ceramic metal brazing was done in the 
WeTt Workshop. The "Atelier Godet" is in charge of all 
anodization work done on the cathodes. The development work 
of the electrostatic septum is described in the Proceedings 
of the 5th Int. Symposium on Discharges and Electrical Insula
tion in Vacuum, Poznan, Poland (1972). 

For further information contact R. Tinguely, MPS Division. 

April,-1974 
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Ml8 Electrostatic separators 

The separation of particles of different masses by the use 
of electric and magnetic fields, at right angles to each other 
and to the track of the particles, is already a well-known 
technique. It has important applications in the field of high 
energy physics, since the rarer - and hence more interesting -
particles are usually produced together with a much larger 
quantity of others differing only in mass. 

High energy particles travel at velocities at which their 
effective mass is several times greater than their rest mass -
they are commonly described as being "relativistic". It can 
easily be shown that, in crossed-field separation, this redu
ces the effect of the electric field more than that of the 
magnetic field. Time-of-flight can also be important, since 
interesting particles are frequently short-lived. These fac
tors imply a high voltage gradient, but reliability is also 
required, since the equipment may only be accessible when the 
accelerator is turned off. 

Initially, a secondary beam derived from the CPS contains 
a mixture of particles with a broad distribution of masses 
and velocities. Before the particles enter the electric field, 
the required momentum is chosen using a bending magnet fol
lowed by a slit. In the electric field, particles of different 
velocities are deflected by differing amounts, producing an 
angular separation according to mass, (see Fig. 1). 

Electrostatic separator 
with crossed electric 
and magnetic fields 

—VE 

E B 
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A compensating magnetic field, perpendicular to both the beam 
direction and the electric field, cancels the deflection of 
the "wanted" particles so that they emerge on the beam axis. 
This magnetic field may, in practice, be concentrated in the 
form of two small bending magnets placed at either end of the 
separator. 

Construction The basic separator (see Fig, 2) consists essentially of 
two parallel plane electrodes in a vacuum tank. Stainless 
steel is used for the anode, and anodised aluminium for the 
cathode. The gap between the electrodes is adjustable, and 
voltage gradients commonly used vary from 60 kV/cm up to 

• 120 kV/cm. The voltage is supplied by a pair of external gene
rators, usually the 600 kV SAMES electrostatic type, and fed 
to the electrodes through oil-filled bushings; with damping 
resistors, and a stabilising capacitor if necessary, fluc
tuations do not exceed + 60 V. Vacuum is maintained by turbo-
molecular (Balzers-Pfeiffer) or oil-diffusion (Galileo) pumps, 
the number and speed depending upon the size of the separator. 
The standard lengths in use are 1, 2, 3, 6 and 9 metres. 

Figure 2 

V n ekctrasMiC separator Central assemi/v 

Schematic of a "one-metre" electrostatic separator. 

Conditioning A conditioning process is required before the separator is 
ready for use. This is carried out at the lowest obtainable 
pressure (̂  1 0 - 6 Torr) v;ith a constant current of a few tens 
of microamperes. The voltage necessary to maintain this cur
rent gradually increases, tending towards a maximum which is 
the breakdown voltage, U¿. If the pressure is now increased 
to somewhere between 10_l* and 10" 3 Torr, the voltage held 
can be considerably greather than U c (see Fig. 3, curve 1). 
This is the "pressure effect". 

M18-2 
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p : constant 
Pressure plateau = p - p 

p = f(time) : 
c 

Curve 2 

Curve 1 

p 0 after some 
time. 

p 0 after con
ditioning 

c o 

-3 

Ft 

There is gradual deconditioning due to surface contamina
tion, and the characteristic curve shifts towards the right 
in the diagram (curve 2). For a given working voltage U 0, the 
limit is reached at the critical pressure p c, where glow dis
charge occurs, and at this point the separator must be recon
ditioned (curve 3). To adjust the working pressure in the 
plateau region (pQ - p c ) , a mixture of helium and neon is 
used, since this has been found to give the optimum lifetime. 
(Pressures are "equivalent nitrogen"). 

The performance obtained from an electrostatic separator 
depends upon a number of factors, for example, the exact form 
of the electrodes, bushings, and insulators and the materials 
of which they are made, pressure and nature of residual gases, 
and the past history of the particular unit itself. Studies 
have been carried out on the influence of all these parameters, 
and also upon the effects of organic vapours. The table (see 
page 4) gives an idea of the improvements obtained, by compar
ing the performance of typical units in use in 1960 and 1970. 

These improvements are essentially due to : 

1) alumina-coated (anodised) cathodes instead of stainless 
steel; 

2) bushings and insulators of new shapes, made in high-voltage 
porcelain with 50 % alumina; 

3) reduction in size of the vacuum tank and a better disposi
tion of the bushings; 

4) reduction of partial pressures of organic vapours; 
5) optimisation of the gas pressure effect. 

Use of a working voltage higher than 800 kV would require 
further development of the high-voltage supply equipment to 
keep the same reliability and interval between maintenance 
periods. 
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1960 
MARK I 

1970 
MARK III 

Working field E Q 50 kV/cm 100 kV/cm 

Electrode gap 10 cm 8 cm 

Working voltage U 0 500 kV 800 kV 

Breakdown field E 
0 

65 kV/cm 135 kV/cm 

Breakdown voltage U C 650 kV 1.1 MV 

Spark-over rate 1 per hour 1 per 10 hours 

Working time between 
conditionings ^ 100 h. ^ 1O00 h. 

Deconditioning rate 60 x 10~ 5 Torr 
per 100 hours 

5 x 10" 5 Torr 
per 100 hours 

Pressure plateau 
(after conditioning) 

7 x 10-1* Torr 
at 500 kV 

15 x 10" 5 Torr 
at 800 kV 

Gas Helium Neon 70 % 
Helium 30 % 

Fault time 2 % 2 I 

Working time between 
maintenance periods a few x 101* h. 

3 
a few x 10 h. 

For further information, contact L. Danloy. 

1) C. Germain, "Principe du séparateur électrostatique", 
CERN 59-38, 1959. 

2) L. Danloy, P. Simon, "High voltage behaviour of electro
static separators at CERN in the presence of organic 
vapours", Vth International Symposium on Discharge and 
Electrical Insulation in Vacuum, Poznan, Poland, August-
September 1972. 

3) F. Rohrbach, "Isolation sous Vide", CERN 71-5, 1971. 

April, 1974. 
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Ml 9 Septum magnets 

Use in the CPS Protons extracted directly from the CPS circulating beam 
supply the ISR and most of the experimental area facilities. 
Two methods of extraction are used, "fast" and "slow". In 
both cases, the final element which actually bends the proton 
beam out of the accelerator is a magnet in which one side of 
the gap is closed by a thin current-carrying septum,in order 
to improve extraction efficiency by minimizing interaction with 
the beam to be ejected. 

Slow extraction spills the beam out of the machine over a 
period lasting from a few milliseconds to half a second (or 
longer). A brief description of the process is given in 
Technology Note M17. 

Fast extraction removes all or a part of the beam during 
one revolution (2.1 us). The circulating beam is divided into 
twenty "bunches", each with a duration of ^ 15 ns, separated 
by intervals of 100 ns. In the fast extraction process, a 
kicker magnet is used which is capable of developing its full 
field, and falling back to zero, in the interval between two 
bunches. It excites oscillations which drive the protons 
passing through its field directly into the aperture of the 
extractor septum magnet. Thus one or more bunches may be ejec
ted at will. 

Fig. 1 
Diagram demonstrat
ing the principle 
of fast extraction 

The fast kicker magnet, 
energized between the passage \ 
of two bunches, deflects the 
following bunches into the 
aperture of the septum magnet. 
The septum magnet is powerful 
enough to deflect the partic
les out of their orbits in the 
CPS, and direct them into the 
extracted beam line. 

P o ion twtnch 

Clieulalmfl b*am 
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Principle of the 
septum magnet 

Fig. 2 
Diagram demonstrat
ing the principle 
of the septum 
magnet 

• The septum magnets used in the CPS are of the C-shaped iron-
core type. A thin current sheet (the septum) acts as a bound
ary between the uniform field areas inside the gap and the near-
zero field regions outside. Septum magnets are required to 
produce a relatively high field in the gap, with a septum as 
thin as possible, for high efficiency. This implies a high 
current density in the septum. Uniformity of field and low 
stray fields, are also important considerations. Mechanical 
stresses due to the pulsed magnetic field, and removal of the 
power dissipated, are the dominant problems of septum design. 
Radiation damage must also be considered, since the septum 
magnet is very close to the proton beam during the extraction 
process, and a certain part of the beam is lost on the septum. 

The useful bending field can 
be of the order of 2 T. General
ly the septum has a thickness of 
3 mm. The external fringing 
field must be less than 0,5% of 
the useful deflecting field in 
order not to affect the circu
lating beam 

Magnetic 
field 

Integral coal Saptum 

- e -
Circulât»*) 8*am 

Technical problems There are five major problems in the design and construction 
of these magnets. They are presented below, together with an 
outline of the methods presently adopted to solve them. 

Removal of the power dissipated in the septum 

The magnet winding, with its integral cooling ducts, has 
been designed so that the copper-to-water cross-section ratio 
is optimum: this permits current densities of up to 300 A/mm2 

for slow ejection magnets, and 1500 A/mm 2 for fast ejection 
magnets. 

Coping with stresses due to the combination of non-uniform 
temperature distribution in the septum and the field forces 
upon i t 

The mechanical mounting of the winding is designed to permit 
thermal expansion longitudinally, but to restrain movement and 
damp vibrations laterally. 

Meeting stringent requirements for field uniformity and maxi
mum fringing field permissible 

A computer program was used to optimize the design, taking 
into account desired septum thickness and geometry and magnetic 
properties of the laminated iron core. Tight manufacturing 
tolerances are essential if the low fringe field requirements 
are to be met. ' * 

M 1 9 - 2 
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Choice of materials which are resistant to radiation and will 
support the stresses mentioned above 

This was a question of choosing the best compromise between 
the properties required. 

Low leakage and outgassing rates at pressures of 10 torr 

This also limits the choice of materials. The minimum amount 
of plactic is used; seals are metallic: wherever possible, in
sulation is by vacuum alone. Surface finishes are designed to 
reduce outgassing. The material for the copper windings is 
carefully selected, and the winding stringently tested, to 
obtain the lowest possible leakage. 

References H.H. UmstHtter: "Septum Magnets with 10 and 20 kG Fields 
for Slow and Fast Ejection from CPS." CERN 65-36. 

For further information contact R. Bertolotto, D. Bloess, 
MPS-Division. 

April 1974 

M 1 9 - 3 
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M20 High-vol tage switch for kicker magnet 
applications 

The device The high voltage thyratron switch is used in the Full Aper
ture Kicker Magnet system of the CPS. Its purpose is to excite 
the kicker magnet by connecting it to its pulse generator. 

Kicker magnets are fast magnets, usually of delay line con
struction, which are powered by short high voltage pulses. 
They are used to induce oscillations in the orbits of high 
energy beams either to permit injection into accelerator rings 
or to allow fast ejection from the rings. For fast ejection 
applications advantage is often taken of the fact that the 
beam has a bunch structure - the kicker magnets are designed 
such that their field can be established in the interval 
between successive bunches. This is the manner of their 
application in the CPS, where the inter-bunch interval is 
about 85 nsecs. Such a short time interval implies not only 
a very fast magnet but also very rapid and precise switching 
of its pulse excitation. 

The switch which is exhibited discr l. s a 15 ohm cable 
pulse forming network, charged to 80 kv, into a transmission 
line leading to the kicker magnet and terminating resistor. 
The switched current is 2,7 kA and the 10 to 90% rise time 
is 30 nsecs. Time jitter is generally less than 6 nano secs. 
In its present application the maximum repetition rate is one 
pulse per 30 milliseconds but this is a limitation imposed 
rather by t^ie recharging power supplies than the switch. 

Its construction The essential element of the switch is an English Electric 
Valve Co. high voltage thyratron (type CX 1171A). This is 
operated with floating cathode, necessitating fully isolated 
heater, reservoir and grid supplies, including the fast grid 
trigger pulse. In order to achieve the rise time specification 
the tube is mounted in a close fitting coaxial housing, there 
being only 25 mm radially clearance between tube anode and 
the earthed housing. Insulation is provided by oil and solid 
dielectric, the oil serving also for cooling. The switch is 
evacuated prior to oil filling. Certain tube supplies (e.g. 
heater, grid bias, pre-ionization) are derived from an air 
insulated Faraday cage. This arrangement permits easy moni-

Its role in the 
CPS 
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coring and also allows rapid adjustment of the reservoir 
heater voltage, which is the key element in determing the 
switch rise time. 

The pulse forming network cable is a very high quality 
polythene tape cable which is pressurized with 9 atmospheres 
of sulphur hexafluoride. This cable is connected directly 
into the anode end of the switch where an araldite interface 
retains the high pressure SFg. This arrangement permits a 
very short cable termination with minimum inductive mismatch. 

Operating 
experience 

There have been remarkably few problems with this type of 
switch. Laboratory tests in excess of 5000 hours and 10 8 

pulses have been successfully carried out on numerous examples 
A variant of this design has operated at a repetition rate of 
one pulse per 50 usees at 40 kV with sensibly the same rise 
time and jitter. 

Currently ten switches identical to the exhibit are in 
operation at the CPS. 

Information Further information may be obtained from D. Fiander, 
D. Grier, K.D. Metzmacher, P. Pearce. 

15 March 1974 
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M21 Power supplies for charging of energy 
storage capacitors 

Pulsed current supplies are used for energizing pulsed 
deflecting and focusing magnets. The pulsed excitation currents 
are typically 1000-3000 A. for multi-turn iron-core magnets and 
up to 500 000 A for single-turn air-core magnets. Such magnets 
are essential elements in beam lines or beam transport systems 
used for transporting beams of charged particles from the 
accelerator to the detector facilities in the experimental 
areas. 

Pulsed current supplies of the capacitor discharge type 
have proved to be very satisfactory for the purpose, in 
particular for beams with short beam bursts in the microsecond 
range as used for track chamber detectors. 

Briefly it works as follows : the energy stored in a 
high-voltage capacitor bank is discharged into the magnet to 
produce a sinusoidal magnetic field pulse in coincidence with 
the passage of each beam burst through the magnet. The storage 
capacitors are charged during the few seconds intervals between 
pulses to an accurately preselected voltage by a controlled 
d.c. charging supply, the most interesting features of which 
are outlined below. 

Some features of the High accuracy of the capacitor charging voltage is the 
charging supplies predominant requirement. Pulse-to-pulse reproducibility of 

the magnet current must be maintained within 10_^-10~^ over a 
wide range of capacitance and charging voltage. 

The interval between discharge pulses is short and must 
be shared between a time portion for fast charging followed 
by a portion needed for fine stabilisation of the voltage. 

The charging circuit must be effectively current 
controlled to feed the big storage capacitor which is practically 
empty at the beginning of the charging cycle without causing 
serious disturbance to the 380 V supply line and other users. 
Over-shoot must be avoided at the end of the fast charging 
portion when the regulation must change to a voltage-controlled 
mode for fine stabilisation of the voltage toward the end of 
the charging cycle. 
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The required regulation has been achieved by means of a 
thyristor regulator, which must be on the primary side of the 
rectifier transformer due to the high voltage up to 12000 V 
on the secondary sides. To achieve the required performance 
it has been necessary to pay careful attention to a variety 
of points : optimisation of the current regulation and the 
voltage regulation feed-back loops, symmetry errors in the 
3-phase transformer, the firing circuits of the thyristor 
controller, noise immunity against the transients from the 
discharge circuits, etc.. 

Nearly all components and some assemblies have been 
obtained from the following firms: 
Derritron, Hastings (United Kingdom), 
Lintott, Horsham (united Kingdom), 
Merlin-Gêrin, Grenoble (France), 
Smit, Nijmegen (the Nederlands), 
Tudor, Stockholm (Sweden). 

CERN Technology Note on capacitor discharge switching 
circuits. 

For further information contact may be made with : 
G. Acquistapace, R. Grub, R. Guérin, B. Langeseth or 
J.M. Maugain, Beam Technology Group, TC-Division, CERN. 

15 February, 1974. 
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M22 The magnetic horn 

The magnetic horn is a large coaxial magnetic septum 
lens. It produces a magnetic field of intensity up to 8 Tesla 
(80 000 Gauss) in the space between two coaxial conductors 
carrying a pulsed current of 300 000 A. 

Magnetic horns are major elements of the 25 GeV/c and 
the 200-400 GeV/c wide-band neutrino beams. They are used to 
focus the neutrino parents which are charged particles emitted 
from a target located just in front of the horn. 

The magnetic field varies as 1/r with the radial distance 
from the axis. The inner conductor is shaped to provide field 
integrals such that for a wide range of momentum and entry 
angles the particles emerge as nearly as possible parallel to 
the beam axis. The major part of the beam particles traverses 
the inner conductor twice, at the entrance and exit of the 
magnetic field region. This requires the inner conductor to 
be made as a thin septum of light material to permit the beam 
to pass with negligible absorption. 

To be efficient, the magnetic field needs to be as high 
as practically possible. The horn has therefore to carry a 
very high current of 300 kA and pulsed operation has been 
adopted as the best solution to limit the losses and to reduce 
the cooling problems. The current pulse is produced by the 
discharge of the energy of a capacitor bank into the horn which 
has an inductance of the order of 1 uH and very small resistance. 
The peak of the sinusoidal current pulse coincides with the 
passage of the 2 microsecond beam burst. The duration of the 
magnetic field pulse is approx. 250 microseconds. The pulse 
repetition period is 2 seconds and corresponds to the cycling 
time of the accelerator. 

The neck of the inner conductor has a diameter of 15 mm. 
The instantaneous peak current density in the neck is 
4800 A/mm 2. 
The magnetic flux density around the neck is 8 Tesla which 

, corresponds to a magnetic pressure of 259 kgf/cm2. 
- , The magnetic, field distribution which is of rotational 
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Technical problems 

symmetry has been measured to be symmetric within a few 
parts in a thousand. 

The most critical part of the magnetic horn is the inner 
conductor. The inner conductor is very long 5 m) relative to 
its diameter. On one hand, it has to be as thin as possible 
and of light material to avoid excessive absorption of the 
particles ; on the other hand, it has to have a sufficient 
mechanical strength to withstand the strong electromagnetic 
forces for an operation of at least 1 million pulses. A 
material thickness of 1.2 mm has typically been chosen. The 
part with the highest stresses has been machined from Zicral 
and made in the longest possible single piece. The rest is 
made of Feraluman formed on a mandrel and Argon welded. The 
inner conductor is cooled by a water spray between the current 
pulses. 

Due to the high radiation dose of around 10^ Rad per 
million pulses, the use of classical insulating materials has 
been avoided as far as possible both for the magnetic horn and 
the associated equipment (strip-line, polarity switch, connections, 
etc.) located in the beam tunnel. 

Also manual intervention on the equipment is practically 
excluded for a period of time after interruption of the beam 
operation because of the high radiation rate (of the order^of 
10 Rad/hour). Reliability and facilities for easy replacement 
of components or complete assemblies are therefore design 
aspects of utmost importance. 

References The magnetic horn is described in the yellow CERN Report 
CERN 72-11 of 4 July 1972. Further information can be obtained 
from J.M. Maugain, J.C. Dusseux or B. Langeseth, Beam Technology 
Group, TC-Division, CERN. 

20 February, 1974. 

M22-2 

\ 
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M23 Pulsed current supplies 

Capacitor discharge 
switching circuits 

Some features of 
capacitor discharge 
switching circuits 

Pulsed current supplies of the capacitor discharge type 
are used for energising of deflecting and focusing magnets. 
The pulsed excitation currents are typically 1000A - 3000A 
for multi-turn iron-core magnets and up to 500 000A for single-
turn air-core magnets. The pulse duration is typically around 
10 milliseconds and 200 microseconds respectively and the 
repetition period is usually in the range 0.5 - 10 seconds. 

The circuit works as follow: A high-voltage energy 
storage capacitor bank is charged during the intervals between 
pulses to an accurately preselected voltage by a controlled 
d.c. charging supply. The energy stored in the capacitor is 
then discharged into the magnet to produce a sinusoidal magnetic 
field pulse in coincidence with each beam burst through the 
magnet. After the first quarter oscillation period when the 
current have passed its peak value, the magnetic energy is 
absorbed in a crow-bar circuit consisting of a damping resistor 
in series with a diode connected across the magnet cable 
terminals while the current decays with a time-constant short 
enough to reduce much the heat dissipation in other parts of 
the circuit. Alternatively, in some of our circuits the 
magnetic energy is recuperated and returned to the capacitor 
after the first half oscillation period by means of a diode 
connected in anti-parallel across the main discharge switch 
or by means of a separate energy recuperation circuit across 
the capacitor. 

Efficient energy transfer from the storage capacitor to 
the magnet and reliable high-current discharge switching 
operations for millions of pulses and predominant requirements. 
Effective protection and monitoring facilities are important 
for personnel safety and for limitation of the damage in case 
of failures in any part of the system since the big amount of 
stored energy upto a few hundred kilo-Joules may cause serious 
damage in case of faulty operation. 

To reduce the discharge switching problem the bigger 
circuits have been divided into a number of parallel branches 
eacb^with its own capacitor section, discharge switch, etc. 
This also, helps to improve the transmission efficiency by 
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providing several parallel low-inductance paths for the total 
magnet current. 

Ignitrón switches used originally are replaced by solid 
state switches in all circuits up to a few kA and a few kV, 
In particular the 300 000A and 400 000A crow-bar currents 
of the magnetic horn and reflector are each handled by 12 
parallel diode assemblies, each 5 diodes in series for 12000V. 
Also solid state switches are easily destructed under faultly 
conditions and careful attention must be paid to the technical 
problems associated with the high peak pulse current, the 
transient voltage superimposed on the steady-state voltage 
and the recovery time. 

Ignitrón switches on the contrary are robust and 
indestructible by most faults. But they often show erratic 
behaviour and their reliable operation life is limited to a 
few million pulses at high current. Ignition switches are 
still the most practical solution for the main discharge 
switches of our most powerful circuits. 

CERN Technology Note on Power Supplies for Charging 
of Energy Storage Capacitors. Information on pulsed magnets 
and systems can be found in CERN 61-7, CERN 64-35, CERN 72-11. 
For further information, contact may be made with: R. Grub, 
G. Acquistapace, R. Guerin, B. Langeseth or J.M. Maugain, Beam 
Technology Group, TÇ-Division, CERN. 

20 February, 1974. 
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M24 Low-inductance high-current high-voltage 
connector 

The low inductance connector is used for electrical 
connection of the magnetic horn to the 300'000 A pulsed 
current transmission line. To achieve a symmetric magnetic 
field distribution in the magnetic horn, the 300'000 A pulsed 
excitation current is fed into it in 4 points symmetrically 
located around the axis. Each of the connections is coaxial 
and of low inductance to reduce losses. The connectors are 
actuated by remote control to allow a replacement of a damaged 
horn without direct manual intervention inside the radiation 
area in the beam tunnel since this should be excluded because 
of the high radiation level. 

Each connector is actuated by a pneumatic piston. The 
coaxial connection itself uses a special lamella contact sys
tem enabling for each connector to carry a 100 kA current 
pulse of 250 y s duration. The 4 coaxial connection lines 
between the bottom strip-line and the connection points have 
identical and very small inductances ^ 10 nH. In normal ope
ration, they carry a 75 kA pulse each. The number of pulses 
amounts at present to 2 million without any damage. 

The major problems are: 

- good sliding contacts: this has been solved with the coaxial 
lamella contact system. 

- high radiation, high voltage insulation. The working vol
tage is 10 kV and the total irradiation of the connector 
insulation after a year of 10 6 pulses of operation amounts 
to 108 Rad. The radiation level in the region in case of 
short interruption of the operation for manual intervention 
may be as high as 10 Rad/hour. The coaxial connection lines 
are made with concentric brass pipes insulated with a kapton 
film and glass fibre tape impregnated under vacuum with 
araldite. 

* The magnetic horn has been described in the report 
CERN 72-11.- For further information, contact may be made 
with J .c/Dusseux or JlM. Maugain, Beam Technology Group, 
TC-Division;Í CERN. ' ' o c „ , 

, , > 25 February, 1974 
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M25 SPS dipole magnets 

The SPS is a separate function machine. Bending of the 
protons is provided by dipole magnets which can be excited to 
a maximum field of 18 kG allowing the protons to reach energies 
of 400 GeV. 

There are two types of dipoles, MBA and MBB, with apertures 
matched to the varying beam cross-sections through one focus
ing period. Four dipoles are located between two quadrupoles, 
forming half of a normal focusing period. According to their 
apertures, MBA dipoles are placed next to focusing qudrupoles 
and MBB dipoles next to defocusing quadrupoles. A total of 
360 MBA type and 384 MBB type dipoles are needed for the main 
ring. 

The design and choice of the dipole parameters was given 
in detail in CERN Report 1050. Only a few of the main features 
will be repeated here. 

The cross-sections of the dipoles are shown in figures 1 
and 2. It is a window frame type construction, with the 
excitation coils extending into the pole gap. This has the 
advantage of reduced stored energy and ensures together with 
a proper pole shaping, the required field homogeneity at all 
levels ranging from 450 G at injection to 18,000 G at full 
excitation. 

Each dipole has four m a m components: two half cores, 
excitation coils and vacuum chamber. Splitting of the cores 
allowed a compact coil design and minimum overall dimensions 
of the dipoles. Since all dipoles in the main ring are power
ed in series, different numbers of turns are required for the 
excitation coils in the two types of magnet, which have the 
same 3:4 ratio as the gap heights. This in turn determines 
the geometry of the steel cores. 

Eor a precise tracking of the magnetic field in the apert
ures , the loss of ampere-turns in the steel throughout the 
excitation cycle must be the same for both MBA and MBB dipoles. 
This was achieved to a high precision for medium fields by 
adjustment of the size of the coil windows. 
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To obtain the same magnetic length the MBA half cores had 
to be made slightly longer than the MBB half cores. In addi
tion, provision is made for end shimming. This allows small 
adjustments (about 0.1%) of the integral field errors result
ing from residual systematic differences between the dipole 
types and random fluctuations due to mechanical tolerances 
and magnetic properties (permeability) between individual 
magnets. A summary of the main parameters is given below: 

Overall characteristics of dipoles MBA MBB 

Number in main ring I 360 384 
Maximum overall length (m) 6.504 6.486 
Core length (m) 6.220 6,200 
Core weight (ton) 16,3 15,5 
Total weight (ton) 17,7 17.4 
Resistance at 22.5° C (mil) 3.2 4.35 
Maximum inductance (mH) 7.73 9.9 
Inductance at 1.8 T (mH) 7.35 9.4 
Amount of cooling water (1/min) 34.5 45 
Pressure drop (kg/cm2) 6 6 
Temperature rise (°C) 14 14 
Peak current (A) 4900 4900 
rms current (A) 3123 3123 

i Losses (kW) 31.2 42.5 
! Peak stored energy 
i 

(kJ) 88.2 113 

Fabrication of dipole The two types of half cores and the excitation coils are 
components fabricated by outside firms. Strict tolerances, tests and 

manufacturing procedures have to be imposed in order to obtain 
the required performance of the dipoles. These are given in 
detail in the technical specifications,mainly based on the 
experience gained during the recent fabrication of similar 
types of magnets and prototypes built at CERN. The main fea
tures will be given in the following together with the results 
obtained. 

a) Laminations Laminations are punched from 1.5 mm thick steel sheets. 
Because of the simple lamination geometry only one punching 
operation is needed to obtain the specified tolerances, A 
cold-rolled, low carbon steel, with very low coercivity and 
high saturation induction is used. The average eoercivi-
ty measured for the first 8000 tons was H c = 0.38 A/cm with a 
standard deviation of ±0.042 A/cm; induction values of 2 Tesla 
are obtained with a magnetizing force of 240 A/cm. 

j rAbout'40,000 laminations can be stamped before the burr 
exceeds"the,limit of 0.06 mm and the die has to be resharpened. 

I 
[ 
I 

H25-2 
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b) Assembly of half Half cores are assembled on a stacking table as shown in 
cores figure 3. In order to obtain completed magnets having the 

same value of remanent field, mixing of laminations based on 
coercivity measurements is necessary. Laminations are there
fore classified into 7 batches and proportions of each batch 
are used for each half core. Another important feature is the 
stacking factor which is .- sted to a precision of ±0.1% in 
order to limit random variations at high fields. 

Laminations are stacked between 3 cm thick end-plates and 
held together by angular plates welded along the length of 
the stack. 

c) Excitation coils The coils are wound from hollow OFHC copper conductors hav
ing a conductivity of 101% IACS. A glass fibre tape 
0.16 mm thick wrapped half-lapped around the conductors is 
used for inter-turn and ground insulation. It may be noted 
that upper and lower pancakes of the outer coils have a common 
ground wrap. 

Inner and outer coils are vacuum impregnated in one mould 
with an epoxy resin resistant to radiation doses of up to 
2 . 109 rad. The tolerances on the inner coil position and 
straightness of 0.5 mm vertically and 1.0 mm radially are 
on the limit of attainability. 

Assembly of dipoles The assembly of the dipoles is carried out at CERN. A 
general view of the assembly area is shown in figure 4. 

There are several main aspects to be observed during assembly. 

a) proper positioning of the inner coils between the poles in 
order to avoid insulation damage by the steel cores, 

b) accurate location of the conductors of the inner coils with
in the aperture in order to optimize the radial field dis
tribution, 

c) centering of the vacuum chamber within the aperture, 
d) minimum side leg gap between upper and lower half cores, 
e) maximum straightness and minimum twist of assembled dipoles. 

A coil measuring table was built for each type of dipole 
in order to optimize the requirements given in points a) and 
b). A view of the measuring table is given in figure 5. 
It determines the vertical and radial thickness of the shims 
(spacers) to be placed between the lower half core and coil 
with an accuracy of better than ±0.2 mm. This is achieved by 
using two pairs of vertical and one pair of radial eddy current 
transducers (figure 6 ) which determine the optimum copper 
position with respect to the axis of the aperture. This, 
together with displacement transducers placed along the outer 

1 coils, determines the shim thickness. Measurements are made 
at each shim position, i.e. at 10 points along the length of 
each side of the coil. < -

M 2 S - 3 
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Assembly of the dipoles is done on a rigid assembly table. 
The lower half core rests on five support buttons on each side. 
Coil and vacuum chamber are then positioned in the lower half 
core according to the results obtained from the measuring 
table. The vacuum chamber is radially located between the 
inner coils with a deviation from the axis of less than -0.5 mm. 
Two foils of epoxy resin impregnated glass fibre insulate the 
vacuum chamber from the half cores. 

Elastic shims (polyurethane rubber) are placed between outer 
coils and upper half core. When the half cores are closed, 
the coil is fixed rigidly within the dipole. The weight 
of the upper half core alone is not sufficient to compress 
vacuum chamber and elastic shims. Magnetic clamping of half 
cores is therefore used, providing a compression force of about 
150 tons. This is done by introducing a coil into the vacuum 
chamber formed into a loop around the yoke of the lower half 
core. By exciting this coil with 1200 ampere-turns a field of 
about 1.4 T is obtained near the side leg gaps exerting a 
pressure of 8 kg/cm^ between the two half cores. In spite of 
careful production techniques the mating of the half cores is 
not yet sufficiently precise. Even with the magnetic clamp
ing an average side leg gap between 0.05 and 0.1 mm is left 
which would give rise to intolerable field errors. A further 
reduction of side leg gap to less than 0.05 mm is obtained by 
stretching the welds between angular plates and laminations 
by hammering. 

The table with the dipole assembly is then moved into the 
welding area. Hydraulic jacks press* the dipole assembly onto 
its supporting buttons while the two half cores are welded 
together using tie-plates along both sides of the magnet. 
A semi-automatic welding technique is used, tie-plates being 
welded simultaneously on both sides to avoid any deformation 
due to welding. 

The dipoles are supported on feet welded at the extremities 
of the lower half core. This allows the support of adjacent 
dipoles on a common girder which facilitates the alignment 
procedure in the tunnel. In order to compensate for the sag, 
which would be 4.3 mm for the MBB type magnets and 4 mm for 
the MBA type magnets, the dipole assembly is given a pre
cancer prior to welding. This is done by adjusting the height 
of the supporting buttons of the assembly table by discs such 
that an inverted elastic line of amplitude 4.3 or 4.0 mm is 
obtained. 

The straightness is controlled on a mechanical measuring 
bench; deviations of ±0.05 mm can be measured. The flexi
bility of the dipole structure allows the adjustment of the 
twist on the same measuring bench to better than 0.1 mrad. 

About one hundred dipoles have been assembled up to now , , 
' according to the specification. A maximum of 5 dipoles of-
" each type can be assembled during a 40 h/week. J >'-, .< 
Further information on the dipole magnets 
can be obtained from M. Giesch, Lab.II,CERN. 

M25-4 ' " 
15 March 1974 
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Fig. 4 View of dipole assembly area 

[ 

iFig. 5 Coil" measuring table • Fig.'6 " Principle of coil measurement 
I 
M2S-6 
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M26 SPS muí t i pole magnets 

General description In addition to the dipole magnets the main magnet system of 
the SPS will include a number of multipole magnets which can 
be divided into three major types. Quadrupole magnets are 
required to focus the beam and constrain it within the vacuum 
chamber and, in order to reach the full design intensity, a 
set of correction octupoles has been ordered. Sextupoles will 
be used to compensate the effect of the momentum errors of the 
beam and octupoles are necessary to damp oscillations arising 
from interactions of the beam with the vacuum chamber. 

Despite the varying beam cross-section through one machine 
period it was decided to make the horizontally focusing quadru-
poles (OF) and the vertically focusing quadrupole (QD) identic
al and with full quadrupole symmetry. There are however two 
types of sextupole (LSD & LSF), the F sextupole being located 
near QF and having a larger inscribed radius. There is only 
one octupole per machine superperiod, always in the D position. 

Enlarged versions of QF and QD are on order for insertion 
in the lattice in the extraction regions where larger aperture 
is required. Some of these have an additional vacuum chamber for the 
extracted beam which passes through one of the excitation coils. 

Major parameters of these multipole magnets are given in 
the following table. 

Multipole magnet parameters 

( 
! 
'Quadrupole 

Enlarged 
Quadrupole Sextupole 

1 ; 1 

Octupole 
QF & QD QFA. & QDA LSF LSD L0 

» 

Length (m) 
Strength 
No. required 

3.2 
16.94 Tm - 1 

102 + 102 

3.95 
_1 

20.7 Tm 
6 + 6 

0.45, v 

8.3 Tm" ¿ 

3 6 ' " 

i 0.45 * 
- ! _2 22.8 Tm\ 
', ' 36, 

0.85" >,' 
6300*Tm-3 
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The most important consideration in the design of the quadru-
pole system was the tight tolerance on field gradient at high 
excitation. The inscribed circle radius is 44 mm and the good 
field width is Í62.5 mm. This results in a minimum gap of 
24 mm between adjacent poles. 

In order to obtain good filling of the coil window with 
copper and to restrict the number of coils per pole to one, it 
vas decided to fabricate the magnet from four quadrants. 

Like the dipoles these magnets are laminated structures , the 
laminations being punched from similar steel sheet with low 
coercivity and high saturation induction. Each quadrant contain
ing over 2000 laminations has thick end plates and an angular 
plate welded onto the laminations to provide mechanical strength. 
The water cooled coils are wound from high conductivity OFHC 
copper wrapped in glass fibre tape and vacuum impregnated in 
a mould with a conventional diglycidyl ether resin system. This 
method of insulation ensures good dielectric strength together 
with reliable operation in a radiation environment and mechanic
al strength. The coils are mounted onto the poles of the 
quadrants with polyurethane rubber shims and are locked to
gether into place during the assembly of the four quadrants. 
The quadrants are held together with tie plates, and end shims 
are added to the poles to control the end field. The overall 
weight of the magnet is 8.5 tons, its cross-section is shown 
in fig. 1. 

The design of the enlarged quadrupoles followed that of the 
normal quadrupoles, the whole magnet being magnified by a 
factor of 11/9 (see figure 2) . Only the coils were re-designed 
in detail to permit the passage of the extracted beam tube. 
This policy was chosen to ensure good tracking thus minimizing 
the disturbance to the symmetry of the lattice. 

Unlike the quadrupoles these elements are not required to 
operate at high saturation levels. This permits long parallel-
sided poles and simplified coils which can be mounted onto the 
completed core. In addition the magnet is sufficiently cooled 
by natural convection. Both LSF and LSD are constructed from 
a one piece lamination eliminating many assembly problems. 
These laminations are stacked, flipping continually through 
the 12 possibly orientations to average punching errors, and 
held together with 6 tension straps and 12 pole tie-bolts. 
The coils are wound from enamel coated OFHC copper, the ground 
insulation and impregnation details being similar to the 
quadrupole coils. Cross-sections of the F and D sextupoles 
are shown in figures 3 and 4. By making a different D sextu-
pole, taking advantage of the smaller inscribed radius, the 
ampere-turns requirement for LSD is reduced by a factor of 
about 3.5. The excitation currents for LSF and LSD have been 
kept very low because the resistance of the 28 km of cable 
linking the elements and the power supply, is of the same order 
as that of the 72 magnets. 



- 418 -

Fig. 3 Cross-section of F correction Fig. 4 Cross-section of D correction 
sextupole sextupole 

Octupoles Because of the small number of these elements required the 
fabrication and running costs have been reduced at the expense 
of material costs. Having optimized a profile ending with a^ 
minimum gap between the poles of 19 mm a simple rectangular 
coil window was chosen. The coil has'a relatively large number1 

of turns, again to avoid resistive losses in the long power 
cables. Four, two-layer coils, water cooled, are shared by 

M26-3 
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the eight poles. These coils are mounted well back on the 
poles leaving space for the later addition of skew quadrupole 
windings. The cross-section is shown in figure 5. 

Fig. 5 Cross-section of correction 
octupole 

The magnet core comprises four quadrants, tension straps 
and tie bolts support the assembly. Materials and processes 
employed in the construction are similar to those of the other 
multipoles. 

All these elements have tight tolerances on their magnetic 
fields. The quadrupoles are required to hold the field 
gradient (B 1) constant to a few parts in one thousand, the 
sextupoles and octupoles must maintain constant B" and B'", 
respectively, to a few percent. Consequently pole profiles 
have to be punched to very high precision, Í10 microns for 
the quadrupoles and ^25 microns for the other multipoles. 
Reference surfaces provided to guide the stacking of the lami
nations and to make intimate contacts between core sub-compo
nents also have to be stamped to similar precision. As an 
example of assembly tolerances the permissible 'step' between 
two quadrants of a quadrupole is 0.1 mm and the gap between 
the reference surfaces must be less than 0.06 mm. 

In order to keep core dimensions to a minimum, hence 
reducing steel costs, maximum use has to be made of the coil 
windows. Coils are therefore fabricated from copper bars of 
precise dimensions and insulation thicknesses are carefully 
chosen and maintained. 

Further^information on the multipole magnets 
can be obtained'from„R.J. Lauckner, Lab.II, CERN. 

15 March 1974 
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M27 Measurements of di pol es and quadrupoles 
for the SPS ring 

A description of the dipoles and quadrupoles to be used in 
the SPS ring is given elsewhere (M25 and M26). This note 
describes the facilities and apparatus for the magnetic measure
ments of these magnets and the mechanical measurement system 
for the quadrupoles. No attempt is made to go into the details 
of the results obtained on the 100 or so magnets measured to 
date as this will form the basis of another paper which is in 
course of being prepared. 

DIPOLES 
Mechanical system The area set aside for magnetic measurements is determined by 
General arrangement the rate of production of magnets, the number of magnets to 

be measured (850 dipoles, 220 quadrupoles & multipoles) and 
of course by the length of each magnet (6.2 m for the dipoles 
and 3.2 m for the quadrupoles). In order to minimize the 
number of measurement coils and associated electronics the 
dipole area is divided up into 4 banks with positions for 
4 magnets in each bank. Two banks with the relevant coil sys
tem between are assigned to each type of magnet. There are 
2 additional positions, one for each type of reference magnet. 
A general view of the area is shown in figure 1. The dipole 
magnets are taken from the mechanical measurement bench after 
the feet have been added, and placed upon one of the magnetic 
measurement positions. These automatically align the magnets 
horizontally and vertically with respect to the measurement 
coil system. The relevant electrical and water connections 
are made, the whole operation for 4 magnets takes about 4 hours. 
Tests carried out on the alignment accuracy show that the 
magnets may be taken out and replaced in any position with a 
reproducibility of l»10-4 in magnet measurement results. The 
measurement coil system is completely enclosed to minimize 
pollution of the vacuum chambers. 

Measurement coils The coils are 7.20 m long with a section area of 10x4 mm 2 

made from one piece of vetronite. The tolerances achieved on 
these cross-sections are between 10~2 and 10"1 mm. A multi-
stranded wire (Litz 10 strands) is used to improve positioning 
of the turns and"faster winding. 10 turns are wound and*by 
series connection of the strands a coil of 100 turns is 1 
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produced. The coils are then calibrated to determine their 
relative coil constants, an rms variation in sensitivity of 
2»10-3 is achieved. 

Coil support systems 9 coils are arranged in a vetronite structure, 5 in the same 
horizontal plane and 2 pairs of 2 coils vertically about the 
two horizontally outermost coils. A general view of the coil 
support is given in figure 2. 

The positions of the coils are such as to explore the maximum 
volume of magnetic field within the vacuum chamber. The coils 
within these supports are then re-calibrated in a known magnet 
and the slight differences in coils constants are stored in 
the computer for adjustment of the signals obtained when a 
magnet is being measured. 

The power supply is a 24-phase rectifier delivering 5000 A 
peak (4000 A rms) at an output voltage of 400 V. It enables 
the pulsed current requirement of 4.9 kA/sec to be obtained with 
5 magnets connected in series. 

The input voltage (18 kV) is reduced by a stepping transform
er having 5 taps enabling the output voltage to be optimized 
for various output loads. The stepping transformer output volt
age is fed to the rectifier transformers. There are two separate 
rectifier cubicles, each containing a 12-phase rectifier. The 
two 6-phase thyristor bridges of each rectifier are connected 
in parallel via an interphase transformer. The negative output 
terminals of each 12-phase rectifier are connected together in 
the D.C. filter cubicle and become the negative output terminal 
of the system. The positive output terminals of each 12-phase 
rectifier are connected together via a 24-phase interphase 
transformer -

The ripple on the output current is minimized by the effect 
of the magnet inductance on the output voltage which has a 
fundamental frequency of 2.4 kHz. The output current and rate 
of change of current may be selected manually or under computer 
control. 

The magnets to be measured are installed in 6 separately 
powered banks of 4 magnets each, an arrangement permitting 
simultaneous measurement, installation and removal. The power 
is switched to each bank by means of a distribution panel. 
The circuit breakers on this panel are each rated at 5000 A 
and are fully interlocked to prevent power being applied to a 
bank where magnets are being installed. 

The heart of the magnet measurement system is a PDP-11/20 
digital computer equipped with a disc operating system, 12 k, 
of1 core memory and 2-dec-tapes for bulk storage. 

The machine-is interfaced to a CAMAC control system through 
which it"communicates with the measurement electronics, power 
supply, security,system and motor system.- The control language 
used is BASIC, to*which has been added a set of sub-routines -

Electrical system 
Power supply 

Electronics system 
Computer CAMAC system 

M27-2 
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enabling real time operation. The real time operation is 
initiated by a high priority interrupt at line frequency thus 
enabling the measurements to be synchronized to the mains giv
ing a very high rejection of mains synchronous noise such as 
power supply ripple. 

The CAMAC system has both control and data handling functions 
Commands are issued to the measurement electronics and time 
intervals returning from the integrators, representing the 
result of the integration, are converted to 16 bit numbers to 
be passed to the computer. Since the measurement operation is 
performed 'on line', and therefore linked to a certain time 
scale, evaluation of the recovered data is performed after the 
measurement sequence. 

Magnetic measurement Dipoles are powered and measured in banks of 4 at a time 
procedure always relative to a reference magnet. Preliminary measurements 

of the integrated strength are taken at a field level of 1 Tesla 
where the permeability of the steel is largest. The difference 
between each magnet and the reference magnet is corrected by 
means of end shims so that at this level all the magnets have 
the same bending strength within an accuracy of ÍI'IO-1^. 

A systematic investigation of the variation of bending 
strength through the excitation cycle is then carried out to
gether with a measurement of the radial variation of field in 
each magnet and the effect of eddy currents in the vacuum cham
ber on the field distribution. As most measurements are carried 
out in pulsed mode, i.e. the magnet is pulsed from 450 G to 
18 kG, the effects arising from remanent field are not seen. 
It is important therefore to make a direct measurement at the 
low field value. This is carried out by powering the dipoles 
at 450 G continuously and entering the measurement coil system 
into the magnet by means of synchronized motors. The flux 
difference between the coils in the magnet being measured and 
the reference magnet is integrated. By averaging over a number 
of entries and exits the required accuracy of 2.10 - ¿ f may be 
obtained. The whole operation, power supply, motorsi integrat
ors, security system and analysis of the data obtained is 
controlled by the Computer-CAMAC system. 

Integrators The integrator is of the 'double ramp' type. High quality 
Principal character- components are used and the input amplifiers have a drift of 
istics 0.1 uV/ C. The analogical and digital parts of the system have 

an electro-optical coupling. Transmission of signals to the 
Computer is carried out at high logic level with good noise 
rejection. One 1 MHz clock is used by 5 integrators and the 
counting is done with CAMAC modules. 

The integrators are used,in the Assembly Hall at Prévessin. 
A maximum noise rejection is obtained at 50 Hz and multiple 
frequencies. Without temperature stabilization or re-calibrat
ing the integratorsfmore than once a year we can obtain relative 
magnetic measurements with both resolution and stability better 
than 5-1075. , - , 
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As with the dipoles the quadrupoles are arranged in two 
banks of 4 positions with a common measurement coil system 
between them. There is also a reference quadrupole position. 

In order to simplify the alignment and measurements a single 
table is used for both mechanical and magnetic controls. The 
quadrupoles are placed on 3 jacks which are adjusted both 
horizontally and vertically until the magnet is aligned with 
respect to the measurement equipment to an accuracy of 0.1 mm. 
All controls can be made with no further handling. 

Measurement coils The magnetic measurement of the gradient in the magnet is 
done using a pair of coils 4.20 m long carefully assembled by 
means of spacers and resin impregnated into a monolithic structu
re. The individual coils are produced in the same manner as 
for the dipoles but with a multifilament stranded wire of 30 
strands. The interconnections scheme for these wire to produce 
500 turns is shown in figure 3. The coils are calibrated in 
the same way as for the dipoles producing accuracy of the 
gradient measurements of better than 1-10~^. 

Coil support scheme As a result of the successful system development for the 
dipoles a similar scheme has been used for the supports of the 
gradient coils. 5 of these coils are located in a vetronite 
structure in the horizontal plane together with 2 coils 
vertically about the centre axis. 

Mechanical measurements Mechanical measurements are made on each quadrupole to de
termine the geometrical errors to an accuracy of a few 
hundredths of a mm and the average level to about 0.1 mm/m. 
All measurements are made on the poles of the quadrupole and 
the mean axis and level are transposed to the top surface of 
the quadrupole where references to be used for aligning the 
quadrupole in the ring are mounted. Ring alignment will be 
better than 0.1 mm. 

The average geometrical axis is determined by means of a 
chariot running through the magnet. 2 horizontally and 
2 vertically opposing photo-electric cells are illuminated by 
means of laser beam. The signals obtained are recorded as the 
chariot moves down the magnet and give the horizontal and 
vertical errors of the magnet, see figure 4. The mean axis 
is then determined and the quadrupole adjusted to this level 
using the laser reference supported outside the magnet. 

The reference axis on the external surface is materialized 
by means of the axis of a pendulum supported from targets and 
with a hole through which the laser beam passes. The targets 
ar.e then adjusted until the height and lateral position of the 
pendulum hole" coincides with the laser beam axis. 

i. ' 

The measurement of misalignment of the magnet poles is 
obtained using the same chariot on which are placed two pend
ulums" and-photo-electric cells.which give signals to indicate 
the variation of-thelhorizontal"and vertical axes of the magnet. 

QUADRUPOLES 
General layout 

M27-4 
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Magnetic measurements The dipole power supply and distribution panel is also used 
for magnetic measurements of the quadrupoles. The magnetic 
measurements are made along the same guide lines as outlined 
for the dipoles, except that the integral gradient length is 
measured instead of integral field length. The magnet is 
pulsed from injection level, 0 . 5 T/m, and the gradient as a 
function of horizontal and vertical position is measured 
relative to a reference quadrupole magnet. In the same way 
as for the dipoles, the coil system is motor driven into the 
magnet whilst a constant current flows and a measurement of 
the injection field gradient incorporating the effect of re
manent field is obtained. 

Further information ?n the measurements of 
dipoles and quadrupoles for the SPS can be 
obtained from V. Hatton, Lab.II, CERN. 

15 March 1974 

Fig. 1 Dipole magnet measurement area 
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Fig. 2 
Support System 
for dipole 
measuring coil 

Fig. 3 
Multifilament 
interconnection 
scheme for 
quadrupole 
measurement coils 

Fig. 4 
Quadrupole magnet 
with geometric 
control chariot 
in the bore, laser 
and recording 
equipment 
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M28 Extraction septum magnets for the SPS 

General description 

Position of magnet 
with respect to the 
circulating and 
extracted beams 

The described septum magnets create a highly confined 
uniform magnetic field over a certain width (radially) so that 
only the "extracted"- part of the proton beam is deflected. 
The initial separation between the "circulating beam" and 
"extracted" beam is formed by an electrostatic septum placed 
upstTeam of the septum magnets and in this gap is placed the 
current carrying septum of the septum magnet. The circulating 
beam passes continuously in front of the septum and must en
counter here a zero or very low field. The thin copper con
ductor or "septum" acts as a magnetic screen containing the 
field inside the magnet. No protons from either the circul
ating or extracted beams actually strike the copper septum 
but this zone of the magnets is highly irradiated by the scat
tered protons from the wires of the upstream electrostatic 
septum. 

I n s u l a t e d 
return 

. conductor 
Homogeneous 
f i e l d reg ion 

Current screen 
(or septum) 
not i n s u l a t e d 

C i r c u l a t i n g 
beam 

Zero f i e l d 

Extracted beam 

Ceramic rods 

Magnet support 
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Í1. Uniform gap field 
and zero stray 

i field 

¡2. Eddy currents 

3. Insulation of the 
coils and radiation 
resistance 

4. Mechanical restraint 
and expansion 

5. High vacuum 

6. Precision alignment 
during construction 

1.1 The profile of the yoke and coil has been determined 
with the help of program MAGNET, which can compútate two-
dimensional static magnetic fields including saturation (CERN 
computer library T600). Basically the conductors must extend 
from top to the bottom of the iron gap to prevent the gap field 
from leaking to the outside. 

1.2 High permeability iron (0.03 % carbon) must be used 
with a low coercitive field (0.5 Oe) so as to obtain a low 
remanent field at beam injection. 

The yoke is laminated in sheets of 1.5 mm insulated by 
oxidation in air. The bolts are fitted with insulating 
washers (ground alumina). 

There is no insulation on the septum as the current which 
can pass through the iron laminations is limited to 1 % of 
the current in the septum due to the thinness. 

Different insulation materials have been examined for the 
isolation of the return conductor, in particular their mech
anical properties and resistance to abrasion as a function of 
their irradiation. (A special apparatus has been made to 
test the insulating materials for their resistance to abrasion 
over 2.10 7 equivalent pulses). 

The clamps which hold the septum by its flange and 
restrain the return by flat Cu-Be springs are isolated from 
the copper by a layer of 0.2 mm of alumina sprayed on by a 
gun (750 m/sec and 3400°C). A small clearance (0.05 mm) is 
left,however,so that the septum can have a free longitudinal 
expansion (0.15mm) at each pulse. 

Each double septum magnet is placed m a vacuum tank and 
the pressure of 10 -" is obtained using standard high vacuum 
techniques with a bakeout at 250°C. The pumping is performed 
by 2 turbomolecular pumps (150 £.s - 1)and 12 ionic pumps 
(400 S,.s_1) for 5 tanks. 

The alignment of the front faces of the septum is to 
+0.15 mm (radially). 

M28-2 

To reduce the energy consumption and heating and also to 
obtain the weakest external field for the main beam during 
induction the magnets are pulsed (typically : flat top 2 
seconds, rise and fall time 0.3 seconds and overall period 
8 seconds). 

The flat top current is 24 kA for the 16 mm septum and 
7.5 kA for the 4 mm septum. 

Several problems have been encountered in the design of 
these magnets and are listed below. 
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Current supply at 
24 kA and quick 
connection 

A quick disconnect plug which can be remotely operated 
is used to connect the magnet to its current supply. 

8. Cooling The magnet is cooled with demineralized water at 17 bars 
pressure drop (equivalent to a flow rate of 2 lit/sec for 16 mm 
septum and 0.66 lit/sec for the 4 mm septum.) The water 
enters by the upper copper pipe into the two septa, is divided 
equally through each half magnet and leaves by the two lower 
copper tubes (which also are the current connections). 

9. Earth isolation 

References 

The magnet is supported on a set of ceramic rods (alumina) 
which also are used for alignment purposes. 

1. Measurements of 2 x 500 mm septum magnet Lab Il/BT/Int. 
Note/73-6, by J.Dupin, E.L.Hazledine, A.J.T.Holmes,A.Knezovi: 

2. Isolations de la bobine, de la culasse, et des amenées 
de courant des aimants à septum MST et ME, Lab II/BT/Int. j' 
Note 73.7, by J. Dupin. ; 

i. 

Further information can be obtained from J. Dupin and A.J.T.Holme: 
Lab II, CERN. I 

15 March 1974 

M28-3 

¡«Vi!: , 
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M29 Yokes of the SPS extraction septum magnets 

Mechanical and elec
trical characteristics 

Supports of the septum 
magnets 

These yokes form part of the septum magnets described in 
Technology Note M28. 

Lamination soft iron 

End plate 

Washer 

Alignment 
Lamination pressure 
Screw couple 
Geometrical precision 
Weight (1100 mm) 

Magnetil BC 1.5 mm thickness, 696 
sheets for 1060 mm. 
Armco iron 20 mm thickness nickel 
plated 
stainless steel 304 with alumina 
insulation. 
jig which fits in the iron gap 
10 kg/cm 2 

5 kg.m per bolt 
0.1 mm on a length of 1100 mm 
525 kg 

340°C 

150 
0.4 

mfi 
Í2 

cm' 

Lamination insulation 
by air oxidation in a furnace at 
Resistance of surface 
obtained : <x» 
Resistance of a yoke : ^ 
Nominal voltage across yoke (max. 
for thin septum) : 2.85 volts 
Insulation of bolts and yokes : see note M31 
Curve of magnetization of 
laminations : 

during 4 hours 

H (0e) - 0.5 + 0.5 15 200 300 
B (T) 0 0.38 1.56 1.92 2.02 
P r = (u./yo) - 7600 1040 96 67 

These parts are used to support, align and fix the yokes 
by using ceramic rods for insulation in the circular vacuum 
tanks which will be used in the extraction system. The coils 
are put in place after the yokes have been fixed to their sup
ports. 

- , The supports consist of a main baseplate of length 2456 
mm and width 270 mm which rests on the two extremities of the 
vacuum tank. It can support a load of 1200 kg with a maximum 
deformation"of 0.7 mm. 
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On this baseplate are placed a righthand and lefthand 
sub-baseplate which are supported by 6 ball bearings of 
hardened steel. These sub-baseplates can be adjusted at 
their ends to obtain a co-planity and parallelism of +_ 0.1 mm 
and +0.2 mm. 

The clamps and counter clamps which are fixed on these 
sub—baseplates hold the yokes by means of ceramic rods (16 mm 
diameter _+ 0.01 mm). The entire system allows the two yokes 
(the front face of the septum is used as a reference) to be 
aligned to an accuracy of 0.15 mm on 2450 mm. 

Cross section of 
vacuum tank showing 
the septum magnet 
mounted on its supports 

MAGNET SUPPORT 
ATTACHED TO VACUUM TANK 

Further information can be obtained from J. Dupin and 
A.J.T. Holmes, Lab II,-CERN. 

' 15 March 1974 
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M30 Coils of the SPS extraction septum magnets 

The general description of the magnets is given in M28. 
The present note describes the process of coil production. 

1. The coils are made up of rectangular or square tubes 
of OHFC copper (99.95 % pure 100 % IACS) with a cylindrical 
hole. The tolerances (see table in the annex) on the internal 
and external dimensions and on the radii of the 4 corners are 
tight to allow a precise assembly and brazing. The tubes are 
formed of hardened copper. 

2. The ends are quickly annealed under argon by the joule 
effect and then curved by a special tool. 

3. The bundle of tubes is carefully assembled with the brazing 
foil (Cu-Ag eutectic) in a mold. A constant pressure is given 
by weights. The brazure itself is done in an oven under an 
argon-hydrogen mixture (93-7) at 785°C. 

4. The septum flange, the front of the septum and the thick
ness of the return are machined to a precision of +_ 0.02mm. 

5. The connection boxes and the water-current connection 
conductors are machined. 

6. Cleaning. 

7. Assembly , by brazing with a torch,of the different parts 
with two brazes with a high silver content (Cu-Ag-Cd-Zn, at 
550 to 570°C). 

8. Cleaning and rinsing in hot water. 

9. Pressure and vacuum tests are done. 

10. Brazing of the flange and its vacuum-tight connections 
on the three tubes (1 water inlet tube in stainless steel and 
2 hydroelectric tubes in copper). 

11. " The coil is mounted in the aligned magnet,yokes. 

I Further information can-be obtained from J. Dupin, and 
A.J\T. Holmes, Labli; CERN. 
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M30. Annex l 6 t h January 1973 

Copper conductors received for the construction of prototype septum COIIB 

1 Nominal 
^ Dimensions ""ért 

nom. nom. 
•*Vater 

nom. 
. Measured 
1 Dimensions 

rext 
moB. 

A 
cu 
measured 

\iater 
measured 

A A mea- nom 
A. nom. 

A A 1 mes— nom 
A. nom. 

eTJiptioality 
of hole 2a/2b 

^ 4 . 1 0 x 4 . 0 0 2.3 O.25 12.192 4 . I55 4 .12x4.02 02 .315 0.07 12.349 4.209 + 1 . 2 9 i + 1.35« I .013 

- 5 . 1 0 x 4 . 0 0 2 . 5 0.25 15 .438 4.909 5.095x4.00 02 .515 O.05 1 5 . 4 1 0 4.968 - 0.18 $> + 1 . 1 2 $ 1.020 

5 . 1 0 x 4 . 0 0 2 .8 O .25 14.189 6.157 5 . 105x4.03 02.80 
± 3/* 

0.035 1 4 . 4 1 5 6 . 157 + I .59 JÉ 0 i 1.022 

5 . 1 0 x 4 . 0 
rect. hole 
3-35 x 2.25 

O .25 12.809 7-537 5.09 x 3 .995 
2.235 x 3.36 

0.35 + 
ohamferred 
at 45° 

12 .580 7 . 5 1 0 - 1 . 7 9 $ - O.36 fo 
Corners too 

rounded 1 
I.024 to I.032 

1.1 

J5.9 x 4 0 2 . 5 0.25 18 .638 4.909 5.925 x 4.025 
0 2 . 5 1 5 

0.05 ia.a78 4.968 + I.29 96 + 1 . 1 2 ?£ 
NJ 

1 . 0 1 2 1 

6 x 5 . 2 0 2.6 O .25 25.837 5.309 5.99 x 5.185 02.61 O.06 25.456 5.600 + 5.46 i - 1 . 4 7 i I.030 

6 x'6 <f> 3 .8 0.25 24.605 II.341 6.03 x 6 .01 
0 3 .795 

O.30 24.852 II .311 + 1 % - 0.26 % I .OI3 

Measurement of external dimensions « aicrometer 

Measurement of interior diameters ; TESA interior micrometer (Central Workshop) 

Measurement of the xound-offs j : "Hauser" profile projector (lOO times) 

file:///iater
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M31 Materials for the insulation of the 
SPS extraction septum magnets 

The general description of these magnets is given in M28. 
The present note describes the insulating materials used. 

The radiation doses which will be obtained in 10 years of 
operation are of the order of 3.10 1 0 rads at the septum and 10 9 

rads on the outside of the yokes. It is necessary to have 
insulation materials which are highly radiation resistant. 

Lamination insulation The insulation between the 1.5 mm laminations is obtained 
by the oxidation of the laminations in an air furnace at 340°C 
after they have been cleaned. 

Insulation of bolts The insulation of the bolts is achieved by using double 
washers filled with 0.8 mm of alumina injected by a plasma gun» 
ground i and shrink-f itted". 

Insulation of clamps Insulation is obtained by a layer of alumina (99%), deposit-
and septum fixing nuts ed by a gun, and which has a thickness of 0.25 mm on the clamps 

(0.2 mm after grinding) and 0.1 mm on the nuts. The clamps 
are oxidised initially by electrolysis to a depth of 60-70 y. 

Insulation of the re
turn conductor and re
manent field correc
tion coil 

Different materials have been examined for this zone as 
the degradation of the material caused by radiation (10 1 0 rads 
in 10 years) reduces its resistance to abrasion which occurs 
when the conductor moves by thermal expansion on each pulse 
(about 0.15 mm). The pressure which the insulation exerts 
on the laminations at the end of the gap is high and is caused 
by the flat springs and the magnetic force (2000 kgf. over 
1.1 m ) . 

The materials must consist mainly of an inorganic base 
(fibreglass, mica, asbestos, etc), and an inorganic binder 
such as sodium silicate, cement, or boraxglass. Organic 
materials can also be used if they are highly radiation resist
ant such as certain epoxy resins or polyimides. The probable 
choice is fibreglass with polyimide filler (23 %) which can 
form an insulating sheathe. 
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Insulation of the yoke 
from earth 

Insulation of the cur
rent feedthroughs from 
their supports 

Ceramic rods (99% alumina) of diameter 16 mm are used to 
support the magnet. The maximum potential to earth is 60 volts. 

Fibreglass tape wrapped round the conductor. 

Vacuum feedthroughs 
for conductors 

Insulation of the 
sights 

Insulation in the plug-
in 

The feedthrough consists of two bellows separated by a 
ceramic ring. 

Two layers of alumina (2 x 0.8 mm) projected by a plasma 
gun provide the insulation. 

Alumina is used, projected by a plasma gun (2 x 0.8 mm). 

Busbar supports-
Insulation of water 
pipes 

Reference 

They are made of a composite of asbestos and cement. 

Demountable ceramic tubes with a quick disconnect system 
for pressures up to 25 bars. 

Isolations de la bobine de la culasse, et des amenées 
de courant des aimants à septum MST et ME, Lab II/BT/Int.Note/ 
73-7, by J. Dupin. 

Further information can be obtained from J. Dupin and 
A.J.T. Holmes, Lab II, CERN. 

15 March 1974 
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M32 The e l e c t r o s t a t i c septum of the SPS 

The electrostatic septum (ES) is the first element in 
the extraction channel. It has two functions : 

It acts as a knife which slices off the part of the cir
culating proton beam which is to be extracted; 

- it also deflects that part of the beam in order to sepa
rate it from the circulating beam. This deflection is 
effected by an electrostatic field. 

In order that only a minimal number of the circulating 
particles interact with the knife, the latter has to be 
thin, straight and of low density. To achieve sufficient 
deflection to clear the following elements, the ES must be 12 
m long for an electrostatic field of 100 kV/cm. The septum 
has to withstand heating to 300°C by the beam during extrac
tion. The whole system must be bakeable to get the required 
vacuum of 1 0 - 9 Torr. 

ULTRA HIGH VACUUM 
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Description of the 
construction 

A. The knife is made of an array of .15 mm thick tungsten 
or molybdenum vires stretched vertically over two reference 
rods supported on a U-shaped frame. The stretching force is 
generated by two springs for each wire. In case a wire should 
break these springs will also extract the borken ends from 
the high voltage gap. The distance between the wires is 
1.5 mm. so that the 3m module counts 2000 wires. 

Four such modules,each one in its own ultra high vacuum 
tank, are placed and aligned one behind the other on a modular 
girder and separated by pumping modules. The girder can be 
displaced by remote control in order to move the knife into or 
to remove it from the machine aperture. 

B. The deflecting field is installed between the array of 
wires, which is the anode at ground potential, and a cathode. 
The gap between the electrodes is remotely adjustable from 
10 to 30 mm to adapt the system to the different beam sizes 
and operation modes. The cathode is made of titanium alloy. 
This material is known to have good properties when used as a 
negative high voltage electrode in vacuum. The potential of 
the cathode is -300 kV during electrode conditioning at -200 kV 
during normal operation. 

Technical problems - The possible distorsion of a foil septum when heated by 
the beam and the resulting increased thickness was the main 
argument in favour of a wire septum . In addition this design 
offers the advantage of low average density. 

- To meet the required alignment tolerances, i.e. +_0.05 mm 
over the 15 m length of the whole system,careful stress relieving 
of all the construction components (girder, tank supports, 
vacuum tanks and anode supports)is necessary. 

To align the whole system, the anodes inside the vacuum 
tanks can be remotely displaced by +_ 2 mm. Rigidly attached 
to the anodes are alignment rods which project outside the 
vacuum tank. Fixed to these alignment rods are targets for 
optical alignment as well as an electro-magnetical alignment 
control system, using a stretched wire as a stable (not 
straight I) reference. 

The final alignment will be done with the aid of the 
beam itself, measuring the fraction of the beam lost on the 
septum and watching the temperature of the wires along the 
septum with the aid of infra-red detectors. 

The actual status of 
the project 

Two full-size prototypes are at present undergoing 
electrical and mechanical tests. Special mechanical problems 
were studies on a short module and material tests are done with 
the aid of an HT test facility. 

Reference , The HT problems related to the electrostatic septum are 
described in the technology note M33 "HT elements for the electro
static septum". 

ß̂z-2 

For further information on the electrostatic septum 
please contact: Y. Baconnier, CERN Lab II. 

15 March 1974 
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M33 High-voltage elements for the SPS 
e l e c t r o s t a t i c septum 

The electrostatic septum (ES) is used in the SPS to 
separate the part of the beam to be extracted from the cir
culating beam and to bend it sufficiently so as to clear the 
coils of the magnetic septa. This bending of the extracted 
proton beam is achieved in an electrostatic field which has 
to be 100 kV/cm for 400 GeV protons. The electrostatic septum 
at each of the two extractions is made of four identical units 
of 3 m length, each consisting of a wire-array anode at ground 
potential and a cathode at negative potential enclosed in an 
ultra-high vacuum tank. 

The cathode is made of titanium alloy with 6 % aluminium 
and 4% vanadium. It is made of forged and annealed bars. 
Its shape is such that the maximum field strength at the cathode 
surface is not more than 10% higher than the uniform field in 
the gap between the electrodes. For the HT performance the 
surface quality of the cathode is very important: it is pol
ished using alumina powder and water. 

The cathode is supported by two horizontal alumina bars 
and can be displaced horizontally by remote control to vary 
the gap between the electrodes between 10 and 30 mm. 

The cathode is flexibly connected to a bakeable metal-
ceramic HT feedthrough. A short cable plugged outside into 
this feedthrough, connects it to a protection resistor placed 
beside the vacuum tank. 

Four such systems are connected in parallel and fed from 
a fanout, which is itself connected by a protecting resistor, 
a 225 m polyethylene cable and another protecting resistor to 
the HT power supply placed in the Auxiliary Building, (see 
diagram overleaf). The whole system is entirely screened, the 
screen being on ground potential. 

Prior to normal operation the electrodes of the electro
static septum will be conditioned. Voltage will be raised dur
ing this procedure up to -300 kV. Normal operation for beam 
extraction will then be with the cathode at -180 to -200 kV. 
After a certain period at normal operation, however, recon
ditioning will be necessary. 
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Technical problems One technical problem is related to the cathode surface : 
an extensive test programme has been performed and is still 
continuing to achieve and to guarantee the required surface 
quality of the cathode. 

Further problems are related to phenomena arising in 
HT installations in vacuum : sudden breakdowns and DC currents. 
It has been found that a breakdown in our installation will 
probably not break a wire of the anode. A DC current of 
50^A, however, may cause the snapping of a wire if it is not 
diminished within a short time. 

Therefore, the capacity of the cathode with the attached 
HT circuit up to the first resistor has to be made as small as 
possible, less than 500 pF. The value of the resistor must 
be chosen sufficiently high, about 500 MÍ2, to drop the cathode 
voltage fast enough to prevent the breaking of anode wires. 

Other problems come from the fact that the electrostatic 
septum is one of the devices with the highest irradiation level. 
High voltage cables, resistors, plugs and insulating liquid 
with which the plugs are filled must resist irradiation up to 
10 8 Rad. 

The plugs and resistances are made of dolomite-filled and 
quartz-filled araldite, respectively. The flexible cables 
used near the septum are EPR-CSP insulated, the installed 225m 
cable is a polyethylene cable. A suitable insulating liquid 
for the plug in the feedthrough has not yet been found. 

Reference The plugs and protecting resistors are manufactured by 
CERN Lab I-MPS-SM in co-operation with the CERN West-Workshop. 
The polyethylene cable is manufactured by SILEC, France, the 
EPR-CSP cable is manufactured by BICC, Leigh, Great Britain. 
A description of the wire anode of the electrostatic septum 
is given in the technical note M32 "The Electrostatic Septum 
of the SPS". 1 

For further information, please contact Y. Baconnier, 
CERN Lab 2." ( * ' 

' v 15 March,1974t 

1133-2 
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M34 Generation of high current, long duration, 
rectangular pulses 

Several fast pulsed kicker magnet systems will be used 
for the injection, the fast extraction and the dumping of the 
proton beams of the 400 GeV proton synchrotron (SPS) which is 
being built by CERN. In order to have a magnetic field with 
a sufficiently short rise and fall time, each kicker system 
must be split into several identical magnet modules, each of 
them being powered by its own pulse generator. A particular 
pulse generator must produce rectangular pulses with a current 
amplitude of 3000 A to 10 000 A, a pulse duration adjustable 
between 1 and 24usec, and rise and fall times shorter than 
0.2usec, with a pulse repetition rate of approximately 1 pulse 
per sec. Such high current long duration pulses have never 
been obtained beforehand, one of the major problems being the 
switches which have to pass large amounts of electrical charge 
with a reasonable lifetime. 

The pulse generator The principle of the pulse generator is shown below. 
A power supply charges the pulse forming network (PFN) to a 
maximum voltage of 60 kV. Then the PFN is discharged by high 

ÖHV Supply 

iT 
Ln-1 L 3 L , 
-HSltöP T R H R ) ' — i — f l ï O T * -

a f r w 

L, 

Main 
Switch 

- tronmssion 
- r ^ c . 

cable 

9 ¡ ¡ « § , | Pulse forming network with 18 cells j Front cell js^tcrT Load 

power fast switches through a transmission line into the 
kicker magnet module which is terminated by a matched resis
tor. In calculating the theoretical response of the LC-
,ladder PFN, it can be shown that three switches are necessary: 

• the main switch together with the front cell give the fast 
'pulse rise, while'the fast fall is obtained by short-circuit-
' ing the" PFN with the clipper. The dump switch allows to 
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change the pulse duration and avoids voltage reflections in 
the PFN when firing the clipper switch. A suitable choice of 
the values of the capacitances and inductances of the PFN per
mits to generate special pulse shapes, which is very useful 
for the beam dumping system, where oscillations of large ampli
tude must be superimposed on the pulse flat top. 

Possible switches Spark gaps, which have been used extensively in the past 
for similar applications, are not suitable in this case be
cause of their critical adjustment, their limited range of 
working conditions and their lack of reliability. Ignitrons 
are not suitable either, as they give too large fluctuations 
in the switching times. 

Normal deuterium-filled multigap ceramic thyratrons have 
been tried first. They are capable of switching perfectly 
4000 A, 12 usee long pulses, but for longer pulse durations, 
they become very sensitive to reverse voltage, which results 
in back arcing and leads to the destruction of the tube after 
a few thousand pulses. For long pulses, they also tend to 
extinguish because of the depletion of the plasma discharge. 
They were therefore abandoned. 

Doubled cathode The physical limitation of the usual thyratron was over-
thyratron come by using special thyratrons, manufactured by'English 

Electric Valve Co. (U.K.) This thyratron type CX 1171B has a 
complete cathode assembly including a reservoir instead of the 
usual anode. As more gas is provided to the discharge, in 
particular in the top gap, quenching of the discharge can be 
avoided for long pulses. In addition, this thyratron being 
completely symmetrical, it is able to pass reverse current, 
and is insensitive to voltage reversal. 

With three such thyratrons, 4 kA rectangular pulses have 
been successfully obtained. The rise and fall times are 
shorter than 200 nsec and the pulse length can easily be adjust
ed between 0.7 and 24 usee. As compared to the normal thy
ratron, CX1171, the CX1171B has an increased lifetime by at 
least a factor 10 000 . 

The thyragnitron Another way of overcoming the limitations of the normal 
thyratron is the "thyragnitron", which is a composite switch 
made of a normal multigap thyratron (or even a double-cathode 
thyratron) by-passed by three ignitrons in series. The thy
ratron provides only the steep current rise and the precise 
turn-on, whereafter the ignitrons progressively take over the 
discharge current. This kind of switch can also withstand 
voltage reversal and pass current in the reverse direction. 
Its pulse performance is practically identical to that of the 
CX 1171B, but it can be extended to higher current and longer 
pulse duration, and its lifetime is expected to be longer. 

References Theoretical calculations on the performances of the various 
pulse generators >.ave been reported in CERN/LAB II/BT/72-1 and 

' in Lab Il/BT/lnt/73-5, where a more complete description of 
some of the fast pulsed magnet systems foreseen for the SPS can 
also be found. A summary of the experimental results on the, n 

high power fast switches is given in the report CERN LAB Il/BT/1', 
2 ' 73-5, and .further information can be obtained from P.E.Faûgeras"~T 

or G. Schröder, CERN Lab II/BT. 15 March 1974*ií! 
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M35 A high precision device for the measurement 
of the magnetic f i e ld in the 
Synchro-cyclotron 

The phase space volume for stable acceleration of particles 
and with it the beam intensity in a synchro-cyclotron depends 
on the match between magnetic field and accelerating fre
quency-modulated RF-voltage. In addition the magnetic field 
takes the charge of focussing the particles radially and 
vertically. 

In the course of the reconstruction of the synchro-cyclo
tron the magnetic field, which is of the order of 20 000 Gauss, 
had to be remeasured to a precision of + 2.10"^ in order to 
optimize the field frequency match. In particular it was 
necessary to reshim the central region of the 5 m diameter-
magnet where a hole of 21 cm diameter had been drilled so as 
to allow the introduction of the ion source. In addition the 
field in the beam extraction region has to be shaped for 
maximum extraction efficiency. 

The principal element of the measuring gear consists of a 
3.50 m long bar of profiled cast aluminium on which 100 Hall 
plates (SBV 579 Siemens) are mounted with a spacing of 3 cm. 
The plates are temperature stabilized to (25 ±0.1)°C. Prior 
to mounting they were calibrated in a test magnet by com
parison with a proton resonance probe and the correlation 
between measured Hall-voltage and field value was approximated 
by a polynomial. 

The bar is mounted on a turn-table in the centre of the 
synchro-cyclotron which permits it to scan the field at 
300 radial locations and at all azimuths in a horizontal plane. 
The support is driven by a step motor. The azimuth positioning 
is controlled by a Siemens 301 computer. Each programmed 
azimuthal position is approached in 600 steps per degree of 
angle actuated by pulses from the positioning electronics 
to the step-motor, and an encoder (Grundig) which is mounted 
on the turn-table"in the magnetic field, communicates the 
actual, position to the computer with a precision of 
0.01 .degrees. When "approaching the preset position the step 
» frequency i s slowed1down, and the stop signal occurs when 
the*difference-between preset and actual position is zero. 
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The Hall plates are connected to the computer via a 
120 channel analog scanner. In the actual measurement the 
analog Hall voltages are read channel by channel by a digital 
voltmeter and fed into the computer in digital form. While 
the bar is moved to the next position, the Hall voltages are 
converted into magnetic field values, and Hall voltages as 
well as field values B(r,v) are stored on tape for off-line 
analysis. 

The time for a complete field map of 36 000 values 
(V step I o) takes about 40 minutes determined only by the 
positioning of the bar. 

Special devices have been constructed to measure the field 
in inaccessible regions of the magnet like the extraction 
channel, regenerator region and beam exit region. 

References Further information can be obtained from E. Braunersreuther, 
telephone 2307, MSC Division, CERN. 

Mechanical measure
ment equipment moun
ted in the SC (synchro
cyclotron) 

M3S-2 
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M36 A device for locating the magnetic mid-plane 
of the Synchro-cyclotron magnet 

The radical and vertical focussing of particles in a cyclic 
accelerator is achieved by allowing the magnetic field to fall 
off from the centre to the periphery. Focussing is determined 
by the field index 

R 6B 
n = B OR. 

For a weak-focussing structure such as a synchro-cyclotron 
the field index must be in the range 0 < n < 0.2. The radial 
gradient of the axial field B in the SC is of the order of 
-5 Gauss/cm; it implies an axial gradient of the radial 
field component of B^ of the same magnitude. This component 
acts on the particles to direct thein to the plane, where B =0, 
the magnetic mid-plane. ^ 

Scheme of the 
SC magnet 

The problem is to measure the small horizontal component 
of about 20 Gauss in the presence of a vertical field of a 
factor 1000 bigger. This is achieved with a device developed 
at the Gatchina Synchro-cyclotron and known at CERN as the 
"Russian Pendulum". 
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It consists of a small Alu plate hung on a thin thread on 
which two Hall probes are mounted 20 mm above and below the 
centre line respectively. The total weight of the pendulum 
is about 130 g. The wiring of the probes is done in a way 
that there is no additional force on the current leading 
wires exerted by the magnetic field. 

Pendulum 

This method takes advantage of the fact that the horizontal 
component changes sign at the mid-plane, and by interpolation 
between the readings of the two probes one can determine the 
exact position of B = 0. 

H 
Any misalignment of the Hall probes is eliminated by 

turning the pendulum by 180 about its vertical axis and 
forming the difference of two measurements. The position 
of the magnetic mid-plane can be determined to a precision 
of + 2 mm. 

"Russian Pendulum", USSR Academy of Sciences, A.E. Ioffe, 
Physico Techn. Inst. Report 040, CERN translation 71-5. 

Further information can be obtained from E. Braunersreuther, 
telephone 2307, MSC Division, CERN. 
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M37 Electromagnetic extraction of the SC 

For the extraction of the beam accelerated in the synchro
cyclotron machine, it is necessary to create a weak field 
region at the periphery of the magnet. For orbit dynamic 
reasons, this has to be obtained by letting a current of some 
12 kA flow through a 3 mm thin septum (No. 2, Fig. 1) and re
turning it through the antiseptum (No. 3). The magnetic field 
between septum and antiseptum is decreased by some 0.2 tesla, 
whereas outside that region the field should remain unperturbed. 

For this reason a coil is needed, the cross-section of which 
is shown in Fig. 1. It consists of a set of 10 inner round con
ductors (indicated by I 2, Is, •••) each carrying 12 kA in 
the same sense and 20 external conductors (indicated by 
Ez, •••» E n , ...) each one carrying 6 kA in the opposite 
direction. As the coil is immersed in the magnetic field of 
the SC, the inner conductors are pushed towards the centre of 
the machine with forces of the order of 18 kg per centimetre 
of length; the outer conductors are pulled a«ay "ith half the 
force. Although the algebraic sum of all these forces is 
negligible, the inner stresses have to be counter-balanced by 
some insulating material, which must be radiation resistant to 
a high degree. The finite thickness of the septum is respon
sible for the loss of about 20% of the beam, which creates in 
its surroundings a radiation field of the order of 1000 rad/h. 

The solution adopted consists in enclosing the coil in a 
vacuum-tight box (No. 4, Fig. 1) filled with concrete. To 
ensure the adherence between concrete and copper pipes, these 
have been sprayed with alumina. In order to equalize the 
thermal expansion coefficients, the concrete is of the 
aluminous type and the filling material is coryndone of suit
able grain-size. The inner traction stresses are balanced by 
alumina-sprayed stainless-steel wires. To facilitate filling 
of all interstices, the concrete is settled with an excess of 

' water on a vibrating table. Successively, the whole is 
dehydrated by vacuum heating at 80°C. Figure 2 shows the 
whole arrangement, ready to be inserted in the SC machine with 
the 60 ton screening chariot and 100 kW power supply. 

. Further information can be obtained from A. Susini, 
tel.' 3184, and J. Chevallier, tel. 2294, MSC Division, CERN,. 

2 March 1974 
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F i g . 2 The entire electromagnetic channel 



M38 Recent models of experimental area magnet 
power supplies 

Beams of particles derived from the Proton Synchroton for 
use in experiments require bending and focusing magnets with 
the appropriate "optical" characteristics to convey them to 
the experimental apparatus. 

These "beam transport elements" are energised by power 
supplies situated either in power supply buildings or on 
the experimental floor itself. This note describes recent 
developments in these power supplies. Since the beam layout 
changes frequently, and a variety of different transport 
elements are in use, a flexible "modular" system was chosen. 

The required current precision and stability are of the 
order of 0.01 % and the supplies are computer controlled. 

Power circuitry The "modular" power supply system standardises the rectifier 
types. The basic units, which are 12-phase thyristor rectifiers 
of up to about 400 kW output power, are made to fit most com
mon requirements, but can also be operated in series or paral
lel with units of the same type, or be connected in series 
with a diode voltage booster. Additional flexibility is provi
ded by the use of free-wheeling diodes to reduce current rip
ple when the rectifier is operating with a low output voltage, 

> and also by having a "bifilar" wound rectifier transformer 
primary winding which can be switched in a series or parallel 
mode to give half or full rectifier output voltage. 

A "master-slave" system is used for the connection in 
parallel or in series of rectifiers. The master unit gives 
its thyristor gate pulses to the slave units. 

For most applications a 12-phase rectifier system has been 
chosen rather than a 6-phase system since it gives a factor of 
4 reduction of current ripple ui an inductive load, and draws 
no 5 t h and 7 t h harmonic cujM'unt from the mains. In cases of 
lower power, and less stringent requirements with respect 
to current ripple, 6-phase rectification is used. 

Use in experimental 
areas 
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In view of the reliability of thyristors and the relati
vely high cost of fuses, the latter have been suppressed and 
an electronic overcurrent detection system blocks the 
thyristors and releases the main circuit breaker under fault 
conditions. "Explosion-proof" capsule thyristors eliminate 
the danger of large short-circuit currents causing major 
damage through arc-ing in the equipment. 

Current measurement is by means of a high precision de 
current transformer. 

The electronic equipment, in CIM (CERN standard) crates, 
is divided into two parts. One part is situated in the power 
supply and contains the gate control set and protection cir
cuitry, etc., and the other part is in a control room and 
contains the precision circuitry and computer interfacing. 

To meet the current precision requirements, a high accuracy 
gate control set has been developed to reduce sub-harmonics, 
and the regulation system includes a fast voltage correction 
loop as well as a current loop. The current reference source 
is a high stability 14-bit digital-to-analog converter. 

All digital circuitry including the computer interfacing 
and protection logic is made with slowed-down, high threshold, 
CMOS logic, in order to eliminate as far as possible spurious 
signals. 

In view of the long repetition cycle of the SPS it may 
be desirable to pulse the experimental area beam 
transport power supplies in order to save energy. Some form 
of reactive power compensation would be necessary. The facility 
of pulsed operation has been allowed for in the electronics. 

Further information can be obtained from L. Coull and 
R. Mosig, MPS Division, CERN. 

April 1974 
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M39 Shimming the (g-2) magnet 

The requirement for the g-2 magnet is to produce a homo
geneous stable and reproducible magnetic field in the entire 
storage volume, a ring of 14 m diameter with a rectangular 
section of 8 x 12 cm 2. 

The subject of this note is to describe the method used to 
obtain the necessary homogeneity of a few parts in 10""* azi-
muthally, and a few parts in 1 0 - 5 in the radial vertical 
plane. This was approached in 3 steps. 

1) The magnet was fabricated with a profile, determined 
by a trial and error method on a model with tolerances of 
±0.02 mm. 

2) Effects of inhomogeneous saturation were compensated 
for by passive magnetic shunts in different positions on the 
blocks and by iron foils in slots between the pole pieces and 
the yoke. 

3) All 40 blocks were measured and shimmed in a set-up 
consisting of a suitable excitation coil and 4 magnet blocks; 
the two extreme blocks used for end-effect compensation, the 
two center blocks being shimmed. 

The field measurements were performed by Servo-NMR-probes 
and a computer-controlled measuring equipment, by an inter
active program, on the on-line computer (PDP11-20) based on 
expressing the effect of iron-strips as current loops and 
their mirror images in the poles. This optimized the field 
homogeneity around the boundary of the storage volume, by 
adjusting the thickness of strips in positions chosen by the 
operator. Only solutions where iron was to be removed were 
used,' the field level being adjusted by adding shunts on the 
yoke. Then the pole faces were ground according to the 
results of calculations. If necessary the process was repeated 

, ;F',The grinding tool, "developed especially for this purpose, 
was mounted on a base plate:; equipped with retractable wheels 

ito'roil'it in the"magnet and another jack to clamp it in place 
between the^poles,when,working. It consists of a spindle with 
axialíy" mounted "motor", fcarriéd on a set of precision rolling 
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cables, one radial and two azimuthal, the vertical displace
ment being obtained by pivoting the radial table support 
around a horizontal axis, rotating in ball bearings on the 
two aziuruthal tables. The radial displacement was by means 
of a lead-screw coupled to an encoder; the azimuthal and ver
tical by a hydropneumatic system, the azimuthal stroke length 
defined by end switches; the vertical working depth is limit
ed by micrometer stop-nuts. As the azimuthal variations of 
the field were smooth and relatively small due to the semi-
continuous structure of the magnet, the calculations as well 
as the grinding was performed in two dimensions, dividing 
each magnet block in 3 sections. 

The only critical positioning was the vertical one. By 
verifying each time the micrometer position when the stone 
touched the magnet and from there ou setting the micrometer 
for the working depth, a precision of a few microns was 
obtained. 

By using a screen surrounding the stone sealed against the 
pole pieces by rubber foam, beryllium-copper springs and air 
jets to stop sparks and evacuated by vacuum cleaners, perfect
ly dust free working conditions were obtained without using a 
liquid when grinding. 

It is intended to reshim the magnet after assembly in the 
ring in order to optimize the field shape lor the g-2 experi
ment. 

The Figure shows the grinding tool in working position. 

0. Runolfsson, N.P. Division. 

1 April 1974 



- 451 -

M4Q Nuclear magnetic resonance system for the 
(g-2) experiment 

Stabilization and 
measurement of the 
magnetic field in the 
muon storage ring 

For the new (g-2)-experiment the mean magnetic field in 
the muon storage ring must be known and stable to ±10_f>. To 
achieve this, the 40 magnet blocks of the ring are individual
ly field stabilized by means of 40 nuclear magnetic resonance 
(NI\'¡C systems and 80 compensating coils. The current in the 
main coils need only to be stable to ±10~4. 

The field in the gap of the magnet is automatically mapped 
before and after each run with an arrangement of 8 NMR-probes 
which are driven around the ring, positioned and read out by 
computer control. These 8 mapping probes as well as 80 addi
tional NMR-probes, which will be driven periodically during 
the runs in fixed positions into the vacuum tank for monitor
ing the field, are connected to 8 automatic NMR-magnetometers. 
For the 80 monitoring probes multiplexers will be used. 

Principle of Operation The magnetic field is modulated locally at the NMR-probe 
with a triangular wave of 30 Hz with 4 Gauss amplitude. An 
absorption signal appears at the parallel LC resonant circuit 
with the water sample in the rf-coil. This resonant circuit 
is weakly coupled via 5.6 kfi to a rf-amplifier with active 
output level stabilization and is automatically tuned to the 
applied frequency (varicap diode). The detected absorption 
signal is amplified in the electronic box of the probe and 
sent back to the main unit (NIM plug-in). A sample and hold 
circuit produces an error voltage which is proportional to the 
modulating field at the instance when the proton resonance 
occurs. This error voltage changes the frequency of the rf-
oscillator in the magnetometer to obtain the proton resonance 
at zero modulation. In this way the oscillator frequency, 
which is measured with an external counter, follows automa
tically the field. In the case of the stabilizers a very 
stable crystal oscillator is used and the error voltage is 
sent to a power amplifier which adjusts the field to the 
correct value by means of the compensating coils. For increas
ing the bandwidth of the stabilizers, the NMR-error voltage is 
combined 'with the signal of a pick-up coil in each block. 

In inhomogeneous fields the NMR-signal amplitude is reduced 
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and the width increased. In order to maintain optimum condi
tions up to gradients of = 200 ppm/cm, the trigger and the 
timing of the sample and hold circuit are automatically adjust
ed by the magnetometers and the stabilizers. If no NMR-signal 
appears, both units switch themselves into a search-and-lock 
mode. 

a) Stabilization: 
short term stability (1 hour) at 14.7 kG 

- loop gain at DC 
- loop gain = 1 frequency 
- full range of compensating coils 

± 2x10 
> 10 5 

-7 

1 kHz 
± 10 G 

Reached Performance 
b) Magnetometers: 

accuracy (= max. deviation between different 
units) 

- frequency range i 
- frequency range of modified version 

response time 

± 3x10 
62 to 65 MHz 
26 to 66 MHz 
- 30 msec 

- loop gain at DC = 10& 

Reference K. Borer - NP Division 

1 April 1974 

M40-2 
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M41 The Proton Synchrotron Booster (PSB) magnet 
and t r i p l e t 

PSB magnet 
system 

Technical problems 
due to multi-gap 
design 

Manufacture of 
iron core 

Special technique 
for quadrupole 
coils 

The PSB is made up of four superposed synchrotrons. Each 
ring is subdivided into sixteen magnetically similar lattice 
units. A unit comprises: 

i) two four-gap magnets, having dipole-fields for 
bending the proton beams, 

ii) one four-gap triplet, having quadrupole-fields, for 
focusing the proton beams. A triplet is composed of 
three single quadrupole magnets. 

The most notable feature of both bending and quadrupole 
magnets is the multi-gap design. By combining the four gaps 
in one common iron core, rather than stacking independent 
magnets, a considerable gain in the alignment accuracy between 
rings, as well as in overall height and costs, is obtained. 
However, this demands special measures for the construction 
of large laminated cores with very tight tolerances (high 
magnetic and mechanical qualities of steel sheets) and for the 
correct evaluation and compensation of field distortion in 
the four gaps (computations, use of correcting magnets). 

Only by means of the best stamping techniques can the tole
rances on the shape of the laminations be maintained (a few 
hundredths of a millimeter over more than one square meter). 
Furthermore, precise heavy tools and jigs are required to 
align and compress the laminations during the welding of the 
stacks, and the welded seams must be stress-relieved, in order 
to have straight, distortion-free cores (less than one tenth 
of millimeter over one meter length). 

The gaps of the bending magnet are in the form of open 
slots, whereas those of the quadrupoles are closed. In order 
to fit the quadrupole excitation coils, either the magnetic 
cores or the coils themselves must be split. From prototype 
trials it was found that the required mechanical tolerances 
could not be kept for the split cores, and so U-shaped coils 
were manufactured which, after insertion into the cores, were 
interconnected at the open ends. 
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Following a procedure exclusive to the manufacturer, the 
insulated impregnated coils, positioned by jigs, were brazed 
to the interconnections by inductive heating. After insula
tion, the whole magnets were placed in a resin bath within 
an autoclave, for coil impregnation and polymerization. 

The PSB magnet system has been described in detail at the 
Third International Conference on Magnet Technology at 
Hamburg, 1 9 7 0 , and the magnetic measurements at the Fourth 
International Conference on Magnet Technology at Brookhaven, 
1 9 7 2 . Additional information may be obtained from the authors 
or P. Bossard, CERN MPS Division (Ext. 3 4 6 8 ) . 

The following firms have made the main components of the 
PS Booster magnet system: 
VOEST, Linz, Austria, - steel laminations; ASEA, Vesteras, 
Sweden, - prototype bending and quadrupole magnets; BROWN 
BOVERI & Cie,-Mannheim, Germany - main quadrupoles; ALSTHOM, 
Belfort, France, - bending magnets; LINTOTT Engineering Ltd, 
Horsham, United Kingdom, - multipole magnets. 1 

April, 1 9 7 4 . 
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M42 y - t r a n s i t i o n jump hardware 

Purpose This system is used to maintain the quality of the circu
lating beam in the PS. As explained by W. Hardt (Note D21), 
the system allows rapid passage through a critical moment of 
the acceleration process (i.e. transition) without losses des 
pite a high particle density. 

General description The hardware consists essentially of 2 groups of 3 quadru
poles (triplets) and 4 pairs of another type of quadrupole 
(doublets). They are distributed around the PS ring in a spe 
cific pattern as shown in Fig. 1. 

Fig. 1 

Distribution of the 
quadrupoles around 
the accelerator 

The triplets are connected to a pulse generator which de
livers a half-sine-wave current pulse of approximately 500 A. 
The power supply which pulses the doublets includes a fast 
(<Lmillisecond) reversal of the current at the peak of the 
half sine wave. This rapid change of current produces the 
desired jump in the focusing characteristics of the accelera
tor. Both current wave forms are shown in Fig. 2. 
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Pulse generator 
for the triplets 

Pig. 3 

Pulse generator 
for the doublets 

Fig. 4 

Problems encoun
tered in the pro
ject 

References 

The energy for the magnetic field is taken from a bank of 
electrolytic capacitors. By means of appropriate thyristor 
switches (see Fig. 3) the energy flow is reversed at the 
moment when the current pulse reaches its peak. It is necessary 
to turn off the thyristor Th2 by forced commutation. 

The schematic diagram of the pulse generator is shown in 
Fig. 4. The current pulse is again supplied by the discharge 
of a bank of electrolytic capacitors. When the current has 
reached its peak value the thyristor Thl is turned off by 
forced commutation. 

The energy is fed back into the commutation capacitor which 
is charged up to a relatively high voltage (6,000 V ) . It then 
returns to the doublets thus producing a negative current pulse. 
At the same time the losses are compensated by the discharge of 
capacitor C. The current is finally damped in the ohmic re
sistance of the circuit. 

It was necessary to design short quadrupoles containing a 
minimum of stored magnetic energy, thus allowing series connec
tion of all doublets for precise current tracking (only one po
wer supply). The choice for high-voltage fast-turn-off thy
ristors is limited, and several thyristors had to be used in 
series and parallel for fool-proof operation. The project had 
to be managed in 8 months with a small team. 

For further information please contact F. Rohner (septum 
layout) and H. Dijkhuizen (power supplies), both MPS-Division. 

« April 1974 
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M43 Radiation-resistant magnets 

The electrical insulation of accelerator magnet coils 
usually consists of a few layers of glass-fibre tape and one 
of mica tape, impregnated with epoxy resin. This semi-
organic insulation will withstand a radiation dose of up to 
5 x 1 0 9 Rad. 

In very localized regions this dose is sometimes 
exceeded by one or two orders of magnitude. The conventional 
insulation fails due to loss of mechanical and electrical 
properties and also by delamination caused by the build-up 
of gas within the material. This gas is produced in the 
radiation degradation of the epoxy resin. 

Several laboratories have built coils with wholly 
inorganic electrical insulation. They have employed simple 
"spacer" techniques using mica or alumina and have experiment
ed with asbestos or glass-fibre filled high-alumina concrete. 
A difficulty in the latter procedure is that when impregnating 
long coils, the cement, aggregate and water tend to separate. 

A procedure developed at CERN for magnets near to 
external targets is particularly suited to long coils (see 
Fig. 1). The fabrication sequence is as follows : 

a) Conventional coils are constructed using alumina 
spacers (electrical tests can be made). 

b) Holding the conductors in a jig, dry concrete-aggre
gate mixture is vibrated into the gaps between them. 

c) The cement is hydrated by capillary absorption of 
water from below, with particular attention to the avoidance 
of air pockets. 

d) The coils are cured for one week in a water tank. 
e) The concrete is dried under vacuum. 
f) The outer insulation, which consists of 2 mm thick 

mica sheets, is then mounted. 
g) Stainless steel tension straps, bot-wrapped around 

the coil, are then fixed by spot welding. 
~ h) A'vacuum vessel, equipped with current and water 

lead-throughs, is assembled around the coil. 
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i) The last traces of moisture are then removed by 
passing a current through the coil to raise its temperature. 

The concrete gives dimensional stability to the coil. 
The tension straps maintain the mechanical integrity even 
when the concrete tends to fissure. The vacuum enclosure 
insures good electrical insulation under humid operation 
conditions. 

For further information, please contact R.L. Keizer 
or M. Mottier, EA Group. 

Leak tight enclosure 

Fig. 1 CONSTRUCTION PROTOTYPE 

RADIATION RESISTANT COIL 

April 1974 
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M44 Septum magnet c o i l s 

A typical septum magnet is shown in Fig. 1. The magnet 
is C-shaped and the coil consists of a thick inner conductor 
and a thin septum. Inside the magnet the magnetic field 
may be as high as 2.0 Tesla, but outside the septum the field 
falls to a few per mille of this value. This magnetic field 
difference is created in order to separate, or combine, two 
charged particle beams. 

a " ° ® . i. © ° * ft 

Magnet 
yoke 

aeptum 

SEPTUM MAGNET 
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Technical difficulties peculiar to septum magnets are : 
2 

i) high current density, typically 200 A/mm , vhich causes 
problems, 

ii) strong magnetic forces on the septum, 
iii) operation in high vacuum, typically 10 ^ Torr, which 

severely limits the choice of materials that can be 
used for the electrical insulation, 

iv) irradiation of the septa by the particle beams, which 
also limits the choice of materials used in construction, 

v) high voltage, in the case of fast pulsed septa. 

The construction aZ these magnets is therefore mainly 
a matter of the proper choice of materials and methods of 
fabrication. 

The technique adopted for the construction of the septum 
coils is to use hollow OHFC copper tubes of square cross-
section which are bent to the required shape and are then 
vacuum brazed together (Castolin 1802). The finished coils 
are silver or gold-plated to reduce outgassing in high vacuum. 

The coils are then subjected to a series of stringent 
tests to eliminate failure due to manufacturing deficiencies : 

a) radiographical tests to detect blockage of the cooling 
circuits or other brazing faults, 

b) water pressure tests at 50 atm to eliminate weak 
joints, 

c) hydraulic measurements to detect blockage of cooling 
circuits, 

d) helium leak tests, with a He-pressure of 22 atm, to 
detect leaks in the order of some 10~*° Torr liter per second, 

e) electrical insulation tests, 
f) power tests, measurement of the cooling water 

temperature rise in each conductor to detect irregularities 
in the water flow, 

g) pulsed tests, typically 200,000 pulses, after which 
the leak tests are repeated. 

The magnets are expected to have a lifetime of 10^ pulses. 

For further information, please contact R.L. Keizer, 
EA Group. 

April 1974 
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M45 The Full Aperture Kicker system (FAK) 

Successful fast ejection has been possible at the CPS for 
over 10 years using small-aperture kicker magnets. These mag
nets, initially retracted, are plunged into position during 
acceleration of the proton beam before pulsing. Because of 
the small aperture they require less excitation power but pre
sent increased mechanical complexity, a limited uniform field 
region and vacuum problems. It was decided as part of the CPS 
development program to construct a full aperture kicker system 
which would overcome these difficulties and be able to eject 
the high intensity beam. 

This new fast ejection system (FAK) has 9 identical magnet 
modules, each powered by its own 100 MW pulse generator. The 
magnets are in series, as seen by the proton beam, and they 
produce a total magnetic "kick" of 1.4 k gauss metre when all 
are excited with a 40 kV pulse. 

Use of a kicker Kicker magnets are fast pulsed magnets which are used for 
system inciting oscillations in the orbits of beams circulating in 

accelerators. Their purpose at the CPS is to do the fast ejec
tion, in whole or in part, of the bunched high energy proton 
beam after acceleration. Partial fast ejection of the beam is 
frequently required for physics experiments and the number of 
the 20 circulating bunches which must be ejected varies from 
one physics programme to another. The pulse generators of the 
kicker magnets are therefore designed so that the excitation 
pulse length can be varied easily and that the kick strength 
can be changed for multiple ejections at different energies. 
The magnets are conceived such that their field risetime is 
sufficiently short for full deflecting power to be established 
during the interval between the bunches. 

Technical features The CPS proton beam inter-bunch time spacing is 80 to 90 
nanoseconds. This time is too short to establish full deflect
ing power to a single full aperture magnet if reasonable pulse 
voltages are to be used. In consequence the FAK is a multi-
magnet system. The magnets are of single turn delay line design, 
the impedance being 15 ohms. The aperture available to the beam 
is 147 x 53.5 mm. Low remanence ferrite "C" cores are used in 
the magnetic circuit. Mirror finish aluminium plates provide 
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the magnet capacitance and their size and spacing is chosen to 
give the right characteristic impedance. The dielectric is 
vacuum at around 10-^ Torr. The pulse excitation for each 
magnet is derived from a cable pulse forming network charged 
to 80 kV, High voltage thyratrons are used at each end of the 
network, one to switch the pulse to the magnet and its-
terminating resistor, the second to switch the remote end of 
the network to a second matched terminating resistor. 

By varying the thyratron firing times the magnet pulse 
length can be easily and accurately adjusted. The pulse 
switching is fast (30 nsec) with low jitter and produces field 
rise and fall times in the delay line magnets of about 75 nsec. 
The recharging of the pulse forming networks is made with pulsed 
resonant power supplies in about 4 milliseconds. Up to 4 
ejections are possible per CPS cycle, the minimum interval 
between them being 50 milliseconds. The controls and the 
acquisition of data for the FAK system are made with a PDP 11/45 
computer via a data transmission system. 

Technical problem Apart from the high voltage switching technology (Technology 
Note M20) the main problems concern the type of cable used 
for the networks and transmission lines and the vacuum problems 
presented by 500 kg of ferrite used in the magnets. The cable 
problem can be summarised as the necessity to use cable of 
minimum attenuation and maximum dielectric strength. These 
conflicting requirements were overcome by using a lapped 
polythene tape dielectric with SF^ pressurisation up to 9 
atmospheres, the outer aluminium tubular conductor serving also 
as the pressure vessel. The vacuum problem was caused by the 
ferrites being contaminated with inorganic hygroscopic salts 
contained in the grinding coolants used during machining. This 
problem was solved by prolonged boiling of the ferrites in 
demineralised water, after which they were vacuum-baked at 
280° C. The success of this can be judged from the short pump 
down time (about 10 hours) from atmospheric pressure to about 
7 x 10- 8 Torr. 

Acknowledgements The following manufacturers í ive collaborated with CERN 
on this project : 

the English Electric Valve Co Ltd., Cables de Lyon, 
Honsel-Werke AG, Moser-Glaser AG, Feldmühle AG, and the 
Indiana General Corporation. 

Further information may be obtained from D. Fiander, 
D. Grier, K.D. Metzmacher and P. Pearce. 

April, 1974 
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M46 Magnetic balance 

The magnetic properties of some materials used at CERN are of 
great importance, for example the austenitic stainless steels 
used in the construction of accelerator vacuum chambers. 
A magnetic balance for controlling these properties and measu
ring the susceptibility of weakly-paramagnetic materials has 
been constructed. 

A small sample of a weakly-magnetic material situated in a 
magnetic field is subjected to a force F given by 

F - X V £ 
¿10 dx 

where ^ is the magnetic susceptibility of the 
material, 

V the volume of the sample, 
B the magnetic induction at a given point of 

the sample, 
dB the magnetic induction gradient m the 
dx displacement direction. 

By measuring the force F with a balance, the magnetic suscep
tibility of the sample may be determined. 

An electromagnet is used for creating the field and the poles 
are profiled to ensure that the magnetic induction gradient 
is constant in a given volume. For the electromagnet used B(x) 
curves at different field intensities indicate that ̂  is 
practically constant over a volume 4 mm high. 

Cylindrical test-pieces, 2 mm diameter and 3 mm long, are placed 
inside a glass tube suspended from the balance arm (sensitivity 
0.1 mg) for which the equilibrum position is situated in the 

dB 
region of constant — • 
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Results Magnetic susceptibilities in the range 10--1 to 10"^ may be 
measured with this apparatus, which is adequate for controlling 
stainless steel, Ti alloys, Cu Alloys, etc. 
A typical result obtained at different field intensities for 
a 316LN stainless steel sample is shown in the figure, both 
parent and weld regions. 
The apparatus has been extensively used to select the auste-
nitic stainless steels used in the construction of the vacuum 
chambers of the Intersecting Storage Rings and the new 300 GeV 
Proton Synchroton. 
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References Further information can be obtained from J.P.Bacher, ISR 
Division, and R. Florence, R. Magnier, Central Workshops, 
SB Division, CERN. 

20 March 1974. 
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Photography and optics 
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PÍO Image intensi f ier for streamer chambers 

If a streamer chamber is utilized in the avalanche mode, the 
brightness of the tracks is indépendant of their direction with 
respect to the electric field. The disadvantage of this mode, 
however, is the weak light output of the plasma streaks. In 
order to record them, an image intensifier has to be used. 

Recording onto a photographic film requires a light ampli
fication of 101*. The device must also be pulsed in order to 
prevent the accumulation of noise, caused by the high ampli
fication (DC operation is also possible and useful for align
ment purposes). Reconstruction problems arise from the con
siderable distortions undergone by the image transfers in the 
image intensifier. 

A camera has been constructed, composed of three single 
electrostatic image intensifier diodes with fibre optic entrance 
and output windows (RCA 8505). The last stage can be pulsed 
from a 15 kV plug—in pulse generator. The picture is taken on 
a film, which is applied onto the output w i n d o " - For fib" 
transport, a special mechanism was introduced in order to pre
vent scratches on both the film and the tube. 

Image intensifier camera 
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The photon amplification for red light is 5 2 * 10 ; a point
like object produces on the output window a disk-like image with 
a diameter of = 50 um. The exploitable entrance cathode area 
is within a diameter of 32 mm. In spite of the serious distor
tions of the amplified image it is possible, with the help of 
a correction grid and a reconstruction program, to obtain use
ful results for the parameters of e.g. straight lines. The 
error of the parallel displacement of a 1 m long track is 
= 0.2 mm; the error of its inclination = 0.35 mrad and Its 
"virtual radius" > 400 m. 

References H. Gentsch et al.: Image Intensifier Camera for Streamer 
Chamber Photography, CERN 74-4, Lab. I, ISR Division, Feb. 74. 
Further information can be obtained from E. Gygi and 
F. Schneider, ISR Division, CERN. 

1 March 1974 

P10-2 
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Pli Miniature radiation-resistant te lev i s ion 
camera 

Development criteria This camera was developed to suit the special operating 
conditions in an accelerator. It must be radiation-resistant 
and insensitive to magnetic fields of about 100 Gauss. It 
must be as small and light as possible and must have remote-
control facilities for the optical focusing system. Moreover, 
it must be insensitive to fluctuations in the mains voltage 
and the concomitant parasitic effects, highly reliable and 
easy to maintain. 

Design principles Only nuvistorised circuits can withstand high radiation 
doses (greater than 10 6 rem). Transistorised circuits cannot 
withstand doses higher than about 10 5 rem, but they are much 
more reliable. Accordingly, we have divided the camera into 
two parts : 

a) the camera head, which comprises a nuvistor preamplifier, 
the camera tube (vidicon) and the deflection unit; 

b) the control equipment, including the power supply unit, 
pulse generator, scanning circuits and video amplifier, 
which are fitted in a cubicle or a rack. 

The deflection unit is particularly sensitive to external 
magnetic fields. It can be very effectively protected, while 
reducing its bulk and weight as compared to the conventional 
type of construction, by surrounding it with shielding and by 
making the camera casing of mu-metal. 

The entire deflection unit is mounted on slides, thus 
allowing the image to be easily focused either manually or 
with the aid of a motor, even when the objects to be photo
graphed is very close to the lens. 

Construction In practice, the camera may take two forms : 

Two-part type : only the camera head with its nuvistorised 
preamplifier is fitted in the radiation zone. The control 
units are arranged, eight on each chassis, in an equipment 
room. 
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Technical data 

Monobloc type : the head, fitted with a transistorised pre
amplifier, is arranged in the same casing as the control box. 
The video signal then comes from the box. 

In order to facilitate operation, the direction of hori
zontal and vertical scanning can easily be reversed by means 
of changeover switches, and the video signal can be sent back 
to the camera head for setting-up purposes. 

References 

The camera was designed 
by CEMEL of Gex (France). 

Scanning standard : 
Video output 
Definition at the centre : 
Power supply : 
Dimensions : 

camera head : 
monobloc camera : 

Weight : 
camera head : 
monobloc camera : 

For futher information, 
or contact P. Monnet or J. 

at CERN and it is being produced 

625 lines, interlaced scanning 
level 1 Vpp, impedance 75 Ohm. 
700 points (RETMA grid) 
220 V + 10%, 50 Hz, 18 VA 

82 x 92 x 237 mm 
82 x 184 x 234 mm 

2.6 kg 
4.6 kg. 

please consult MPS/CO Note 72-31 
Robert, MPS Division. 

P l l - 2 
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PI2 Photomultiplier cathode uniformity monitor 

Use The monitor was developed to facilitate test of the photo
multipliers used by the NP Division. It is based on the scan
ning principle used for television and makes it possible to 
display the state of the cathode of a photomultiplier (PM) on 
a television monitor screen, on which the most sensitive parts 
appear brightest. By adjusting the PM focusing grid, it is 
possible to obtain the optimum sensitivity of all or part of 
the PM photocathode by direct observation on the television 
monitor. 

Working principle The cathode of the photomultiplier receives the image from 
a television monitor via an objective. A standardized, cons
tant-level video signal is applied to the monitor, which gives 
an uniform illumination over the whole surface of the screen. 
A photoelectric cell arranged in front of the screen measures 
its brightness, which is indicated on an instrument. It is 
thus possible to obtain reproducible results in several series 
of tests. 

The front of the PM is therefore scanned by a luminous spot, 
and a video signal of proportional amplitude to the sensitivity 
of each point of the PM cathode is obtained at the output of 
the dynodes of the PM. After being suitably shaped and mixed 
with the synchronising pulses, this signal is sent to a second 
monitor which thus provides the image of the state of the PM 
photocathode. 

It is possible in this way, by using standard television 
equipment and by slightly modifying the circuits, to construct 
a photomultiplier testing device which gives fast and accurate 
results. 

Any further information may be obtained from P. Monnet and 
J. Robert, MPS Division, and M. Renevey, NP Division. 
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PI3 Pulsed high-speed camera 

Use in the 2 metre 
Liquid Hydrogen Bubble 
Chamber 

Design requirements 

Description and method 
of operation 

The camera described in i:his paper was designed to provide 
the 2 metre Liquid Hydrogen Bubble Chamber with a means of 
taking several photographs per accelerator cycle. 

The camera had to be capable of taking 4 photographs 
170 mm in length each on unperforated 50 mm wide film in 300 
milliseconds which meant a film transport time of less than 
60 milliseconds. A system of interchangeable cassettes 
housing large rolls of film (560 metres) was devised to reduce 
dead time for reloading. All mechanical parts and electronic 
circuits were to be capable of operating in a stray magnetic 
field of some 700 Gauss. During exposure the film had to be 
held on a perfectly flat surface so as to be in focus. Three 
cameras were necessary to offer the stereo angles required for 
the subsequent reconstruction of tracks and events in space. 
The camera had to be pressurized to prevent possible in-leak 
of air-hydrogen explosive mixture and thus make the apparatus 
safe for use in a hydrogen area. Mechanical tension on the 
film had to be kept below a force of 2 kgs. 

The principle of operation is as follows: (see fig. 1). 
The unexposed film housed in the right hand cassette is 
unwound by a turn-table driven by an electric servo-motor which 
receives its starting and stopping signal from a capacitive 
device measuring the length of film stored in the right hand 
vacuum pocket. A differential air pressure of some 120 grammes/< 
across the loop of film is responsible for drawing the latter 
into the pocket to create a reserve length sufficient for 4 
photographs. 

Between exposures the film is drawn from the right hand 
pocket by means of a printed circuit motor driven capstan 
effecting one complete revolution each time so as to advance 
the film by the length of one frame. The film thus transported 
is fed into the left hand vacuum pocket whence it is withdrawn 
by the turn-table of the left hand cassette which is also 
driven by an electric servo-motor receiving its starting and 
stopping signal from the capacitive device measuring the 
length of film stored in the left hand pocket. 
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During exposure, the film is held on the flat reference 
face of the film back by suction. A differential pressure of 
some 500 grammes/cm^ across the film is achieved by opening 
the communication,by means of an electro-magnetic valve,between 
the film back and a tank pumped down to a residual pressure of 
some 200 gramre"'cm^. In order to release the film from the 
film back during transport, a burst of compressed air is fed 
via an electro-mag.íeti ". valve to create a pressure somewhat 
above atmospheric between tka film and the film back. The 
film back is constructed from 0,3 mm diameter bore quartz 
capillary tubes fused together, glued to a bronze support and 
ground optically flat. One complete cycle of operation is 
shown in fig. 2. 

The film is held in darkness during the whole process 
and is exposed by 3 flash tubes situated on the other side of 
the chamber which emit light filtered between wave lengths of 
4200 Angstrom and 4700 Angstrom for 150 microseconds. The 
light falling into the camera objectives is that scattered 
through an angle of 7° by each track bubble and by the fiducial 
marks engraved on the glass of the chamber windows. The rest 
of the light is condensed to a blind spot situated between the 
three camera objectives. The bubble chamber image is demagnifi 
approximately to ~ on the photograph. 

Further information can be obtained from: L. Naumann, 
M. Schmitt, M. Dykes, R. Stierlin, T.C. Division, CERN. 

15 February, 1974 
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PI4 Precise length-measuring automatic device 
(Distinvar) 

Importance of l e n g t h 
measurements in s u r 
vey ing 

The use of the 
D i s t i n v a r 

D e s c r i p t i o n of the 
equipment 

The r e l a t i v e p r e c i s i o n required for i n s t a l l i n g the f u n c 
t i o n a l components o f a c c e l e r a t o r s are of the order o f 0 .1 mm. 
Therefore , the geometr ica l measurements required to s a t i s f y 
t h e s e t o l e r a n c e s are based on h i g h l y accurate l eng th measure
ments . A p r e c i s i o n of a few hundredths of m i l l i m e t r e can be 
obtained only by us ing invar w i r e s . 

The D i s t i n v a r , which was p e r f e c t e d by the SURVEY Group in 
1962, has been used in the c o n s t r u c t i o n of the I n t e r s e c t i n g 
Storage Rings , the Booster and the t r a n s f e r t u n n e l s . This 
instrument has been used f o r thousands of measurements, and 
the automatic model descr ibed below w i l l be used f o r the s u r 
vey work in the SPS. I t can be used t o f ind a b s o l u t e l e n g t h s 
Cgeodetic b a s e , s u r v e y i n g , checking c o n s t r u c t i o n s ) , w h i l e the 
l e n g t h s are c a l i b r a t e d by means of a standard base . I t can 
a l s o be used t o make d i f f e r e n t i a l measurements ( b r i d g e s , t u n 
n e l s , dams, b u i l d i n g s ) , when i t i s not necessary to c a l i b r a t e 
the l e n g t h s . 

The D i s t i n v a r c o n s i s t s of t h r e e p a r t s , the invar g e o d e t i c 
wire and i t s s p e c i a l at tachments 1.65 mm i n d i a m e t e r , t h e 
f i x e d r e f e r e n c e po in t and the instrument i t s e l f . The l a t t e r 
two components have a male p i e c e providing f o r p r e c i s e mecha
n i c a l c e n t r i n g w i t h i n 30 mm diameter s o c k e t s . These s o c k e t s 
must be v e r t i c a l and r e p r e s e n t the o r i g i n of the l ength t o be 
measured. 

Method of operat ion In f a c t , t h e equipment i s a p r e c i s i o n balance f i t t e d on a 
c a r r i a g e . The b a s i c p r i n c i p l e on which t h i s balance works i s 
t h a t , as a f u n c t i o n of the l e v e r r a t i o of the arms, a we ight 
of 1 .5 kg a p p l i e s a c o n s t a n t t r a c t i o n of 15 kg on t h e w i r e . 
The c a r r i a g e seeks the c e n t r e of equ i l ibr ium of the instrument . 
This c e n t e r of equ i l ibr ium i s deternr'ned by a system for d e t e c 
t i n g the p o s i t i o n o f the balance-beam. According to the i n f o r 
mation provided by the d e t e c t i o n sys tem, the c a r r i a g e i s 
a u t o m a t i c a l l y moved to and fro by means of a r e v e r s i b l e motor 
and a micrometer screw in order to reach t h i s centre of e q u i 
l i b r i u m . A mechanical counter i n t e g r a l with<>the screw i n d i c a 
t e s the l o n g i t u d i n a l p o s i t i o n of the c a r r i a g e . Thus, t h e } 
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d i f f e r e n c e i n t h e counter reading between t h e p o s i t i o n of the 
c a r r i a g e on t h e c a l i b r a t i o n base and t h i s p o s i t i o n on t h e 
l e n g t h t o be measured d i r e c t l y g i v e s t h e d i f f e r e n c e in l e n g t h 
between t h e s e two measurements . 

The t o t a l t r a v e l o f the c a r r i a g e i s 50 zim. Depending on 
t h e invar w i r e s u s e d , the D i s t i n v a r can measure l e n g t h s from 
0 . 4 0 to 50 m. The accuracy of t h e measurement i s not a f u n c 
t i o n o f the l e n g t h o f the w i r e s but of the s e n s i t i v i t y of the 
b a l a n c e . A thousand measurements made w i t h t h e D i s t i n v a r over 
many y e a r s show t h a t t h e va lue o f t h i s s tandard d e v i a t i o n 
r e c u r s i n adjus tment by the l e a s t square method. 

In a d d i t i o n to ensur ing t h a t t h e s o c k e t s a r e v e r t i c a l , 
a t t e n t i o n must a l s o be paid t o the f a c t t h a t t h e t r a c t i o n 
e x e r t e d on t h e w i r e i s d i r e c t l y a p p l i e d t o the i tems t o be 
measured , which must be r i g i d enough f o r t h i s t r a c t i o n not to 
a f f e c t t h e measurements . Thus i t i s n e c e s s a r y to d e s i g n p i l 
l a r s , metal columns or supports which do not d i s t o r t under 
t h e e f f e c t o f t h i s t r a c t i o n . For a b s o l u t e l e n g t h measurements, 
c a l i b r a t i o n must be c a r r i e d out ex treme ly c a r e f u l l y b e f o r e and 
a f t e r t h e measurements themse lves i n order to d e t e c t any s y s 
t e m a t i c e r r o r s . 

- J . G e r v a i s e , "APAREIL DE HAUTE PRECISION POUR LES MESURES 
DE DISTANCES", CERN 5 4 - 1 6 , 17 mars 1964 . 

- J . G e r v a i s e , "MESURES DE DISTANCES DE HAUTE PRECISION AU 
FIL D'INVAR EN MICRO-GEODESIE", A R / I n t . J S / 6 5 - 8 , 10 a v r i l 
1965 . 

- J . G e r v a i s e , "AUTOMATIC MEASURING DEVICE", ISR-SU/67-59 , 
2 novembre 1967. 

- J . G e r v a i s e , "UN EXEMPLE D'IMPLANTATION DE HAUTE PRECISION: 
LE COMPLEXE SYNCHROTRON A PROTONS ET ANNEAUX DE STOCKAGE A 
INTERSECTIONS DU CERN", ISR-SU/70-1 , 26 j a n v i e r 1970 . 

- J . G e r v a i s e , "POSITIONING OF THE CERN INTERSECTING STORAGE 
RINGS: THE GEODETIC APPROACH", CERN 7 0 - 1 8 , 30 June 1970 . 

- J . G e r v a i s e , "GEODESIE DE POSITIONNEMENT DES ACCELERATEURS 
CIRCULAIRES DE PARTICULES", Cours ESGT, a v r i l 1972 . 

Further in format ion about t h e D i s t i n v a r can be o b t a i n e d 
from D. Bois and J. O l s f o r s , Lab. I I , CERN. 

15 March 1974 



- ¿,80 -

PI5 Nylon wire device for alignment and 
offset measurement 

Surveying and angular In a d d i t i o n to l e n g t h measurements ( s e e Technology Note 
measurements P14, "The D i s t i n v a r " ) , t h e t o l e r a n c e s required f o r the i n s t a l 

l a t i o n of an a c c e l e r a t o r n e c e s s i t a t e angular measurements o f 
comparable accuracy. Such measurements are d i f f i c u l t t o make 
and take a c o n s i d e r a b l e time i n view of the observat ion condi 
t i o n s . The s o l u t i o n which we have adopted i s pure ly mechani
c a l . I t c o n s i s t s in measuring the tangent i n s t e a d o f t h e 
angle i t s e l f over d i s t a n c e s o f about 30 m. 

Use This technique was used s u c c e s s f u l l y in the c o n s t r u c t i o n 
of the t r a n s f e r t u n n e l s f o r t h e I n t e r s e c t i n g Storage Rings 
(ISR). We were thus a b l e to c o n s t r u c t and measure the r e f e 
rence network for t h e s e t u n n e l s over more than a k i l o m e t r e . 
This network c o n s i s t e d o f s t r a i g h t s e c t i o n s 650 m l o n g , curved 
s e c t i o n s with a radius o f 150 m, and many l i n k s and s e c t i o n s 
w i th s l o p e s o f up t o 12%. All t h i s survey work was c a r r i e d 
out wi thout us ing any o p t i c a l a i d s (a l ignment t e l e s c o p e or 
t h e o d o l i t e ) . 

Let us take as an example the c o n s t r u c t i o n o f a s t r a i g h t 
al ignment or the determinat ion of the o f f s e t of a c e r t a i n num
ber of components in r e l a t i o n to t h i s s t r a i g h t a l i g n m e n t . As 
the po in t s to be measured are represented by a c e r t a i n number 
of v e r t i c a l s o c k e t s , the rad ia l p o s i t i o n o f each of them in 
r e l a t i o n t o t h o s e surrounding them r.ust be determined. In 
order t o be able to deal with a l l t h e s e o b s e r v a t i o n s by the 
l e a s t square method, e f f o r t s are made to m u l t i p l y them t o 
obta in the maximum number of redundant measurements. Thus, 
the t r a n s v e r s e o f f s e t of po int 2 w i l l be measured in r e l a t i o n 
to a s t r a i g h t l i n e j o i n i n g po ints 1 and 4 . The o f f s e t 3 in 
r e l a t i o n t o the l i n e j o i n i n g 2 and 5 and t h a t of p o i n t 4 w i l l 
be measured and so on t o po int N. There w i l l be two t r a n s 
v e r s e o f f s e t measurements for each p o i n t . Adjustment by the 
l e a s t square method w i l l provide the p o s i t i o n s o f each o f the 
s o c k e t s in r e l a t i o n t o t h e s t r a i g h t l i n e j o i n i n g po in t 1 to 
po in t N. 

P r i n c i p l e of measure
ment 
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For t h e curved s e c t i o n s , the measured t r a n s v e r s e o f f s e t s 
w i l l be c h o r d s . A s p e c i a l b a r , i n t e g r a l w i th the c e n t r i n g 
d e v i c e , a l l o w s t h e measuring c a r r i a g e t o be f i x e d every c e n 
t i m e t r e f o r t h e purposes of measuring t h e s e c h o r d s , by means 
o f a p r e c i s i o n p inn ing sys t em. I t i s thereby p o s s i b l e t o mea
s u r e t r a n s v e r s e o f f s e t s o f up t o 500 mm. 

The equipment i s made up o f four p a r t s . The s t r a i g h t 
l i n e s e r v i n g as a r e f e r e n c e f o r t h e t r a n s v e r s e o f f s e t measu
rements i s o b t a i n e d by s t r e t c h i n g a nylon wire 0 .2 mm in 
d iameter up t o i t s breaking s t r a i n . The ends of the wire are 
c e n t r e d e i t h e r w i t h t h e a id o f a V-shaped p i e c e , or t a n g e n 
t i a l l y t o a p i n , so t h a t the a x i s o f t h e wire p a s s e s through 
t h e v e r t i c a l a x i s of t h e s o c k e t t o w i t h i n some 0 .01 mm. One 
o f t h e s e two c e n t r i n g components s e r v e s t o s e c u r e the w i r e , 
w h i l e the o t h e r comprises a t e n s i o n i n g d e v i c e f i t t e d w i t h a 
h a n d l e . The l a s t part i s the system f o r reading o f f t h e 
t r a n s v e r s e o f f s e t s . I t i s i t s e l f c e n t r e d in the s o c k e t by 
means of a male component, and has a small magn i f i er i n t e g r a l 
w i t h the movable c a r r i a g e , the p o s i t i o n o f which i s marked 
w i t h the a id o f a mechanical c o u n t e r . The c a r r i a g e i s moved 
by r o t a t i n g a micrometer screw i n t e g r a l wi th the c o u n t e r . 
The z e r o p o s i t i o n of t h e counter i s the p o s i t i o n a t which the 
a x i s o f t h e m a g n i f i e r passes through t h e a x i s of the s o c k e t . 
On t h e movement o f t h e c a r r i a g e , the framing o f the nylon 
w i r e in t h e r e t i c l e o f the m a g n i f i e r d i r e c t l y g i v e s t h e t r a n s 
v e r s e o f f s e t s o u g h t . A small o p t i c a l system makes i t p o s s i b l e 
t o p r o j e c t an e n l a r g e d image o f t h e nylon wire on t o t h e r e t i 
c l e . 

This sys tem makes i t p o s s i b l e t o measure t r a n s v e r s e o f f 
s e t s w i t h a s tandard d e v i a t i o n of 0 . 0 2 mm, t h r e e or four t i m e s 
more a c c u r a t e l y than w i t h any o p t i c a l measuring sys t em. The 
ny lon w i r e can be s t r e t c h e d t o l e n g t h s of s l i g h t l y more than 
100 m w i t h o u t any r e d u c t i o n i n p r e c i s i o n . The r e s u l t s of 
a d j u s t m e n t s by t h e l e a s t square method show t h a t the s tandard 
d e v i a t i o n mentioned above i s m a i n t a i n e d . 

- J. G e r v a i s e , "UN EXEMPLE D'IMPLANTATION DE HAUTE PRECISION: 
LE COMPLEXE SYNCHROTRON A PROTONS ET ANNEAUX DE STOCKAGE A 
INTERSECTIONS DU CERN", ISR-SU/70-1 , 26 j a n v i e r 1970 . 

- 0 . G e r v a i s e , "POSITIONING 0F THE CERN INTERSECTING STORAGE 
RINGS: THE GEODETIC APPROACH", CERN 7 0 - 1 8 , 30 June 1970 . 

- J . G e r v a i s e , "GEODESIE DE POSITIONNEMENT DES ACCELERATEURS 
CIRCULAIRES DE PARTICULES", Cours ESGT, a v r i l 1972. 

Fur ther i n f o r m a t i o n about t h i s equipment can be o b t a i n e d 
from D. Bo i s and J . O l s f o r s , Lab. I I , CERN. 

15 March 1974 
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PI6 Polyurethane jacks 

The quadrupoles in the tunnel must be aligned to a tole
rance of 0.1 ram between three consecutive elements. The 
weight of each quadrupole is about 10 tons. Thus we have de
signed, built, and tested a special jack for this purpose. 

The chief original feature of this jack is the use of Poly
urethane as a hydraulic medium. This material becomes incom
pressible above a certain pressure, just like a hydraulic 
liquid. 

The vertical adjustment is obtained by screwing in a cer
tain number of solid pistons (5). As the volume of the poly-

urethane (8) cannot change, 
the only possible ways in which 
the central column (3) and the 
top plate (2) can move are 
upwards or downwards depending 
on the direction of rotation 
of the vertical adjustment 
screws (6). The total verti
cal range with eight pistons 
is ±2 cm. 

For the horizontal displace
ment, the top piece of the 
jack is bell-shaped, and it is 
moved by means of four smaller 
adjustment screws (7) which 
bear on the core (3) of the 
jack. 

Further information can be 
obtained from D. Bois (Tel. 5156) 
and J. Olsfors (Tel. 2994),^ « 
Lab. II, CERN. 

15 March 1974 
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PI 7 Automatic gyrotheodol i te 

Use of t h e g y r o s c o p e 
in the underground 
traverse 

Method o f f i n d i n g the 
North 

The g y r o s c o p e i s an ins t rument used t o determine the m e r i 
d ian p l a n e [i.e. the Geographical N o r t h ) . This p o s s i b i l i t y i s 
p a r t i c u l a r l y use fu l f o r o b t a i n i n g a r e f e r e n c e bear ing indepen
dent o f any g e o d e t i c network or topographica l t r a v e r s e . 

F ind ing t h e North i s r a t h e r d e l i c a t e and many p r e c a u t i o n s 
have t o b e taken in order t o ob ta in an accuracy o f a few 
s e c o n d s . For t h e s e r e a s o n s , we have deve loped a c o m p l e t l y 
automat ic system for the gyrotheodol i t e . 

Using the t r a n s i t method, t h e t h e o d o l i t e i s roughly p o i n 
t e d towards t h e North and t h e d i f f e r e n c e between the l e f t and 
r i g h t o s c i l l a t i o n s i s a f u n c t i o n of t h e a n g l e between the t h e o 
d o l i t e a x i s and t h e t r u e North. 

Automating t h e g y r o s 
cope 

Results 

A system of t h r e e p h o t o t r a n s i s t o r s i n d i c a t e s the t r a n s i t 
t ime o f t h e g y r o s c o p i c i n d e x . A c r i s t a l - c o n t r o l l e d o s c i l l a t o r 
i s used t o count the t ime i n t e r v a l between two c o n s e c u t i v e 
t r a n s i t s . A l o g i c c o n t r o l u n i t performs the d i f f e r e n t coun
t i n g o p e r a t i o n s , s e l e c t s the d i f f é r e n t s c h a n n e l s , which have 
t o be used and t r i g g e r s the d i g i t a l p r i n t e r which p r i n t s out 
t h e t r a n s i t t i m e s and the codes f o r the p h o t o t r a n s i s t o r s 
between which t h e s e t i m e s have been measured. 

The measurement o f t h e t r a n s i t t imes on t h e t h r e e photo-
t r a n s i s t o r s permi t s t h e c a l c u l a t i o n not o n l y of t h e l e f t and 
r i g h t - h a n d d i f f e r e n c e s , but a l s o of the o s c i l l a t i o n ampl i tude 
which o c c u r s i n t h e c a l c u l a t i o n o f the angle between t h e t e l e s 
cope a x i s of the t h e o d o l i t e and Geographical North. 

North i s found from o b s e r v a t i o n s of t h e t r a n s i t t i m e s 
dur ing t h r e e complete o s c i l l a t i o n s o f the g y r o s c o p e , i . e . 
20 minutes at the l a t i t u d e o f CERN. 

Any s u r v e y d i r e c t i o n in t h e tunnel can be e s t a b l i s h e d wi th 
a s tandard d e v i a t i o n o f 25 centes imal seconds by f i n d i n g the 
North t h r e e t i m e s in s u c c e s s i o n . Moreover, t h i s can be done 
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without the need f o r any a c t i o n on t h e part of the operator 
except for d i r e c t i n g the gyrotheodol i t e roughly towards the 
Geographical North. 

Further information about the automatic g y r o t h e o d o l i t e 
can be obta ined from D. Bois and J . O l s f o r s , Lab. I I , CERN 

- D. B o i s , E. Menant & J . O l s f o r s , "AUTOMATION DU GYROSCOPE", 
INSA Lyon, 5-6 mars 1974. 

15 March 1974 
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PI8 Automatic clinometer 

At t h e r e q u e s t of the Magnet Group, a very small and very 
a c c u r a t e c l i n o m e t e r has been made f o r t h e t i l t measurement o f 
t h e quadrupole p o l e - p i e c e s . 

This i n s t r u m e n t , 10 cm high and 5 cm w i d e , has t o t r a v e l 
i n t o the magnet gap and prov ide in format ion about the v a r i o u s 
t i l t s measured i n any l o n g i t u d i n a l p o s i t i o n . The ins trument 
i s i n s e n s i t i v e t o the magnet ic f i e l d . I t i s mounted on a s p e 
c i a l c a r r i a g e and has an accuracy of about 0 .01 mm/m. 

I t o p e r a t e s on the p r i n c i p l e of d e t e c t i n g the t r a n s v e r s a l 
p o s i t i o n of a suspended mass as a f u n c t i o n o f the s t o n e of t h e 
base p l a t e . A mass o f 100 g i s suspended by means o f f i v e 
0 . 0 5 mm d i a m e t e r Cu-Be w i r e s from a small c a n t i l e v e r e d p l a t e . 

The p o s i t i o n of t h e mass i s measured by an e l e c t r o - o p t i c a l 
s y s t e m us ing d i f f e r e n t i a l photodiodes and a m p l i f i e r s . The 
o u t p u t s i g n a l i s of t h e order of ± 5 V. 

A pneumatic damping sys tem i s f i t t e d to damp any o s c i l l a 
t i o n o f t h e suspended mass , t o l i m i t i t s a n g l e o f r o t a t i o n and 
t o p r e v e n t t h e s u s p e n s i o n w i r e s from breaking in the event o f 
a shock. 

This c l i n o m e t e r has a range o f ± 2 mm/m and can be used 
f o r any p r e c i s e t i l t measurement. 

Fur ther i n f o r m a t i o n about the automat ic c l i n o m e t e r can be 
o b t a i n e d from D. Bois and J . O l s f o r s , Lab. I I , CERN. 

15 March 1974 
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Development 

Operating 
principle 

P19 A crossed-field fast-scanning image dissector 

At CERN the need for a highly sensitive fast scanning sys
tem for measuring the beam shape in the proton synchrotron led 
to the development of a beam scanner using crossed-field elec
tron optics (Technology Note B32). Later on, when seeking an 
electromagnetic technique for the rapid dissection of an opti
cal image, it was found that the same method could be used. 

The essential requirement is for fast scanning in one 
direction, coupled with high spatial resolution. The image 
is projected onto a photoelectric cathode; there is a fixed 
magnetic field in the same plane, and an electric field per
pendicular to it. Variation of the electric field scans the 
cathode surface; the electrons emitted are guided along epi-
trochoid trajectories which result from the combined fields. 
A broad understanding of the operating principle may be obtain
ed by studying Figures 1 and 2. 

In Fig. 1 photoelectrons from a slice of width, S, of the 
image are being guided into the electron multiplier- The 
electric field is formed by two main electrodes having voltages 
V x and V 2 and a pair of collector electrodes at potentials ? 1 

and P 2. A uniform magnetic field, B, is perpendicular to the 
plane of the diagram. The equipotential surfaces of the col
lector electrodes follow the dotted lines in the region of the 
main electric field (not to scale). 

Figure 1 

Electron collection 
in crossed fields 
(schematic) 
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Electron trajectories are epitrochoids in the plane of the 
diagram. They follow equipotential lines in this plane. 
Photoelectrons originating outside the potential limits Pi and 
P 2, set by the collector electrodes, cannot pass between them 
and so do not enter the electron multiplier, whereas most of 
the electrons originating within the slice S do pass between 
the collector electrodes as shown in Figure 1. This electron 
current, after amplification in the multiplier, is the output 
signal of the device. 

The spatial resolution is determined by the magnitude of S, 
which is independent of the magnetic field and the separation 
of the collector electrodes. In practice S, and hence the 
spatial resolution, can be set between 0.1 mm and about 5 mm 
merely by changing the values o£ Pj and P 2. 

Figure 2 

Scanning process 
(a,b,c) and 
circuit (d) 

Scanning the slit, S, across the image on the photo-cathode 
is simply a matter of keeping the potentials Pi and P 2 fixed 
while varying the absolute values of Vj and V 2, the difference 
Vj - v 2 remaining constant. This is shown schematically in 
Figs. 2a), 2b), 2c). In practice this is done by supplying 
the voltages V¡ and V 2 from a floating dc power supply and 
driving the two electrodes with respect to earth by a triangu
lar voltage waveform, see Fig. 2d). The scan frequency can 
be from dc to 500 kHz. 

EMI Electronics, Ltd., Tube Division, Hayes, UK, have made 
the first tube of this type. A Venetian blind structure was 
chosen for the electron multiplier as it is relatively insensi 
tive to the magnetic field. The source of this field is out
side the vacuum envelope of the image dissector; either a 
pair of Helmholtz coils, or a permanent magnet with plane 
parallel mu-metal pole faces, can be used. 

C D . Johnson, V.A. Stanley, A crossed-field fast scanning 
image dissector, Proc. ESO/CERN Conference on Auxiliary Instru 
mentation for Large Telescopes, pp 291-294, 1972. 

For further information contact C D . Johnson, MPS Division. 

Í ' ' ! 

" 1 " - ' April, 1974 
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P20 The European Southern Observatory 

Origins and History The European Southern Observatory, ESO, is a scientific 
collaboration between six European countries - Belgium, 
Denmark, Federal German Republic, France, Netherlands and 
Sweden. The idea of pooling European resources in astronomy 
to compete with the prodigious post-war effort of the 
Americans in this field was mooted as long ago as 1B53. This 
same spirit of mutual co-operation, prevalent at that time, 
gave rise to other European enterprises, including CERN. The 
idea did not come to fruition until 1962 when five of the 
present member states signed the Convention which brought 
into being an organization whose aim was defined as astro
nomical research in the Southern Hemisphere. In 1967 they were 
joined by Denmark. 

The research programme was directed towards the Southern 
Hemisphere, long neglected by astronomy whose traditions 
were firmly rooted north of the equator, because from the 
south a number of fascinating astronomical problems were 
amenable to investigation by powerful modern telescooes. 
Included in the basic research plan were investigation of 
the Magellanic Clouds, of the central regions of the Galaxy, 
of galactic structure and evolution, the study of cosmol-
ogical problems and of stars of particular interest. 

Observatory Site After an exhaustive survey of possible sites in the 
Southern Hemisphere, in particular South Africa and South 
America, the choice finally fell upon the and region of 
north-central Chile at the southern extremity of the Atacama 
Desert. Here one found quasi-ideal conditions from the point 
of view of latitude, climate, topography and atmospheric 
stability and transparency. As a result of further surveys 
within this region the exact location of the observatory „ , 
was chosen on La Silla, a mountain ridge 2400 metres in 

, altitude, 160km north-east of the coastal town of La Serena 
in the province of Coquimbo. The desert climate is tempered 
by the altitude and the atmosphere is of extraordinary" 
clarity, unpolluted and far from interfering light sources. 

' Since 1965 a number of telescopes have been*commissioned on 
this remote mountain, 600km north of Santiago da Chile. There 
are at the moment some eight astronomical instruments in full 
operation on the observatory site which covers 600km2 of . 

Astronomical Research 
Programme 
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desert territory purchased at a nominal price from the Chilean 
government. 

3.6m Telescope On the highest summit of La Silla, building has now begun 
for the 3.6m aperture telescope, destined, if we may be 
allowed somepoeticlicer.ee, to be the jewel in ESO's crown. 
This project is the responsibility of the TP Division, 
established on the CERN site since the signature of an agree
ment on scientific and technical co-operation between the 
two organizations in September 1970. The design phase 
of this large telescope has been completed, the major 
contracts placed and the construction work on the building 
was begun in Chile in the middle of 1973. It is expected 
that the 3.6m telescope will be commissioned in 1976. 

Auxiliary Instrument
ation 

Closely associated with the large telescope project but 
considered as a separate entity is the auxiliary instrument
ation programme for the development of the instruments which 
will capitalise the light-gathering capacity of the telescope. 
This project will lead ESO into exciting new fields; modern 
instruments require precise and imaginative optical design, 
sophisticated electronics, digital techniques, etc. Special 
emphasis will be given to electronic imaging devices and to 
computer control and data handling. 

Sky Atlas Laboratory Also in Geneva is the ESO Sky Atlas Laboratory which, as 
its name implies, is producing a photographic atlas of the 
southern skies using photographic plates taken with the 
Schmidt telescope recently commissioned on La Silla (see 
also Technology Note P26). 

Other ESQ Centres The Office of the Director-General is in Hamburg while 
the administration of the Chilean branch of the Organization 
xs xn Santiago. 

Operation Problems The problems facing an organization with European head
quarters, operating a major construction and observing 
programme 15000km away on the other side of the world, are 
considerable. P r e c isely those features which endow the 
observatory with its astronomical advantages create problems 
from a technological and personnel point of view. The remote
ness of the site which protects the astronomer from industrial 
and light pollution poses problems of transport, construction 
and staffing. The and climate with little precipitation or 
cloud cover makes water a precious commodity, while the staff 
must get used to living in a rocky, dusty environment where 
all vegetation is conspicuously absent although it must be 
said that the landscape has a characteristic beauty which is 
all its o w n . The altitude, s o well-suited for observation, 
means that all supplies and equipment must be hauled f r o m the 
Pan-Amerxcan Highway, 35km up a steep, dusty, unsurfaced road. 

' The problems - astronomical, technical and administrative -
1 ' are manifold and'it ,isvthis challenge which promises a stim-

' * • ' ¡ulating and fascinating future for the Organization. 

http://somepoeticlicer.ee
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P21 The optical system of the 3.6 m telescope 

The ESO telescope has a basic optical geometry more or less 
in accordance with the proposals put forward in 1961 by Bowen 
and is similar to a number of other modern reflecting tele
scopes. 

There are three observing stations: the prime focus, the 
Cassegrain focus and the coudé focus. The figure shows 
schematically the basic ray paths for these three foci. 

A prime focus observing cage is only possible if the 
aperture is about 3.5 m or more. With this requirement in 
view, the free aperture was fixed at 3.57 m. Tn the Bowen 
conception, an observing station with a relative aperture of 
about f/B was considered the most important astronomically. 
An f/8 prime focus would imply an excessive tube length and 
dome size, but it can be realised in the Cassegrain focus with 
an acceptable obstruction ratio of the secondary mirror if the 
primary has a relative aperture of f/3. Similarly, for a 
convenient position of the coudé image, the position and 
obstruction of the coudé secondary are similar for a beam of 
f/32. The basic Cassegrain focus of the telescope implies 
that it is the mirror equivalent of a telephoto system, the 
total length being much shorter than its focal length with 
corresponding advantages in tube length and dome size. Since 
the primary is steeper than older telescopes, such an instrument j 
is very compact. 

The form of the mirrors was mainly determined by the 
Cassegrain focus. The basis was the aplanatic Ritchey-
Chrétien form, which gives correction not only of spherical 
aberration but also of coma. This requires a slightly hyper
bolic primary. For technical reasons associated with the 
single lens field corrector Cgiving a field diameter of 0.58o] 
at the Cassegrain focus, the solution adopted was a quasi 
Ritchey-Chrétien, but the coma correction without the corrector 
is still far better than a classical telescope with a parabolic 
primary. The hyperbolic form of the primary makes field 
correction at,the prime focus easier. Probably three different-
correctors will be available giving field diameters of about i, 
I o, 0.6° and 0.28°o The coudé image only requires axial 
correction; the coma present in the field as a result of the , ¿ 
quasi R.-C. mirror form is thus only of significance,* if at 
all, for offset-guiding.-
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All the mirrors are made of fused quartz, the lowest 
expansion material available at the time. The contract for 
their manufacture was awarded to the firm of REOSC in Paris. 
The specification of the manufacturing quality was that 75% 
of the (geometrical optical) energy from a point source should 
fall within 0.4 arcsec at the prime and Cassegrain foci and 
within 0.5 arcsec at the coudé focus. The manufacture of 
steep aspheric surfaces of these dimensions is a very difficult 
technical undertaking. However, the evidence of the optical 
tests is that the specification has been more than fulfilled. 

Further information may be obtained from R. Wilson, ESO-TP, 
c/o CERN, Tel. 4831. 

( a ) . PRIME F O C U S 

( b ) . C A S S E G R A I N ( Q R C ) F O C U S 

( c ) COUDE FOCUS 

I—Declination axis 

The o p t i c a l sys tem f o r t h e 3 . 6 m t e l e s c o p e 
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P22 Mechanical design for the ESO 3.6 m telescope 

The ESG 3.6m telescope is an optical telescope for the 
observation of the sky. It will be erected in Chile 30° 
south of the equator to allow European astronomers the 
observation of the Southern Hemisphere. The ESD-TP division 
made the design and produced subassembly drawings for all 
parts of this telescope. The elaboration of the workshop 
drawings and the manufacture of the telescope parts was 
contracted to different European firms. The manufacture of 
these parts is at present in an advanced stage and the accept
ance of the individual subassemblies is scheduled for summer 
1974. Following the preassembly of the telescope in Europe 
all parts will be tested before being shipped to Chile. 
Erection of the telescope on La Silla is planned for 1976. 

The Mount Palomar 5m Telescope was assembled in 1948 and 
the Russian astronomers are now assembling a 6m telescope 
in the Caucasus. 

Besides these two telescopes (the largest in the world) 
there are at present three other telescopes of the same size 
as the ESO telescope in the assembly phase, two of them built 
by the Americans. One has just been completed on Kitt Peak 
near Tucson in Arizona, the other is almost fully assembled 
on Cerro Tololo in Chile, not far from the site of the ESO 
3.6m telescope. The third, designed and built jointly by 
Great Britain and Australia at Siding Springs near Sydney, is 
also in the assembly phase. 

Currently in the design phase are further telescopes of 
comparable size by a Franco-Canadian, a German and an Italian 
group. These should come into operation around 1980. 

The ESO 3.6m telescope will be the first telescope to have 
hydrostatic declination bearings with individual oil pads. 
This bearing for an axis which changes its orientation in 
space had to be developed to accommodate the large bearing 
diameter. It allows the positioning of the telescope .tube 
with a servo-drive without irregularities due to slip-stick 
effects. 

The exchange procedure for the secondary mirrors was 
evolved so as to allow a highly automated change-over;'^ This Í 
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design enables the astronomers to prepare the equipment for 
prime focus operation before observation on a freely access
ible platform. 

The design of the main gears which drive the polar and 
declination axes also displays certain innovations. For 
the first time in telescope design a helical spur gear was 
chosen. The whole gear box will ride on the main gear wheel 
in order to avoid any possible distortion of the tooth 
contact. 

Specification and The specifications were worked out in sufficient detail to 
Tendering avoid any repetition of design work by the contractors. ESO 

remains responsible for the design and the work of the con
tractors started directly with the elaboration of the work
shop drawings. This method allowed a fair comparison 
between tenders and avoided loss of time and communication 
problems. 

A planning method similar to PERT is used twice a month 
to check out some hundred activities. With each run, from 
two to ten activities are completed and drop out of the 
program. An equivalent number of new activities, sub
divisions of a more general item, are then defined. This 
method limits the total number of activities, even for such 
a big project, and avoids spending time on detailed planning 
before this is necessary. 

Planning and 
Supervision 

For further information contact: W. Richter, ESO-TP, 
c/o CERN, Tel. 4692. 
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P23 A computer-based telescope control system 

The ESO 3.6 m tel cope is an equatorially mounted 
instrument. In this k i n d of mounting the polar axis (alpha) 
is in parallel with the axis of rotation of the earth. By 
driving the polar axis with a constant velocity of one 
revolution per 24 hours or 15 arcseconds per second the 
rotation of the earth is compensated for and thB star image 
remains stationary in the telescope focus. The declination 
axis (delta) is moved onto the star and is then fixed. 

Although the polar axis velocity is nominally 15 arcsec 
per sec and the delta or declination velocity is zero, in 
actual fact, these velocities need to be continuously variable 
to correct for external influences such as the refraction of 
the air, the flexure of the mechanical structure and other 
effects. 

Mini computers are used in the ESO control system as 
integral parts to perform the tasks of controlling the 
telescope drive motors, making the required corrections, 
performing computations for the conversion of coordinates and 
many other small jobs that facilitate the use of the instru
ment by the observer and make the operation more efficient. 
For this purpose the configuration chosen consists of two 
complementary computer systems called system 1 and system 2. 

While system 1 has direct control over the telescope 
hardware such as the servos, the control panel, the indicators, 
etc., system 2 carries out the mors computational functions. 

Particular care has been taken to allow the astronomer 
at all times complete control over the telescope by inter
acting with the program through a computer terminal. 

This control system provides: 
1. Control of a programmable highly accurate digital servo-

system that allows the setting and tracking speeds to be 
set by the astronomer. 

2. Control of about 120 motors operating various parts of the 
telescope such as mirrors, focus control, automatic top 
unit exchange for different telescope modes of operation. 

3. Interlocks protecting the critical elements against damage,< 
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in case of malfunction or improper operation. 
4. Transmission and reception of data that control the tele

scope components. 
5. The execution of miscellaneous computations for the 

application of corrections and the conversion of coordin
ates as well as the logging of data giving a record of 
the performance of the instrument. 

6. The acquisition of the data generated by the different 
astronomical instruments [such as. for example, a photo
meter attached to the 3.6 m telescope), the execution of 
validity checks in order to provide confidence In the 
acquired data and the subsequent preprocessing and 
preparation of these data for the final data réduction. 
The model displayed is for development purposes and has 

a subset of the manual and automatic controls that will be 
implemented in the actual 3.6 m telescope. 

A similar control system has been installed at ESO's 
La Silla Observatory and is operationally used for 
astronomical observations. 

More detailed information is contained in the following 
documents: 
Note CS 73-1 - Control system for the ESO 3.6 m 

telescope. 
Note CS 73-B - The control system for the 1 m photometric 

telescope. 
and can also be obtained from J. van der Lans, ESO-TP, c/o 
CERN, telephone 2499. 
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P24 The ESO 3.6 m telescope building 

Basic Requirements The astronomer requires the telescope to be sufficiently 
high above the ground to avoid the disturbing ground air 
turbulence. For this reason the 3.6m telescope stands on a 
20m high concrete pier. In addition, the telescope must be 
sheltered from sun, wind, precipitation and abrupt temper
ature changes. Therefore a concrete building surrounds the 
telescope pier, crowned by the hemispherical dome, which is 
a rotating roof with an opening for the passage of the light 
beam to the telescope. Clearly, this opening needs a con
venient shutter. Logically the supporting structure of this 
dome is a cylindrical building, housing laboratories, offices 
and equipment essential to the telescope operation. This 
feature is virtually common to all large telescopes but in 
our case certain innovations have been made. 

The building must resist earthquakes and very high wind 
forces. Because of its location in an earthquake zone, the 
structure has to be specially dimensioned to resist seismic 
shocks. The corresponding stresses have been determined by 
model experiments simulating the dynamic earthquake load. 
The unusually high wind load is a consequence of the telescope's 
exposed position on a remote mountain top of about 2400m alti
tude. Wb have to make allowance for maximum wind velocities 
of 200ktn/h, a very important consideration for the dome 
structure. 

Coudé Laboratory Another peculiarity is the relatively large coudé labora
tory, one level beneath the observing floor. The floor of 
this laboratory is a heavy cantilevered concrete slab forming 
a kind of mushroom head on top of the telescope pier. Here, 
the most important optical instruments for experiments with 
the light' gathered by the telescope will be installed. There 
is no rigid connection between the concrete pier and the 
surrounding building. Thus vibrations caused, for instance, 
by the dome rotation cannot be transmitted to the telescope 
and its auxiliary instruments. 

Temperature Zones In order to keep these instruments always operational; a s 

, high degree of stability of the ambient temperature is required. 
Therefore three different climatic zones exist in the building;/ 
The telescope itself and the customary working area'of the 

Resistance to External 
Forces 
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astronomer is in the cold zone. This means that the inside 
of the dome and the observing floor is at the average outside 
night temperature. Since, during observation, the dome 
shutters are open allowing the free passage of air, the out
side and inside stabilize to the same ambient temperature. 
During daytime the shutter is closed and the inside temper
ature remains sufficiently constant because the dome has a 
very efficient thermal insulation. 

The coudé laboratory, situated below the dome space, 
requires an even higher temperature stability. The admissible 
changes are 0.1°C/hour at an average temperature chosen for 
comfort or convenience in the range 1B°-20°C. All other 
rooms regularly occupied have the same temperature, but this 
very tight tolerance is not necessary. A forced ventilation 
is needed for all the lower rooms because the building has 
no windows. In order to fulfil all these requirements, an 
air-conditioning plant is installed and all exterior walls 
are clad with a material of high thermal insulation and an 

; additional metallic façade to prevent heating by the sun. 

¡ Building for Auxiliary The tower beside the main building, and linked to it, 
; Telescope houses an auxiliary telescope which feeds the light into the 

coudé laboratory of the main building. This tower is built 
? up in a similar way as already described for the main build-
l ing with a central pier for the instrument and an independent 
[ surrounding. 

Further information may be obtained from W. Bauersachs, 
ESO-TP, c/o CERN, Tel. 2248. 
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P25 On the alignment of large telescopes 

The majority of the modern large telescopes are conceived 
as two—mirror systems, e.g. Cassegrain- and Ritchey-
Chrétien telescopes. Proper alignment of the two mirrors is 
necessary in order to achieve the highest quality of optical 
definition. Misalignment of the two mirrors, inclination and 
lateral displacement of the two mirror axes results in the 
appearance of axial coma in the focal image and can be 
easily seen in small telescopes. In the case of large 
telescopes the diffraction pattern and the coma are almost 
always hidden by atmospheric turbulence. 

The usual method then to detect coma is the standard 
Hartmann test, which is a time consuming, and in the case Df 
large telescopes, an extremely inconvenient procedure. 

Coma, however, can also be detected in the intensity 
distribution of an extrafocal stellar image. At the ESO-
TP Division, a method has been developed to measure the 
intensity distribution with the aid of an eccentrically 
rotating diaphragm. If coma is present, a sine shape appears 
in the curve, representing the intensity as a function of 
position angle, which can be evaluated by Fourier analysis. 

Tests in the laboratory and with the 1.5 m Ritchey-Chrétien 
telescope of the Vienna Observatory showed promising results. 
The figure gives an example of an observed coma of 
c = 0'.'99 ± 0703. The four dips are due to the spider 
structure of the secondary mirror mounting; higher frequencies 
represent real irregularities of the optical surface and 
turbulence in the earth atmosphere. 

More information by A. Behr, ESO-TP, c/o CERN, telephone 
4B32. 

A. Behr, Astron. and Astrophys., 28, 355-358 (1973). 
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P26 Sky Atlas Laboratory: copying and 
measuring of astronomical plates 

Purpose 

The Palomar Atlas 

The ESO Sky Atlas Laboratory was established in 1972 for 
the production of photographic sky atlases. 

An atlas of the northern sky was published by the Palomar 
Observatory, California, USA, in the 1950's. This atlas has 
since served as an excellent means for optical identification 
of faint celestial objects. It has also been one 
of the most important tools in those branches of astronomy 
that are concerned with X-ray, ultra-violet, infra-red, 
micro-wave and radio-wave detection of peculiar objects. 

The ESO/SRC Atlas of 
the Southern Sky 

Reproduction of 
astronomical plates 

The European Southern Observatory, in its observational 
programme, has undertaken to supply a similar atlas of the 
part of the sky that could not be reached with northern 
telescopes. This atlas is now being compiled in collaboration 
with the Science Research Council of the United Kingdom. 

Large astronomical photographical plates are exposed of 
606 fields in the southern celestial hemisphere. The blue 
sensitive plates are taken with the 48-inch SRC Schmidt 
telescope in Australia, and red sensitive plates, with the 
1-meter ESO Schmidt telescope on La Silla, Chile. 

The plates from Chile and Australia are contact copied 
on-film and on-glass in the ESO Sky Atlas Laboratory, by 
means of advanced photographical reproduction techniques. 
This includes cleaning with Freon to avoid dust and dirt, 
and highly homogeneous development in a rotating tray-rocker. 
The whole procedure underlies a strict sensitometnc control. 

Measurement of the 
plates 

Reference 

Also installed in the ESO Sky Atlas Laboratory is an 
Optronics S-3000 automatic measuring machine that is capable 
of measuring positions on photographical plates of sizes up 
to 14 x 14 inches, with an accuracy of lum and densities to 
.02D. This machine serves primarily foppositional and 
photometrical calibration of the atlas plates, and for 
individual astronomers' measuring'programmes. 

Further information may be obtained from: 
R.M. WEST, ESO'SKY ATLAS LABORATORY, Telephone 4834. 

ESO Bulletin Number 10, 1974, page 19.1 
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P27 Photodiode arrays for measuring photographs 

Photographic registration of data presents the great 
advantage of simultaneous [parallel) and time integrating 
storage of vast amounts of information. For a great number of 
survey tasks or for the registration of fast transient 
phenomena this outweighs the known disadvantages of photo
graphic methods as non-linearity, low quantum efficiency and 
complicated handling [with its inherent time delays]. 

Subsequent evaluation of the registered analogue data with 
digital computers requires their conversion into digital form. 
Corresponding to the sequential operation procedure of general 
purpose computers, this conversion has to be done as a serial 
pointwise inspection of the plate or film, the scanning or 
sampling process. Numerous types of devices performing this 
operation have been developed and used, working with flying 
spots, moving apertures or image tubes they fulfilled 
different reauirements in precision, resolution, measuring 
field and scanning speed. These machines were more or less 
constructed around the fairly evolved scanning mechanism. 

Diode Arrays In the course of the development of medium scale integrated 
circuits "self-scanning" photo-diode arrays became available. 
Their appearance permits a promising new approach to the 
problem of sequential read-out of photographically recorded 
information. They combine small size, fixed geometry of 
an array with a great number of sampling elements, signal 
integration between output calls, simplicity in the control 
circuitry and low price, and they are able to perform line 
or area scans without any moving parts. Linear arrays with 
up to 1024 diodes and square arrays up to 50 x 50 diodes are 
available, and scanning speeds above 1 MHz can be attained. 

Experimental Results For an experimental set-up using an array of 256 diodes 
of relatively early production (Reticon RL 256) the following 
values have been obtained in an environment without temperature 
control: 
- an average diode to diode output variation of less than 3%. 
-,a linearity of better than 2% when platting the output 
. signal, against-the'incoming light flux. 

Photoplate as Mass 
Storage 

Analogue-to-Digital 
Conversion 
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- a reproducibility of the output signal of a single diode 
of better than 0.3%, which corresponds to a dynamic range 
of more than 300. 

The tests were made in view of the application of these 
arrays for measuring of star plates, and in fact satisfactory 
results could be obtained for the determination of star 
positions and af stellar magnitudes when passing the diode-
array outputs through a relatively short evaluation program. 
It is, however, obvious that their domain of application is 
much more extended. It includes for instance data conversion 
not only from pictures but also from scenes [e.g. for geometry 
checks or event survey] for all kinds of evaluation or trans
mission purposes. The small size of the device makes it 
usable in confined areas and adaptable to existing devices. 

Further information may be obtained from •. Wiskott, 
DD, Tel. 24D1. 
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P28 A dig i ta l refractometer for gases 

The velocity of charged high energy particles may be 
measured using the Cerenkov effect. This phenomenon consists 
of the emission of light by the particle when its velocity 
v p exceeds the velocity of light in the transparent medium 
through which it is passing; i.e. if 

v > — P - n 

where n is the refractive index of the medium and c the 
velocity of light in vacuum. The light is emitted at an 
angle 8 C with the particle trajectory, where 0 C is known as 
the Cerenkov angle. 

At the range of energies available at the CERN CPS and 
SPS machines, the velocity of the particles expressed by 

v 

is such that S is very near to 1, therefore the medium has 
to have a refractive index near to 1, a condition which is 
fulfilled by gases only. The Cerenkov relation may then be 
approximated by 

e 2 

(n - 1] - (1 - 81 = -f 

The order of magnitude of 1 - 8 is 1 0 - 6 for low and 10" 3 for 
high mass particles. 

Certain types of Cerenkov counters used at CERN allow for 
a precise determination of 9 C, and hence, for determining ß 
one has to measure the quantity Cn-1] with the required 
accuracy. The refractometer presented here is used to measure 
directly this quantity for gases. Its readout is digital : 
the least count is equivalent to 3.10~8 in Cn-1) and the full 
range is 10 5 least counts. 

One can measure (n-1) directly by comparing the 
optical paths of two light beams: The first beam passes 
.entirely through the gas to be measured. The second passes, 
as a reference beam, a part of its way through a medium of 
fixed*refractive index (vacuum or glass). The optical path 
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difference is then, apart from a constant, proportional to 
Cn-1]. 

The optics of the refractometer presented here is entirely 
contained in a vessel filled with the gas whose refractive 
index is to he measured. This "immersion technique" removes 
the difficulties encountered in a classical refractometer 
where the gas is normally introduced in a special cell, where 
it is difficult to maintain the sample purity and to reduce 
temperature effects (for example, due to adiabatic compress
ion of the gas]. In case of an immersed refractometer one 
does not need to control the purity or the temperature which 
would otherwise be difficult to achieve with the required 
accuracy. 

The model presented here gives an immediately available 
digital read-out without the need for any correction. The 
readout system provides an incremental up-down fringe 
counting, the least count of which corresponds to 1/10 of 
an interference fringe period. 

This up-down counting technique may give wrong values 
in case of 

- turbulence in the gas causing the fringes to be 
blurred when they pass over the detector with 
too high a speed (>10 bits/s). 
mechanical shocks on the refractometer 

- power failure 
electrical noise 

Over long duration of an experiment such errors may not be 
detected. This is why a new read-out system, called a "static 
readout has been developed. It is based on the idea of 
measuring the phase of the fringe patterns from four 
refTactometers, where each optical path difference is a 
factor of 10 different from the next. Thus, the phase is 
measured over four decades, the least significant decade 
having the same accuracy as the up-down counter system. For 
each decade channel one fringe period is projected by a 
microscope system onto a linear array of 10 photodiodes. 
This allows far a static determination of the phase shift of 
the fringe, with a least count corresponding to 1/10 of a 
period. With this new instrument an accurate refractive 
index measurement, which normally requires extremely delicate 
handling, can be obtained without the need for human operation 
and with direct digital output. This is particularly useful 
for experimental equipment which may be located in radiation 
areas. 

Apart from its use in conjunction with Cerenkov counters 
this refractometer may be used:' 
1. As a highly sensitive leak detector for volumes which < î 

can be filled with a gas. 
2. As a detector for gaseous chromatography. 1 

3./ As a sensitive detector of gas polluters. , ( 

Further information can be obtained from R. MEUNIER, NP, 
Telephone 2643 or M. Benot, DD, telephone 5026. 
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P29 Automatic recording of spark chamber pictures 
by means of a computer-controlled te levis ion 
camera system 

Many experiments at CERN consist of taking pictures of 
sparks in "spark chambers" caused by particles emerging from 
a collision between an incoming and a target particle. Seve
ral particles usually emerge at high energies from such an 
"event" and the directions of their tracks and the tracks' 
curvature in a magnetic field of known strength have to be 
measured in studies of the collision processes. Since some 
experiments require the study of millions of such events it 
is clearly an advantage to find a less time-consuming alter
native than direct photography with subsequent hand measure
ment of the spark coordinates on the film. 

In the OMEGA apparatus a set of spark chambers consisting 
of parallel stretched Aluminium foils is automatically 
scanned by a system of computer-controlled TV cameras when 
an experiment's triggering apparatus detects an interesting 
event. This allows the spark coordinates to be digitised 
and recorded on magnetic tape. Since the spark chamber volume 
is large (3m 70 x lm 50 x lm) and TV pluribicon tubes are small 
(12 mm x 12 mm active area), several cameras are used at high 
optical demagnification, pointing at different parts of the 
spark chamber volume. Each part is viewed by two cameras with 
different optical axes to allow 3-dimensional reconstruction 
of the events. 

Before an event trigger occurs, the sensitive surface of 
the TV tube is continually scanned in an "erase mode" raster 
to remove background illumination. When a trigger occurs, 
the spot is returned to one corner of the picture and starts 
an "event mode" scan raster in which the spot is driven along 
the image of each spark chamber gap m turn. (The image is of 
course "stored" on the camera tube surface for some millir, 
seconds after the event has taken place.) At the start of 
each scan line a train of clock pulses is gated into a set of 
scalers. When the camera tube scanning spot picks up the 
first spark the first scaler is stopped, the second spark 
stops the next scaler and so on. Thus the numbers in the 
scalers at the end of each scan line give the spark coordi
nates. The numbers are transferred to buffers during the fly-i** 
back period, and thence to "disc and eventually magnetic tape.j^'i 
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Naturally for high precision vork the scanning spot speed 
would have to be constant to a high order and this is not 
possible with the accuracy needed for spark location (± 0.5mm). 
Therefore the spot is also programmed to read a set of fidu
cial bars placed at intervals between spark chamber gaps. 
Each bar contains 24 fiducial lights which give reference 
images similar to those of sparks at known positions along 
its length. These lights allow a fifth order correction to 
be made to the spark coordinates, thus allowing for distor
tions and non-linearities of the camera tube • (It is inte
resting to note that even without the correction, the devia
tion of the line ramp from linearity would not be evident to 
the naked eye.) 

The entire read-out procedure takes about 13 milliseconds 
after which the system is ready to receive the next trigger. 
It is not unusual to write 300,000 events per day on tape, 
the total for the 1973 run periods being about 10 million. 
Each event consists of about 800 spark coordinates, so it is 
evident that for multimillion-event experiments no film-based 
system could match this performance in terms of speed. 

1 April 1974 
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P30 A system for reducing noise and fac i l i ta t ing 
the detection of tracks in bubble chamber 
photographs 

Photographs of events occurring in bubble chambers should 
ideally contain only the images of the tracks themselves plus 
some supplementary information required for their reconstruction. 
All images on film other than those really required are called 
"noise". In the present system this noise is reduced by 
optical means. Using spacial filtering techniques it has also 
proved possible to modify the image in such a way that the 
tracks bear specific "signatures" which can then be used in 
an automatic track detection system. 

The basic system is illustrated in figure 1. Light from 
a HeNe laser (wavelength 6328 X.) is passed through an expanding 
telescope (containing a pinhole at the focus to clean up the 
beam). The enlarged beam is used to illuminate the photograph 
P]_. Light passes through the lens L^ and, in the absence of 
the photograph at P-̂ , produces a concentration of light at the 
axial point A. An image of the photograph at P^ produces 
diffraction effects which result in a spreading out of the 
light around the point A. Small features on the photograph 
(and the tracks with their 20 ym width are the smallest 
features of all) result in large scattering angles. Hence by 
introducing a circular stop centred on A we preferentially 
allow information about the tracks to pass through the system 
resulting in an enhancement of this information to the detriment 
of the noise. 

A straight line on film is transformed into a straight 
line at right angles and passing through the point A. A 
narrow slit passing through and rotating about the point A will 
allow the information concerning the track to pass only when 
it is in the correct position and hence the track appear in 
the output image only for a very short interval of time (ie 
the time during which, the slit and the diffraction image are 
superimposed). The result of analysing an actual photograph 
with such a rotating slit (in association with a central stop 
as mentioned above) is that each element - of track on the output 
image is only visible for a very short time. Use has been made 
of this phenomena to construct a novel film analysing device. 
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The technical problems encountered during the development 
of this apparatus were those commonly associated with the 
development of any preci lion optical device. For example, 
it was extremely important to use stable tiassive supports to 
eliminate the effects of extraneous vibration. The electronic 
signals which are output during film analysis consist of pulses 
which are immersed in electrical noise. Work is being carried 
out on better means of treating these signals. 

The laser used was a Spectra Physics 5 mW HeNe laser 
supplied by Stolz A.G. Zurich. 

For further information please contact M.J. Price, 
TC-Division, CEKN. 

8 March, 1974. 

L a s e r 
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Fig. 1 Schematic diagram of optical system 
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Vacuum 
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VIO Fast-acting valve 

This piece of equipment is a vacuum valve with very fast 
closing time (18 milliseconds). The closing time is of more 
importance than the sealing efficiency between the high and 
low pressure regions (average leak rate = 1 T-¿/sec). 

Function This valve has been designed to protect the ISR against 
shock waves produced by inadvertant air inrush. Certain cham
bers in the ISR are extremely fragile and susceptible to sudden 
rupture because of their thin wall construction - a necessary 
requirement for physicists looking for secondary particles. 
The Fast Acting Valves are therefore employed to protect other 
delicate equipment installed inside the vacuum system of the 
ISR against shock waves produced by rupture of the thin cham
ber walls. A complex system for detection and operation 
closes the fast acting valves in the case of accident and sub
sequently closes the neighbouring Sector Valves, the latter 
having a slower closing speed, but being completely leak tight 
eventually isolate the affected part of the ISR from its 
neighbouring vacuum section. 

Operation An oblong gate (1) is supported by two axes pivoted above 
the centre-line of the proton beam. Two spiral springs (3) 
hold the gate against the seat (2) when the valve is closed. 
Opening of the valve is effected by a crank system (4) powered 
by an electromotor. This in turn operates a lever (5) which 
retracts the gate from its closed position, and by rotating 
it through approximately 90° hooks it onto a "latch" (7). The 
lever now disengages from the gate and the valve is ready for 
operation. 

Closure of the valve is hrought about by the operation of 
the electro-magnet (9) upon receipt of an electrical pulse 
from the detection system. Pushed through a small angle, the 
pivoted "latch"(7) releases the gate, which, powered by the 
two spiral springs (3) comes to rest against the seat. 

?erformance Closure time, from the arrival of the electrical impulse 
to the contact between the gate and the seat, is 18 msec. 
There follows a certain period of "bounce" between the gate 
and the seat which lasts approximatively 15 msec depending 
upon the degree of air pressure exerted on the gate. 
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s t a r t of s i g n a l to s o l e n o i d 

f 

The Fast Acting Valve is constructed in accordance with, the 
usual standards required for components in the ISR Vacuum System: 

(1) Must be bakeable at 300°C. 
(2) No measurable external leak. 
(3) Materials used should have a low degassing rate 

and be non-magnetic. 

These conditions imply the construction of an all metal 
valve, and consequently the use of welded metal tellows in all 
moving parts, 

The body and connecting flanges of the valve are construc
ted of stainless steel type 316 L + N from previously degassed 
sheets following the techniques devised for the fabrication of 
other components in the ISR Vacuum System, 

Moving parts involved in the closure of the valve have to 
be mechanically strong and at the same time of light-weight 
construction. Titanium alloys offer the Best solution to 
these two contradictory requirements. Titanium alloy is also 
used for the construction of the two spiral springs which have 
to remain under tension for the majority of the time and notably 
during bakeouts at 300°C. 

For further details; 

General design: J. Delfosse. 

Construction: West Workshop. 

28 February 1974. 
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Fast a c t i n g v a l v e 

^ . ( View i n a x i a l d i r e c t i o n 

Closed p o s i t i o n 
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Vil Roughing valve 

The ISR Roughing Valve is a pneumatically operated, all-
metal UHV valve, having the following characteristics : 

Bore - 60 mm 
Stroke - 35 mm 
Conductance - 100 at sec 
Operating pressure - 25 kg/cm 
Closing force - 3 tons 
Closing time - Approx. 2 sec. 
Opening time - Approx. 3 sec. 
Weight - 14 kg _ 1 0 

Leak tightness - better than 10 T.2,.sec 

Use in the ISR ^Pre-evacuation of the ISR Vacuum System, down to at least 
10 torr, is carried out by turbomolecular pumping stations. 
In addition, approximately half of these turbomolecular pumping 
stations must act as differential pumps on the occasions that 
it becomes necessary to pump the space between the double seal 
in the Sector Valves. In both cases, the roughing valve makes 
it possible to isolate the UHV system from the turbomolecular 
pumping stations. These valves also make it possible to connect 
a helium mass spectrometer leak detector to the vacuum system 
and their most important use is in allowing the turbomolecular 
pumps to be used during bakeout of the chamber. 

Method of operation The valve is of all metal construction bakeable to 300°C 
and is pneumatically operated. The sealing mechanism consists 
of a knife edge (with a ductile surface layer) acting against 
a flat seat. It is essential that the closing force of the 
valve be applied to the seal in such a way that a constant 
specific load (sealing force) is obtained along the circumference 
of the seal. The actuation of the valve consists of a high 
pressure pneumatic cylinder and a toggle lever mechanism. The 
force from the lever is applied to the valve stem by means of > 
a stack of Belleville washers which provide a permanent and ' 
constant closing force. The mechanical joint is self-locking 
when the valve is in the closed position, therefore the 
pneumatic cylinder need only be pressurised during the opening 
and closing of the valve. A hydraulic shock absorber is incor- , 
porated inside the pneumatic cylinder to ensure smooth operation „ 
of the valve. • 4 \\ 
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The component incorporating the knife edge was designed 
for optimum distribution of the closing force on the sealing 
surface along its circumference. This is obtained both by 
the shape and by the material selected for the sealing disk. 
This disk, under axial load, will allow for small deflections 
until all "long-wave" errors at the interface of the mating 
parts have been compensated and consequently the sealing faces 
will have a uniform specific load. Titanium alloy of low 
modulus of elasticity and high yield strength gives optimal 
results as material. By silver plating the dislc, a relatively 
high ductility knife edge is obtained. 

Sealing force 

S e a l i n g 
d i s k \ 

The valve parts exposed to UHV (and consequently bakeable 
to 300°C) are, with the exception of the previously mentioned 
sealing disk, constructed from electro-slag refined stainless 
steel type 316 L + N. The valve housing itself is machined 
from a forging and subsequently stress relieved by annealing. 
The actuation mechanism, which is sealed off from this valve 
housing by means of a welded bellows, must withstand tempera
tures of up to 150°C and high radiation levels thus necessi
tating a careful choice of elastomers used in the construction. 

The valve is bakeable at up to 300°C in either open or 
closed position. Examples of these valves have been operated 
250 times including 10 bakeouts without any leak appearing. 

Vacuum 21, 337-342 (1971) 
T.~ Wikberg - 'Sealing Mechanisms in UHV valves : A Contribution 
to the Design'. 
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Additional information can be obtained from D. Jenson, 
ISR Division. 

The prototype valve was constructed in the ISR Workshop 
by the late Mr. Stierlin, and the series production of 180 
Valves was carried out by SRTI, Buc, Yvelines, France. 

6th. March 1974. 

Vll-3 
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VI2 Sector valve 

These are vacuum valves of sufficient aperture as to allow 
passage of the proton beam when in the open position and are 
positioned in such a way along the length of the ISR vacuum 
chamber, as to divide it into some 24 "sectors" when in 
the closed position. 

This "cutting" of the chamber into sections allows inter
ventions to be made in any given sector without affecting the 
vacuum in adjacent sectors. Additionaly, in the event of an 
accidental inrush of air, the automatic closure of the appro
priate sector valves (in some sectors, in conjuction with the 
fast Acting Valves) will limit the affected length of vacuum 
chamber. 

In open position the double faced pneumatically expandable 
gate is lowered by its pendulum into the valve housing, leaving 
sufficient space above it, to allow passage for the 
proton beam. For closure of the valve, the pendulum is moved 
by means of a pneumatic cylinder so that the gate is raised 
into a position between the two seats. The gate is now pres
surised to 25 ATM and by means of deformation of the "Omega'1 

shaped bellows, the gate expands sufficiently to allow the two 
silver-plated titanium seals to make contact with the seats. 
Opening the valve is the reverse procedure. 

By its specific design, the valve allows complete isolation 
of two sectors when one is at atmospheric pressure and the 
adjacent sector under UHV even with a temperature differential 
between the two sectors of 20 - 300°C. The space between the 
two seals can be pumped so that, in effect, even if there is 
a fairly large leak (eg. 10~ 5 TAsec - 1) in one or other of the 
seals, it has a negligible effect on the overall leak-rate 
between the adjacent sectors. 

In fact, the leak on each of the seals is always better than 
•10""5TÄ,sec~l and is often better than 10~10TS-sec"i so that in 
most cases the valve can be left closed during several hours 
without pumping on the dead space between the two seals, to 
the extent that, upon re-opening the valve, little detrimental 
effect on the UHV system can be observed. 
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The Sector Valve is constructed in accordance with usual 
standards required for components in the ISR Vacuum system : 

(1) Must be bakeable to 300 o C. 
C2) No measurable external leak. 
(3) Materials used must have a low degassing rate and 

be non-magnetic. 

These conditions imply the construction of an all-metal 
valve including all moving parts which consequently means the 
use of welded metal bellows. 

The majority of the parts of this valve are made of stain
less steel type 316 L+N from previously degassed sheets follow
ing a technique devised for the fabrication of other compo
nents in the ISR vacuum system. 

The sealing mechanism employs a relatively soft knife edge 
(electro-deposited silver plate) acting against a harder seat 
(stainless steel type 316 L+N). The knife edge has a certain 
elasticity obtained by the shape and by the material selected. 
The material chosen is Titanium alloyed with 6% Aluminium and 
4% Vanadium which gives (even at 300°C) a high elastic limit 
combined with a low modulus of elasticity. 

Sea l ing d i sk f o r s e c t o r valve 
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Complementary Publications 
information 

Vacuum 21, 457-459 (1971) 
W. Bächler and T. WikBerg. "Dual Seal bakeable Sector Valve 
of the CERN intersecting Storage Rings". 

Vacuum 21, 337-342 (1971) 
T. Wikberg. "Sealing Mechanisms in UHV Valves: A Contributioi 
to the Design". 

Additional information may be obtained from: 
Messrs. W. Unter1erchner, J. Delfosse, D. Jenson. 

The prototype valve was constructed by the CERN/ISR work
shop and the OMEGA shaped bellows were constructed by the CERN 

West "Workshop. 

The production series of 45 valves was carried out by 
LEYBOLD-HERAEUS, Cologne, West Germany. 

5 March 1974. 

1 

V12-4 
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VI3 Condensation cryopump 

¡ISR pressure 
[requirements 

problems encountered 
jin the investigation 

The equilibrium pressure of a gas statically contained in a 
system at a given temperature cannot exceed its corresponding 
vapour pressure at that temperature. By properly choosing the 
temperature of operation it should be possible therefore to 
achieve in a system pressures as low as desired. All the 
existing gases (except helium, usually absent from all metal 
vacuum systems) exhibit vapour pressures much lower than re
quired for most vacuum applications at temperatures easily 
achievable by using liquid helium refrigeration. Already at 
4.2 K (boiling temperature of He at atmospheric pressure) the 
only vapour pressure above 10-15 torr is that of H 2 (10~^ torr) 
but even the latter falls to the 10" 1 5 torr range at 2.3 K. 

In the ISR intersection regions pressures below 10 torr 
are required in order to reduce the background for physics 
experiments due to proton-gas interactions. According to the 
vapour pressure curves a solution to this problem should be 
possible by introducing in or near the experimental region a 
properly designed surface at 2.3 K. It was therefore decided 
to investigate both the vacuum and the cryogenic aspects of 
this possibility. 

Many ways of cooling a surface at 2.3 K exist: from amongst 
them we have chosen to use a static bath of liquid He because 
of its absolute reliability and because, due to radiation 
hazards, there is usually no access to the cryopumps daring 
the running periods of the ISR (3 weeks, followed by a week of 
shutdown for maintenance). Two major problems were encountered 
during the development of our cryopumps: first, the equilibrium 
pressure of condensed was found to deviate from the extra
polated vapour pressure curve, and to reach a temperature inde
pendent value in the range 1 0 - 9 / 1 0 - 1 1 torr at a temperature of 
about 3 K; second, the autonomous operating period without 
liquid He refilling was initially much shorter than the required 
three weeks. By means of an "ad hoc" designed experimental 
cryostat we found that the equilibrium pressure of condensed 

• J H 2 strongly depends, below 3 K, on the intensity and spectral 
distribution of the thermal radiation reaching the condensing 
'surface" and on'the natureof the condensing surface itself. 
In order tp^reach,the-desired low H 2 saturation pressures the 
condensing surface must therefore be properly chosen and 
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Past and future 

References 

protected by a cold screen. Since this screen reduces the 
pumping speed of the pump, particular care was used in choosing 
appropriate screen materials exhibiting high absorption of room 
temperature radiation. The screen geometry was also carefully 
designed in order to yield the highest molecular to radiation 
transmission ratio. Our best screens, of the chevron type, are 
now characterised by a molecular transmissivity of about 0.24 
and a radiation transmissivity of about 7 x 10~^. Many con
densing surfaces have been also investigated and in the best 
case (Ag surface coated by a few monolayers of condensed N^) a 
H 2 saturation pressure of about lO--^ torr has been obtained 
at 2.3 K for a screen temperature of about 80 K. A reduction 
in pressure of a further order of magnitude can be obtained by 
cooling the screen to about 50 K. Since Ag is also the best 
reflector for infrared radiation and practically no room 
temperature radiation enters through our screen, the autonomy 
of our pumps is now perfectly adequate for the ISR running 
period requirements. Up to now four pumps have been built at 
CERN (liquid He capacity 10 litres for two of them and 75 
litres for the other two) and the measured autonomous life 
times at 2.3 K were about 25 and 55 days for the small and 
big model respectively. A schematic outline of these pumps 
is given in the figure below. 

Schematic outline 
of the ISR cryopump 

VI3-2 

The two larger pumps mentioned above were successfully used 
(during the year 1972) in an intersection region of the ISR, 
where a total pressure in the 10"^^ torr range was achieved. 
The small model has been standardised for general use in the 
ISR and six units are in preparation for installation during 
1975. In parallel we are now studying the possibility of in
creasing the autonomy of these cryopumps by means of an addi
tional screen at a temperature of 20-30 K. Theoretical con
siderations indicate that operating life times of the order of 
the year should be obtained. Preliminary experimental investi
gations seem to confirm this expectation. 
1. C. Benvenuti, R.S. Calder, CERN report ISR-VA/69-78 (1969) 
2. C. Benvenuti, R.S. Calder, Physics Letters A, 35, p. 291 (1971] 
3. C. Benvenuti, CERN 72-3, Jan. 1972 
4. C..Benvenuti, R.S. Calder, Le Vide, suppl. No. 157, 29 (1972) 
5. C... Benvenuti, CERN-ISR-VA/73-45 accepted for publication by -' 

the J. Vac. Sei. Technol. (May/June 1974). 
Further information' can'be"obtained from'C. 
R.J Calder,* ISR Division, CERN. * "L) "' '' ' 

6 Marc.i 1974 

Benvenuti and 
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VI4 Components of a prototype titanium 
vacuum chamber 

A prototype titanium vacuum chamber for use in intersection 
regions is at present being constructed in the ISR workshop. 
This chamber will, it is hoped, replace the now standard 
stainless steel bicone. 

The use of titanium instead of stainless steel increases 
the transparency to elementary particles by a factor of about 
2 and comes much closer to the physicists ideal requirement 
of zero thickness vacuum chambers. 

The various component parts exhibited here were all cold 
formed by pressing, rolling and pressurising techniques. 
Titanium must be welded under a neutral atmosphere (argon) to 
eliminate the embrittlement caused by hydrogen absorption. 
Weld quality is of particular importance for components to be 
used in the ISR machine where vacuums down to 10 1 1 torr are 
obtained. 

Special purpose welding machines have been constructed for 
this purpose and can be seen in the ISR workshop. 
For further details please contact any of the following : 
I.Wilson, J-C. Brunet, W. Jeker or E. André. 

6 March 1974 
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VI5 Ultra-high vacuum gauge 

Miniature Extractor The Miniature Extractor Gauge has particularly been 
Gauge developed for pressure measurements in the intersection regions 

of the proton storage rings, where the size of vacuum components 
must be minimized in order to decrease the absorption of secon
dary particles produced by the colliding proton beams. Further
more, since the residual pressure in the chamber enclosing the 
colliding beams is extremely low, typically in the 10-12 torr 
range, in order to reduce spurious events caused by nuclear 
scattering of protons by residual gas molecules, the gauge's low 
pressure limit has to be of the same order of magnitude, or less. 
Hence, the gauge's outstanding characteristics are its small-
ness together with a low pressure limitation inferior to 
10" 1 1 torr. 

The task of the gauge is to produce an electronic output 
signal that is proportional to the residual pressure in which 
it is operated. Residual gas molecules entering the volume 
enclosed by the anode grid may be ionized by impact with an 
electron of some 100 eV kinetic energy. The electrons are 
provided by an annular cathode (thoria coated tungsten filament) 
surrounding the anode grid and are accelerated in the electric 
field between grid and filament. In the normal mode of opera
tion the emission current is 10 mA. The positive ions are 
extracted through the aperture at the bottom of the grid and 
focussed on the ion collector, a very thin tungsten wire, by 
a semispherical reflector electrode at anode potential. Since 
the ion current is directly proportional to the pressure, the 
latter may be read from a calibrated electrometer that is 
connected to the collector electrode. 

The Extractor Gauge's operation principle has been developed 
by P.A. Redhead some years ago. It provides an extremely low 
pressure limitation, since the ion collector is very short and 
withdrawn from the ionization volume. It is thus almost per
fectly screened from soft x-rays emerging from the grid by a 
plate at the grid's lower end, which is therefore referred to 
as the shield electrode. The x-ray flux from the anode, in
duced by the bombardment of electrons, gives rise to a pressure 
independent positive current, which may be some orders o£,̂  " 
magnitude greater than the pressure dependent signal. 
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Schematic 
Cutaway drawing 
of the Miniature 
Extractor Gauge. 

The gauge's second important advantage is a good suppres
sion of the residual collector current due to electron induced 
molecular desorption from the grid. There are always a large 
number of chemisorbed molecules sticking to the grid, origina
ting either from the gaseous phase or from within the grid's 
bulk. Since these molecules may be desorbed by electron im
pact, they contribute to the residual pressure which the 
gauge is supposed to measure, hence another spurious current 
arises. Desorbed molecules, however, are most likely ionized 
in the vicinity of the grid. Thus, they have a higher average 
kinetic energy than ions produced randomly within the grid's 
volume from residual gas molecules. Consequently, the two kinds 
of ions have different focal points which are controlled by the 
shield electrode potential and which may be chosen so that only 
very few desorbed ions reach the collector. The suppression 
of these two major residual currents allows pressure measure
ments in the 10-12 torr range, despite the gauge's size. 

The Miniature Extractor Gauge is most certainly the small
est gauge having a low pressure limitation of less than 1 0 - 1 1 

torr. The main problems encountered during its development 
were caused by its smallness. In order to provide the 
retired ruggedness, electronic characteristics and life-time, 
tolerances of its design had to be extremely small, in parti
cular since the gauge must be bakeable at 450°C and its head 
must support a temperature of 900°C in the degassing mode 
either by electron bombardment or by direct ohmic heating, 
without suffering from mechanical distortions. On the other 
hand, the power input of the gauge had to be minimized in order 
to prevent the surrounding walls from warming up and consequent
ly false pressure readings due to degassing. Other problems 
were encountered by the manufacture of the flange with the 
seven feedthroughs and of the anode grid made from tungsten. 
They could be solved by electron beam welding techniques and 
by photo-etching, respectively, and last but not least by the 
great technical know-how provided by the CERN Workshops. 
Finally, all mechanical and electronic parameters had to be 
optimized in order to achieve high pressure sensitivity of 
the gauge,(the collector current at 5 x 10~ 1 2 torr is about 
3 x 10-13 amps), together with a very low pressure limit. 

Except from the feedthroughs, the Miniature Extractor 
Gauge has been entirely manufactured and developed at CERN. It 
was implemented mechanically mainly by Mr. J. Place in the 
West Workshop. More-detailed information can be obtained from 
D'.^Bleçhschmidt,,,ISR Division, .CERN. .'> 

v a , 

„Anode grid 
.Filament cathode 

-Shield electrode 

Reflector electrode 

Ion collector 
X-ray screen 
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Deflected Beam Gauge The purpose of the Deflected Beam Gauge is to measure ex
tremely low pressures. It has been developed for the applica
tion to those intersection regions of the proton storage rings 
where the best commercially available gauges fail, since the 
residual pressure is too low, i.e. actually some 10~^ torr. 
Since we estimate the Deflected Beam Gauge's low pressure limit 
to be less than 10-14 torr - corresponding to about A00 
molecules/cm^ at room temperature - another task of it will be 
to measure residual pressures of less than l O - ^ torr which we 
expect to achieve by means of a new type of condensation cryo-
pump that is actually under development at CERN. 

A hot filament cathode (thoria coated tungsten) stretched 
out along the gauge's axis provides electrons, which are 
accelerated radially towards the surrounding anode grid 
structure made of Pt90Ir, at positive potential. The electrons 
may ionize residual gas molecules which are extracted from the 
grid cage through a circular 330° slit aperture at its bottom. 
Further below, a second aperture of the same dimensions colli-
raates the ion beam before it enters the space between two 
concentric metallic spheres. The outer sphere and the colli
mator are grounded. A negative potential, that may be applied 
to the inner sphere, causes the beam of positive ions to be 
deflected towards the gauge's axis. Some ions pass through a 
small circular aperture at the bottom of the outer sphere and 
are collected by the funnel cathode of a channel electron 
multiplier at high negative potential. Ions of the same 
mass but of different initial energies are separated on their 
path through the electric field between the two spheres, hence 
the potential of the deflector (inner sphere) may be adjusted 
such that only ions of less than a critical energy are extracted 
through the aperture, whereas ions of higher energies are 
neutralised at the outer sphere. Every ion that impinges on the 
funnel cathode gives rise to an avalanche of some 10^ electrons 
leaving the other end of the multiplier; it is collected by a 
small metallic sheet. The negative pulses appearing at this 
electrode are amplified and counted electronically; the 
pressure is thus proportional to the counting frequency. 

i j J i 1, Anode grid 

V l S - 3 
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Two major effects limit a hot filament ionization gauge in 
the low pressure range : 

a) soft x-rays emanating from the anode due to electron bom
bardment cause a positive residual current by the photo
electric effect when they strike the collector electrode 
or the cathode of an ion counting device. The arising spurious 
signal may be up to several orders of magnitude greater than 
is the true ion current. 

b) electrons bombarding the anode grid release chemisorbed 
molecules, which may be ionized and cause another pressure 
independent background signal. 

Both effects are eliminated in the Deflected Beam Gauge: 
the funnel cathode of the multiplier is perfectly protected 
against x-rays. Any residual x-ray flux may be measured opera
ting the deflector electrode at positive potential which pre^ 
vents all the ions - But not the x-rays - from being trans
mitted through the extraction aperture. Once the x-ray induced 
signal is known, it may be substracted from pressure indications. 
Secondly, as the major part of desorbed molecules are created 
in the grid's vicinity, their average kinetic energy at the 
collimator exit is greater than the ions generated from 
residual gas molecules. With the corresponding deflector 
potential chosen, they are eliminated from the ion beam that 
passes through the extraction aperture, thus providing a 
purely pressure dependent output signal. 

The design of the Deflected Beam Gauge is new, hence all 
its optimal geometric and electronic parameters had to be 
found. They were obtained by a trial and error method, where 
each new set of parameters was tested by ion-tracing using a 
computer. The result is an optimum with regard to ion trans
mission, (i.e. sensitivity), energy resolution, (i.e. suppres
sion of desorbed molecules) and optical shielding of the 
funnel cathode. 

The Deflected Beam Gauge is an improved version of a 
prototype described in the Journal of Vacuum Science and 
Technology _10, 376 (1973), which has been developed at CERN 
too. We believe that the Deflected Beam Gauge is the instru
ment with actually the lowest pressure limit. It has been 
manufactured in the CERN West Workshop, mainly by Mr. J. Place. 
Any furthesinformation can be provided by D. Blechschmidt, 
ISR Division, CERN. 

6 March 1974 
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VI6 Thin-walled window 

Very thin windows which are vacuum tight are needed in the 
ISR to allow the detection of particles without them inter
acting in the material of the window itself. 

This piece represents one stage in the development of a new 
technology to weld these thin stainless steel windows on much 
thicker frames of various forms. 

Since it is very difficult to weld thin windows on pre
formed thick frames, the problem is solved by first welding 
the window onto a flat frame and then cold forming to the 
desired final shape. 
For further details please contact one of the following : 
W. Jeker, E. André or J-C. Godot. 

6 March 1974 
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VI7 How we get next to nothing in the ISR 

The vacuum system of the ISR consists, for the most part, 
of stainless steel tubes flanged together to form tvo closed 
toroidal rings or "doughnuts" each approximately 1 km in length. 

The problem is to evacuate the air from these tubes and 
maintain pressures of 10-1^"torr inside them for periods of up 
to a year or even longer. At the same time certain sectors 
of each ring must be both easily vented to air and reevacuated 
once more in order to make improvements to the system or for 
the installation of special vacuum chambers more suited to the 
changing needs of the high energy physics programme. This 
latter problem is made manageable by sector valves which can 
isolate regions of up to 80 m in length which may then be 
treated as separate vacuum systems. 

The method used to achieve ultra-high vacuum starts already 
with the treatment of the stainless steel sheet even before 
the tubes are fabricated. The steel is baked at 800°C over a 
period of a few hours in a vacuum oven where pressures are 
maintained at less than 10_¿,torr. This is done in order to 
reduce the content of gas, mainly hydrogen, trapped in the 
body of the sheet during the fabrication and which would, if 
allowed to remain therein, eventually diffuse slowly out of 
the w^lls of the tubes. In this way a considerable source of 
gas is eliminated and the vacuum pumps have an easier time when 
it comes to maintaining the pressure in the ISR at the level 
of lO'^torr. Such pressures would still be impossible to 
maintain even with the high speed pumping systems employed at 
the ISR, without further baking in situ, for the following 
reasons. 

Our pumps are situated at fixed locations so that the gas 
inside the vacuum system has to be pumped out along the tubes 
themselves. Such tubes present considerable resistance to the 
flow of gas so that a pressure gradient is set up along their 
length with the minimum pressure being at the pump location 
and the maximum pressure at some point, usually midway, between 
two pumping stations. The value of the maximum pressure is go
verned quite simply, then, by the conductance of the tubes and 
the rate at which gas is evolved from the walls along their 
length. ! The conductance is fixed in the ISR, generally by the 
size of the magnet aperture. Thus not much can be done about 
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this parameter, except of course to install many pumps as fre
quently as is economically feasable. 

The rate at which gas is evolved from the walls may be con
siderably reduced by baking in situ at 300°C. Higher tempera
tures would be even more beneficial but cannot be used because 
of the danger of overheating other equipment surrounding the 
vacuum chamber. Thus the common procedure employed at the ISR 
in achieving pressures of about 10~Htorr is the following. 

The tubes are heated to 300°C by means of resistive heating 
tapes suitably insulated and controlled by thermocouples to 
within + 10°C. Each sector is maintained at 300°C for a pe
riod of 24 hours while being pumped by means of 4 rotating 
vane turbo-molecular pumps distributed along the sector at 
intervals of about 25 meters. After 24 hours at 300°C the 
pressure in the system is usually in the high 10~^torr range. 
The temperature is then reduced to 200°C over a period of a 
few hours and maintained at this temperature for some time. 
During this time the pressure gradually drops to about 10~^torr 
and once this value is attained the titanium sputter-ion pumps 
are brought into operation and the turbo-molecular pumps are 
valved off. The pressure continues to drop and when the 10~7 
torr range is reached, first the sublimation pumps (to be used 
in the latter stages of the operation) are degassed and then 
the vacuum gauges, usually by means of ancilliary heating 
methods. When the degassing procedures for both the gauges and 
sublimation pumps are completed the "bakeout" is terminated and 
the temperature allowed to reduce to ambiant. The pressure 
continues to decrease, unless the system springs a leak, and 
the 10-l^torr range is usually entered into some four or five 
hours after switching off the heating tapes. Throughout this 
latter part of the bakeout the titanium sublimation pumps are 
regularly activated in order to maintain their "degassed" 
state. Finally in the 10~l°torr range the sublimation of tita
nium vapour onto the walls of these pumps (or sometimes direct
ly onto the walls of the vacuum chamber) starts to "getter" 
X & . activily pump, and this enhanced pumping speed usually brings 
the pressure into the low 10~Htorr range and even below in 
particularly "clean" areas. 

B. Angerth, R. Calder, E. Fischer et T. Wikberg, "Problèmes 
de vide des anneaux de stockage à intersection du CERN" -
Le Vide .126, 477, 1966. 

R. Calder, G. Lewin, "Reduction of Stainless Steel Outgassing 
in Ultra High Vacuum" - Brit. J. Appl. Phys. 18, 1459, 1967. 

R. Calder, R. Samuel, "Vacuum Problems of the intersecting 
Storage Rings at CERN" - Proc. of the Fourth Internl. Vacuum 
Congress, 1968. 

E. Fischer, "Two kilometers at 10~10torr." - J.Vac.Sei. 
Techno 1, 9_, No 4, 1972. 

E. Jones, "The Operation of the ISR facility in relation to 
the UHV environment" - Vacuum, 22, No 8, ,1972. 

27 February 1974. 
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VI 8 Tubes for magnet chambers 

Use in the SPS Special tubes are required for the vacuum chambers to be 
located between the poles of the pulsed electro-magnets. In 
addition to the cross-section occupied by the proton beam, the 
wall thickness and the manufacturing tolerances of the tubes 
determine the size of the magnet gaps and thus largely the 
cost of the magnets. 

Some 6 km of special tubes with various cross-sections 
are required for the SPS vacuum system including the beam 
transfer lines. 

Special requirements The standard non-circular tubes for the magnet chambers 
have a maximum width of 156 mm and a minimum height of 42.7 mm 
with 1.5 - 2 mm wall thickness and up to 6.5 m length. 

The vacuum chambers must cause a minimum of disturbance 
in the control of the proton beam by the magnets. For the 
cross-section and wall thickness specified the magnetic per
meability u is 1.003 to 1.004 at field strengths in excess of 
1000 Oe. This applies to the whole structure of the tubes, in
cluding the weld itself and the weld transition (heat affected) 
zone irrespective of strain induced during fabrication. Further
more, the electrical resistivity p of the material must be at 
least 0.72 x lQ~b gm a c 20°C with a maximum spread of _+ 2 %. 

It is possible to calculate with fair accuracy the maxi
mum stresses and the corresponding deflections produced in 
the ncn-circular structures when they are under vacuum. In 
order to make efficient use of the aperture in the bending 
magnets the tubes in the gaps of these magnets are pre-
compressed during assembly, such that no further deformation 
of the tubes will take place during vacuum pumping. In optimi
zing the wall thickness of the tubes with respect to both phy
sical properties and deflection, some of the structures call 
for a minimum elastic-limit an „ of about 30 daN/mm2. 

Technical details - , « To meet, the physical and mechanical properties required, 
stainless steel grade AISI 316 L alloyed with nitrogen has 
been selected for the tubes for the magnet chambers. 
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The relatively tight tolerances of the wall thickness of 
the tubes, in particular, for the bending magnets are primari
ly dictacted by the requirement of having a uniform wall thick
ness in the nearly horizontal parts of the chamber cross-
sections . 

The tubes are formed from strip material to circular 
shape in a continuous process before welding. Immediately 
thereafter the tubes are calibrated and shaped to profile 
before being cut to the specified lengths. 

The tubes for the magnet chambers are manufactured to 
CERN Specification Lab. II/ME-VA/BA/9460 by SITAI, Prato Sesia, 
Italy, in collaboration with SODETEG, Le Plessis-Robinson, France. 

Further information can be obtained from T. Wikberg and 
"B. Angerth, CERN Lab. II. 

15th March 1974 

Tubes for magnet vacuum chambers 
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VI9 Flexible metal bellows 

Use in the SPS Flexible metal bellows will be used to facilitate the 
assembly of the vacuum chambers, i.e. to absorb mechanical 
tolerances and misalignments of the machine components. In 
some cases the bellows will compensate either deliberate 
offsets of magnets etc. or thermal expansion of vacuum 
chambers. Normally, no dynamic applications are foreseen. 

Special requirements Lateral offset of 6 mm over the available space for 
bellows of 67 mm with I.D. 165 mm and not exceeding 10 daN/mm. 

Technical details 

Some 3000 units of the standard bellows will be used in 
the SPS vacuum system, including its beam transfer lines. 

The standard bellows are of the hydroformed type, made 
from grade AISI 316 L stainless steel, with 0.15 mm wall 
thickness. The adaptors are punched out of 1.5 mm sheet, 
machined and attached to the bellows by TIG lip welding. The 
standard sizes have I.D./0.D. = 165 mm/185 mm and 
I.D./0.D. = 100 mm/120 mm with 10 or 4 convolutions for either 
type. With 10 convolutions the active installed length is 
62 mm permitting the required 6 mm lateral offset, including 
some plastic deformation acceptable under static conditions. 
Specified leak tightness: to helium mass-spectrometer detec
tion limit of 2 x 10~1° std cm 3/s. 

References The standard flexible metal bellows are manufactured by 
CAL0RSTAT S.A., Arpajon, France, to CERN Specification 
Lab. II/ME-VA/TW/9450. 

Further information can be obtained from M.L. Mathieu 
and T. Wikberg, CERN Lab. II. 

15th March, 1974 
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V20 Quick disconnect joints 

Use in the SPS Quick disconnect joints will be used for the assembly of 
the various chambers and components of the vacuum system. The 
design permits rapid interventions and may also be adopted to 
remote handling, if necessary, of components in areas with 
high residual radiation levels. 

Special requirements The table below gives the required standard sizes, seal
ing forces and the numbers of the quick disconnect joints to 
be used in the SPS : 

Quick disconnect joints 

Nominal O.D. 
of the tube 70 mm 159 mm 219 mm 273 mm 

Specific 
sealing force 100 daN/cm 

Total net 
sealing force 2400 daN 5700 daN 7500 daN 9400 daN 

Required 
number 3000 3000 300 200 

The quick disconnect joints are all-metal, radiation 
resistant and bakeable up to 150°C (optional requirement only 
in the SPS). The leak rate per joint is inferior to 
2 x 10~10 std cm^/s. One joint assembly includes one pair of 
flanges, one aluminium gasket and one V-shaped clamp. 

The flanges, which are made of electro slag refined 
stainless steel grade AISI 304 L, are identical having flat 
sealing surfaces and 20° conical backing surfaces for optimal 
tightening with the clamp. They are welded (TIG without filler), 
to the vacuum chambers and components such as pumps, valves 
etc. Some of the flanges are enamelled (glazed) to provide 
electrical insulation between two adjacent parts of the vacuum 1 

system. , „ >< 

Technical details 
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The clamp consists of 4-6 aluminium alloy V-shaped seg
ments which are riveted to two flexible straps made of thin 
gauge stainless steel. For tightening of the joint, the straps 
are pulled together with two standard bolts. The segments are 
equipped with spring loaded pilots, which are centering the 
two mating flanges before the tightening force is being trans
mitted to the sealing interface. 

The gasket is made of pure, soft aluminium, stamped out 
from 1 mm sheet and swaged to give a 2.5 mm diamond-shaped 
profile on the inner circumference. On the outer circumference 
three protruding ears, which grip on the rim of the flange, 
permit easy mounting in the vertical position. The required 
specific sealing force of the gasket is about 100 daN/cm of 
the circumference. The clamp is designed to give a correspond
ing total sealing force with a safety factor of 3 - 4 . 

The clamps and the flanges are manufactured by 
SMITH & JOHNSON, Keighley, England to CERN Specification 
Lab. II/ME-VA/MLM/9450. 

The gaskets are manufactured by CEFILAC, St. Etienne, 
France, to CEr,N Specification Lab. II/ME-VA/MLM/9450. 

Further information can be obtained from M.L. Mathieu 
and T. Wikberg, CERN Lab. II. 

15th March, 1974 

Quick,disconnect joint 
(1 clamp,. 2.flanges and 1 gasket) 
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V21 Rough-pumping station 

Use in the SPS About 130 rough-pumping stations, using turbomolecular 
pumps backed by rotary vane pumps are foreseen to evacuate 
the over 10'000 m long accelerator and beam transfer line 
vacuum system to a pressure where sputter—ion pumps can be 
started easily and are able to work continuously. 

Special requirements For the normal sections of the vacuum system, a turbo
molecular pump of at least 50 l/s pumping speed is required 
every 130-250 m. For the special systems (e.g. RF cavities, 
injection and extraction systems) turbomolecular pumps of at 
least 250 l/s pumping speed are needed. Turbomolecular pumps 
of this speed could however be accepted also for the normal 
sections as it was found to be more economical to use only 
one type of pump. As the rough-pumping stations are located 
very near to the proton beam, all materials used must be of 
a nuclear radiation resistant type. 

Technical details The rough-pumping station is mounted on a frame of 800 mm 
x 570 mm x 600 mm outside dimensions. The weight of the 
station is 20O kg. The turbomolecular pump is vertical and 
is driven by an electromechnical drive unit (frequency con
verter) . The pump rotor turns at 24'000 rpm at low pressures. 

The pumping speed of the turbomolecular pump was measured 
to be not less than 350 H/s under conditions of molecular flow. 
The limit pressure in a small stainless steel system fell in 
the 10~9 torr range, even without bakeout. After bakeout of 
the pump to 120°C and the system to 250°C, a limit pressure 
of about 10-10 torr was obtained. 

The two stage rotary vane pump used as a backing pump 
has a nominal pumping speed of 30 m-tyh. The turbomolecular 
pump starts automatically when the pressure in the pump reaches 
10 torr. 

As the turbomolecular pump in many cases will have to be 
mounted hanging directly on the vacuum tanks, in order to re
duce the conductance losses of the interconnecting tubes, thé 
fixation of the pump in the frame was made such,' that the pump 
can be taken out easily'without any'tool. 
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All materials employed in the rough-pumping station have 
been selected to withstand a nuclear radiation dose of at 
least 10 8 rad. 

The rough-pumping stations are manufactured by 
LEY BOLD-HE RAEU S GmbH & Co., Cologne, Germany, to CERN Specifi
cation Lab. II/ME-VA/HW/9430 (rough-pumping station). 

Further information can be obtained from H. Wahl, and 
B. Angerth, CERN Lab. II. 

15th March, 1974 

-Rough-pumping station 
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V22 Sputter-ion pumps 

1. Pumps of 25 8,/s specified pumping speed 

Use in the SPS About 650 pumps of 25 l/s pumping speed are foreseen for 
the continuous pumping of the vacuum chamber in the normal 
sections of the SPS. Five pumps per lattice period in the ring 
(length 64 m) will be required to bring the average pressure 
to approximately 3 x 10"? torr (4 * 10 -^ pascal). 

Special requirements The pumps have to absorb a big gas load for extended 
periods at the beginning of each pump-down. Special attention 
was therefore paid to the performance of the pumps at the 
higher pressures (thermal stability, lifetime). 

Technical details The pump selected has an electrode system which is basic
ally of the diode type. It allows continuous operation at pres
sures up to 5 x 10~3 torr. The main sputtering material is 
titanium. Some tantalum is used to improve the pumping of noble 
gases. 

The long term pumping speed for air was found to be 30 £/s 
m the pressure range 10~7 torr to 10~5 torr. After baking to 
200°C the limit pressure produced in a small stainless steel 
system was in the 10 - 1^ torr range. The normal operating vol
tage is 7 kV. 

The anode structure can be displaced to spread the cathode 
erosion, due to the sputtering, over a large area. This in
creases significantly the lifetime of the pump at the higher 
pressures. 

In order to insulate the pump electrically from the vacuum 
system, the flange on the pump neck was enameled (glazed). The 
quick-disconnect joint on the pump neck can be baked to 180°C. 

The weight of the pump is 13 kg. 

2. Pumps of 400 l/s< specified punping speed . „ 

Use in the SPS Approximately 150 sputter-ion pumps of 400 A/s pumping > n ^. 
speed are needed to pump the vacuum tanks of the ,special ^ í 

„" , 'f'iv 
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equipment in the long straight sections of the accelerator 
ring (e.g. injection inflector, accelerating cavities and 
extraction septa). 

Special requirements Experience at CERN has shown that sputter-ion pumps for 
the applications foreseen must be able to work continuously 
at relatively high pressure without losing in performance or 
being damaged. 

The pumps must also be able to produce ultra-high vacuum 
as required in the electrostatic septum systems. 

Technical details The pump selected has an electrode system of the triode 
type. The sputtering material is titanium. 

The pump body lias S pockets for pumping elements. Nor
mally only 7 elements are installed. The measured long term 
pumping speed for air is in this case 420 l/s at 10~° torr 
and at least 360 l/s at 10" 7 and 10~ 5 torr. Adding another 
element increases the pumping speeds by 10 %. 

The pump can operate continuously at pressures up to 
5 x 10" 5 torr. 

The limit pressure of the pump on a small stainless 
steel system falls in the 10""H torr range after bakeout to 
300°C. 

The weight of the pump is 135 kg. 

3. Power units for sputter-ion pumps 

Use in the SPS A separate power unit will be used for each sputter-ion 
pump. Different power units are needed for 25 S,/s and 400 5,/s 
pumps. 

Special requirements The power units must have characteristics adapted to the 
pumps and to the expected operating conditions of the vacuum 
system. 

Furthermore, the power units must be compatible with a 
computerized remote control and data acquisition system and 
also permit normal interventions via portable plug-in uuits. 

Technical details The output characteristic of the power units were made 
to be such that the power dissipated in the pump is limited 
to a safe value even at the highest operating pressures. In 
addition, on the power unit for 400 l/s pumps the output vol
tage can be switched to 70 % of the normal value to facilitate 
extended operation at the higher pressures. 

During normal operation the pumps are controlled and their 
status is checked via the distant control computers. The front 
panels of the power units therefore carry,,no switches or meters 
but only two status lights and a connector for the plug-in unit 
for manual interventions ("hand unit"). 

m-2 
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The status lights on the front panel of the power unit 
indicate the presence of the high voltage and the occurrence 
of faults. More detailed information on certain faults can be 
obtained via the computer or the hand unit. 

References The sputter-ion pumps and the power units for these are 
manufactured by LEYBOLD-HERAEUS GmbH & Co., Cologne, Germany, 
to CERN Specifications Lab. II/ME-VA/HW/9430 (sputter-ion pumps) 

Lab. II/MC-VA/PB/9480 (power units). 
The portable plug-in units are manufactured by Longines, 

La Chaux-de-Fonds, Swizerland. 
Further information can be obtained from H. Wahl (sputter-

ion pumps) and P. Brummer (power units), CERN Lab. II. 

15th March, 1974 

400 l/s sputter ion pump Power supply for 400 £/s sputter ion pump 

V22-3 
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V23 Valves 

All-metal valves will be used to isolate the rough pump
ing stations from the vacuum system proper and to sectorize 
the latter during installation, maintenance and repair work. 
The total number of standard all-metal valves required for 
the SPS vacuum system is 260. 

All vacuum valves must be radiation resistant, i.e. of 
the all-metal type. Generally, the roughing valves must close 
automatically in case of power failure during pump-down of 
the vacuum system. All valves must be self-locking in the 
closed position in order to protect the vacuum system if 
auxiliary supplies (for instance compressed air) should not 
be functioning. 

The standard range of valves includes 50 mm bore right 
angle valves and 100 mm as well as 156 mm straight through gate 
valves. Tn all the valves the sealing mechanism consists of a 
flat stainless steel seat against which a so-called telescopic 
indium seal is pressed. The specific sealing force is about 
30 daN/cm of the seat circumference with a leak rate inferior 
to 2 x 1 0 ~ 1 0 std cm 3/s. 

All valves are pneumatically operated using a working 
pressure of 6 bar. In the right angle valves the sealing force 
is applied to the valve stem by means of a stack of Belleville 
washers, whilst the valve is kept in its open position by pre-
surizing a counteracting pneumatic cylinder. The actuator of 
the straight through valves is a double acting pneumatic 
cylinder, and the gate is locked in the closed position with 
a toggle lever mechanism consisting of a ramp and several 
rollers. The closing time for all types of the valves is of 
the order of 1 s. 

All the valve housings are made from forged stainless 
steel and vacuum brazed. The mounting flanges against the 
vacuum system are of the SPS standard quick disconnect type. 
The bodies of the straight through valves are equipped with 
one pumping port permitting evacuation of one of the adjacent 
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sectors when a valve is closed. The pneumatic actuators of 
the sector valves are all-metal offering high radiation 
resistance. 

The bakeout temperature of the valves (indium seal) is 
limited to 80°C. 

The valves are manufactured by VAT, Haag, Switzerland, 
to CERN Specifications Lab. II/ME-VA/MLM/9453 and 
Lab. II/ME-VA/MLM/9454. 

Further information can be obtained from M.L. Mathieu 
and T. Wikberg, CERN Lab. II. 

15th March, 1974 

50 mm bore right angle valve 
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V24 High/low pressure gauge 

Use in the SPS About 200 sets of high/low pressure gauges will be 
installed in the accelerator and beam transfer line vacuum 
systems. They will mainly be used to monitor the pump-down 
and to provide alarm signals in case of pressure rises above 
preset limits. 

Special requirements 

Technical details 

The high pressure part of the gauge shall cover the range 
from atmospheric pressure to 10~3 torr. The low pressure part 
shall cover the range from 3 x 10~3 torr to 1 x io~8 torr or 
lower. In particular, as the gauge heads will be exposed to 
strong nuclear radiation doses, a metal-ceramic version was 
specified. The gauge control unit must provide all normal 
facilities for readout and control and also be compatible 
with the distant control computer system. 

A gauge set consists of a Pirani type high pressure 
gauge head and a cold cathode discharge type low pressure 
gauge head, with a combined control and readout unit. A single 
logarithmic range is provided for each head. Switching between 
the ranges is automatic at an adjustable pressure level. A 
separate trip circuit is available for alarms. 

References 

Accelerated life time tests at 10 n torr for 200 hours 
showed no change in the performance of the cold cathode gauge, 
even at the lowest pressures. 

Cables of up to 750 m length can be used between control 
unit and gauge heads. 

In order to reduce the influence of cable leakage currents 
triaxial type cables will be used for the low pressure gauge. 

The high/low pressure vacuum gauge sets are manufactured 
by BALZERS AG, Fürstentum Liechtenstein, to CERN Specification 
Lab. II/ME-VA/HW/9440. 

Further information can be obtained from H. Wahl and 
B. Angerth, CERN Lab. II. 

15th March, 1974 
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V25 Choice of radiation-resistant vacuum seals 
for the synchro-cyclotron 

In 1973 an important improvement program was started, and 
is still being carried out, for the 600 MeV Synchro-cyclotron 
In particular, these improvements will increase the intensity 
of the internal beam with, however, a corresponding increase 
in the radioactivity induced in the materials which are used 
in the construction of the accelerator. The increase of this 
intensity poses two problems: 
i) accelerated ageing of the joints owing to the effects of 

irradiation; 
ii) the corresponding difficulties incurred (because of in

duced radioactivity) when replacing these joints. 

It is therefore necessary to find materials which resist 
the effects of radiation in order to avoid changing these 
joints. 

Joints in elastomers The elastomer chosen must have a high resistance to radia
tion damage. The rubber-based elastomers have the advantage 
of an average hardness of 60° Shore A. 

The elastomer should have good elastic recovery character
istics. 

The degassing rate for this type of joint should be the 
lowest possible, below 10~ 6 Torr ¿/cm2/sec. The surface of 
the joints must be smooth (glazed) for dry mounting in the 
grooves, and must be supplied as moulded or extruded cord 
which will be hot-jointed under pressure in order to manufac
ture joints having a length of 15 m. 

Experimental study 
of materials 

The joints are mounted in a support (the probe target) 
which introduces them via an air lock into the vacuum chamber 
to within a radius of 1.90 m from the centre of the synchro
cyclotron where they are irradiated under vacuum. On every 
probe target, about 10 joints are mounted, and they are irra
diated for several hours at an intensity of 10 8 and 109 rad 
corresponding to a life duration of one year. 

Evaluation of the 
irradiations 

For all the series of irradiations, certain joints under
went large structural changes, usually making them harder. 
Some were softened, and others showed surface deformations, 
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e.g. falling apart of the surface in thin sheets, increase 
and decrease of section; certain makes released deposits, 
produced by solvents, which had not been stabilized during the 
vulcanizing of the joints. From a mechanical point of view, 
the possibility of using a joint is dependent upon its hard
ness and elasticity. Its hardness will increase under radia
tion whilst its elasticity will decrease. A joint, once it is 
leak-tight, vill remain leak-tight even after a big change in 
its physical characteristics, provided it is not submitted to 
any forces, i.e. the strength of the construction comes into 
play. Where the strength of the construction cannot be 
guaranteed (and it is particularly for these cases that elas
tomers should be envisaged), the limits for the hardness and 
elasticity must be specified remembering that they should 
also be acceptable for the improved synchro-cyclotron. 

The role played by the compression of the joints in the 
grooves must not be forgotten. In fact, a slight variation 
of hardness of the joints has been found following their com
pression in the grooves, in the sense that the more the joints 
are compressed, the more the hardness increases given identi
cal radiation doses. 

The standard section sample is a cylindrical cord of 5 mm 
diameter, and the standard elongation is 20%. The force 
necessary to produce this elongation is measured, and after 
1 minute under tension this force is remeasured to determine 
the flow of the material. 

To obtain the leak-tightness of the vacuum chamber for the 
synchro-cyclotron, it is necessary to define a limit for the 
hardness of 90° Shore A. 

In order to avoid increasing the compression forces for 
the joints, it is necessary to use an elastomer giving a 
force of less than 25 kg/cm2 for an extension of 20%. 

For all the series of tests, it was found that the elasto
mers having a base of ethylene propylene (provided they were 
correctly manufactured) allowed an assembly under vacuum to 
be leak-tight, after receiving a dose of approximately 
5 * 10 9 rad. 

Further information can be obtained from A. Blin, MSC Division, 
CERN. 

2 March 1974 
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V26 Form of grooves for vacuum seals 

The increase in beam intensity, which will be obtained as 
a result of improvements to the synchro-cyclotron, necessi
tates looking again at the principles that should be used in 
manufacturing joints, and particularly at the conditions 
under which elastomers are used to obtain leak-tightness. 

During these tests it was found that the more a joint is 
compressed, the less it resists radiation. 

In order to limit the deformation and thus obtain a higher 
resistance of the joint in its groove, it is necessary to 
specify the general dimensions that are necessary to ensure 
leak-tightness from high vacuum to an average pressure of 
5 atm. 

To preserve the best characteristics of an elastomer, 
whether it is rubber-based or synthetic-based, it is prefer
able in a vacuum installation to maintain the compression and 
shear at 15%. 

If the joints are used at a pressure of above 5 atm, the 
compression and the shear must be 20%. 

Using an elastomer of hardness 65° Shore A, with a com
pression of 15% (20%), a linear pressure of 5.4 kg/cm 
(6.1 kg/cm) is required for a joint in a groove. 

In all cases, the leak rate is less than 5 x 1 0 - 1 1 atm. 
cm3/sec measured by a standard helium leak detector. 

Report MSC/3486 (27.1.1970) gives the characteristics of some 
elastomers under irradiation, in particular the F234 manufac
tured by Gummi~Maag, Zurich. 

Further information can be obtained from A. Blm, MSC Division 
CERN. 

2 March 1974 
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V27 Choice and conditioning of ultra-high 
vacuum materials 

The ultimate pressure attainable in a vacuum chamber is deter
mined by the ratio of the gas load to be evacuated to . the 
pumping speed available. In many vacuum systems and in parti
cular in the CERN Intersecting Storage Rings, the available 
pumping speed is severely restricted by the low conductance 
of the vacuum chamber. Therefore the best practical method of 
improving the system's ultimate pressure is to reduce the 
total gas load. 

Reducing the total - Even low pumping speeds combined with bakeout and ion or 
gas load electron bombardement techniques successfully remove both 

non-adsorbing volume gas and surface adsorbed gas, so 
that pressures of 10 _10 torr can be achieved. 

- At this pressure it is observed that hydrogen represents 
up to 90 % of the residual gas in stainless steel vacuum 
chambers. This hydrogen originates from the bulk of the 
chamber. The initial and rate-limiting step in the out
gassing process is an interstitial random walk diffusion 
of hydrogen atoms. From Fick's Laws it can be shown that 
the partial pressure in the vacuum chamber due to a 
diffusing gas is a function of the diffusion coefficient 
and the gas concentration in the metal. By reducing both 
these parameters the outgassing rate and hence the partial 
pressure decreases. 

It is therefore of interest to determine the diffusion 
coefficient of hydrogen in different materials and in 
particular in the various types of stainless steel used 
at CERN. This may be done by following the evolution of 
hydrogen from a sample at a given temperature using a gas 
Chromatograph for example. The Chromatograph allows 
extraction, collection, separation and detection of the 
gas liberated from a sample during a certain time A t. 
From the exponential decay of the quantity of hydrogen 
evolved in successive intervals At, the diffusion coef
ficient may be calculated. The activation energy for the 

Modifying the 
diffusion coefficient 
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diffusion prccess may be determined from the temperature 
variation of the diffusion coefficient by applying an 
Arrhenius type expression. 
As hydrogen diffuses interstitially, defects in the crysta 
lattice may influence the diffusion kinetics. For example 
it is thought that a trapping mechanism occurs at disloca
tions which delays the transport of hydrogen through the 
lattice. We are therefore examining the effect of cold 
work on hydrogen diffusion, since dislocation density is 
closely related to cold strain. 
Traps of a chemical nature may be more effective than 
mechanical type traps such as dislocations in reducing 
the hydrogen diffusion coefficient. Preparations are 
therefore being made to examine the effect of implanted 
halogen ions on the hydrogen diffusion process. 

However at the present time, as shown by Calder and Lewin (*), 
the most effective method of decreasing the outgassing rate 
is by reducing the concentration of gas present in the stain
less steel. For this purpose high temperature vacuum furnaces 
are employed. By the end of this year a large furnace capable 
of treating components 3.5 meters long and 1 meter diameter 
will be in operation at CERN. 
The operating conditions required for outgassing stainless 
steel will be : temperature 1000°C, pressure 10~6 torr in the 
furnace volume. Eventually the pressure will be reduced to 
10~8 torr by the addition of a differentially pumped retort. 
It is hoped that a reduction of an order of magnitude in the 
final outgassing rate can be achieved and hence a correspon
ding improvement in the ultimate pressure of the ISR system. 

(*) R. Calder, G. Lewin, B.J.A.P. 18, 1459, 1967. 

Further information can be obtained from K.S. Neil, F. Thizy, 
Central Workshops, SB Division, CERN. 

i « 

2 March 1974 
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V28 Compression rig used for design of 
non-circular section vacuum chambers 

Economical design of high intensity field electro-magnets 
requires a minimum height between poles. The vacuum chamber 
dimensions must therefore be adapted so as to accommodate the 
calculated cross-sections of the beam and ensure a minimum 
deflection (due to vacuum) combined with adequate mechanical 
properties, even at bake-out temperatures, i.e. ~ 300°C. The 
specific requirements of the ISR vacuum chamber called for a 
flattened austenitic stainless steel chamber approximately 
160 mm wide x 60 mm high. 
Stress calculations, whilst reasonably accurate, did not take 
into consideration such important factors as variations in 
thickness of the tube and the effect of cold-work (due to 
fabrication) on the effective elastic limit along the section 
perimeter. The final design parameters were established from 
tests carried out in the compression rig described below. 

Compression test-rig The essential features of the 
apparatus are shown in the 
accompanying sketch. It con
sists essentially of a heavy-
section steel tube, approxi
mately 200 mm long, closed at 
both ends by rubber sealed, 
bolted end plates through 
which apertures have been 
cut following roughly the 
contours of the chamber but 
leaving an all-round 
clearance of about 10 mm. 
A rubber sleeve of adequate 
thickness is clamped by means 
of shaped pressure rings on 
both end plates. Pressures up 
to 7 Kp/cm¿ can be applied by 
means of a compressed-air 
line. The specimens to be 
tested are short lengths of 
tubing (150 to 180 mm length). 
The gauge consists of a long 

pi«aw<M or COMPRESSION ma 



3 
••t 

- 555 -

tise of the rig 

11 

^Interpretation of 
results 

Other features 

Refer. enees 

1. For the particular geometry shown, the points of maximum 
deflection are in line with the minor axis O F the section. 
The feeler knob is set to the upper point and the gauge 
is zeroed. 

2. Air is introduced in the annular volume of the rig, the 
deflection shown on the dial gauge being noted at inter
vals of 0.1 Kp/cm2. At 1 Kp/cm2 (vacuum condition in 
chamber) , pressure is released and it is ascertained that 
the dial gauge reverts to zero setting (elastic behaviour). 
Pressure is gradually increased and released at intervals 
until a permanent deformation is noted. This indicates 
the onset of plastic behaviour at the points of maximum 
stress (in line with the major axis). 

3. Graphs are drawn at different pressures inducing increased 
plastic strain, by plotting permanent deformation as a 
function of pressure. Each step (releasing the pressure, 
followed by re-compression) indicates a gain in effective 
elastic behaviour. 

- For a given geometry, as fabricated, it is easy to find 
the safety margin for elastic behaviour of the section 
under normal vacuum conditionsj by merely considering the 
pressure at which plastic deformation starts. 

- Consideration of elastic characteristics of the material 
at room temperature and at 300°C allows for a reasonably 
accurate extrapolation of the chamber behaviour under 
bake-out conditions. For this purpose, results obtained 
from stress-strain curves with conventional tensile spe
cimens are adequate. 

- Since cold work induces substantial increases in elastic 
limit (at the points of maximum stress) this property can 
be used by deliberately overdimensioning the minor axis 
(height) of the section and subsequently applying hydro
static pressure until the required permanent height is 
attained. Increases of over 50 % in the "apparent" elastic 
limit can be achieved in this way. 

Short lengths of specimen tubes can be used whilst tests 
under vacuum require lengths sufficient to eliminate "end 
effects" due to flanges. 
A complete test can be performed in less than one hour and 
gives comprehensive information on the plastic as well as 
elastic behaviour of the chamber section. 

Further information can be obtained from J.P. Bacher, ISR 
Division, or R.L. Samuel, Central Workshops, SB Division, 
CERN. 

19 March 1974. 

VZ8-2 

sensing arm connected by means of a cantilever arrangement to 
a dial gauge which protrudes from the test-piece. The gauge 
is introduced in the test-piece and "floats" with it indepen
dently of the fixed frame. 
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V29 Thin-wall corrugated vacuum chamber for the 
Proton Synchrotron Booster 

The need for vacuum The vacuum chamber in a proton accelerator provides the 
chambers ultra-high vacuum environment needed for the protons circulating 

on the inside up to nearly the speed of light. In "circular" 
machines, the chamber is for a large part of its circumference 
between the poles of electromagnets, which generate rapidly-
varying fields of high precision to guide and focus the parti
cles during the acceleration cycle. In consequence, it must be 
designed so as to obtain the best compromise between the follo
wing somewhat contradictory requirements: it should: 

Th'i requirements - cause minimum distortion of constant magnetic fields in 
order to maintain the precision field requirements 

- have high electrical resistance for minimum eddy current 
effects on the beam due to pulsed magnetic fields 

- have the smallest possible outer dimension for a required 
beam aperture because the larger the chamber, the larger 
and more costly the magnets, their power supplies and 
operation 

- be low in cost and easy to handle, therefore excluding the 
large scale use of ceramic chambers. 

Meeting the require- These requirements are best met by selecting a chamber mate-
ments rial having high electrical resistivity, very low magnetic per

meability (also after welding), high strength, a large modulus 
of elasticity, surface characteristics suitable for ultra high 
vacuum use and made with the thinnest possible wall. The thin 
wall requirement coupled with the smallest possible deformation 
when under vacuum suggest the use of a corrugated shape to ob
tain the required stiffness. 

The corrugation height, wall thickness and permissible stress 
and deformation should be chosen so that all requirements are 
optimized. Given also the elliptical shape of the vacuum chamber, 
optimization of all these parameters becomes a lengthy proce
dure, and as a result a computer program to make the calcula-'" 
tions has been written for the most general case which assumes 
a variable corrugation amplitude around the perimeter of the 
chamber. 
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Material selection Table I lists some of the materials considered for the cons
truction of the chambers for the PSB bending magnet. Given 
price, weldability and the physical characteristics involved, 
Che choice has fallen on the high nickel alloy Inconel X-750. 

Table I, Properties Resisti Permeability Yield Mod. of Elonga
of various vacuum Material vity at 20° C & strength elasticity tion 
chamber materials UÍ2 cm 200 Oersted kg/mm2 kg/mm2 % 

Inconel 625 129 1.0006 42-66 20'400 60-30 
Inconel 718 124 1.001 120 20'300 17 
Inconel X-750 121 1.O02 88-99 21'100 30-15 
AISI 316 LN 74 1.003 33 19*100 40 
Ti-6 A1-4V 171 1.0004 81 11'200 10 

Technical problems 
encountered in 
development 

The first optimized chamber had a variable corrugation am
plitude, details of which are shown in line 1 of Table II. 
Considering the difficulties involved in producing such a cham
ber three development contracts were awarded to Calorstat, 
France, BOA, Switzerland and Orion, Germany. BOA and Calorstat 
applied their know how gained in the manufacture of bellows 
to produce this chamber, while Orion Studiengesellschaft expe
rimented with explosive forming. Although the results obtained 
were not entirely negative, it was decided to adopt the next 
best compromise, namely the chamber having constant corrugation 
height shown in line 2 of Table II and in Fig. 1. These chambers 
(1822 mm long) were produced entirely by ""alorstat. 

A further series of similar chambers but with larger horizon
tal aperture is shown in line 3 of Table II, and these were pro
duced by BOA. The last line of Table II shows a non-corrugated 
chamber made from a titanium alloy. It was rejected on account 
of its large deformation under vacuum. 

Fig. 1, Final chamber 

Table II, Results of 
calculations 

Outer dimens. Corrugation Wall Max. stress Max. deflection 
mm height mm kg/mm2 mm 

vert. horiz. vert. horiz. mm tensile compr. vert. horiz. 

68.5 138 2 6 0.4 16.5 -18.1 -1.12 0.30 
69.0 138 3 3 0.4 21.9 -23.2 -0.97 0.36 
69.0 156 3 3 0.6 26.7 -28.9 -2.28 1.04 
69.0 ,138 0 0 2 14.0 -14.3 -3.0 1.1 

References 128 corrugated vacuum chambers have been installed in the 
""'PSB bending magnets and, so far have given full satisfaction. 

The computer, program (by G. Brianti and K. Schindl) is des-
/ ' cribe'd in SI/Int. DL/69-5. Further information can be obtained 

1 '' from Ç.-Rufer, MPS Division, CERN. 

t '"9-2 
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V30 Quick-connect vacuum coupling for 
metal seals 

Quick coupling for 
use with elastomer 
rings 

Requirements for use 
in PSB vacuum system 

Other, parallel 
developments 

The CERN development 

Quick-connect, two-jaw vacuum couplings for elastomer ring 
sealed flanges have been on the market for a long time and 
have traditionally been applied to small diameter, rough 
vacuum connections where the requirements are not demanding. 
They are extremely useful because they are quick, dependable, 
low in cost and take up very little space. Their construction 
is simple because the sealing forces required are small and 
the tolerances not critical. 

As the application of vacuum couplings to accelerators is 
extremely demanding due to the requirements of radiation re
sistance, ultra high vacuum, reliability and speed of applica
tion (maintenance in a radiation environment), a quick-connect 
coupling is only suitable if metal seals can be employed in
stead of the traditional elastomer rings. An added complica
tion in the four-ring PSB arises from the limitation of space 
and accessibility for vacuum connections. Intrigued by the 
advantages of the simple quick coupling, we have further deve
loped its principle for use with large diameter, metal sealed 
accelerator vacuum systems. 

Before discussing the CERN development, it should be men
tioned that in 1968 Brookhaven National Laboratory applied the 
quick-connect principle to 6~inch diameter vacuum flanges in 
conjunction with indium coated metal "C" rings developed by 
Pressure Science Inc. and CERN. These "C" rings, which are very 
expensive, have the advantage of requiring sealing forces only 
slightly larger than those needed for elastomer O-rings. 

Unlike BNL, we did not restrict our development to "C" rings 
but we also investigated the usefulness of metal seals requi
ring rather large sealing forces with the goal in mind of 
a low cost, highly reliable and non-delicate, easy to handle, 
seal-coupling combination. A programme was therefore under
taken to test and to measure the relevant characteristics of 
wire, "C"-ring, "0"-ring, and knife-edge (lip) type metal seals 
as well as many different quick clamping designs. The final 
choice, found best to fulfil the requirements, was the use of 
a low-cost soft aluminium lip seal, type Leybold-Heraeus,made 
to CERN specifications in conjunction with a three-jaw clamp, 
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the segments being machined from high strength aluminium alloy 
castings. Aluminium was chosen for the clamp because of its 
machinability, weight, low-activation when irradiated and, very 
important for the specific application, because it also provi
ded, where needed, a simple means of electrical insulation by 
appropriate anodization and treatment. 

Fig. 1 Flanges, seal 
<• and clamp shown on 
I transparent tube 

Fig. 2 Mounted cou
pling in beam trans
port line 

Technical data of 
the CERN quick-
connect coupling 

References 

A clamp, seal and flange arrangement is shown in Figs. 1 
and 2. In a typical installation the seal disc is inserted 
between the two flanges (one flange welded to a bellows for 
flexibility) and the small rivet provided on the disc is enga
ged into a notch milled into one of the flanges, before apply
ing the coupling. Furthermore, each jaw of the clamp has a 
spring loaded shoe for centering the seal and the flanges. 

The clamp shown is designed for tube diameters up to 150 mm 
and if used with a seal of 160 mm requires a minimum torque of 
2 mkgf on the single tightening screw to obtain a vacuum-tight 
joint. To provide a certain safety margin the installations 
are made with a torque of 4 mkgf giving an axial clamping force 
of about 8000 kgf. Fracture of the jaws is obtained at a torque 
of about 8 mkgf. Misalignment between flanges of up to 2 mm is 
tolerable and rotational orientation is unimportant. The cou
pling can withstand moderate bake-outs up to *v 130° C. 

Nearly 900 quick couplings (400 of them specially treated 
and anodized for a resistive and capacitive RF effect at insu
lated joints) have been installed in the Proton Synchroton 
Booster and during the 2 years since their installation have 
not given any problems. Lab II adopted a similar system for the 
SPS and its experimental areas. Couplings with metal seals for 
UHV connections in the range of NW 10 to NW 50 are now commer
cially available from, e.g., Balzers FL and W. Hoop Apparate
fabrik FL. The CERN coupling and seal development has been 
described in IEEE Transaction on Nuclear Science Vol. NS-18, 
No 3, June 71, by C E . Rufer and W. Unterlerchner. Further 
information" can be obtained from'CE. Rufer, MPS Division, 
C E R N - ' ' April 1974 
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V31 UVH valves with al l -metal l ic seals 

Use in FSB One of the design goals for the PSB was a high intensity 
beam of 10 1 3 protons per pulse and an operating ring pressure 
in the 10 - 8 Torr region. Due to these requirements (radiation 
damage) the vacuum system, including the required sector 
valves and fore-pump shut-off valves, had to be constructed 
without the use of any organic materials. 

High grade, bakeable, all metal UHV valves were available 
at a very high cost. As the bake-out feature was not consi
dered necessary for the applications in the PSB, we were not 
willing to pay a high price for this feature, and the design 
of a low cost, dependable and relatively simple gate valve 
with internal diameters of 65 and 1A5 mm was undertaken. 

Valve mechanism The heart of the valve consists of a labyrinth type indium 
seal on the valve plate, requiring relatively low sealing 
forces, and a bellows-sealed, pneumatically-driven mechanism 
allowing accurate positioning of the valve plate and producing 
the sealing force. 

Fig. 1 Picture 
of a sector valve 

A complete valve, NW 145, with a connecting flange for use 
with a quick-connect vacuum coupling described in Technology 
Note V30,,is shown in Fig. l.v The seal on the valve plate 
is :barely ; visible and an enlarged;view;of a section, of it is ; 
shown in Fig. 2. . -
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Special features of 
the valve plate seal 

The rather fine concentric grooves that one sees have been 
pressed into an indium ring, which is cast into the stainless 
steel valve plate. Corresponding to these grooves there are 
knife-edge counterparts in the valve body. When the valve 
closes, the valve plate moves in by the action of the pneuma
tic cylinder and at the end of the stroke, when the grooves 
in the indium ring are exactly opposite the corresponding 
knife-edges, the plate is pressed against the knife-edges and 
a vacuum tight seal is obtained. 

Problems encoun
tered 

The main problems with this arrangement are the precision 
with which the repetitive positioning of the valve plate can 
be accomplished, the mechanical wear of the mechanism, which 
has to work without lubrication in UHV, and the tendency of 
the indium to stick to the knife-edges after prolonged clo
sure of the valves. Several valves have been satisfactorily 
cycled over 10*000 times without loss in the vacuum leak 
tightness. 

References Over 40 of the NW 145 valves have been produced by VAT., CH 
in accordance with the CERN specification. Since their instal
lation in the PSB 2 years ago, they have given trouble-free 
operation. Further information can be obtained from C.E. Ru
fer, MPS Division, CERN. 

April 1974 
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V32 Low-cost UHV metal seal of any configuration 

Difficulties with 
aluminium wire 
seals 

Covers for large vacuum tanks of circular, rectangular or 
any other shape, are most often sealed with a 1 to 2 mm dia
meter aluminium wire, when an elastomer seal is not allowed 
and when a high temperature bake-out is not required. These 
aluminium wire seals are normally mounted on a carrying frame 
to provide the required configuration and to make it possible 
to handle such seals when the dimensions are large e.g. 1 x 2 
metres. The aluminium wire alone is very cheap but its fixing 
on the supporting frame requires considerable manual labor. 
Handling is very delicate and quite often the wire may come off 
its support at the slightest mismanipulation. This is a 
serious shortcoming when vacuum maintenance work has to be per
formed on an accelerator where the environment is radio-active 
and where the work should be done quickly and reliably. 

Use in the PSB As the 4-ring PSB has many large vacuum tanks, usually of 
rectangular configuration with large covers (1.5 x 2 metres), 
which must be sealed for UHV by easy-to-handle and dependable 
metal seals, there was sufficient motive to find a solution 
less delicate than the traditional aluminium wire on support
ing frame. The major objective was to find a suitable seal 
geometry which would be self-supporting and therefore not re
quire a frame. 

The Leybold-Heraeus 
aluminium seal disk 

A good example of a self-supporting seal edge for circular 
configuration is the Leybold-Heraeus soft aluminium lip seal 
disk. Here, the diamond-shaped seal edge on the disk can be 
obtained by spinning in a lathe using an appropriate tool. 
This type of seal made to CERN specification (see Fig. lb) is 
already used in large quantities in conjunction with the quick 
coupling arrangement described in Technology Note V30. 

CERN development of 
self-supporting 
aluminium seal 
applicable to non-
circular shapes 

In order to apply the Leybold seal disk geometry to seals 
of non-circular shapes we had to solve the problem of how to 
form the seal edge on, for example, a rectangular shaped seal 
made from soft aluminium sheet. Initially we imagined such a 
seal being made by stamping the configuration in a sheet 1 to 
1.5 mm thick and then developing an appropriate tool and method 
to produce the diamond shape along the edge. Cold forming 
techniques were used quite successfully, however the rounded 
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corners of the seal invariably gave problems. 

This approach was therefore abandoned,and we then tried to 
produce the seal from a strip of aluminium with the seal edge 
already formed on it. This method was finally successful, 
after the welding problems had been solved by the CERN work
shops, and a way was found to bend the strip without buckling 
it. As seen in Fig. la the supporting frame is an integral 
part of the seal and it can have any number of mounting holes. 
The holes and cut-outs for the bends are punched into the 
strip before forming it into the required shape in a special 
tool. The ends are then butt-welded together. Fig. lb shows 
a seal disk developed for use with the quick vacuum-coupling 
and Fig. lc is a turned seal which was afterwards formed into 
the race-track shape shown. The turned version was developed 
for a special application in the CERN Proton Synchrotron and 
had to fit into already existing 0-ring grooves for the purpose 
of replacing radiation damaged elastomer rings by metal seals. 

The aluminium lip seal described here eliminates the pro
blems encountered with the wire seal fixed to a support and 
has been successfully employed on the many large vacuum tanks 
in the PSB. More recently this seal design has also been 
applied to the PS, MSC and SPS. The soft aluminium strip 
with the diamond shaped edge, from which the seals are made, 
has been drawn by Alusuisse in Chippis, CH, in lengths of 8 
metres. Further information can be obtained from C.E. Rufer, 
MPS Division, CERN. 

April 1974 
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V33 Linear sputter-ion pump (prototype) 

A large part of che ISR vacuum chamber consists of stain
less steel tubes of elliptical section mounted between the 
pole-pieces of the magnets. Such tubes are evacuated by 
sputter-ion pumps distributed at intervals of between 3 and 
7 m. Under certain circumstances it would be convenient to 
distribute the pumping of this type linearly along the 
3 to 7 m of vacuum chamber. The linear sputter-ion pump is 
an attempt to do just this. 

Principle of Operation A voltage of up to + 5 kV is applied to the cylindrical 
anode cells made of stainless steel. The cathode plates 
mounted above and below the cylindrical cells are made of 
titanium and are normally held at earth potential. Electrons 
released by "cold" field emission initiate a Penning-type 
discharge inside the anode cells; ions produced in this dis
charge sputter titanium atoms off the cathode onto the 
surroundings. The freshly sputtered titanium .acts as a 
getter and "pumps" molecules of the residual gas which 
eventually come into contact with the gettering surface. 
Penning discharges are difficult to maintain at extremely 
low pressures because of the large mean-free-path between the 
ionizing collisions of the electrons needed to .sustain the 
discharge. The mean-free-path of these ionizing electrons 
can be effectively shortened, or more correctly the total 
path length travelled by an electron from the cathode to the 
anode can be much increased by the presence of a magnetic 
field suitably orientated. The magnetic field used here is 
that of the ISR bending magnets. 

Performance Measurements on the prototype pump indicate that pumping 
speeds of about 1 litre sec per "cell" may be achieved when 
the applied magnetic field exceeds about 2000 gauss. 

For further information, contact Mr. E . Jones, ISR Division. 

27th March 1974 
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Workshop techniques and general engineering 
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w"!0 Radiation-resistant materials and components 

Materials and components which have been exposed to 
reactor or acceleration radiations, and the radiation effects 
as a function of dose level, are shown. 

Reinforced ethylene 
propylene rubbers 

Low viscous epoxy 
"Bisphenol-Novolak" 

Styrene-butadiene & 
ethylene propylene 
terpolymer rubbers 

Cerium doped glasses 

The evaluation of the radiation behaviour of materials 
to be used in the construction of high-energy accelerators or 
storage rings is essential. It allows the estimation of the 
life-time of machine components and it prevents undesirable 
machine failures due to radiation damage. 

Common commercially available materials and components 
are often too radiation sensitive for accelerator purposes 
and therefore a careful selection of materials is required. 
In addition, the manufacturers are unable to give us the re
quired information related to radiation effects. For some 
applications, radiation hardened materials had to be developed, 
of which some are given below. 

Ethylene propylene rubbers reinforced with chemically 
treated glass fibers are used for cooling water hoses for 
electromagnets 
under a pressure of 15 atmospheres. 

They are radiation resistant up to 2xl07 rad 

Low viscous epoxy "Bisphenol-Novolak" is used for coil 
insulation. It resists up to 5X109 rad and possesses sufficient 
pot life for the impregnation of large coils. Excellent elec
trical and mechanical properties. 

Styrene-butadiene and ethylene propylene terpolymer 
rubbers are used for O-rings, protection sheets, etc. They 
resist at 2*10^ rad under 20 kg/cm2 pressure in contact with 
air and vacuum grease. 

Cerium doped glasses are radiation stabilized glasses. 
They do not change any more in colour upon radiation exposure. 
Used for optical systems, television screens, etc. 

* Radiation resistance is defined as a degradation of initial 
properties by not more than 50%. 
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References Detailed information is available in the following : 
1. Effects of radiation on materials and components, 

CERN 70-05, 26th February 1970. 
2. Selection guide to organic materials for nuclear 

engineering, CERN 72-07, 17th May 1972. 
For further information please contact M.H. Van de Voorde 

or H. Schönbacher. 

8 March, 1974. 

W10-2 
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Wll Welding machine for e l l i p t i c a l 
vacuum chambers 

This is a special purpose welding machine for welding ellip
tical section vacuum chambers. Welds on components destined 
to be inserted in the ISR ring (working at 10 1 1 torr) must 
be of a high quality and must be repeatable. This machine 
satisfies both. 

The elliptical movement is obtained by means of a hydraulic 
servo system which follows a master outline. A secondary 
mechanical system ensures that the angle of the torch is 
always correctly inclined to the workpiece. Cross-sections 
may vary between round, oval and quasi-elliptical. 
For further details please contact one of the following : 
W. Jeker, E. André or B. Jean-Prost. 

6 March 1974 
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W12 Cutting machine for e l l ip t i ca l chambers 

This is a special purpose cutting machine destined for use 
in the ISR ring during interventions. It enables elliptical 
vacuum chambers to be cut square and clean ready for rewelding 
with minimum effort and good precision. 

At any instant on its elliptical path the cutting tool is 
correctly inclined to the workpiece and travels at a constant 
speed. Feed is automatic. 
For further details please contact one of the following : 
W. Jeker, E. André, or B. Jean-Prost. 

6 March 1974 
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W13 Teleoperator - Long-range high-speed 
remote handling 

A Teleoperator is a machine which projects the physical 
capabilities of a human operator across a barrier (eg» shiel
ding) , into an environment where he cannot be in person (eg. 
radiation zone). 

There are three circumstances in which radioactivity pre
vents the free movements of technical personnel at CERN, and 
where a teleoperator can be employed to good effect. Firstly, 
when the accelerator complex is running (ie. LINAC, Booster, 
CPS, ISR), human access is completely excluded. Secondly, 
after shutdown, several zones remain where induced radio
activity limits working time. In some cases, particularly 
targets in ejected proton beams, levels may prohibit any work 
until the activity has decayed, which may be hours, days or 
weeks. Thirdly, radioactive equipment is often taken from 
the accelerators to be modified, stripped down or otherwise 
handled. It may have a low dose rate but require prolonged 
close proximity working. 

The CPS teleoperator now being operationally developed can 
be used at will in any of these circumstances. It can travel 
along the overhead rails inside the CPS tunnel, and can oper
ate whether the CPS is running or shut down. It can also be 
installed in an active handling bay, adjoining the CPS. 

When considering the status of the project, it is worth 
noting how it evolved. 

A prototype teleoperator was built so that we could gain 
experience with mobile remote handling. Because of the dis
tances involved the versatile hot cell master-slave manipu
lator, familiar to reactor and radiochemical laboratories, 
could not be used. The only other manipulator type available 
was the switch operated electric arm. which is limited in 
scope but highly mobile, and often used to carry items between 
hot cells. 

An electric arm was mounted on a crane bridge in the CPS 
tunnel.* A second bridge*carried three highly manoeuvrable 
television camera arms,'plus audio and lighting equipment, 
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and the whole assembly was controlled from a building in the 
CPS ring centre. 

Eight multiconductor cables each 25 mm 0 and 200 m long 
connected the control room to a fixed plug-in box in the tun
nel. An expanding cable transport system, with a range of 
40 M and carrying a further k ton of cable, linked the plug-in 
box to the bridges. 

The prototype showed that many jobs were indeed possible» 
including remote dosimetry and beam_loss detection during CPS 
operations, and the dismounting of radioactive septum tanks 
and targets during shutdowns. It was seen, however, that 
much higher speeds and greater dexterity were important if 
remote handling was to be of practical use. 

The Selenia Mascot Electronic Servo Master-Slave then 
became available. This manipulator, with its two arms and 
20 Hz bandwidth, equals, or improves on, the dextrous perfor
mance of the mechanically linked hot cell master-slaves, but 
because its master and slave stations are electronically 
linked, the slave may have, in effect, unlimited mobility. 
Each arm can lift a maximum of 20 kg, of which the operator 
can feel all, or half, depending which force feedback ratio 
he selects. To illustrate the sensitivity of the force feed
back, a plastic throw-away coffee cup can be gently squeezed 
without breaking it. Although the weight of the cup cannot 
be sensed, when water is added the difference is clearly felt. 

A new project was started, built around Mascot, and using 
improved versions of the basic techniques developed with the 
prototype. With recent advances in multiconductor cable 
design, the extra channels required by the Mascot slave did 
not increase the number or diameter of the principal cables, 
while the smaller rolling radii permitted allowed us to cons
truct smaller more compact cable link mechanisms. 

Flat band cable consisting of many parallel miniature co
axial channels was used in the design of a new television arm, 
which has a telescopic lower extension giving a longer reach 
but a mc'e compact "parked" volume. The arms make use of the 
motorised pivots described in Technology Note W14 and carry 
the compact cameras described in Technology Note Pll. 

To match the increased handling speeds possible using 
Mascot, the supporting bridges and carriages have been given 
increased power and speed. Each bridge has a positive trac
tion system using polyurethane wheels which run on the under
side of the overhead rails, giving a pull of up to 100 kg. 
The bridge speed range of 2 cm/sec to 1 m/sec is given by 
using dc motors with thyristor controls in conjunction with 
2 speed gear boxes, 

A 2-ton chain hoist is mounted on parallel rails of the 
same bridge as Mascot, and is of particularly compact design. 
It includes a load measuring device accurate to within ̂ 5%. 
The Mascot slave is carried on a carriage mounted telescope 
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which can lift, traverse and rotate. The four cables which 
supply Mascot are carried on a large diameter helical spring 
suspended around the telescope, which accommodates both the 
load of the cable and the lifting and turning movements of 
the slave. 

From the operator's point of view, the whole system can be 
visualised as comprising 5 main subsystems. 

- The actuator subsystem which does the physical work,and 
includes the Mascot slave and the two ton hoist. 

- The sensor subsystem which uses TV for visual sensing, 
force feedback for a degree of tactual sensing, audio 
for hearing and a quantity of monitoring and test equip
ment, as required. 

- Control subsystem which uses the Mascot master arms to 
control the fourteen degrees of freedom of the slave, 
and an auxiliary panel of controls for the TV, bridges, 
hoist, etc. 

- Transport subsystem, including attitude control, now in 
the form of bridges and carriages, but could take any 
form to suit a given work zone. 

- Communications subsystem which uses electric cable links 
throughout to distribute sensor and control signals, and 
power. 

The new teleoperator is typically 100 times faster for a 
given job than the protoype and, in many cases, is operable 
at speeds approaching direct manual working. Some jobs, par
ticularly unpleasant ones (eg., abrasive), can be completed 
quicker than working directly, with the operator sitting in 
comfort. 

For further information, contact R. Home, CPS Mechanical 
Group. 

April 1974 
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W14 Motorized pivots 

Purpose At an early stage in the CPS remote handling project 
(Technology Note W13, Teleoperator), we set out to make a re
motely controlled television support arm which could pan and 
tilt the camera, and position it anywhere within a volume 
the size of a large room. 

A study was made based on standard commercial components, 
but the resulting design was heavy and complicated. It be
came clear that a simple motorised articulated joint was re
quired, with high torque and minimum weight. We therefore de
cided to develop standardised units such that, by simply 
connecting them together, an arm with several articulations 
could be built. 

Design Four sizes of motorised pivot were designed with maximum 
torques of 1, 3, 11 and 30 kgf m respectively. A standard 
system of gear reductions was designed so that, using a total 
of only 6 different gear wheels of various modules for the 
whole range of pivots, each pivot can have 9 different re
ductions geometrically spaced between 250 and 10,000. 

Planetary gears are used because, for a given torque, they 
have the minimum size and weight. They are of a special design 
which permits a reduction ratio of 63 or 100 in a single stage. 

The motor and reduction gears are mounted coaxially inside 
the tubular stub shaft of the pivot, and drive the outer hub 
via an adjustable-cone security clutch. This arrangement occu
pies minimum volume. 

Development problems A special study of the planetary gear tooth profile was 
needed to obtain the required results using standard involute 
teeth. Particular attention was paid to ensuring correct load 
distribution in the final stage of the reduction gear. 
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Motorised Pivots 
L to R sizes 4, 3 and 2 

Further information A detailed description was published in VDI-Z111 (1969) 
No. 4 page 261 "Leichte motorisierte Gelenke für Schwenk
arme" . 

Further details from W. Richter (ESO). 

April 1974 

K14-2 
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W15 High-speed pneumatic valve 

Use in the 2 metre The fast response spool type pneumatic valves described 
Liquid Hydrogen Bubble in this paper were designed to admit and evacuate the desired 
Chamber quantity of nitrogen gas under the motor head of the expansion 

piston of the 2 metre Liquid Hydrogen Bubble Chamber and thus 
actuate it to create a pressure variation from 5 kg/cm absolute 
to 2 kg/cm^ absolute so as to make the chamber sensitive over 
a period of approximately 3 milliseconds. 

The 500 mm diameter pure titanium expansion piston and 
its motor head form an assembly weighing some 70 kg which 
has to move upwards by 5 cm in order to create a volume change 
of 1%. The expansion/recompression cycle lasts some 22 
milliseconds and is synchronised with the incoming beam of 
particles ejected by the accelerator with a precision of 50 
microseconds thanks to the cycle starting signal given by a 
1 Megacycle clock. 

The admission valve (see fig. 1) is composed of one 
valve body, one spool and two pilot electro-preumatic valves. 
A valve operation optical indicator is also provided to 
visualize the spool movement during operation. The 70 mm 
diameter nylon spool, in its shut position, seals off the 
70 kg/cm2 high pressure chamber of the valve body from its 
12 kg/cmz low pressure chamber by means of a 90° shore o-nng 
seal housed in the valve body. When the valve is in this 
position, the expansion piston is at rest. In order to open 
the valve, the pilot applies a 70 kg/cm^ pneumatic pressure 
on the extremity of the spool. This causes the spool to be 
displaced by 20 mm whilst the gas let in by the pilot is 
exhausted to atmosphere by a channel cut in the valve body. 
In the open position, the gas is allowed to flow from the 
high to the low pressure chamber via a annular groove and 
perforations provided in the spool. An application of 
pneumatic pressure by the pilot valve situated at the other 
extremity of the valve body returns the spool to its original 
position and thereby shuts the valve. 

The exhaust valve (see fig. 2) is composed of one valve 
body, one spool and two pilot electro-pneumatic valves. A 

Description and method 
of operation 
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valve operation optical indicator is also provided to visualize 
the spool movement during operation. The 70 mm diameter nylon 
spool, in its open position, leaves t:he volume of the expansion 
system cylinder in communication with the low pressure chamber 
of the valve body. When the valve i s in this position, the 
expansion piston is at rest. Some 10 to 20 milliseconds before 
the opening of the admission valve, the exhaust valve is shut 
when the pilot valve applies a 70 kg/cm2 pneumatic pressure 
on the extremity of the spool. In the shut position of the 
valve, the large diameter of the spool fits into the bore of 
the valve body separating web and thereby offers an impedance 
such as to permit the desired pressure built-up in the 
expansion system cylinder to initiate the piston movement. The 
pneumatic pressure is applied at the other extremity of the 
spool to re-open the valve some 3 milliseconds after the top 
of the piston stroke to enable the evacuation of the gas let 
in by the admission valve and return the piston to its original 
position. 

The pilot valve (see fig. 1) is an electro-pneumatic 
valve operated by a coil energised by means of a 48 Volts, 
15 Amperes peak DC, applied for some 5 to 10 milliseconds to 
cause a 0.3 mm movement of the plunger and thus open the 
communication between the pressure chamber and the two 2 mm 
diameter channels leading the 70 kg/cm gas to the extremity 
of the valve spool. The coil casing is pressurized by nitrogen 
gas at 0.2 kg/cm2 to prevent any inleak of air-hydrogen explosive 
mixture and thus make the apparatus safe for use in a hydrogen 
area. 

Operating values Typical operating values are as follows: 
Admission valve Exhaust valve 

Opening time of the pilot: 5 milliseconds 10 milliseconds 
Flight time of the spool: 3.5 milliseconds 3.5 milliseconds 
Spool is open for: 1,5 milliseconds closed for: 

3 0 milliseconds 
Quantity of gas passed by 1000 cubic centimetres at 70 kg/cm2 

the valves: pressure. 

Further information can be obtained from: R. Stierlin, 
M. Schmitt, M. Dykes, T.C. Division, CERN. 

15 February, 1974 







- 582 -

W16 Valve operation optical indicator 

Use in the expansion 
system of the 2 metre 
Liquid Hydrogen 
Bubble Chamber 

Method of operation 

Technical problems 

This indicator is used to verify that the rest position 
of the spool in each valve is correct (admission or exhaust 
valve) for each expansion cycle. It shows also the movement 
of the spool inside the valve. 

The system was designed for use in a hydrogen area, where 
all electrical signals above a power of 2*10"^ Joules should 
be enclosed in explosion proof boxes. Fibres optics present 
themselves as the best liaison between active parts and 
enclosed electronic circuits. Part 1 of the diagram shows the 
fibre optics transmitting the light to a reflecting surface on 
the valve spool. The reflected light is picked up by the 
twenty groups of fibres, each 1 mm2, and transmitted to photo 
diodes in an explosion proof box (see part 2). All twenty 
detector circuits are in parallel via a series resistor from 
the +15V supply. The voltage change of each circuit is 
measured and summed by an operational Amplifier (see part 3). 
A level shift is provided to overcome any leakage current 
drawn by differences in photo diodes. The output of this 
amplifier is fed to a comparator which can be set at a level 
to give an alarm if the valve spool does not reach its required 
position in a time set by an inhibit signal provided by the 
valve trigger circuit (see part 4). 

A good reflecting surface on the moving spool is necessary 
to compensate for the low admitted power for the light 
source in a hydrogen environment and for the signal losses in 
the length of the fibres. 

Further information can be obtained from 
M. Dykes, R. Stierlin, T.C. Division, CERN. 

M. Schmitt, 

15 February, 1974. 
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W17 Hydraulic mega servovalve 

Fast response, high pressure, high flow, four-way servo 
valve to be used in closed-loop servo hydraulic systems 
(300 litre/sec at 70 bar valve pressure drop) 

Use in BEBC Four of these valves mounted in parallel are used on the 
BEBC expansion hydraulic servo system, to control the position 
of the main actuator which moves the chamber cold piston. 

The purpose of a bubble chamber is to make visible the 
elementary particle trajectories. BEBC's 40 m 3 of liquid 
hydrogen are put into a metastable state every 2 seconds or 
so, by sudden expansion. The particles to be studied pass 
through the liquid hydrogen when the pressure is minimum. The 
bubbles created along the paths of charged particles are photo
graphed by a suitable optical system some milliseconds later, 
when they are sufficiently large. The hydrogen is then re-
compressed and returns to its original state. 

During all this cycle, the chamber pressure is governed by 
the cold piston position which is moved by the main actuator, 
whose position is controlled by the hydraulic servo system. 

! 

- mass to move (main actuator and cold piston): 2000 kg; 
- maximum dynamic stroke: 145 mm; „ , i 
- fastest cycle (rest to rest): 40 millisecond;,- - I ' 
- maximum repetition rate: 1 every second; 1 

- maximum acceleration: 150 g; ' " '< , '\ 

BEBC expansion system 
main characteristics 
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- maximum speed: 13 m/sec; 
- maximum force developed on the actuator: 300 tons; 
- peak power during movement: 15 * 10 6 W; 
- peak hydraulic flow needed: 2000 litre/sec. 

Mega servo valve main The main feature of this valve is its huge size, which is 
characteristics beyond comparison on the market. The size was chosen in order 

to use a commercially available, fast response, four-way, 
electro-hydraulic servo-valve as pilot (Moog 79, 800 litre/min 
at 70 bar valve pressure drop). 

Careful design associated with extensive computation and 
perfect machining has given valves with a unique high-flow 
characteristic without sacrificing the dynamic response. 

- nominal pressure: 210 bar; filtration: 5 um absolute; 
- test pressure (all outlets): 315 bar; 
- nominal flow: 300 litre/sec at 70 bar valve pressure drop; 
- dynamic response (associated with pilot): 100° lag at 60 Hz ; 
- spool diameter: 140 mm; spool weight: 50 kg; 
- maximum stroke: ±15 mm; 
- overlap: 0.6 mm; 
- internal leak, zero position, valve pressure drop 210 bar: 

50 litre/min. 

A linear variable displacement transducer (LVDT) is used 
to monitor the spool position. The electrical signal, demodu
lated and amplified, is used to feed back the spool position 
in the servo controller. 

Facilities are provided to feed back the spool command 
pressure in order to increase the damping and better the servo 
system precision. 

The spool is supported by two hydrostatic bearings which 
are designed to support (each one) a 3.5 tons radial force. 
This reduces considerably the risk of seizure of the spool. 

Technical problems After extensive theoretical computations were finished, 
the problems noted were typical of servo valve fabrication 
but magnified by the size; one could note: 

- material selection: sleeve: nitriding steel 
spool: stainless steel 

- surface treatment: 1) Sleeve: nitriding layer hardness 
900 Vickers; 

2) Spool: Tungsten carbide deposit on 
sliding surfaces, 1100 Vickers; 

3) Stellite: flame deposit on the spool, 
four controlling edges, 600 Vickersj 

- machining precision (grinding): spool sleeve 15 urn diametral 
clearance. The four-spool controlling edges are positioned 
at better than 10 urn with respect to the sleeve ports. 

^Further information can.be obtained from: A. Hervé, TC 
Division, CERN. < -> 

15 February, 1974. 

: M7-2 
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W18 Ferrites for RF cavit ies 

Although ferrites (ferri-magnetic ceramics) have a wide 
range of applications in communications, the manner in which 
their peculiar properties are used around accelerators (main
ly in RF accelerating cavities and as yokes of "kicker" 
magnets) is unusual and requires a very detailed consideration 
of all aspects of their behaviour in order to achieve satis
factory results. 

The basic principle of their use in an RF cavity is very 
simpler one uses the change of the incremental permeability 
u¿ of a ferri-magnetic material to vary the inductance of a 
resonant circuit which must be tuned, fairly rapidly, over a 
frequency range of the order of four to one in our case. The 
detailed behaviour of a given material is however very compli
cated. 

At any given point on the magnetization curve, the RF per
meability and loss depend on frequency and amplitude of the 
RF excitation, on temperature, on the speed of sweep of the 
"dc" bias, and on the manner xn which it is varied. 

The need for research on these ferrites at CERN arose main
ly from the fact that so far accelerator people seem to be 
the only users of large rings (up to ̂  60 cm diameter) of 
this material. 

Taking into account the very wide variety of ferrite quali
ties and the relative smallness (by industrial standards) of 
the quantities we required, it was apparent that for industry 
neither extended specialized research nor the provision of 
sophisticated apparatus for continuous quality control was a 
commercial proposition in our case. 

It was therefore necessary to set up equipment for testing 
samples of ferrites, measuring those parameters which were 
essential for us, under strictly controlled conditions. 

As a result of very helpful collaboration from the manu
facturer, (Philips) it was found possible to meet our very 
stringent requirements. * . 
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The apparatus 
exhibited was used 
for the acceptance 
tests of the seve
ral hundred rings. 

The photograph 
shows the open test 
cavity with a fer
rite ring of 440 mm 
O.D. The rack below 
contains the RF 
power supply, ca
pable of delivering 
more than 1 kW into 
the ring, and the 
associated measuring 
equipment. The bias 
supply was capable of delivering a half sine wave current of 
3000 A peak. 

By measuring a number of properties for each ring, it was 
possible to stack the acceptable ones in such a way that all 
cavities were rather similar in their behaviour, and that 
within each cavity, each ring was positioned to make the best 
use of its electrical characteristics. 

References The CERN ferrite work has been described in the Internal 
Report "Finding out about Ferrites" by C. Arnaud, H. Bargman, 
H. Kuhn, H. Kindermann, W. Middelkoop, G. Nassibian, W. Pirkl 
K.H. Reich, C. Rufer, D. Zanaschi, whose authors can give 
further information. A somewhat shortened version appeared in 
the CERN Courrier of November 1972. 

IK18-2 
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W19 Radiation-resistant materials 

Radiation-resistant materials have to be used inside and 
near the Synchro-cyclotron because of the very high level of 
radioactivity produced when the accelerator is in operation. 
Materials used inside the accelerator must be compatible with 
use in a vacuum of order 10 - 6 Torr. 

1) Microswitches to be used in vacuum 

These microswitches are developed in collaboration with 
Crouzet (France). They consist of a standard "Bruch" mechanism 
mounted on micaver with a ceramic actuator. The separately 
available levers are mounted to the microswitch according to 
the application. The outgassing rate is 2 x 1 0 - 6 Torr 2,/sec. 
After an irradiation of 10 8 rads the units showed no sign of 
mechanical or electrical deterioration. 

2) Cables 

Cables and coaxial cables are constructed with glass fibre 
and polyimide insulation. The development was done in colla
boration with Huber and Suhner (Herisau, Switzerland). These 
cables are suitable for use in vacuum. 

No deterioration was found after an irradiation of 10 8 rads. 

3) Coaxial connectors 
Standard connector types are fitted with polyimide di

eléctrica. The development took place in collaboration with 
Huber and Suhner. 

The principal characteristics are: 

BNC 50 H matched UHF not matched 
Bandwidth: BNC, d.c. 10 GHz 

UHF, d.c. 1 GHz 
Test voltage: = 1 kV 
Max. temperature 400°C 
Rad. resistance better than 10 9 rads. ' ' 

Further information can be obtained from K. Gase, MSC Division, 
CERN. , , 

Use for the Synchro -
cyclotron 
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W20 Radiation-resistant NMR probe 

Normal NMR probes of various configurations are in general 
not radiation-resistant, as electronic components have to be 
mounted either inside the probe or at a short distance from 
it. 

The NMR probe presented here is believed to be novel in as 
far as the distance between probe and electronics is concerned. 

NMR probes are used to monitor the magnetic field of the 
main magnet and beam line magnets. 

The probe consists of a set of Helmholtz coils and the pro
ton resonance capsule (HjO) with its pick-up coil. The signal 
is transmitted via an odd JjX coaxial resonator, connected to 
the pick-up coil. The tuning and detection circuits are con
nected to the other end of the resonator. The resonator it
self is made of radiation-resistant coaxial cable. 

Proton resonance in a 15 kG field is detected behind a 
\\ resonator (2.10m). 

1) Resonator length permits lodgrue of the electronics in 
a protected and/or accessible place. 

2) One probe covers a vast band of field values. Probe 
tuning consists of frequency jumps and/or resonator length 
adjustments with the associated coupling adjustment. 

3) According to this technique a proton resonance probe 
for the 25-50 kG range can be constructed, because the pick
up coil is no longer the Uniting factor. 

1) For one given resonator length the band is narrow: 
moreover, the longer the resonator the narrower the band. 

2) Low noise immunity for the resonators' \\ frequencies. 
To overcome the latter, a differential detector with high 
common mode rejection is used. 

(Cont. ) 
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The shown probe is constructed in a housing of polyitnide. 
The capsule is H 20. It has been tested in fields between 2 
and 20 kG with proper retuning and resonator length adjustment. 

Pick-up coil: 12 turns, 0.14 mm 0 

Helmholtz coils: 2 x 100 turns, 0.14 mm 0 . 

Further information can be obtained from K. Gase, MSC Division, 
CERN. 
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W21 Radiation resistance of accelerator 
materials and components 

Materials and components that are or will be used in the 
400 GeV proton synchrotron (the SPS) ha-ve been exposed to 
various radiation sources, e.g. nuclear reactors, gamma 
sources and high energy accelerators for radiation damage 
studies. 

Aim of the study The evaluation of the radiation behaviour of materials is 
essential for estimation of the life time of machine compo
nents and to exclude the use of radiation sensitive components. 

Need of cooperation Common commercially available materials and components are 
tfith industry often radiation sensitive and therefore a careful selection 

of materials is required. In most cases the manufacturers are 
unable to supply the required information related to radia
tion effects. Extensive contacts have therefore been esta
blished with European industry and CERN in order to find 
suitable organic and inorganic radiation resistant materials. 

Sesu]ts In the attached table we list the groups of materials which 
had been subject to radiation damage studies and give the dose 
to which these materials could be used. Since the radiation 
resistance of a material depends strongly on the composition 
and fabrication method, the given values may only be regarded 
as a very general indication. 

References The following CERN reports can give more information, they 
are available on request : "Effects of Radiation on Material 
and components" by M.H. Van de Voorde (CERN 70-5); "Selection 
Guide to Organic Materials for Nuclear Engineering" by M.H. 
Van de Voorde and C. Restât (CERN 72-7); "Radiation Damage of 
Electronic Components" by S. Battisti, R. Bossart, L. Burnod, 
E. Marcarini, H. Schönbacher, M. Van de Voorde (CERN LABII-RA/ 
72-10). Additional information can be obtained from M. Van de 
Voorde and H. Schönbacher, CERN. 
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SPECIAL SELECTED MATERIALS THRESHOLD DOSE VALUE FOR 
SEVERE DAMAGE (CH-rad) 

ORGANIC MATERIALS 

- Magnet coil insulations 
- Cable insulating materials 
- Structural components, 

supports, etc. 
- O-rings and seals 
- Hoses 
- Oils and greases 

1. - 5.109 

1. - 5-108 

1-109 - L I O 1 0 

up to 10 9 

up to 2-109 

up to 2-109 

INORGANIC MATERIALS 

- Oxides ) 
- Concrete ) 
- Ceramics ) 

up to 1-10 1 1 

ELECTRONIC COMPONENTS 

- Resistors 
- Capacitors 
- Electron tubes 
- Active semiconductor de

vices 
- Circuit boards 

10 e - 10 7 

10 6 - 10 7 

10 6 - 10 7 

10 5 - 10 6 

10 s - 10 e 

METALLIC MATERIALS 

- Resistivity of copper ^ 
- Permeability of steel up to 1-10 1 0 
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W22 Handling vehicles for 20-ton elements 

The purpose of the operation is handling and positioning 
of about 1000 elements (mainly 18 t magnets) in a circular 
tunnel 7 km long. These elements are of various types and 
their positioning to an accuracy of + 1 mm is very delicate. 

The handling vehicle is towed by an electric tractor in 
one direction or the other. Four wheels on a single axis are 
placed in the middle of the vehicle. In its stationary posi
tion the vehicle is kept in balance by means of two jacks with 
wheels. 

Leading and unloading of a magnet is performed by means 
of two arms operated by hydraulic jacks for horizontal, ver
tical, and longitudinal movements. 

Two hydraulic pumps driven by a double shaft electric 
motor assure the synchronization of these two arms. 

The stability of the vehicle during loading and unload
ing is assured by means of two telescopic horizontal legs. 

Load (max. weight of transported element) 
platform width 
width (overall) at height of arms 
total length 
maximum height permissible during manipulation 
vertical movement 
horizontal movement 
longitudinal movement 
flow per pump 
hydraulic unit power 
total weight of vehicle 

The design conditions are: 

- simplicity of the design to obtain a low fabrication cost 
- rapidity and precision of handling process 
- low noise 
- minimum outer dimensions (height and width being extremely 

limited). 

20 t 
1300 mm 
1450 mm 
2000 mm 
2350 mm 
790 mm 
1300 mm 
+ 45 mm 
12 ü/min 
10 CV 
7 t 
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These special requirements have dictated: 
- appropriate kinetics 

choice of the hydraulic elements 
- wheels with a minimum diameter keeping the specific 

pressure on the ground down to 100 kg/cm2. 
The vehicles are manufactured according to CERN speci

fications by Dumont Sclaigneaux S.A. in Belgium. 
References Further information can be obtained from J.J. Hirsbrunner, 

CERN Lab. II/ME. 
15 March 1974 

lv22-2 
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W23 Side loader with automatic guidance 

Use of these vehicles These vehicles are used for transporting and positioning 
the SPS machine elements which weigh between 0.5 and 3.0 t. 
The element is taken with the side loader at ground level at 
the head of the pit from a lorry, brought down with the 25 t 
lift, then transported to its final position. 

Main characteristics - Three dimensional handling with smooth and precise dis
placement 

- 3 t nominal capacity at 425 mm distance from the column 
- maximum handling height 1900 mm 
- range with 2 t load : 20 km on flat ground 

3.5 km on 8 % slopes 
1.5 km on 12 % slopes 

- speed 4-5 km/h 
automatic guidance 

- movable in four directions. 

Automatic guidance Due to the narrow free passage in the tunnels and the 
long distance to be achieved, the side loader will be guided 
in such a way that it follows the wall at a constant distance 
adjustable between 4 and 15 cm. 

Two Potentiometrie followers are located at both ends of 
the vehicle, equipped with small nylon wheels and rolling 
against the wall close to the ground. 

The signals from the potentiometers are fed, together 
with the reference signal, into an amplifier. The amplified 
error signal is fed in its turn into the first stage of an 
electro-hydraulic servo-valve. 

The modulated oil flow from the servo-valve produces a 
pressure difference on a hydraulic ram which acts on the di
rection of the wheels. The manual to automatic switching is 
obtained by push button. 
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The manufacture of these vehicles is done by PRAT 
(France), the automatic guidance system uses material from 
MOOG (USA). 

References Further information can be obtained from G. Bachy, 
Lab. II/ME-IN. 

15 March 1974 

3 - ton c a p a c i t y s i d e loader 

IV23-2 
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W24 Gargamelle f i l t r a t i o n system 

The circuit consists of: 

1. Fast—action valve, 
2. Main heat exchanger, 
3. Hydro-pneumatic accumu

lator, 
4. Pumping system, 
5. Heat exchanger for cool

ing pump motor, 
6. Batteries of Millipore 

filter, 
7. Hydro-pneumatic accumu

lator, 
8. Fast-action valve. 

2 

The liquid in Gargamelle, whether it be freon, propane 
or some mixture of the two must be of perfect clarity in order 
to produce high quality photographs. The depth of liquid 
through which the light must pass varies from 0.5 m to 2 m. 
To avoid scattering of light and also to prevent spurious 
boiling on the chamber walls, it is necessary to eliminate 
from the liquid all particles having diameters greater than 
0.5 ym. 

The diaphragms, paint, joints, etc. are all attacked to 
a greater or lesser extent by the liquids (especially when 
the chamber is operating) and experience has shown that it is 
necessary to continuously filter the liquid. 

Despite the fact that the filtration system should work 
continuously it is essential that the system itself be 
protected from the violent pressure differences existing in 
the chamber (from 25 bar to 12 bar and back again in 100 ms 
every 2 s). Thus the valves 1 and 8 are closed during the 
expansion cycle and the accumulators 3 and 7 damp the pressure 
oscillations in the system. 
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Technical problems The principal technical problems encountered during the 
development of the system were : 

1. The hydro-pneumatic accumulators were used with a 
liquified gas very near its boiling point; however, it 
was essential to avoid boiling in the accumulators. 

2. The pump consists of a rotor immersed in the chamber liquid 
itself (and thuse without mechanical glands). The 
lubrication of the bearing surfaces and the design of the 
motor had to be carefully considered, the latter in order 
to diminish cooling problems. 

3. The fast-action valves had to satisfy three main criteria: 

a) To be absolutely mechanically reliable and leak-proof 
(the resulting valve had a leak rate at the gland 
after l'OOO'OOO cycles of 1 NcnP/h and a very low 
valve seat leak rate); 

b) For reasons of security the valve should be normally 
closed in the case of nitrogen or electricity failure; 

c) During normal working the valve should be closed for 
as short a time as possible so as to have the least 
influence possible on the working of the filtration 
system. 

4. The valve central system had to be designed so as to 
synchronise the closing of the valve with the beginning 
of the chamber expansion whilst assuring that the velocity 
and acceleration of the puppet did not become excessive 
(< 10 cm s~l and < 0.25 g respectively). This was 
achieved by a system of electromagnetic valves and 
orifices. 

The following firms have supplied materials for the above 
system : 

Electrovalves - Lucifer, Geneva, Switzerland 
Pumps - Rütschi, Pumpenbau, Brugg, Switzerland 
Filters - Millipore Corporation, USA 
Accumulators - Olaer, France 

Further information can be obtained from : A. Scaramelli, 
TC-Division, CERN. 

8 March, 1974 

W 2 4 - 2 
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W25 Alarm and safety interlock system for a 
large propane bubble chamber 

The operation of a Bubble Chamber requires a number of 
electronic control circuits, but also an integrated system of 
monitoring for the safety of the installation. 

Some hundreds parameters of the Chamber, such as pressures 
in liquids and gases, temperatures, flows, have to be constantly 
monitored. 

The interlock system must : 

a) inform the operator of any abnormal condition; 

b) if necessary, automatically take some action (i.e. shut-
off a power supply, actuate a pneumatic, hydraulic or 
electric circuit, etc.). 

And more than that, the system must be : 

a) extremely reliable; 

b) compatible with the CERN safety specifications for 
apparatus working in explosive atmosphere (which are 
more stringent than the average European rules); 

c) flexible and easily expandable; 

d) with a large immunity to electrical noise, mechanical 
vibrations and presence of magnetic field; 

e) apt to by-pass* the output actions, if required by the 
operator, with a clear indication of such a situation? 

f) compact, due to the restricted space available. 

All these requirements were not met, to our knowledge, 
by existing equipment, on the whole: and so the present 
interlock system was designed in our lab. We had to solve 
the following problems: 
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a) All inputs (from contacts, variable voltages) are kept 
in the limits of 5V and 5mA, with complete ohmic 
insulation: 1) through opto isolators for the signals 
and 2) transformers plus Zener-diodes barriers for the 
power supplies. 

b) Noise immunity was achieved using a temporal selection 
of the signals t h r o u g h digital filters. 

c) Solid-state circuitry is used throughly, completely 
avoiding electro-mechanical relays, in consideration of 
vibrations and magnetic field. 

d) All outputs have a visual display and an outgoing 
electrical code for further use by a possibly existing 
on-line computer, and a specific action (alarm, operation 
of a circuit, etc.). 

e) Flexibility of operation, expandability and compactness 
are achieved by the use of the modular CERN system (CIM) : 
in each standard crate there is place for 7 identical 
plug-in modules: each module accomodates 6 complete 
input-output chains: an eight special module, called the 
matrix, allows the specifically required action of the 
7x6 = 42 circuits, with instant possibility of changes. 
Each crate can have independent power supply from the 
mains, or be powered by a common supply. 

For further information contact : J. Pothier, 
TC-Division, CERN. 

8 March, 1974. 
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W26 Use of thermosetting resins 

Thermosetting resins Some problems encountered in the fabrication of equipment for 
physics call for the use of thermosetting resins such as : 
- polyurethane : for thermal insulation (foam) 

for press-forming (elastomers) 
- silicones : for optical joints (between light 

guides and photomultipliers) 
- epoxy-resins : for high-voltage insulations and 

protection of coils. 
Epoxy-resins obtained by reaction between epichlorhydrine and 
different diphenols (available under trade names such as 
Araldite, Epikote, Scotchcast, etc..) are the most commonly 
used. 
When "hardening agents" such as aromatic or aliphatic amines, 
alicyclic or aromatic anhydrides are added, these resins poly
merise at a range of temperature which depends on the type of 
hardener used. 
The rate of solidification can be modified by the addition of 
an "accelerator", or by the action of heat since the reactions 
are exothermic. 

1. Pure resins 
They are relatively hard but can be rendered more or less 
ductile by the addition of special agents. 
Their thermal conductivity is low but they show a good 
resistance to thermal shocks. Their electrical properties 
are specially interesting : high resistivity and breakdown 
voltage. 
Epoxy-resins are resistant to chemical agents and may be 
used under vacuum and ionising radiations. 
They adhere strongly to most materials (with the exception 
of thermoplastic resins). 

2. Filled or reinforced resins 
Certain materials can be added in order to modify some of 
the properties : 
- Silica, dolomite, alumina, etc... in powder form increase 

the Young's modulus, the dielectic constant and the 
thermal conductivity,but lower the UTS. ¡ ¡ 

- The* adjunction of glass fibres improves considerably the 
mechanical properties. 

Properties of epoxy-
resins 
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Operating methods 

I 

References 

W 2 6 - 2 

3. Choice of Resin composition 
The composition is chosen according to the desired proper
ties with a viscosity compatible with the casting process. 
"Hardeners" and "accelerators" are added to adjust the poly
merisation temperature and stability prior to polymerisation 
(pot-life) . This choice depends on the allowable shrinkage 
and also on the behaviour at temperature of the components 
to be coated. In general, a high polymerisation temperature 
is preferable because it increases the hardness, improves 
the mechanical properties and reduces subsequent ageing 
effects. 

Different Processes in use 
- Casting is performed by pouring the resin into moulds which 

can be machined from various materials or else obtained 
directly from the imprint of the model in synthetic resins 
(e.g. Silicones) or in a low melting point alloy. 
The "mounting" process is used to produce a precise outside 
geometry around an inserted component (e.g. coils for 
magnetic field measurements). 

- Impregnation is used with low viscosity mixtures which are 
made to penetrate inside the component (insulation of close-
wound coils). 

- Centrifuging consists in rotating the liquid resin on a disk
like support until polymerisation occurs (fabrication of 
mirror surfaces which are subsequently metallised under 
vacuum). 

- Glueing is performed by coating the mating surfaces with a 
resin plus solvent and applying pressure mechanically to 
produce polymerisation. 

Preparation for Pouring 
This requires considerable care : 
- The moulds are coated with non-wetting material (Teflon, 

silicones, etc...). 
- The parts to be coated are either sand-blasted or chemical

ly etched and degreased with acetone. 
- The powder or fibre filler is dried under vacuum. 
- The pouring mixture is mechanically stirrpd at temperature 

under vacuum, until it is completely homogeneous and free 
from occluded gases. 

The Pouring Operation 
Different methods are used : 
- Gravity casting at atmospheric pressure. 
- Vacuum casting when the mixture is introduced into the mould 

at a controlled rate, the tank being maintained under vacuum. 
Polymerisation takes place at atmospheric pressure after 
releasing the tank to air. 

- Casting under pressure is sometimes necessary when impregna
tion is difficult. Nitrogen or air under pressure is used, 
after vacuum casting, but before polymerisation. 

In general the moulds are preheated to the temperature of 
maximum fluidity of the resin mixture. 
Further information can be obtained from R. Maître, Central 
Workshops, SB Division, CERN.' ' 

11 

2 March 1974 
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W27 Sheet-metal work for ultra-high vacuum 
and cryogenic applications 

High energy physics For physics apparatus a large amount of sheet-metal work is 
problems required, e.g. for vacuum chambers, cryogenic systems, all 

types of electrodes, etc. For certain experiments special 
requirements are made such as 
- Reduced dimensions for vacuum chambers situated between 

magnet poles , 
- Low absorption of energetic particles by the vacuum chamber 

walls in experimental zones, 
- Low thermal conductivity for cryogenic components, 
- High geometrical precision for electrodes used at high field 

intensity. 
It is therefore often necessary to 
- Decrease the thickness of the material used. The reduced 

mechanical strength must then be compensated in some other 
way. 

- Use materials which are difficult to fabricate. 
- Ensure close tolerances which are unusual for the dimensions 

of the component or the thickness of the material. 
This calls for considerable care at all stages of the forming 
operations. 

Classical methods of 1. Rolling : 
sheet-metal work To obtain a revolution surface of the required precision 

from a flat sheet, the roller pressure must be controlled 
to avoid stretching the material particularly if it has a 
high ductility. Furthermore cold work must be avoided. 

2 . Angle forming : 
Preliminary tests are sometimes necessary to determine 
(e.g. with respect to rolling direction) when plastic 
deformation results from the tensile and compression 
stresses at the surfaces, as well as the elongation corres
ponding to the breaking load for the strained fibres (to 
avoid microcracks in vacuum equipment). 

3 . Tube Bending : 
Similar problems exist for both tubes and profiled sheets. 
It is difficult to respect certain tolerances because of 
slip during the bending process. A simple method can be 
used for bending concentric tubes (up to 5 tubes) for 
cryogenic liquid transfer lines : the correctly positioned 
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concentric tubes are filled with water which is then fro
zen by dipping into liquid nitrogen. The ice acts as a 
solid filler and can be subsequently removed without 
difficulty. 

4. Swaging : 
Permanent deformation of a sheet sometimes results in cold 
work so that it is necessary to either anneal the compo
nent or to employ hot swaging (the temperature is of great 
importance e.g. for titanium alloys). 

5. Drawing : 
It is often necessary to determine in advance the number 
of press operations, the clearance between punch and 
material, intermediate annealing conditions, etc. As CERU 
is equipped for the production and moulding of thermosetting 
resins, an elastomer matrix is frequently used, (avoiding 
leak problems when water-forming is used). 

The following examples illustrate the application of conven
tional forming techniques to nuclear physics equipment 
- Aluminium alloy magnetic deflector, 2-3 mm thick, composed 

of six conical sections of different dimensions, base 
diameter 2400 mm, overall length 5000 mm, precision 0.2 mm. 

- Copper coated steel H.F. cavity, steel 20 inm thick, Cu 
5 mm thick, diameter 900 mm, length 1000 mm, tolerance for 
diameter 1 mm. 

- Vacuum chambers of elliptical cross section in stainless 
steel, aluminium alloys or titanium. 

- Intersecting regions of ISR in 0.3 mm thick stainless steel 
or 0.6 mm thick titanium alloy (TA6V). 

- Cu and stainless steel spheres for R.F. cavities. 
- High voltage titanium electrodes, double curvature (thick

ness 0.9 mm,curvature radius 7000 mm, tolerance 0.2 mm 
from calculated geometry). 

- Hollow drawn openings for tubes and flanges on vacuum 
chambers. 

Further information can be obtained from G. Dervey, J. Talion, 
Central Workshops, SB Division, CERN. 

19 March 1974. 



- 605 -

W28 Machining hard materials 

I T I the fabrication of electrical, electronic or optical compo
nents it is often necessary to machine materials such as 
aluminium oxide, ferrites, tungsten... for use as insulators, 
electrical grids, diaphragms, etc. A whole range of machi
ning techniques may be used depending on the material involved. 

Abrasion Abrasion consists in the removal of a thin surface layer, about 
one micron thick. The hardness of the abrasive used depends on 
the material. A tolerance of about one micron can be obtained. 
The surface finish can be improved by reducing the abrasive 
grain size, but it depends on the morphology of the surface. 

Grinding For this purpose a grinding wheel consisting of a binding ma
terial in which the abrasive is dispersed is used, at a linear 
speed of about 21 m/s. Ideally, only abrasive grains with sharp 
cutting edges should be used, so that as blunting progresses 
the grains are removed from the binding material. Soft binding 
materials are generally preferred for machining hard materials 
(except with diamond dust) and the porosity of such grinding 
wheels is usually suitable also for soft materials. 
The apparent "hardness" of the grinding wheel increases with 
the rotation speed so that the quality of the finish obtained 
is related to the rate of displacement of the component to be 
machined. 
Flat and cylindrical grinding (interior and exterior), profile 
screw cutting, form and coordinate machining may be performed 
with normal grinding wheels. 
For finish-grinding rough-machined components made from most 
metals and alloys, abrasive grains such as corundum, emery, 
aluminium oxide or silicon carbide are used. 
Various types of diamond grinding wheels (cylindrical, tubular) 
are used for machining and finishing components made from very 
hard materials. These are in general reserved for use with 
ceramics, oxides, carbides... 

Ultrasonic machining With this technique free abrasive grains are agitated by 
ultrasound waves emitted from a tuned sonotrode, the frequency 

. used being some tens of kHz. 
The power per unit surface area machined and the machining 
pressure are dependent on the hardness of the material invol
ved. The working electrode, generally made of unhardened steel, 
has the contours of the imprint to be machined and the abrasives 
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used are either silicon carbide, boron carbide or diamond. 
Complex components may be produced in this way. The technique 
is particularly useful for machining non-conducting materials 
such as glass, ceramics, oxides and carbides. 

Spark-machining In this micro-machining technique an electric discharge bet
ween a suitable electrode (cathode) and the component to be 
machined (anode) results in removal of material from the 
electrodes, more particularly from the anode. The dielectric 
liquid of the cell helps to remove the eroded residue. 
The size of the craters formed is proportional to the energy 
of the discharge. For a given cathode the machining speed 
increases with the energy and frequency of the discharge but 
is limited when the frequency is increased by the dielectric 
de—ionisation process which allows only small erosion rates 
in case of smooth finishing (small craters formed). For a 
given discharge energy the erosion speed passes through an 
optimum value as the cathode surface increases. 
The discharge gap also modifies the machining speed. A servo-
mechanism based on the discharge sparking potential is used 
to maintain an optimum gap within the limits of no-discharge 
and short-circuit regimes. The maximum gap, which increases 
with the discharge energy, must be as small as possible for 
precision work compatible with an efficient removal of resi
due which otherwise would decrease the machining speed, for 
example as the machined depth increases. 
The machining of electrically conducting materials is essen
tially dependent on the thermal properties of the material 
(melting point, boiling point, latent heat for change of state, 
specific heat, thermal conductivity) and on the composition. 
The cathode is normally made of either electrolytic copper or 
copper alloys (brass, Cu-Te, Cu-Cr). For precision machining, 
hard refractory materials such as W, Cu-W, W-carbide or spe
cial graphite cathodes are used, because of their slow erosion 
rate. 
Cathode wear can be reduced by modifying the dissymetry. 
intensity and lifetime of the discharge and the turbulence of 
the dielectric liquid. The wear however is greater when a 
smooth anode surface finish is required. 
This technique lends itself to the production of complicated 
structures with blind-holes, slits, etc... It is particularly 
useful for machining hard, electrically conducting or refrac
tory materials for which chemical machining is difficulty e.g. 
W, Ta, Nb, tool steels, Al, Cu, Pb. 

Results The methods outlined above allow high precision machining of 
most hard materials for which conventional processes are 
unsuitable. For example 0.1 mm slits and 1 mm diameter holes 
can be machined with 10 % precision for depths up to 5 mm 
(less than 0.2 mm diameter for 1 mm depth). The average 
roughness obtained is about 0.1 ^um if the grain size of the 
material involved is sufficiently fine. 

References Further information can be obtained from K. Kuli, M. Sartorio, 
M. Steiner, Central Workshops, SB Division, CERN. 

W28-Z 

19 March 1974. 
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W29 Photomechanical and chemical etching 
techniques 

The increasing demand for all types of printed circuit proto
types has led to the development of these techniques. In 
chemical machining earmarked areas of a metallic component 
are dissolved by an appropriate etching solution. The rest 
of the component corresponding to the required pattern (e.g. 
the conducting lattice for printed circuits) is protected by 
a mask. 
Chemical machining involves the following steps : 
Several techniques may be used to produce the master drawing : 
By hand : Drawing or glueing strips etc. onto a stable support. 
Tracing by a co-ordinatograph on strippable film. 
By machine : Tracing with an automatic co-ordinatograph, 
equipped eventually with an optical plotter head, on a photo
sensitive film (manual or computer programmation may be used) . 
Different scales are used for making the original drawing, 
2/1 to 4/1 for classical printed circuits, 20/1 for precise 
chemical machining, 250/1 to 1000/1 for integrated circuits. 
In general, the maximum dimensions of the original are 
1000 x 1500 mm with a minimum line width of 0.1 mm. 
The original design must allow for the inherent limitations 
of the various operating steps, for example : 
- If the line spacing is less than 0.2 mm, allowance must 

be made for the chemical machining tolerances. 
- The original must allow for the effect of edge attack. 
A photograph of the master drawing (scale E/l) is reproduced 
to scale l/l on a flexible or rigid support. Good parallelism 
between the object and image planes and correct orientation 
of the optical axis of the objective lenses are essential 
requirements of the photographing operation. 
The objectives are corrected for geometrical aberrations for 
green light and a diaphragm ensures correct illumination for 
the best resolution. Typically a resolution of 300 to 600 
lines/mm for a 1 m2 surface is possible with ordinary objective 
lenses whereas 2000 lines/mm over a 150 mm diameter surface 
is obtained when high resolution objectives are used. The 
magnification compatible with these objectives vary from 1 to 50 
Different high contrast emulsions are used depending on the 
resolution required, e.g. ordinary lithographic film for 100 
to 200 lines/mm, high resolution films for 2000 lines/mm. 
Flexible or rigid supports may be used (plastic, glass). For 
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high resolution masters, glass plates with an evaporated 
chromium layer 0.5 to 1.5 ,um thick previously photo-engraved 
are used for increased stability and resistance to erosion. 
The mask can be produced by several techniques. 
Impressing (offset). Poor precision is obtained. 
Serigraphy (using a thixotropic ink through the open mask 
of a sieve). The precision and line width are variable (at 
best 60 yum line width). 
Photosensitive resin. In theory, unlimited resolution. The 
resin thickness and cleanliness of operation however limit the 
resolution. High precision is possible and the quality obtai
ned depends on the definition and accuracy of the master. It 
is the only reliable method for chemical machining. 
The main steps involved are : 
a) Cleaning either chemical, electrolytic, mechanical or by 

baking. 
b) Sensitisation using 1) liquid photosensitive resin (posi

tive or negative) applied by dip, spray gun, centrifugation 
or roller coating (0.5-10 ,um thick) or 2) solid photosen
sitive resin (dry film) applied by rolling (18 to 80 ^um 
thick for printed circuits). 

c) Image transfer using printing lamps. 
d) Image developing in a still bath or by sprinkling. The 

developed resin can be baked subsequently. 
Only sprinkling is used in order to reduce the engraving time 
and the effect of edge attack (for simultaneous etching of two 
faces this is about (X 0.2) the thickness of the component). 
After engraving the resin is dissolved. 
In general hole diameters, hole or line spacings and sharp 
angle radii of between (X 1 to 1.25) the metal thickness can 
be obtained. 
Typical tolerances for this process are between 10 and 15 % 
of the thickness of the material engraved (simultaneous etching 
of both faces). 
Apart from the production of large printed circuits 
(1600 x 150, 1200 x 500) many materials such as Ag, Al, Ni, 
stainless steel, Mo, W, Ag-Cu have been chemically machined 
because no internal stresses are introduced by the process. 
The precision may be improved by performing a pre-etching up 
to 0.75 of the thickness from one face followed by final 
machining from the other face. A modified version of this 
procedure consists in a rough attack of the base material 
covered on one face with a resistant material which is subse
quently removed. In this way the resolution can be improved 
by a factor 3 or more. 

Further information can be obtained from J. Birabeau, A. Gandi, 
P. Guerineau, Central Workshops, SB Division, CEBN. 

19 March 1974. 
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W3Ü Vacuum brazing 

Several brazing techniques have been developed for non-
weldable metals or for producing joints with minimum deforma
tion and shrinkage. 
The main advantages of vacuum brazing are : 

No protective flux is required (as with controlled atmos
phere brazing) so that subsequent mechanical or chemical 
cleaning is avoided. Complex components which cannot be 
machined after assembly can be made by this method. 

- The components are degassed during the brazing operation. 
- An inclusion and pore-free joint is obtained. 
The technique is therefore well suited for vacuum applications. 

Operating methods 1. The choice of brazing material depends on the parts to be 
brazed and the maximum temperature to which they may be 
heated without altering their mechanical properties. The 
temperature must be selected i so as to avoid an exces
sive evaporation of the brazing material. When available 
brazing materials do not wet properly a suitable interme
diate coating is applied. 

2. When using an intermediate coating (e.g. for aluminium 
oxide) the brazing reliability may be increased if the 
joint is under compression during cooling. Intermediate 
pieces are sometimes used between the coated component 
and the other part to be joined. 

3. The clearance between parts is chosen such that the final 
component has maximum mechanical strength and is typi
cally of the order of 0.05 mm at brazing temperature. 

4. Vacuum brazing is normally performed in furnaces pumped 
to 10"5 torr by diffusion pumps. The heat cycle allows 
for the slow heat transfer by radiation at low tempera
tures and for the size of the parts to be brazed. Ideally 
all parts should reach the brazing temperature simultane
ously (the temperature is monitored with thermocouples). 

5. Particular care is taken in the preparation of the 
components before they are placed in the furnace. It is 
impossible to add brazing material during the heating 
operation and difficult to re-braze. Finally it is 
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essential to operate under clean conditions if a high 
quality braze is required (pollution from the furnace due 
to a previous brazing operation involving a high vapour-
pressure material must be avoided). 

Two types of brazing are commonly performed : 
1. Metal/metal brazing : 

Most brazing operations can be performed at suitable 
temperatures in view of the large selection of brazing 
materials available : stainless steel/stainless steel, 
Ag/Ag, Cu/Cu, Cu/stainless steel, Cu/"Monel", Cu/"Inconel", 
Cu/Ta, Ti/stainless steel. 

2. Ceramic/metal brazing ; 
The most frequent involve aluminium oxide. If aluminium 
oxide previously metallised with Mn-Mo is available a 
coating of Cu or Ni makes it possible to braze with most 
metals. Otherwise a coating of titanium hydride can be 
used. Certain materials (Mo, Ti) can be brazed directly 
to aluminium oxide using AgCu brazing material. 

With this technique many delicate components have been assem
bled, for example : 
- Thick (12 cm) walled Cu vacuum chambers, with uniform 

distribution of the brazing material in the joint (Beam 
Stopper). 

- R.F. cavities 1 m long composed of 120 diamond-machined 
Cu parts with a general tolerance of 0.01 mm. 
High voltage co-axial feed-throughs Fe-Ni-Co/Al203/Fe-Ni-Co, 
TÍ/AI2O3/TÍ, TÍ/AI2O3/M0, etc. 

Further information can be obtained from J. Talion, 
B. Trincat, Central Workshops, SB Division, CERN. 

19 March 1974. 
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W31 Applications for TIG and plasma welding 

Fabrication of equipment such as vacuum chambers, cryogenic 
pumps, electrodes etc... requires the use of conventional 
welding techniques. However because of the materials used and 
the quality of weld required (free of pores, oxidation, etc. ) 
it is necessary to weld in an inert atmosphere. Several methods 
are used depending mainly on the thickness of the material to 
be welded. All the techniques use an electric arc, generally 
with H.F. ignition, the power being monitored by the current 
density at constant discharge voltage. 

With the TIG process (Tungsten-Inert Gas) the electric arc 
is created outside the inert gas feed nozzle between a W 
electrode and the component. The energy dissipated is sufficient 
to heat locally the component to melting point thus forming 
the weld. 
For materials such as stainless steel and copper a D.C. arc is 
used, the component being connected to the anode where most of 
the energy is dissipated. 
An A.C. arc is used to weld aluminium and its alloys. In the 
interval of time when the component is negatively polarized 
with respect to the W electrode the ions remove the refractory 
oxide layer. The metal is protected from further oxidation by 
the inert gas. 
This technique offers one of the widest fields of application 
both with respect to materials to be welded (stainless steel, 
Al and alloys, Fe-Ni-Co, Cu, Ti,...) and to the thickness of 
weld obtained in one operation (between 0.3 and 3 mm without 
filler metal). When the protective gas is Helium the arc 
temperature can be increased thus producing thicker welds. 
An important variation of this process (apart from spot-
welding) is the semi-automatic MIG process (Metal-Inert Gas). 
Here the electrode melts and serves as a filler metal so that 
welds between 3 and 10 mm thick can be obtained in one opera
tion. 

With the above techniques the arc is not stable at low welding 
intensity. Plasma welding overcomes this difficulty. With this 
technique an electric arc ionises the gas flux inside the feed 
nozzle. The»resulting gas jet, forced through a small diameter 
tube, is highly ionized in the center reaching temperatures 
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of between 10000 and 20000°C. The surrounding tube remains at 
a relatively low temperature. A second gas with a higher 
ionisation potential (Ar + H2) is injected around the plasma 
in order to focalise and stabilise the jet while at the same 
time protecting the component against oxidation. 
With, this process welds 0.01 to 3 mm thick can be obtained 
with many metals (stainless steel, alloys, Fe-Ni-Co,...). The 
sharp energy focalisation at the jet centre considerably 
reduces the heat affected zone, thus limiting deformation and 
shrinkage. 
A variation of the technique - "key-holing" - uses a third 
protective gas and welds 2 to 5 mm thick can be obtained 
without deformation. 

Most of the vacuum chambers and associated equipment at CERN 
have been welded with one of the above techniques, for 
example : 
— Cryogenic pumps 

Stainless steel 316L-316LN 
Thickness .< 0.2 mm - Plasma 
Thickness > 0.3 mm - TIG. 

— ISR vacuum chambers 
Stainless steel 304-316LN 

Thickness 0.3 mm - TIG 
Thickness 5 mm - Key-holing. 

— Aluminium and alloys 
Thickness 2 to 5 mm - TIG with filler 

metal or MIG 
— Titanium and alloys 

Thickness 0.5 to 2 mm - TIG. 
A particularly interesting application of the plasma technique 
is the welding of flexible metal bellows composed of stacked 
stainless steel discs 0.05 to 0.25 mm thick, 7 to 340 mm diame
ter. A 100 mm diameter bellows of compressed length 400 mm has 
an extended length of 3500 mm. These high quality welds free 
from cracks or porosity have excellent fatigue resistance and 
are used extensively for the fabrication of flexible metal 
sealing devices for vacuum applications. 

Further information can be obtained from G. Dervey, J. Talion, 
Central Workshops, SB Division, CERN. 

19 March 1974. 
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W32 Electron beam welding 

Numerous problems encountered when joining delicate components 
oan be solved by using electron beam welding, for example 
welds on refractory metal electrodes or in cases where access 
for conventional welding is difficult. 

Principle An electron beam is directed onto the materials to be welded 
causing localised melting due to dissipation of the beam 
energy. 
The electrons emitted into vacuum from the gun cathode are 
accelerated and focalised by a ring anode. A third electrode 
(Wehnelt type) situated near the cathode may also be used to 
modify the beam characteristics and the power available for a 
fixed anode potential. 
To compensate space charge effects and to direct the electron 
beam to the required spot, magnetic lenses are used. For small 
welds deviation of the beam is achieved by using deflection 
coils, however for larger welds the components are moved with 
respect to the fixed incident beam. 
At the focal point of the electron beam the power available 
is sufficient to raise locally the temperature of the material 
so that fusion occurs, the heat supplied being much greater 
than that lost by thermal conduction. The molten zone is both 
narrow and deep. Furthermore the width decreases as the dis
placement speed increases. 

Applications The main advantages of electron beam welding may be summarized 
as follows : 

High power density allowing welding of refractory materials 
as well as high conductivity materials. 
High penetration allowing welds to be made in one operation 
on thick sections. 
Only a narrow zone of the material is heated so that 
deformation and shrinkage are limited. It is therefore 
possible to weld finished components as no further 
machining is required. 
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- Large range of focalisation so that complex components can 
be welded (e.g. welding in a small cavity). 

- Welding is performed under vacuum thus eliminating conta
mination particularly for highly reactive metals 
(e.g. titanium). 

The materials most commonly welded are Al, Cu, Ti, Mo, Nb, Ta, 
Re, aluminium alloys, steels, "monel", "inconel", Fe, Ni, and 
Co alloys. A certain number of heterogeneous welds have been 
made for example stainless steel/carbon steel, stainless 
steel/iron, stainless steel/Fe - Ni - Co, stainless steel/Cu, 
inconel/Cu, Mo/Cu, W/Cu, W/Ta, Ti/Ta. 
Using a 150 kV - 7 kW gun, a 25 mm thick weld may be 
obtained in one operation with Cu, 30 mm thick weld with 
aluminium and 35 mm thick weld with stainless steel. 

Further information can be obtained from B. Thony, B. Trincat, 
Central Workshops, SB Division, CERN. 

2 March 1974 
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W33 Electrolyt ic polishing of niobium and 
titanium 

Characteristics of 
electrolytic polishing 

Search for addition 
agents 

The difficulties experienced with conventional mechanical 
polishing methods for these metals and their alloys led us to 
develop an electrolytic polishing technique capable of meeting 
the specific requirements of components such as high-voltage 
electrodes, superconducting or R.F. cavities, etc... 

Electrolytic polishing is a preferential anodic dissolu
tion of peaks of small radius of curvature at the surface 
of the metal. 

- The current-voltage characteristic of an electrolytic 
polishing cell exhibits several discharge rates. 
According to W.J. TEGART (*) 
the plateau I = constant is 
the result of two simulta
neous opposing phenomena : 
- formation of a thin oxide 

film at the anode surface 
which results in brighte
ning, 

- dissolution of this oxide 
and formation around the 
anode of a thick viscous 
layer of reaction products 
which results in smoothing. 

This plateau region which is 
the best compromise between 
oxide formation and its disso
lution may be considered as the "useful working zone". 

It is only possible to achieve a high quality surface 
finish if the ideal polishing conditions are maintained 
constant for the entire surface during the complete 
polishing process in spite of the reactions at the metal-
solution inteiface. 
This may be made easier if : 
- the' range of voltage for "polishing" at constant current 

density for each grain of the surface is increased, 
' - *the-stability of the bath is increased by limiting 
' ' local anode potential variations, 

- the bath composition is stabilized by complexing agents 
acting on the elements dissolved from the anode. 

CO 
C 
0) 

T3 

Ci 
CU u u 3 O 

TS 
O 

3 
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- In order to change the anode polarisation without unduly 
affecting the anodic phenomena which determine the polish
ing process, a cationic agent is added to the bath. This 
agent directly modifies the cathode polarisation and indi
rectly the anode polarisation via the electrolyte. 

- The cationic agents used successfully to date in the baths 
described below are quartenary ammonium salts such as 
N-Cetyl-N,N,N-trimethylammonium. bromide (CTAB) or agents 
such as hexadecylpyridinium bromide. 
With these additives reproducible results have been 
obtained, the polishing plateau is increased (useful 
working zone), and more efficient removal of the gas 
formed at the electrodes occurs. The surface microgeometry 
of niobium, titanium and their alloys is excellent as 
evidenced by roughness measurements made using a "Talystep" 
or by interference contrast microscopy examination. 

- Nevertheless a more complete investigation is necessary 
before the phenomena can be correctly interpreted and more 
finely controlled. 

Application to elec- The results mentioned above were obtained with the following 
trolytic polishing of baths : 
titanium and niobium - Pure titanium (T.40) Volume 

AO % hydrofluoric acid 25 % 
Sulphuric acid, d = 1.8A .. 33 % 
Iced 100 % acetic acid 42 % 
Hexadecylpyridinium bromide 0.5 g/1 
N-Cetyl-N,N,N-trimethylammonium bromide 

I 2 2 g ° v C.D. = 12 A/dm2 
Stirred mechanically 

Titanium alloy TA6V 
Phosphoric acid, d = 1.71 20 % 
48 % hydrofluoric acid 14 % 
Sulphuric acid, d = 1.84 39 % 
Ethylene glycol 27 % 
N-Cetyl-N,N,N-trimethylammonium bromide 0.5 g/1 

T = 40 to 50°C p _ i n ... o 
U = 5 to 30 V C ' D ' = 1 0 A / d m 2 

Stirred mechanically 
- Niobium 

40 % hydrofluoric acid 28 % 
Phosphoric acid, d = 1.71 38 % 
Sulphuric acid, d = 1.84 34 % 
Hexadecylpyridinium bromide 0,5 g/l 

T = 20 to 25°C r r. ./, o . ,. C.D. = 10 A/dm¿ 
Stirred mechanically 

References (*) W.J. TEGART : "Polissage électrolytique et chimique des 
métaux au laboratoire et dans l'industrie". 
DUNOD - Paris, 1960. 

, Farther information can be obtained from J.P. Birábeau, 
J. Guerin, Central Workshops, SB Division, CERN. 

; * ' ' 2 March 1974 , 
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W34 Electroforming of stress-free thin sheets 

Electroforming is a classical technique for faithfully repro
ducing the form of a given object by electrodeposition and 
subsequent removal of the substrate leaving only the deposit. 

1. The methods used to produce copper and nickel electroformed 
components do not give satisfactory results with iron. For 
example iron-plating of copper objects does not present any 
difficulties (thickness 2 - 4 0 um) but cracking and some
times fragmentation of the iron deposit occurs when the 
copper substrate is dissolved. 
This brittleness may be due to the disappearance of the 
equilibrium conditions of stress at the Cu-Fe interface 
when the copper is dissolved. 

2. The removal of these internal stresses by high temperature 
treatment of the substrate plus deposit should be avoided 
if diffusion of substrate atoms leading to changes of com
position is undesirable. 

3. An alternative solution consists of plating an additional 
layer, e.g. Ni, on the iron deposit thereby introducing a 
compensating stress on the Ni-Fe interface. The Cu and Ni 
are then simultaneously dissolved. 
This method has been successfully applied for electrofor
ming thin iron foils intented to be used for correcting 
the performance of electromagnet cores. 

The main steps are as follows : 
1. Iron deposit on copper substrate 

The required thickness of iron is produced by electro
lysis in a fluoroborate bath. 

2. Sandwich Ni-Fe-Cu 
An additional nickel layer of appropriate thickness is 
formed on the iron deposit by electrolysis in a sulfa-
mate bath (known to introduce only low internal stresses). 
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3. Heat treatment No 1 
Partial recrystallisation of the iron is carried out at 
low temperature (450oC). Diffusion of copper into the 
iron is practically negligible. 

4. Simultaneous dissolution of Cu and Ni 
A suitable chemical agent which does not attack iron 
is used to dissolve simultaneously the copper and 
nickel. 

5. Heat treatment No 2 
The internal stresses remaining in the iron foil are 
removed by a 930°C vacuum heat treatment. 

Care must be taken to compensate permanently the stresses 
at the Ni-Fe and Fe-Cu interfaces. 

1. The thickness of the Ni layer is therefore determined 
by the stress level introduced according to the deposi
tion technique. 

2. Furthermore the dissolution of the Cu and Ni must 
proceed regularly and be completed simultaneously. 
This requires a careful choice of the respective 
solution rates of solid copper and electrolytic nickel. 
These rates are a function of the composition, pH, 
temperature of the dissolving agent and of the respec
tive concentrations of Cu and Ni in the medium. 

The above technique is not restricted to the production of 
thin iron foils. It can be applied to electroforming of other 
materials by suitably choosing the substrate and the additio
nal deposits (nature and thickness). 

Further information can be obtained from J.P. Birabeau, 
J. Guerin, Central Workshops, SB Division, CERN. 

2 March 1974 



- 619 -

W 3 5 Specif ication and inspection of 
materials used at CERN 

Many materials, for which quality is of primary importance are 
used in the construction of nuclear physics apparatus. With 
the experience gained at CERN the properties which condition 
their use for nuclear physics have been defined. Purchase and 
control specifications have therefore been established. 

Materials used at CERN - Austenitic stainless steels 
used mainly for vacuum chambers and other equipment for 
particle accelerators because of their mechanical and 
magnetic properties (low permeability). 
Aluminium and aluminium alloys 
used for high-voltage electrodes, vacuum chambers, etc... 
because of their light weight and good electrical proper
ties. 

- High conductivity copper 
used for magnet coils, R.F. Cavities, etc... 

- Titanium and some titanium alloys 
used for vacuum chambers in experimental zones because of 
their low atomic mass and for high voltage electrodes 
because of suitable electrical properties. 
Refractory materials 
such as tungsten, tantalum, molybdenum used for cathodes, 
targets, grids, etc... and niobium for superconductor 
applications. 

Qualities required The control methods available at CERN are used systematically 
to check the material received at the CERN stores (such as 
stainless steel and copper). 
- For use in vacuum apparatus stainless steel must have few 

inclusions and be free of porosities. The magnetic 
properties are dependent on the stability of the austenite 
whereas the mechanical properties are closely related to 
the structure and composition. 
The electrical conductivity of copper depends primarily 
on the purity whereas the inclusion content and behaviour 
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in reducing atmosphere control the suitability for leak 
free soldering and brazing. 

Properties controlled Routine control involves the following steps : 
1. Ultrasound detection of porosities and cracks ( < 0.1 mm). 

If any are detected the material is not accepted. 
2 . Metallographic control of structure, identification and 

counting of inclusions, e.g. C U 2 O in Cu, oxides etc. 
in stainless steel. 

3. Detection by emission spectroscopy or chemical analysis. 
The concentration of the main constituents is measured. 
Addition elements and Impurities are detected. 

4. Analysis of occluded or dissolved gases by gas chromato
graphy. The gas liberated from a fused sample is collected 
and analysed, e.g. hydrogen in stainless steel, oxygen in 
copper. 

5. In some cases a magnetic balance is used to control the 
magnetic permeability of austenitic stainless steels. 

The laboratory is also equipped for measurement of mechanical 
properties such as Youngs modulus, elastic limit, UTS, macro-
and micro-hardness, etc. 

References Further information can be obtained from R. Florence, 
R.L. Samuel, P. Stecher, Central Workshops, SB Division, 
CERN. 

19 March 1974. 
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W36 Tensile test ing of concretes by the 
centrifugal method 

Importance of -tensile The construction of the accelerators and large machines 
tests at CERN calls for extensive civil-engineering structures 

and the casting of large volumes of reinforced concrete 
and of special concrete (30 00O m /year) whose quality 
must be carefully controlled. 
In a reinforced concrete structure, the most important 
property vhich the concrete must possess is its compres
sive strength, since the tensile stresses are absorbed 
by the reinforcement. Nevertheless the tensile strength 
of the concrete is an important characteristic in view 
of its effect on : - resistance to shear stresses 

- cracking, and therefore permeability. 
The behaviour of a concrete vhen subjected to tensile 
stresses provides information on its behaviour vhen 
subjected to compression, vhereas the converse is not 
true. Furthermore, tensile tests reveal, in a much more 
distinct manner than the compression tests, certain 
faults in the concrete such as, for instance, the qua
lity of the aggregate (nature and cleanliness). 

E 

Idvantage of The tensile testing of concretes can, for the most 
¡entrifugai tests part, be carried out : 

— by the conventional methods 
• direct tensile testing of a specimen 
• bending tests 

- by the centrifugal method. 
Theoretically, the tensile test is the one vhich is the 
most representative of the concrete's intrinsic quality, 
but it calls for a long and painstaking preparation. 
The bending test offers the advantage of being easy to 
carry out, but it covers only a small part of the speci— 

,, men, and this leads to a considerable spread in the 
results. 
The centrifugal test is not only easy to perform but 
also offers the advantages of the pure tensile test. 

I - * . , 

pecimens It vas found advisable to standardize the specimens 
used for the compression and tensile test so that the 
specimens could be cast without first determining for 
which test they were finally intended, (compression or 
tensile test). 
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Characteristics of 
the centrifugal 
testing machine 

Results 

References 

It was decided to adopt cylindrical test specimens : 
— diameter : 16 cm 
— length : 32 cm 

These specimens therefore offer two advantages : 
1. they are large enough, bearing in mind the maximum 

dimension of the aggregates normally used (30 mm), 
2. they are identical to those used for the compression 

tests. 
When used for the tensile test, the specimens are first cut 
at the centre to a varying depth, normally 3.5 cm, in order 
to 

1. eliminate "wall" effect 
2. lover the rotation speed required by reducing the 

cross-section. 
They are then centrifugea until failure along their centre 
line. 
Electrical motor : power 3 HP 

variable speed, from 700 to 3500 rpm 
Bearings : self-aligning bearings. 
These results will later be compared with those obtained 
by the other tensile testing methods. 
The existence of a centrifugal machine used for testing 
parallelepipedic samples of concrete of 7 x 7 x 28 cm3 
came to our knowledge; this was constructed by the 
CENTRE D'ETUDES SCIENTIFIQUES ET TECHNIQUES at Grenoble, 
under the supervision of Mr. R.M. Berthier. We had the 
idea of developing this method. 

For further information please contact : 

Mr. HANNHART (Tel. 3320) 
Mr. LAPORTE (Tal. 3346) 

March 1974 

W36-2 
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W37 High density concrete for shielding against 
ionizing radiation 

Purpose The increase in the intensity of the beam currents 
sometimes calls for improvements in the shielding in 
order to keep the radiation dose-rate in the surroun
ding experimental areas at acceptable levels during 
machine operation. 
The limitation of the space available for this shiel
ding leads to the use of heavy materials. In a recent 
case, concrete of a density of the order of 4.2 was 
required to make load-bearing walls. 

Result of the tests All the tests of ordinary concrete made from heavy 
gravels and/or sands were unsatisfactory. 
- Good results (d=3.8) were obtained with the use of 
magnetite (FetOQ without any stone gravels or sand. 

- Better results (d=4.3, R 2 8 » 300 kgs/cm2) were 
obtained by adding iron pellets to the magnetite 
and cement mixture. 

Materials used 

Concrete d = 3.8 

Magnetite : Fe30^ in the form of : 
- sand 0 - 7 mm apparent density 

absolute density 
- gravel 7 - 30 mm apparent density 

absolute density 

2.95 
4.35 
2.65 
4.20 

Supplier : QUEBEC IRON AND TITANIUM CORPORATION - SOREL 
(QUEBEC) 

Scrap iron 
from 1 to 7 mm 

Composition 

apparent density 
absolute density 
Magnetite 0.7 

" 7.30 
Cement CPA 325 
Vater 

4.90 
7.20 
1'655 kgs/m3 
1'759 11 

340 " 
157 " 

Compressive strength (on cylindrical samples 0 16 cmÄ= 
32 cm) 

over 7 days = 175 kgs/cm2 
over 28 " = 258 " 
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Installed volume : 20 m3 
Price : 1'200 SF/m3 (mid-73 price) 

Concrete d = 4.3 Composition : Magnetite 0.7 = 1'270 kgs/m3 
7.30 = 1'245 " 

Iron pellets 1.7 = 1'350 " 
Cement CPA 325 = 340 " 
Vater = 165 " 

Compressive strength (on cylindrical samples 0 16 cm A = 
32 cm) 

over 7 days = 217 kgs/cic2 
over 28 " = 295 

Installed volume : 9 m3 
Price : 2'075 SF/m3 (mid-73 price) 

Conclusion The special needs of CERN (radiation protection around 
accelerators) have led to the development of heavy, strong 
and relatively cheap concrete, the formula of vhich can 
probably be used in other industrial or research fields 
vhere similar problems exist. 

For further information please contact : 

Mr. ABIVEN (Tél. 2224) 
Mr. HANNHART (Tél. 3320) 
Mr. LAPORTE (Tél. 3346) 

March 1974 

W37-2 
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W38 Ultra-fast c i rcu i t breaker 

Maximum short-circuit To ensure proper operation and safety of expensive 
current limiter installations, such as BBBC, etc. an emergency power plant, 

using motor-generators, has been installed. 

The emergency netvork is in parallel with the normal 
network and most be protected if a power failure occurs on 
the normal network. 

In order to avoid undesired excitationsthe circuit-
breaker has to withstand small voltage variations ^ 20 % 
or voltage drops of short durations 20 ^.50 DS on the 
normal network. 

Às the short-circuit pover in each network differs, it 
was necessary that it respects the following parameters ; 

Normal netvork HT = 18 kV 
Rated Power = 90 MVA 
Short-circuit Power = 750 MVA 

Emergency netvork HT= 18 kV 
Rated Power = 7.7 MVA 
Short-circuit Pover = 30 MVA 

Two solutions can be found; 

1. Reactance coil : 
Fault V = 0 ?£ on the normal netvork 
Parameters V = 80 on the emergency netvork 
The inductance of such a coil vill be too important and 
consequently, the coil will be rather costly with large 
volume and heavy power losses. 

2. Circuit-breakers of conventional type are too slow, only 
' explosive types can therefore be considered. The last 
> type ' vas '- chosen. 
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Explosion-type circuit 
breaker 

Cut-out : this occurs as 
soon as a fault appears on 
the normal netvork, and is 
effected by analyzing the 
short-circuit current dl 

dt 
and a threshold relay set 
at 80 fc 

Explosion type : the energy stored in a capacitor is 
suddenly released to fire an explosive charge (t - 0.5 ms), 

Interruption of pover 
supply : the explosion 
breaks the main circuit 
(explosive section) ; the 
current then passes through 
the fuse vhich limits the 
over-voltage. 

1. Explosive section 
2. Explosive section opened 

up by explosion 

4. The time required for 
operations 1, 2, 3 is of 
the order of 8 to 20 ms. 
The desired objective is 
achieved. 

1. Isolating tube 
2. Explosive section 
3. Explosive charge 
4. Operation indicator 
5. Extmctor 
6. Puse-vire 

Further information from : 

Manufacturer : CALOR EMAG, 

J. GOLLIET, Tel : 3146 
CA. STAHLBRANDT, Tel : 5890. 
RATINGEN (D). 

March 1974 

W38-2 
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W39 Computer-operated remote-control and 
monitoring system for the technical 
i n s t a l l a t i o n s , buildings, and fluid 
distribution network 

The system installed at CERN is primarily designed to 
centralise the monitoring of the installations for vhich the 
Maintenance and Operation Group of the Technical Services and 
Buildings Division is responsible. 

Under this system, all the alarm devices and measuring 
instruments connected vith the installations are centralized 
in the Control Room, vhere teams of operators, vorking around 
the clock, can detect alarm signals on a teleprinter and take 
the necessary steps to remedy breakdowns. 

The installations at present monitored by the system 
include : 
- electricity sub-stations ; 
- over-heated vater and steam distribution and production 

plants ; 
- air-conditioning installations ; 
- computer centres ; 
- pumping stations ; 
- fire detection systems ; 
- lifts ; 
_ pumps, etc. 

The system may he divided into three parts : 
In the first part, signals and measurements are brought 
via vire-to-vire type connections from the installations 
or local svitchboards to C-1000 or C-16 satellite stations 
(signals : contact O dead — measurements : 4 - 20 mA. or 
0 - 5 V signal). 
In the second part, the signals are organized in series in 
the satellite stations and transmitted via a MODEM to a 
central receiving station. 
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The signals are transmitted over either a PTT telephone 
line inside CERN or "data link" lines. 
The transmission speed is 200 baud. 

- The central station forms the third part. It comprises : 
• line receivers ; 
. a computer vhich analyses the input ; 
. output devices by means of vhich all the information anil 
data are printed out in clear and detailed form. 

It is thus possible from the Control Room to direct the 
Breakdown Service straight to the installation, once the 
defective component is knovn. 

If alarm signals are received simultaneously from diffe
rent places, this system makes it possible to determine the 
priority vith vhich they are to be handled. 

The measurement transmission system also allows the 
operators to keep an eye on the development of a critical 
situation from the Control Room and take the necessary action. 

Capacity of the system The system is designed to receive alarms and measurements 
from : 
- Pour C-1000 satellite stations connected to a multi-point 

receiver. 
Each of these stations has a total capacity of 190 signals 
and 12 measurements. 

- Five C—1000 satellite stations connected point-to-point to 
receivers. (It is planned to extend the system by three 
additional stations.) 
The capacity of these stations is 228 signals and 19 
measurements. 

- One station providing 420 multiplexed digital inputs (it 
can be extended to 760 inputs). 

- Eight C—16 stations connected to a multi-point receiver. 
The total capacity of each of these stations is 56 signals 
and 1 measurement. 

- One data acquisition system vith 20 analog channels (it is 
intended to extend it to 40 channels). 
This gives a total installed capacity of about 3200 

digital inputs and 220 measurements. 

At present, the system is operating on about 1500 digital 
inputs and 80 measurements. 

Location o r the system The central unit and the receiving stations are housed in 
the SB Control Room (building 212). 

Further information is available from Mr. Ciriani 
(tel. extension 4183) or Mr. Jenin (tel. extension 4902), both 
of SB Division. 

March 1974 

W39-2 
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W40 Cost plus fee and target estimate 
contracts (COC) 

In order "to cut dovn on the number of stuff allocated to 
maintenance vork and to improve the efficiency of this vork, 
the CERN Technical Services have been seeking the best type 
of contract with outside firms which would bring together the 
apparently conflicting interests of the two parties and attain 
a common aim, i.e. reducing costs while keeping the work up to 
the expected standard. The conventional types of maintenance 
contract do not represent a satisfactory solution : 
(1) Payment on a fixed-price basis or according to a list of 

standard prices is hardly feasible because the amount of 
work and the special quality requirements may vary. If 
the fixed price is too high, the Organization loses; if, 
on the other hand, it is too low, either the contracting 
firm will no longer be capable of coping with the vork... 
or the quality of its vork will suffer. 

(2) There is an equally serious dravback to the "controlled 
cost" type of contract (referred to in French variously 
as "en dépenses contrôlées", "à l'attachement" or "en 
régie"): it does not encourage the sub-contractor to 
reduce manpower and costs. It can be used to deal vith 
peak periods, but cannot be used as a besis for a long-
term sub-contracting policy. 
CERN has therefore decided to steer a course midvay betveen 

these tvo extremes, guided by American contracts of the "Cot 
plus Fee and Target Estimate" type. It has dubbed this n "COC 
Contract" (after the French title "Coopération à Objectif Com
mun") and its aim is to divide the risks and advantages fairly. 
-It minimizes the drawbacks of the tvo conventional types (l) 
and (2); it provides an incentive; it is dynamic. 

-It does, of course, presuppose a real vish to co-operate. 
-It calls for very careful organization and methods of accura
tely checking costs and quality, vhich means that the contract
or must adopt clear accounting procedures vhich CERN can easily 
check and that quality parameters must be established. 

*In French "Contrats de Coopération à Objectif Commun (COC)" 
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The amount "R" to be paid to the contractor is divided 
into three parts : 
-the fee 

-the cost 

-the participation 
"a (E - C)» 

comprising profits and overheads; its 
value vill be fixed for the duration of 
the contract. 
comprising the expenditure directly incur
red in the performance of the vork specif
ied in the contract; it must be possible 
to verify and check such expenditure in 
detail (staff salary sheets, invoices,...). 
vhich is the bonus or penalty calculated 
in proportion to the difference betveen 
the results obtained and the target estim
ate "E". "E" is fixed by the contract, 
homogeneously vith "C" and including the 
samo elements. "a" is a factor lying be
tween 0 and 1, and most commonly between 
and -j. 

The formula is thus written s 

R = F + C + a ( E - C ) or R = F + a E + ( l - a ) C 

The estimate is first broken down in the following way : 
R = F + E. F is then fixed with the agreement of both parties 
for the duration of the contract. However, the real charged 
expenditure"C" is checked to allow it to be compared with "E". 

Nev installations, unforeseen vork and cost variations 
are taken into account by a simple and effective system (see 
reference article belov). 

The factor "a" governing the participation of the firm 
in the profit or loss should be calculated so as to avoid 
imposing an excessively high risk on the contractor, to act 
as an incentive for him, and to take into account the extent 
of his contribution towards the search for better processes. 

They have been very satis
factory for both parties in 
tvo contracts vhich have been 
m force for several years; a 
third contract is nov being 
prepared. The policy is being 
pursued. 

Review "Le Management Direc
tion", January 1973 (pp.57 to 
64), H. Laporte and A. Lecomte 
(CERN SB, tel.extension 3346) 
who will be pleased to provide 
any additional explanations. 
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W41 Technical Assistance Group exhibits 

Ist Item: Automatic wire stretching machine 

This machine is used to lay down wires for the construc
tion of wire chambers. Wires may range in diameter from 20 
to 200 u and in tension from 10 to 250 gp. However, under 
special conditions, the machine can handle wires down to 10 u 
minimum diameter. 

It consists of the following main elements: 

a) A wire delivering unit which delivers the wire under cons
tant tension. This is obtained by means of a tension 
sensor and a damping generator which control in a feedback 
loop a servomotor driving the shaft of the wire's spool. 

b) A main bar carrying the chariot that lays down the wire 
on two racks mounted on the machine frame. The main bar 
moves by gravity along the frame, the motion being con
trolled by two electrically operated escapements. 

c) A crate of electrical and electronic circuits used in the 
servo-loop, in the chariot drive and in the escapements 
control. 

2nd Item: Wire stretching machine for very small wires 

This machine has been described by R. Benoit and is used 
for stretching wires down to 3 y in diameter as required in 
the construction of small wire chambers. 

3rd Item: Hexagonal honeycomb proportional chambers 

4th Item: Cable tester (see E25) 

The cable tester has been described by K. Harrison. 

5th Item: Fast camera 

This camera is used in a triggered mode. It may take film 
reels of 600 m. in length and various film's widths can be 
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accepted wi th minor modi f i ca t ions ( e . g . 3 5 , 50 and 70 mm). 
The length of the frames may he var i ed between 20 and 200 mm. 
For 70 x 70 frames the maximum speed i s about 35 f rames / sec . 

6th Item: High pressure o p t i c a l window 

A fused s i l i c a o p t i c a l window of about 50 mm in diameter 
capable of w i ths tanding 500 Atm w i t h only 15 mm of t h i c k n e s s 
has been b u i l t . By mounting the window i n a s p h e r i c a l s e a t 
v e r y high compressional s t r e s s e s are invo lved when the pres su
re i s app l i ed on the proper s i d e . These s t r e s s e s predominate 
on the bending s t r e s s e s , so that the mater ia l i s under com
p r e s s i o n everywhere. Advantage i s thus taken of the very 
l a r g e d i f f e r e n c e , by a f a c t o r of 20 or more, e x i s t i n g betwetr. 
the u l t i m a t e s t r e n g t h of fused quartz (or fused s i l i c a ) in 
compression and in t e n s i o n . 

Further information nay be obtained from G. Muratori , TC Div. 

1 Apr i l 1974 
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Appendix 

B i b l i o g r a p h y o f CERN p u b l i c a t i o n s c o n c e r n i n g t echno logy 

A. Jesse (compiler) 
CERNj Geneva, Switzerland 

ABSTRACT 
Some 600 publications covering the years 1969 to early 1974 are listed under the 
following categories: X = General and large installations, B = Beams and radiation, 
C = Cryogenics and superconductivity, D = Data processing, E = Electronics, 
M = Magnets and electricity, P = Photography and optics, V = Vacuum, W = Workshop 
techniques and general engineering. 

This bibliography contains a selection of CERN publications concerning technology. It 
is intended to supplement the references given in the individual Technology Notes. To this 
end, the same categories have been used: 

X General and large installations 
1. CERN (general) 
2. Accelerators 
3. Bubble chambers and spectrometers 
4. Experimental areas 
B Beams and radiation 
1. Ion sources 
2. Beam measurement and instrumentation 
3. Radiation monitoring 
4. Particle detectors 

4.1 Bubble chambers 
4.2 Counters and detectors 
4.3 Wires, spark and drift chambers 
4.4 Spectrometers 

5. Targets 

Page 

635 
635 
637 
638 

639 
639 
642 
644 
644 
644 
646 
649 
651 

C Cryogenics and superconductivity 
1. Low-temperature installations and techniques 653 
2. Superconducting devices 653 
D Data processing 
1. On-line data acquisition and measurement 655 
2. Pattern recognition and picture analysis 656 
3. Accelerator control systems 659 
4. Computer-aided design 660 
5. Related subjects > 660 

5.1 Computing in general 660 
5.2 Systems programming and applied mathematics 661 
5.3 Project planning and library mechanization 663 

Page 
E Electronics 
1. Electronic components and apparatus 664 
2. Computer interface electronics 665 
3. High-power RF devices 66S 
M Magnets and electricity 
1. Measurement of magnetic fields and 

properties 667 
2. Power supplies 667 
3. High-voltage techniques 668 
4. Magnet design and fabrication 669 
5. Pulsed high-current techniques 671 

672 
672 
672 

P Photography and optics 
1. Photography 
2. Optics 

3. Precision surveying 

V Vacuum 
1. Vacuum installations and techniques 673 
2. Ultra-high vacuum technology 673 
3. Large ultra-high vacuum installations 674 
W Workshop techniques and general 

engineering 
1. Workshop technic ues 
2. Materials 
3. General engineering 

675 
675 
676 
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Only "recent" literature, i.e. that was published during the last five years, has been 
considered. Clearly, important publications appeared also before the chosen cut-off date; 
these may be traced via the citations given in the references of the present bibliography 
or using the lists of CERN Scientific Publications (available from the CERN Scientific In
formation Service) or the corresponding listings in the CERN Annual Reports (available from 
the Public Information Office). 

Exclusively "published" material is given, namely articles of scientific journals, con
ference proceedings, books, and CERN 'Yellow" Reports. However, other important material 
can be found in reports issued by the individual Divisions, from whom further information 
can be obtained on request. These papers, as well as the preprints and reports of other 
centres and institutes, may be traced using the CERN Library Accessions List - Preprints and 
Reports, and its indexes. 

The arrangement is 1) by subject categories like those of the Technology Notes; 2) by 
year, within a category (anticipating that most recent literature is of prime interest, the 
years are listed "backwards"); 3) alphabetical, by the first author within a particular year. 
All references are numbered consecutively and an Author Index is included at the end; "see 
also" cross-references are given in several categories referring to related publications. 
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X. GENERAL AND LARGE INSTALLATIONS 

1 . CERN (general) 

1973 1) J.B. Adams, Some problems of a big science, Daedalus 102, ill-124 (1973). 
1972 2) W. Jentschke, The physics programme at CERN and its organization and financing, 

Proc. 2nd Tirrenia Study Week, Tirrenia, 20-29 Sept. 1972. 
European Committee for Future Accelerators, 500 GeV Working GTOUP 
(CERN ECFA 72-4), vol. 2, pp. 5-16. 

3) G. Minder, Forschungsplanung bei der Grundlagenforschung, in: Planungsforschung/ 
Forschungsplanung im öffentlichen und privaten Bereich CBundesministerium für 
Wissenschaft und Forschung, Wien) (Springer, Wien, 1972), pp. 7-15. 

4) E.X. Shaw and B. Southworth, European particle physics at Genera, Xattuv 237, 
212-214 (1972). 

1971 5) W. Jentschke, Europe in the service of world research, Siemens Review 38, 
No. 6 (1971). — 
L'Europe scientifique, Revue Siemens 29, No. 5 (1971). 
Europa forscht für die Welt, Siemens-Z. 45, No. 2 (1971). 

6) W. Thirring, High-energy physics and big science, Acta Phys. Austriaca Suppl. 8, 
12-20 (1971). 

1970 7) J.B. Adams, European Organization for Nuclear Research (CERN), Proa. Conf. on 
European Technological Collaboration, London, 16-17 Sept. 1969 (Federal Trust 
for Education and Research, London, 1970), pp. 48-57; discussion, pp. 57-60. 

2. ACCELERATORS 

1974 8) CERN PIO 74-1, Cahier technique No. 3 (1974) (2e éd.), Synchro-cyclotron de 
600 MeV. 

9) CERN PIO 74-2, Technical Notebook No. 5 (1974) (2nd ed.), Intersecting Storage 
Rings. 

CERN PIO 74-2, Cahier technique No. S (1974) (2e éd.), Anneaux de stockage à 
intersections. 

1973 10) ŒRN/1050 (1973), The 300 GeV programme. 
CERN/1050 (1973) , Le programme 300 GeV. 

11) K. Hubner, Der Stand der Entwicklung der CERN-Protonenspeicherringe, 
Acta Phys. Austriaca 37, 122-131 (1973). 

12) K. Johnsen, The CERN Intersecting Storage Rings (ISR), Nuclear' Inetrum. 
Methods 108, 205-223 (1973). 

13) K. Johnsen, The CERN Intersecting Storage Rings (ISR), Proc. Sat. Acad Sai. USA, 
70, 619-626 (1973). 

14) E. Keil, Die Protonen-Speicherringe des CERN (The CERN proton storage rings), 
Kerntechnik 15, 366-378 (1973). 

15) A. Rindi, II superprotosincrotrone del CERN: un acceleratore gigante per la 
fisica nucleare, Sapere No. 759 (1973). 

. * 1972 16) European Committee for Future Accelerators, \ M0 GeV Working Group 
(CERN ECFA 72-4): 
vol. 1: Status report of the working parties; 
vol. 2: Proa. 2nd Tirrenia Study Week, Tirrenia, 20-29 Sept. 1972; 
vol. 3: Final report of the Executive Committee. 
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17) K. Johnsen, Colliding beam devices, Proc. 2nd Tirrenia Study Heek, Tirrenia, 
20-29 Sept. 1972, European Committee for Future Accelerators, 300 GeV 
Working Group (CERN ECFA 72-4), vol. 2, pp. 251-258. 

18) E. Koil, Die CERN-Protonen-Speicherringe, Naturwissenschaften 59, 197-204 (1972). 
19) E. Keil, Intersecting Storage Rings, Lectures given in the Academic Training 

Programme of CERN, 1971-1972 (CERN 72-6). 
20) A. Minten, The ŒRN Intersecting Storage Rings — technique and physics, 

Proc. 3rd Internat. Colloq. on Many-Body Reactions, Zakopane, 
20-24 June 1972 (NR 1421 6 PH, Institute of Nuclear Research, Warsaw, 1972), 
pp. 254-270; discussion, pp. 271-272. 

21) D.J. Warner, Accelerator research and development with the CERN 3 MeV Linac, 
Proc. Conf. on Proton Linear Accelerators. Los Alamos, 10-13 Oct. 1972 
(LA 5115, Los Alamos, 1972), pp. 33-40. 

1971 22) J.B. Adams, Rethinking the 300 GeV machine, Proa. 8th Internat. School of Sub-
nuclcar Phyeics "ûtove Vdjovcma", Erice, 1-19 July 1970 (ed. A. Zichichi) 
(Academic Press, New York, 1971), part B, pp. 812-826. 

23) J.B. Adams, The European 300 GeV programme, Proc. 8th Internat. Conf. on High-
Energy Accelerators, Geneva, 20-24 Sept. 1971 (CERN, Geneva, 1971), pp. 25-31. 

24) C. Bovet and C. Pellegrini, A study on the choice of parameters for a high-
energy electron ring accelerator, Particle Acc. 2, 45-56 (1971). 

25) CERN PIO, Technical Notebook No. 3 (1971), Synchro-cyclotron of 600 MeV. 
26) CERN PIO 71-26 (1971), CERN Intersecting Storage Rings; 

CERN PIO 71-27 (1971), Anneaux de stockage à intersections du ŒRN; 
CERN PIO 71-28 (1971), Die CERN-Speicherringe; 
ŒRN PIO 71-29 (1971), Gli anelli di accumulazione ad intersezione del ŒRN. 

27) M.C. Crowley-Milling, Future electron accelerators, Proc. 4th Daresbury Study 
Weekend on hepton and Photon Physics in Europe, Daresbury, 1-3 Oct. 1971 
(ed. A. Donnachie) (DNPL R 19, Daresbury, 1971), pp. 219-236. 

28) K. Johnsen, The CERN Intersecting Storage Rings, Proc. 8th Internat. Conf. on 
High-Energy Accelerators, Geneva, 20-24 Sept. 1971 (CERN, Geneva, 1971), 
pp. 79-84. 

1970 29) J.B. Adams and E.J.N. Wilson, Design studies for a large proton synchrotron and 
its laboratory (CERN 70-6). 

30) J.B. Adams, Le grand accélérateur européen, Recherahe 1_, 319-326 (1970). 
31) J.B. Adams, Rethinking the 300 GeV machine, Science J. 6, No. 9, 58-63 (1970). 
32) J.B. Adams and E.J.N. Wilson, Design studies for a large proton synchrotron and 

its laboratory, Huclear Instrum. Methods 87, 157-179 (1970). 
33) O.M. Bucei and G. Franceschetti, A mathematical model for understanding the 

cross-mode excitations in dee-dummy dee structures of synchro-cyclotrons 
(CERN 70-13). 

34) ŒRN PIO, Technical Notebook No. 2 (1970), Proton Synchrotron of 28 GeV. 
CERN PIO, Cahier technique No. 2 (1970), Synchrotron ä protons de 28 GeV. 

35) S. Coraiti and R. Giannini, Etude de la géométrie centrale du synchrocyclotron 
avec source calutron à extraction haute fréquence (CERN 70-9). 

3<j) G. Dôme, Review and survey of accelerating structures, in. Linear Accelerators 
(eds. P.M. Lapostolle and A.L. Septier) (North-Holland, Amsterdam, 1970), 
pp. 637-738. 
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57) K. Johnsen, CERN Intersecting Storage Rings, Kerntechnik 12, 541-543 (1970). 
38) E.G. Michaelis, The CERN Synchro-cyclotron improvement programme, P r o c . SIM 

Sommerschule, Leysin, 22 Sept.-3 Oct. 1969 (SIN, Zurich", 1970), 21 pp. 
1969 39) M.H. Blewett, Future prospects for high-energy accelerators, Proc. Internat. 

Conf. on Elementary Particles, Lund, 25 June-1 Julv 1969 (Institute of 
Physics, Lund, 1969), pp. 109-123. 

40) G. Dôme, Les structures accélératrices pour les accélérateurs linéaires d'ions, 
Proc. Conf. but la physique et la physique et la production des ions lourds, 
La Plagne, 17-21 March 1969 (LYCEN 1913, IPN, Lyon, 1969), pp. V.2.1-V.2.13. 

41) R. Gouiran, Five major proton synchrotrons, Philips Techn. Rev. 30, 530-365 (1969). 
42) K.H. Reich, The CERN Proton Synchrotron Booster, Proc. Particle Accelerator 

Conference, Washington, 5-7 March 1969 [IEEE Trans. Nuclear Sei. NS 16, No. 3, 
959-961 (1969)]. 

45) P. Skarek, Beam optics and particle transport, i'ortsahr. Fhys. 17, 277-311 (1%9). 
44) P. Skarek, Verbesserungsprogramm des 600-MeV-CERN-Synchrozyklotrons, Umschau Hiss. 

Tech. 69, 651-653 (1969). 

3. BUBBLE CHAMBERS AND SPECTROMETERS 

1973 45) CERN PIO 73-15, Technical Notebook No. 6 (1973) (2nd ed.) Gargamelle, heavy-
liquid bubble chamber. 

CERN PIO 73-15, Cahier technique No. 6 (1973) (2e éd.) Gargamelle, la chambre il 
bulles à liquides lourds. 

46) 0. Gildemeister, The CERN Onega spectrometer, Proc. Internat. Conf. on Instrumen
tation for High-Energy Physics, Frascati, 8-12 May 1973 (ed. S. Stipcich) 
(CNEN, Frascati, 1973), pp. 669-671. 

47) A. Michelim, Spectrometers for high-energy physics, Proc. Internat. Conf. on 
Instrumentation for High-Energy Physics, Frascati, 8-12 May 1973 
(ed. S. Stipcich) (CNEN, Frascati, 1973), pp. 633-654. 

48) H.P. Reinhard, Status and problems of large bubble chambers, Pi-oc. Internat. 
Conf. on Instrumentation for High-Energy Physics, Frascati, 8-12 May 1973 
(ed. S. Stipcich) (CNEN, Frascati, 1973), pp. 3-12. 

49) P. Sonderegger, Modem experimental techniques, Proc Sumner School on Particle 
Physics, Les Houches, 4 July-28 August 1971 (ed. C. DeWitt and C. Itzykson) 
(Gordon and Breach, New York, 1973), pp. 471-530. 

1972 50) E. Bellotti, D.C. Cundy, B. Degrange, M. Esten, D. Fournier, D. Haidt, 
F. Jacquet, A. Lloret, P. Musset, C. Pascaud, P. Petiau, M. Rollier, 
A. Rousset, K. Schultze,_H. Wachsmuth gndG^Wilquet, Technical possibilities 
of Gargamelle, Status Report of the Working Parties, European Committee 
for Future Accelerators, 300 GeV Working Group (CERN ECFA 72-4), vol. 1, 
pp. 67-116. 

51) J. Billan, R. Perin and V. Sergo, The split field magnet of the CERN Intersecting 
Storage Rings, Proa. 4th Internat. Conf. on Magnet Technology, Upton, NY, 
19-22 Sept. 1972 (ed. Y. Wmterbottom) (CONF 720908, USAEC, Washington, DC, 
1972), pp. 433-443. 

52) M. Gouanêre, Spectromètre et fl à 300 GeV, Proc. Coll. de la Division de 
Physique des Hautes Energies, Aussois, 20-24 March 1972 (IPN, Orsay, 1972), 
pp. 145-150. 
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53) CERN PIO/RA 71-4 (1971), Gargamelle, la chambre à bulles à liquides lourds 
installée au ŒRN. 

54) P. Musset, Les grandes chambres à bulles en Europe, Industr, Atom 15, No. 5, 
13-24 (1971) [The large bubble chambers in Europe, Industr. Atom 15, No. 5, 
24-30 (1971)]. 

1970 55) R. Florent, Status Report of BEBC, Proc. Internat. Conf. on Bubble Chamber 
Technology, Argonne, 10-12 June 1970 (ANL, Argonne, 111., 1970), pp. 703-713. 

56) A. Michelini, The ¡i project at ŒRN, Proc. 1970 Sumner Study on AGS Utilization, 
Brookhaven, 27 July-28 August 1970 (BNL 16000, BNL, Upton, NY, 1970), 
pp. 279-316. 

1969 57) A. Michelini, The "Omega" project, Proa. CERN School of Physics, Leysin, 
31 August-13 Sept. 1969 (ŒRN 69-29), pp. 181-206. 

See also: 139-151, 231-249 

EXPERIMENTAL AREAS 

1972 58) J.V. Allaby, Possible utilization of the West Hall, Proc. 2nd Tirrenia Study 
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Subject index 

To guide the reader to the terminology used in the subject index, the most prominent 
terms have been listed by category in the same way as the Technology Notes (as well as the 
Bibliography of CERN publications and Guide to information sources). 

Inverted terms are used in order to bring together Telated items: e.g. magnet, bending; 
magnet, quadrupole; magnet, superconducting; etc. Specifications are given in brackets, 
e.g. bubble chambers (BEBC), computer program (BIDUL). Acronyms are explained under their 
alphabetical entry and numerous cross references (see, see also) are also included. 

Figures in italics refer to page numbers in Vol. 1, the others to Vol. 2. They usually 
Tefer to the beginning of a Technology Note or section of a Review paper. 

X General and large i n s t a l l a t i o n s 

General 
CERN 
CERN publications 
contracting 
ESQ 
information sources 
library 
management 
project control 
Technology Notes 

Large installations 
accelerators 
booster 
bubble chamber 
electron synchrotron 
Intersecting Storage Rings 
Linac 
pre-injector 
proton synchotron 
spectTometeT, mass 
spectrometer, multiparticle 
synchro-cyclotron 

B Beams and radiat ion 

beam dynamics 
beam monitoring 
beam transport system 
calorimeter 
Cerenkov counters 
detector 
distribution, particle 
drift chamber 
ejection 
electrostatic separator 
emittance 

' extraction' 
injection 
ionization chamber 

*• magnetic horn̂ --- '>'' -
multiwire chamber 
particle detector 
radiation 

radiation dosimetry 
radiation monitor 
radiation resistance 
RF cavity 
RF separator 
scintillation detector 
separator, electrostatic 
shielding 
spark chamber 
streamer chamber 
target 

C Cryogenics and superconductivity 

Cryogenics 
crŷ ç̂ nics 
c- • ip 
c it 
liquid helium 
liquid hydrogen 
low temperature 

Superconductivity 
magnet, superconducting 
RF cavity, superconducting 
superconductivity 

D Data processing 

communication network 
computer (s) 
computer, interactive 
computer centre 
computer control 
computer graphics 
computer language 
computer graphics 
computer program(s) 
control console 
control room 
control system . r 

data link 
data processing 
information retrieval 
pattern recognition 
picture processing 
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E Electronics 

CAMAC 
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cathode 
cathode-ray tube 
converter, digital-to-analog 
delay line 
electrode 
electronics 
electron multiplier 
function generator 
instrumentation, electronic 
ion source 
multiplier 
photomultiplier 
pulse generator 
RF cavity 
RF contact 
RF current 
RF generator 
thyratron 
voltage 

M Magnets and e l e c t r i c i t y 

Magnets 
coils 
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magnet(s) 
magnet, bending or dipole 
magnet, focusing 
magnet, kicker 
magnet, octupole 
magnet, pulse 
magnet, quadrupole 
magnet, septum 
magnet, sextupole 
magnet, superconducting 
magnetic field 
magnetic permeability 
magnetic susceptibility 

Electricity 
cable, electric 
cable, power 
capacitor 
contacts, electrical 
current 
electricity 
high voltage 
insulation, electrical 
Marx generator 
power supply 
transformer 

P Photography and optics 

Astronomy 
astronomy 
sky atlas 
telescope 

Photography, Optics 
camera 
mage intensifier 
optics 
photography 

Survey ing 
alignment 
clinometer 
gyrotheodolite 
length measurement 
surveying 

V Vacuum 

bellows 
coupling 
pressure gauge 
seal 
sputter ion pump 
turbomolecular pump 
ultra-high vacuum 
vacuum 
vacuum chamber 
valve 

W Workshop techniques and 
general engineering 

General 
air conditioning 
building (sj 
engineering 
remote handling 
shielding 
teleoperatoT 
vehicle 

Materials*̂  
material(s) 
materials testing 
metal 
quality control 
radiation resistance 

Techniques**-' 
brazing 
cutting 
electroforming 
etching 
fitting 
glueing 
grinding 
machining 
polishing 
sealing 
sheet-metal work 
surface treatment 
testing 
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*) Individual materials, e.g. aluminium, 
stainless steel, etc. are listed under 
"material". ^ 

**) Individual techniques are listed under 
"workshop techniques".- , • ; r 



- 6S5 -

acceleration 
pre-injector 45 
RF cavity, superconducting 169 

accelerators see also proton synchrotron 
(CPS, SPS) and synchro-cyclotron (SC) 

CERN publications 635 
computer control 120 
information sources IBS 
surveying 47 

air conditioning 
computer centre 249 

alarm monitor 
radiation monitor 97 

alarm system 
bubble chamber 599 

alignment 
nylon wire 480 
surveying 47 
telescope 4DS 

amplifier 340 
analog functions 

generator 332 
analog multiplexer 

computer control 370 
astronomy 

information sources 199 
sky atlas 500 

automatic devices 
camera (TV) 506 
clinometer 485 
gyrotheodolite 483 
length measurement 478 
recording (TV) 506 
side loader 595 

beam dynamics 224 
gamma transition jump 226, 455 

beam monitoring 
booster 60 
distribution, particle 31, 39, 42, 60, 
64, 72, 77, 81, 144 

dosimetry 101 
ejection 77 
emittance 42, 144 
electrostatic pick-up 150 
injection 64 
Linac 142 
magnet 142 
position 70 
profile 31, 64, 72 
quality 316 
scanner 81 
scraper 35 
screen 54 
SEM grid 64, 72, 77 
spectrometer 148 
target 60 
transformer 33, 56 

beams 
CERN publications 639 
information sources 190 
Technology Notes 27 

beam transport system 
computer program (BETON) 275 

bearings 
electrical insulation 351 

BEBC (= Big European Bubble Chamber) see 
bubble chamber (BEBC) * 

bellows 
vacuum chamber 537 

bending magnet see magnet, bending 
BETON (computer program) 

beam transport system 275 
BTDUL (conmiunication network) 

control system 
proton synchrotron (CPS) 211 

Big European Bubble Chamber see bubble 
chamber (BEBC) 

booster 
beam monitoring 60 
control console 222 
magnet 453 
power supply 15 
target 60 
vacuum chamber 556 

brazing, vacuum 609 
bubble chamber 10, 24, 102 

alarm system 599 
CERN publications 637, 644 
photography 508 
seal 182 

bubble chamber (BEBC) 10, 24, 104 
magnet 91, 187 

current leads 179 
seal 182 

bubble chamber (GGM) 24 
filtration system 597 

bubble chamber (2m) 
camera 474 

building 
telescope 496 

buildings and installations 
computer control 627 

buttons (touch screen) 242 
cable, electric 

testing 357 
cable, power 

cooling 379, 380 
calorimeter 

dosimetry (radiation) 68 
CAMAC 

control system 234, 326 
electronic instrumentation 366 

camera (photography) 
bubble chamber (2m) 474 

camera (TV) 
computer-controlled 506 
radiation-Tesistant 471 

capacitor 
power supply 403 
touch screen 242 

capacitor, rotary 
bearings 351 
lubrication 353 
RF system 360, 362 

CASTOR (superconducting quadrupole) 175 
cathode 

ion source 50 
photomultiplier 83, 473 

cathode-ray tube 
spot-shape control 334 

cavity see RF cavity 
Centipede 65 
CERBERUS (ionization chamber) 88 
Cerenkov counters 132, 135 -
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CERN S, 19, 27, 34 
budget 14 
project set-up and control 27 
publications 633 

CERN Intersecting Storage Rings (ISR) 
see Intersecting Storage Rings 

CERN Library system 308, 310 
CERN Muon Storage Ring see Muon 

Storage Ring 
CERN Proton Synchrotron see pToton 

synchrotron (CPS) 
CERN Super Proton Synchrotron see 

proton synchrotron (SPS) 
CERN Synchro-cyclotron see synchro

cyclotron (SC) 
circuit breaker 62S 
CLAN (computer program) 

pattern recognition (cluster) 277 
clinometer (tilt measurement) 

magnet 48S 
COC (contracting) 629 
coils 

magnet, septum 431, 459 
COM (= Computer Output onto Micro

film) 254 
communication network 

BIDUL 211 
computer centre 260 
control system 

proton synchrotron (CPS) 211 
FOCUS 257 

compression rig 
vacuum chamber 554 

computer 
UX>3100/3Z0U 257 
CDC-6000 254, 290, 310 
CDC-6400 257 
CDC-6500 252, 269, 281 
CDC-6600 257, 269, 275 
CDC-7600 252, 269 
CII-10070 269, 294 
EMR-6130 294, 298 
Ferranti-Argus-500 254 
Hewlett-Packard-2100,-2116 257 
PDP-11 220 , 229 , 292 , 294 , 310 , 420, 

449, 461 
computer, interactive 

communication network (INTERCOM) 281 
computer language (INFOL) 289 
computer language (SIGMA) 285 
computer program (BETQN) 275 
computer program (CLAN) 277 
computer program (GD3) 269 
computer program (RHINO) 273 
library 310 

computer centre 
communication network 257, 260 
input/output station 252 
technical facilities 249 

computer control 120, 19 
accelerators buildings and installations 
627 

camera (TV) 506 
computer language (NODAL) 235 
console 214, 222, 257 
function generator 216 
knob 238 
multiplexer 245, 262 

multiplexer, analog 370 
position encoder 209 

computer graphics 
computer language (SIGMA) 285 
computer program (GD3) 269 

computer language 
INFOL 289 
NODAL 234, 235 
SIGMA 285 

computer program 
BIDUL 211 
CLAN 277 
GD3 269 
MARC 298 
MARE 207 
ORION 294 
PERT 279 
TABLOID 290 

computer programs 
library 267 

computers 
data link 265 
input/output station 252 

concrete 
shieldings 623 
tensile testing 621 

condensation cryopump 10S, 525 
console see control console 
contacts, electrical 

ion source 118 
contracting 27, 492, 629 
control console 

booster 222 
proton synchrotron (CPS) 214, 372 
proton synchrotron (SPS) 238 

control room 
proton synchrotron (CPS) 19 

control system 
CAMAC 326 
proton synchrotron (SPS) 123, 233 
scanning table 314 
telescope 494 

converter, digital-to-analog 323, 330 
cooling see cryogenics 
cost see contracting 
counters 111 

CERN publications 635 
coupling, vacuum 558 
CPS (= CERN proton synchrotron) see proton 

synchrotron (CPS) 
cryogenics see also low temperature 

superconductors 
cryogenics 98 

CERN publications 653 
information sources 191 
materials testing 196 
Technology Notes 153 

cryopump 205, 525 
cryostat 93 

liquid helium 159 
materials testing 196 
target, polarized 199 

current (beam) 
transformer 33, 56 

current (RF) 
electrical insulation 351 1 

current connector 
high voltage 409 
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current leads 
magnet, superconducting 179 

current, pulsed 
generator 439 
power supply 407 

cutting machine 
vacuum chamber 572 

DAC (=digital-to-analog converter) see 
converter, digital-to-analog 

data acquisition see data processing 
data handling see data processing 
data link 

computers 234, 265 
multiplexer 245 

data processing 
CERN IZO, 146, 260 
CERN publications 655 
experiments 146, 304 
information sources 192 
spectrometer, multiparticle 294, 298 
Technology Notes 203 

deflecting device see magnet, septum 
Deglitcher 330 
delay line 387 
detector see also Cerenkov counter 

particle detectors 
scintillation detector 

detector 
gamma rays 85 
X-rays 85 

digital microprocessor see microprocessor 
digital read-out facility see console 
digital refractometer see refractometer 
digital-to-analog converter 323, 330 
Digitron (time recorder) 355 
dipole see magnet, dipole 
disconnect joint 

vacuum chamber 538 
Distinvar (length measurement) 56, 478 
distribution, particle 31, 39, ¿2, 60, 

64 , 72 , 77 , 81, 144 
dosimetry 

calorimeter 68 
ionization chamber 101 
surface dose-rate meter 90 

drift chamber 139 
CERN publications 646 

eddy current 
rotary capacitor 358 

ejection 
beam monitoring 77 
magnet 461 

electrical contact see contact, electrical 
electrical insulation see insulation 

electrical 
electricity 

CERN publications 667 
information sources 19?' 
Technology Notes 375 

electrode 
• electrostatic quadrupole field 140 
. • high voltage 437 

electroforming 617 
electrolytic polishing see polishing, 

electrolytic - / 
electron beam welding 613 -

electronics 
CAMAC 366 
CERN publications 664 
information sources 195 
ion source 125 
SEM 75 
Technology Notes 319 

electron multiplier 
radiation monitor 83 

electron synchrotron (DESY) 3 5 5 
electrostatic field 

focusing 140 
electrostatic quadrupole see electrostatic 

field 
electrostatic pick-up 

beam monitoring 150 
electrostatic separator 82, 394 
electrostatic septum pee septum, electro

static 
emission see secondary emission monitor 
emittance 

beam monitoring 42, 144 
encoder (data processing) 209 
energy storage 

power supply 403 
engineering 

CERN publications 635 
information sources 202 

environment 
radiation monitor 66 

ERASME (= Electron Ray Scanning and 
Measuring Equipment) 229 

microprocessor 220 
ESO (= European Southern Observatory) 488 

Technology Notes " 488-502 
telescope 492 
telescope building 496 

etching 607 
extraction 

magnet, septum 426, 429, 431, 433 
synchro-cyclotron 346, 445 

FAK (= Full Aperture Kicker) 80, 461 
ferrite 

RF cavity 586 
filtration system 

bubble chamber (GGM) 597 
fitting 

glass window 190 
fluid distribution 

computer control 627 
fluorescent screen 

beam monitoring 54 
FOCUS (= Facility for On-line Computing 

and updating System) 
communication network 153, 257 

focusing 
Muon Storage Ring 140 

focusing magnet see magnet, focusing 
frequency see also RF frequency 

function generator 345, 346 
function generator 

computer control 121, 216 
frequency, varying 345, 346 
photomultiplier 332 

gamma rays 
multiwire proportional chamber 85 
radiation monitor 95 
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gamma-transition jump 
beam dynamics 226, 455 

Gargamelle see bubble chamber (GCM) 
gases 

refractometer 503 
gasket, inflatable 

low-temperature 165 
gauge, pressure 

ultra-high vacuum 528 
vacuum 547 

GD3 (subroutines) 
computer programs 269 

generator see function generator 
Marx generator 
pulse generator 
RF generator 

GGM (= Gargamelle) see bubble chamber 
(GGM) 

glass window 
fitting 190 

glueing 53 
graphics see computer graphics 
grid monitor see beam monitoring 
grinding 

porcelain 53 
groove 

vacuum seal . 550 
gyrotheodolite 60, 483 
(g-2) experiment 

magnets 449, 4SI 
hardware processor 

wire chamber 304 
helium see liquid helium 
high-energy physics 

CERN 5, 19 
project set-up 27 
technology 19 

high vacuum see vacuum 
high voltage 

current connector 409 
electrode 437 
switch 401 

horn see magnetic horn 
hydrogen see liquid hydrogen 
hydrau1íes 

valve 584 
image dissector 486 
image intensifier 469 
induced radioactivity 

radiation monitor 91 
INFOL (= Information Language) 289 
information retrieval 

computer language (INFOL) 289 
computer program (TABLOID) 290 

injection 
beam monitoring 64 

inspection see quality control 
instrumentation, electronic 

CAMAC 366 
standard (NIM) 365 

insulation, electrical 
bearings 351 
septum magnet 433 

intensifier see image intensifier 
interactive computer see computer, 

interactive 1 ' < 

INTERCOM (Interactive Computing Facility) 
281 

interface see CAMAC 
multiplexer 

Intersecting Storage Rings 
vacuum system ill, 533 

ionization chamber see also radiation 
monitor 

ionization chamber 
dosimetry 88, 100, 101 

ion pump see sputter ion pump 
ion source 

pre-injector 20, 47 
spectrometer mass (ISOLDE) 130 
synchro-cyclotron 106, 108, 111, 114 

cathode 50 
contacts, electrical 118 
electronics 125 
support, axial 121 

ISOLDE (Isotope Separator On-line) 128 
ion source 130 
target 130 

jack 64, 482 
joint, disconnect 

vacuum chamber 538 
kicker magnet see magnet, kicker 
knob 

computer control 238 
language see computer language 
length measurement GOistinvar) 56, 478 
library 

CERN 308 
computer, interactive 310 
computer programs 267 

light guide 137 
Linac (•= linear accelerator) 20 

beam monitoring 142 
pre-injector 20, 45 

link see data link 
liquid helium 98 

cryostat 159 
transfer line 157 

liquid hydrogen 98 
target 101, 164 

loader see vehicle 
low temperature 

gasket 165 
materials testing 184, 196 

lubrication 
capacitor, rotary 353 

machining 
material, hard 605 

magnet (s) 
beam monitoring 142 
cable 379 
CERN publications 667 
clinometer (tilt measurement) 485 
information sources 197 
power supply 13 s -
pulse generator 387, 407 
radiation resistance 457 >0 Technology Notes 375 „ i>v< „ < vacuum chamber 535 ;̂ t t , , 

magnat (BEBC) see, magnet,¡superconducting 
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magnet (g-2) 
magnetic field 451 
shimming 449 

magnet (SC) 67 
magnetic field, measurement 441, 443 

magnet (Split-Field Magnet) see spectro
meter, multiparticle 

magnet, bending or dipole 
beam quality (computation) 316 
booster 453 
magnet, superconducting 160, 177, 
192, 194 

power supply 447 
proton synchrotron (SPS) 35, 75, 
410, 420 

magnet, focusing 
beam quality, computation 316 
power supply 447 

magnet, kicker 461 
switch (high-voltage) 401 

magnet, octupole 
proton synchrotron (SPS) 416 

magnet, permanent 
magnet, superconducting 192 

magnet, pulsed 703 79, 398, 439, 441 magnet, quadrupole 
booster 453 
clinometer (tilt measurement) 48S 
magnet, superconducting 173 
proton synchrotron (CPS) 455 
proton synchrotron (SPS) 75 
416, 420 

magnet, septum 78, 398 
coils 431, 459 
extraction 426, 429, 431, 433 
magnetic horn 405 

magnet, sextupole 
proton synchrotron (SPS) 416 

magnet, superconducting 43, 89 
cryostat 159 
current leads 179 
magnet, bending 194 
magnet, dipole 177, 192 
magnet, permanent 192 
magnet, quadrupole 173 
winding 187 

magnetic balance 463 
magnetic field 

computer program (MARE) 207 
shielding 161 

magnetic field (measurement) 420, 441, 
443, 451 

magnetic horn 405 
computer program (RHINO) 273 

magnetic permeability (measurement) 381 
magnetic susceptibility (measurement) 381, 

463 
management 

computer program (PERT) 279, 492 
contracting 27, 629 

MARE (= Magnetic Relaxation) (computer 
program) 207 

Marx generator 389 
. • material 

acrylic glass 135 , -, 
alumina 54, 392,-396, 433,. , • 
aluminium 83,'140,̂ 538, 562, 619 
Araldite 6011 «, - ,w t *if- * >.c> -
beryllium 65 

beryllium oxide 343 
concrete 621, 623 
copper 100, 65, 343, 410, 416, 463, 
619 

elastomer S18, 548, 558 
epoxy resins 101, 601 
glass 200, 53 
Herasil 190 
Kapton 74 
magnesium 41 
Magnetil 429 
molybdenum 619 
Nb-Ti, Nb3Sn 87, 192 nickel SO 
Perspex 163 
Polyurethane 410, 416, 482, 601 
porcelain 53 
p-terphenyl 102 
quartz 54, 190 
resin 556, 601, 619 
rubber 569 
sodium 31 
stainless steel lOO, IIB, 47, 79, 182, 
410, 429, 463, 518, 521, 532, 535, 537, 
538, S4S 

Stumatite 41 
tantalum 37, 108 
titanium 46, 47, 53, 437, 463, 515, 
527, 556, 619 

tungsten 108, 619 
Zicral 405 

materials 
information sources 202 
machining 605 
quality control 619 
radiation resistance 569, 588, 591, 
611 

target (ISOLDE) 130 
ultra-high vacuum 552 

materials testing 
low temperature 184, 196 

metal see also material 
metal 

bellows 537 
sealing 558, 560, 613 
sheet-metal work 603 

microfilm 
computer-output (COM) 254 

microprocessor 
picture processing (ERASME) 220 

monitor see alarm monitor 
beam monitoring 
radiative monitor 
secondary emission monitor 

see also computer control 
control console 

motor, stepping 
encoder 209 

multiparticle spectrometer see spectro
meter, muitiparticle 

multiplexer 
data processing 245, 257, 262 

multiplier see electron multiplier, photo
multiplier 

jnultiwire (proportional) chamber ,139 
gamma rays 85 
X-rays 85 

Muon Storage Ring 
focusing 140 
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network see communication network 
neutrons 

radiation detector 94 
NIM (= Nuclear Instrument Modules) 365 
NMR (= Nuclear Magnetic Resonance) 

magnet (g-2) 451 
probe 

radiation resistance 589 
NODAL (computer language) 

computer control 235 
nuclear instrumentation see instrumen

tation, electronic 
nylon wire 

alignment 480 
(*EGA see spectrometer, multiparticle 

(Omega) 
optics 

CERN publications 672 
information sources las 
Technology Notes 465 
telescope 490 

ORION (= Omega Remote Interactive Online 
System) (computer program) 296 

OXFORD (superconducting quadrupole) 173 
particle detectors 11, 24, 129 

CERN publications 635 
information sources 190 

pattern recognition 
computer program (CLAN) 277 
computer program (MARC) 298 
multiwire chamber 304 

permeameter 381 
PERT (= Program Evaluation and Review 

Technique) 
management 279 

photography 
camera, pulsed 474 
CERN publications 672 
information sources 199 
picture processing SOI, 508 
Technology Notes 465 

photo-diode 
picture processing 501 

photomechanical etching 607 
photomultiplier 332, 473 
pick-up̂  electrostatic 150 
picture proceiSing 

microprocessor 220, 229 
particle tracks 508 
scanning table 314 
spark chamber 506 

pivot, motorized 
remote control 576 

planning (PERT) 279 
plasma welding 611 
plastic scintillators 102 
polishing, electrolytic 615 
power amplifier 340 
power supply 

amplifier 340 
booster 15 
capacitor 403 
CERN publications 635 
proton synchrotron (CPS) 77, 13, 447 
switch 382 
voltage, reference 323 

pre-injector 20 
ion source 47 
Linac 45, 52 

pressure gauge 
ultra-high vacuum 528 
vacuum 547 

printed circuit 242 
project control 

CERN publications 635 
computer program 279 

proportional multiwire chamber see multi-
wire chamber 

proton synchrotron (CPS) 9 
beam monitoring 77, 226 
booster 

control console 222 
magnet 453 
power supply 15 
target 60 
vacuum chamber 556 

control console 214 
control room 19 
data communication 211 
magnet 455 

power supply 13 
surveying 47 
target 

booster 60 
remote control 62 

proton synchrotron (SPS) 34, 21, 23 
beam monitoring 72 
computer control 123, 233 

computer language (NODAL) 235 
extraction 

magnet, septum 426, 429, 431, 433 
magnet 

dipole 35, 75, 410, 420 
octupole 416 
quadrupole 35, 75, 416, 420 
sextupole 416 

septum, electrostatic 435, 437 
surveying 48 
target 62 

pulse generator 125, 439 
camera 474 
magnet 387, 407 

pulse measurement 
beam monitoring 42 

pump see sputter ion pump 
turbomolecular pump 

see also vacuum 
quadrupole see magnet, quadrupole 
quality control 

materials 619 
radiation 

CERN publications 639 
information sources 190 
shielding 157, 623 
Technology Notes 27 

radiation dosimetry 
calorimeter 68 
ionization chamber 101 
surface dose-rate meter 90 

radiation monitor 66, 93, 97 > 
electron multiplier •83 1 > < 
radioactivity, induced 91 ' ' . 
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radiation resistance 
camera (TV) 471 
magnet 457 
materials 569, 588, 591, 611 
NMR probe 589 
screen, fluorescent 54 
seal (vacuum) 548 

radioactivity, induced 
radiation monitor 91, 99 

radio frequency see RF 
read-out facility 

computer control 372 
recording 

camera (TV) 506 
microfilm (COM) 254 

refractometer 
gases 503 

Rem counter (rem = Roentgen equivalent 
iran) 

neutrons 94 
remote control see computer control 
remote handling 

teleoperator 573 
remote input/output 

data processing 252 
repetition frequency 

RF generator 345, 346 
resistance, radiation see radiation 

resistance 
retrieval, information 

computer language (INFOL) 289 
computer control (TABLOID) 290 

RF cavity 37, 343 
ferrite 586 

RF cavity, superconducting 36, 169 
RF contact 

ion source 118 
RF current 

insulation, electrical 351 
RF generator 338 

capacitor, rotary 360, 362 
function generator 345, 346 
waveguide 336 

RF separator 336 
RHINO (computer program) 

magnetic horn 273 
RIOS (Remote Input/Output Station) 

data processing 252 
rotary capacitor see capacitor, rotary 
ROTCO (Rotary Capacitor) see capacitor, 

rotary 
roughing valve see valve, roughing 
safety system 

bubble chamber 599 
SC see synchro-cyclotron (MSC) 
scanner 

beam monitoring 81 
scanning 

image dissector 486 
scintillation detector 12, 131, 137 

plastic scintillator 102 
scraper 

beam monitoring 35 
seal ' 

bubble chambeT 182 • . ' > 
capacitor, rotary 348 ' 
coupling 558 ' 

radiation resistance 548 
ultra-high vacuum 562 
vacuum 348, 548, 550, 560 

secondary emission monitor (SEM) 
beam monitoring 39, 64, 72, 77 
electronics 75 

sector valve see valve, sector 
SEM see secondary emission monitor 
separator, electrostatic 81, 394 
separator, isotope see spectrometer, mass 

(ISOLDE) 
separator, particle 

RF cavity, superconducting 169 
septum, electrostatic 82, 391, 435, 437 
septum magnet see magnet, septum 
SFM (= Split-Field Magnet) see 

spectrometer, multiparticle 
sheet metal 603, 617 
shielding 

concrete 623 
magnetic field 161 
radiation 157 

shimming 
magnet (g-2) 449 

SIGMA (= System for Interactive Graphical 
Mathematical Applications) (computer 
language) 285 

signal simulation 
analog functions 332 

sky atlas 500 
spark chamber 138, 133, 385 

recording 506 
spectrometer, multiparticle (SFM) 138, 
298 

specification 
materials 619 

spectrometer (50 MeV) 148 
spectrometer, mass (ISOLDE) 128 

ion source 130 
target 130 

spectrometer, multipaTticle (Omega) 
data processing 154, 292, 294 

spectrometer, multiparticle (SFM) 68, 138, 
25 

data processing 154, 294, 298 
magnet 68 

SPS (= Super Proton Synchrotron) see 
proton synchrotron (SPS) 

sputter ion pump 113, 542, 564 
SSC (= Spot-Shape Control) 

cathode-ray tube 334 
standard (NIM) 

instrumentation, nuclear 365 
storage see data processing 

poweT supply 
storage ring see Intersecting Storage Rings 

Muon Storage Ring 
streamer chamber 138 

image intensifier 469 
superconducting see magnet, superconducting 

RF cavity, superconducting 
superconductivity 85, 104 

CERN publications 635 
information sources 191 

Super Proton Synchrotron see proton 
synchrotron "(SPS) 

supply, power see power supply 
surface dose-rate meter 90 
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surveying 47 
information sources 139 
Technology Notes 479-485 

switch (high-voltage) 
magnet, kicker 401 

switching circuit see pulse generator 
synchro-cyclotron (SC) 

extraction 346 
ion source 106-127 
magnet e? 
magnetic field 441, 443 
RF system 345 
seal (vacuum) 548 
target 59 

synchrotron, electron see electron 
synchrotron 

synchrotron, proton see proton synchro
tron (CPS, SPS) 

synchrotron radiation J55 
systems programming 

CERN publications 635 
TABLOID (computer program) 290 
target 106 

booster 60 
cryostat 199 
liquid hydrogen 101, 164 
proton synchrotron (CPS) 62 
spectrometer, mass (ISOLDE) 130 
synchro-cyclotron 59 

target, track sensitive 163 
teleoperator 573 
telescope (ESO) 492 

alignment 498 
building 496 
optics 490 

television camera 
computer control 506 
radiation resistance 471 

temperature, low see low temperature 
see also cryogenics 

tensile test 
concrete 621 

testing 
cable, electrical 357 
concrete 621 
materials 184, 196, 619 

thin films 74 
thyratron 81, 401, 439, 461 
TIG (= Tungsten-Inert Gas) welding 537, 

538, 611 
time recording (digitron) 355 
titanium 

polishing, electrolytic 615 
vacuum chamber 527 

touch button 242 
track ball 218 
track measurement 

picture processing 508 
track-sensitive target 163 
transformer 

beam current 33, 56 
transition jump 

proton synchrotron (CPS) 226, 455 
tube 

magnetic field 161, 535 t tunnel 
proton synchrotron (SPS) 35, 44, 59 -

turbomolecular pump 540 
TV see television 
UHV see ultra-high vacuum 
ultra-fast circuit breaker 625 
ultra-high vacuum see also vacuum 
ultra-high vacuum lll± 552 

CERN publications 673 
information sources 201 
materials 552 
pressure gauge 528 
seal 562 
sheet metal 603 
valve 114, 515, 560 

vacuum see also ultTa-high vacuum 
vacuum 

bellows 537 
CERN publications 673 
coupling 558 
information sources 201 
pressure gauge 528, 547 
seal 348, 548. 550. 560 
Technology Notes 511 
valve 560 

vacuum brazing 609 
vacuum chamber 527 

booster 556 
compression rig 554 
cutting 572 
magnet 535 
welding 571 

valve 545, 582 
ultra-high vacuum 114, 515 

valve, pneumatic 578 
valve, roughing 518 
valve, sector 114, 521 
vehicle 593 

side loader 595 
voltage, high 

septum, electrostatic 437 
switch 401, 409 

water 
cooling 379 , 380 
radiation monitor 99 

waveguide 
RF system 336 

welding 
vacuum chamber 571 

welding, electron-beam 613 
welding, plasma 611 
welding, TIG 611 
winding 

coil 420 
magnet, superconducting 187 

window 
fitting 190 

window (thin-wall) 532 
wire 

alignment 480 
drawing 65 
stretching 631 

wire chamber 
CERN publications 646 i 
data processing 304 

workshop technique 
bending 603 . 
brazing 392, 609 
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casting 601 
coating 155 
cold-forming 53Z 
compression rig 554 
cutting 572 
drawing 603 
elcctroforming 617 
electroplating 74 
etching 607 
glueing S3, 139, 163, 601 
grinding 53, 449, 605 
hot-forming 135 
machining 605 
polishing 159, 615 

printed-circuit fabricating 243, 607 
quality control 619 
rolling 603 
surface treatment 615 
testing 184, 196, 619, 621 
welding 53, 410, 527, 532, 557, 538, 
571, 611, 613 

workshop techniques 
CERN publications 675 
information sources 202 
Technology Notes 565 

X-rays 
Tadiation detector 85 


