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FOREWORD

The purpose of this workshop was to examine the problems that have arisen in
the course of the construction and commissioning of dedicated synchrotron radia-

. tion sources, and to identify the pitfalls peculiar to these projects that should be
avoided in the future. Participants were encouraged to candidly discuss problems
that have arisen in the pre and postproposai design phase, the construction phase,
and the commissioning/operation phase of their projects. User-facility interface and
funding issues were also subjects of discussion.

It was gratifying to see that most of the major dedicated synchrotron facilities
were represented, including the Chinese facilities in Beijing,Taipei and Hefei. Due to
the candid manner in which participants described the positive and negative aspects
of their facility's development, there was a meaningful exchange of information.
Included in the Proceedings are summaries from the Chairmen of the different
working groups, which focus on the major areas discussed at the Workshop.

We are especially grateful to the Conference Secretary, Jane Schwaner, and to
Herb Krnney and Y.Y. Chu who made the arrangements for the large Chinese
delegations.

We hope that these Proceedings will be of use to present and future synchrotron
radiation facilities.

Roger W. Klaffky
Editor

in
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Construction and Commissioning
of the National Synchrotron Light Source

J.N. Galayda and M. Blume
Brookhaven National Laboratory

Upton, NY 11973

The road from conception to completion of a large facility like the
NSLS is a long and tortuous one. Figure 1 shows a historical line with
marking of critical points in NSLS history. More than fifteen years have
passed since the first discussions of a synchrotron radiation source at BNL,
and there have been many twists and turns in the process. In putting
together an accelerator project like this, there are many critical skills
that must be assembled, and budgets, schedules and organizations must be
properly examined. When the proposal for the NSLS was first put together,
the total of $24 million was requested in chunks of $11 million, $9 million
and $4 million. Instead, the actual appropriation, still totaling $24
million, came with only $5 million in the first year, $10 million in the
second and $9 million in the third. This necessitated a stretchout of con-
struction into four years, but with no additional funds to cover the
requested manpower in that year. In addition, the inflation rate of nearly
12% per annum during that period made funding even tighter. Many compro-
mises in the design were made, and secondhand equipment was used in the con-
struction in an effort to save money. In the end, these efforts came at
considerable cost, both financially and in strain on the staff. It is fair
to say that such steps should be rigorously avoided in the future, but it is
equally fair to say that our community will undoubtedly do it again. When
faced with a choice of inadequate funding or no funding at all, we will
probably choose inadequately.

INJECTION
IN UV RING

FUNDING
STARTS!

INJECTION IN
X-RAY RING

GROUND
BREAKING

PROPOSAL FOR 1976
(CONCEPTUAL DESIGN)

PROJECT WORKING
GROUP

«OPKSHOP
ON SR AT

BNL

Figure 1. NSLS History.
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An especially complex problem for synchrotron radiation facilities is
the organization of the users. We have had good success at the NSLS with
the Participating Research Team mode of operation, which has assured a
strong commitment on the part of users and an absence of bureaucracy in
getting experiments done. In the following, we consider the details of the
choices made in commissioning the NSLS rings.

One may summarize the good news learned in design and commissioning of
the NSLS rings as follows:

1) The damped emittances expected of a Chasman-Green lattice are
attainable at high current, if ion trapping problems can be circumvented.

2) There have been no unexpected effects from the rather strong sextu-
poles required to correct the chromaticities in this type of lattice.

3) The most important beam instabilities are coupled-bunch, and can be
counteracted.

4) Commissioning the NSLS rings was mostly an effort to bring the
hardware into conformation with the original ring design; achievement of the
specified magnetic fields, injection timing, vacuum, RF voltages, etc. led
to ring performance which was easily good enough to begin operation.

It would be a mistake to conclude from this last statement that
commissioning is straightforward; that would be analogous to saying that
playing the piano is a simple matter of pressing the keys in the right
order. It is useful, however, to view commissioning as a search for hardware
problems (perhaps only incorrect calibrations) that were not found in tests
of individual components. The calculations and simulations performed in
design of a facility should be troubleshooting tools during commissioning.
One should plan simulations and commissioning diagnostics with the intent to
test critical predictions and to pinpoint hardware problems. It follows that
the simulations and commissioning diagnostics must themselves be most trust-
worthy of all.

DESIGN STUDIES, WORKSHOPS AND REVIEWS

The Conceptual Design Report [1], Proposal [2], and Summer Theory Work-
shop [3] addressed lattice designs which were later changed in circumfer-
ence, superperiodicity, and multipole magnet strengths in the final
designs. The list of Issues addressed in the Summer Theory Workshop, how-
ever, anticipated most of the machine physics issues which later proved to
be important after beam was first stored. The proceedings included analyses
of the expected closed orbit errors, vertical dispersion and linear coupling
induced by orbit errors, and Touschek loss rates. Estimates of the longitud-
inal coupled-bunch threshold were 4 mA for the VUV and two microamps for the
X-ray ring, based on an inductive-wall type impedance. Bunch lengthening and
widening were estimated, also based on inductive wall impedance (nominally 1
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ohm). The beneficial effect of a Landau cavity received a lot of attention.
One chapter contained a list of essential beam diagnostics hardware: beam
position monitors, stripline kickers for tune measurement and active damping
of instabilities, synchrotron radiation monitors for emittance measurement,
and scrapers for studying the beam lifetime. Some particularly prescient
remarks concerning ion trapping can be found in this chapter:

"In conclusion, I would look very hard at
the engineering problem of installing
[ion clearing] electrodes...but I would
probably gamble and leave them out initially.
...it is often enough to leave one gap in the
circumferential filling factor to prevent ion
build-up. If this turns out to be true in these
rings then running with a gap of a few bunches
may be a solution."[4]

Filling with an irregular bunch pattern has become the normal nude of
operation for both rings, preventing emittance blowup due to ion trapping.
Ports for the installation of clearing electrodes were built into the stor-
age rings, and prototypes will be tested in the rings in the near future.

Two chapters were devoted to analytic and numerical investigations of
the dynamical aperture limit set by the strong sextupoles in the ring. This
has become a dominant consideration in the design of future high energy syn-
chrotron radiation rings. Finally, the last chapter was an effort to find a
lattice which would be less sensitive to magnet placement errors, because
"it is quite possible that in order to optimize the brightness of the real
imperfect machine, one should be able to operate it in configurations...
having less sensitivity to errors."[5] The compliment of this statement is
relevant today: survey accuracy, beam position monitors and power supply
regulation are nearly as important to the achievement of high brightness as
radiation integrals and dynamic aperture.

Subsequent reviews and workshops provided valuable guidance to the pro-
ject. The August 1978 review confirmed the overall facility design. The
Vacuum Workshop of January 1984 focused the efforts to improve the X-ray
vacuum on a higher bakeout temperature. The primary purpose of the
Computer/Controls Workshop was to formulate a plan for the NSLS control sys-
tem upgrade. It led to the organization of an annual meeting. The 1985 RF
Workshop brought to our attention the practicality of adapting the CERN LEP
RF cavities to our needs, at a considerable saving in design effort, hard-
ware cost, and time. Finally, the review of the NSLS status by the DOE ad
hoc committee chaired by Bob Jameson was an exhaustive and ultimately
reassuring examination of the protracted commissioning program in the X-ray
ring.

- 3 -



NUMERICAL SIMULATIONS IN DESIGN AND COMMISSIONING

The official start of the project was in October 1977. The detailed
design began with analytic and numerical modelling of components and
systems. These modelling exercises provided valuable guidance even as the
ring was assembled and commissioned. Lattice calculations and tracking were
carried out using the computer programs SYNCH [6], DIMAT [7] and PATRICIA
[8]. These programs were also used to determine injection efficiency in the
booster and storage rings. During commissioning, these programs were used to
predict and correct magnet settings based on beam positions at the pickup
electrodes and fluorescent flags during the first turns after injection.

Magnet design, using the POISSON [9] program, went on in parallel with
lattice design. RF cavity designs were investigated using the program
SUPERFISH [10]. The SUPERFISH results gave satisfactory predictions of
coupled-bunch thresholds and aided in designing mode damping antennae. By
1979 the lattice designs were finalized. The beam position errors before and
after closed orbit correction were determined in numerical simulations, in
order to test the choice of locations for beam position monitors and
correctors [11]. The effect of manufacturing errors on magnet field quality
was estimated and used to predict the tune spread produced in the beam
[12,13]. The transport lines were designed using the TRANSPORT program
[14]. An extremely important exercise was the computer simulation of the X-
Ray ring survey. The simulation was used both to predict and to attain the
desired survey accuracy. After the first precision survey, the uncorrected
closed orbit was inside the beampipe in the X-ray ring.

PURCHASING AND BUILDING COMPONENTS

The project experienced mixed results with the purchase of materials
and major hardware components. The storage ring vacuum chamber extrusions,
quadrupole and sextupole laminations, dipole coils, and booster vacuum
chamber were satisfactory as delivered. The purchase of dipole magnet lamin-
ations and high power RF amplifiers, and the fabrication of the storage ring
RF cavities must be described as unpleasant experiences.

The RF cavities were made from copper-clad steel which proved to be
very difficult to weld. This was discovered late in the construction period
due to delays in delivery of the cavities. With great effort, three cells
were made usable.

The RF amplifiers were purchased without control circuitry. In order
to save money the regulators, controls and interlocks were built by the
NSLS. This delayed the discovery of an inadequacy In the tetrode tube. The
first system was installed on the VUV ring and operated at 50 KW without
major problems. In time it became clear that the failure rate of the tetrode
tubes was unacceptably high. The problem was identified as thermal
distortion of the control and screen grids. The tubes have been modified and
now appear to have good lifetime.
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The dipole magnet laminations were purchased from a tool and die manu-
facturer that was making similar laminations for PEP. It was quite reassur-
ing to know that the company already had experience in this specialized
technique. Unfortunately, the company went bankrupt before completing the
run of laminations. Of course, the stamping die would fit only the press at
this company, which was about to be auctioned to the highest bidder. The
chief mechanical engineer at NSLS somehow got permission to complete the run
by operating the press with NSLS staff.

Invoking contract penalties in the above incidents would have demol-
ished the construction and commissioning schedule. This would have penalized
NSLS more than the vendor. The only useful form of protection is an allot-
ment of extra time in the construction schedule to allow recovery from such
misadventures.

In-house construction activities included the manufacture of coils for
the multipole and steering magnets, the assembly of the storage ring magnets
from laminations, the fabrication of storage ring vacuum chambers, and the
manufacture of ferrite pulsed magnets. Electrical and electronic equipment
built in-house included trim magnet power supplies, the current regulators
for the ring magnet power supplies, and controls for the RF system. The
microprocessor control system for DC power supplies was assembled from
board-level components and programmed by NSLS staff. The injection/ejection
timing system was designed and built in-house. The advantage of creating a
staff to do these jobs was not only economic; it proved easier to monitor
the progress of these activities than to monitor the progress of outside
vendors. Also, the NSLS staff is self-sufficient in maintaining the systems
built in-house.

Equipment used previously in other accelerators was utilized exten-
sively at NSLS. The linac gun and accelerating sections are from the
Cambridge Electron Accelerator, as are the ceramic vacuum chambers for orbit
bumps and some of the magnet support girders. The storage ring magnet power
supplies are essentially all built from old AGS and SREL hardware. While
all these components were turned into useful equipment at significant
savings to the construction project, they were consistently among the first
things to need repair after operations began.

COMMISSIONING

Every effort was made to test subsystems as soon as possible. The
commissioning history for the linac, booster, VUV and X-ray rings is shown
in Tables I-IV. The building construction schedule was adjusted to allow
installation of the VUV magnets and vacuum system by February 1980. First
tests of the linac were performed in another building by September 1980. The
booster was first operated without ramping power supplies in November 1980.
At this time the building heating and lighting system was not yet complete.
Injection into the VUV transport line was done while the booster energy was
limited to 400 MeV. VUV injection studies began before the final precision
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survey. X-ray injection studies began before the sextupole supplies could be
used. This resulted in the beginning of operations in the VUV ring in May
1982 and first 2 GeV beam in the X-Ray ring in December 1982. Table IV
shows, however, that a tremendous amount of work on tne X-ray ring magnet
power supplies, vacuum chambers, the RF system and the personnel safety sys-
tem were done after the first beam was stored. This work proceeded altern-
ately with more injection and current limit studies. The simultaneous
demands of operating the VUV ring and commissioning the X-ray ring placed a
tremendous load on the NSLS staff, especially in 1983. There is no mystery
in the delay of operations: though the X-ray ri~- could =?T>T-<= bei.ui, it was
not complete as a user facility until operations began in May 1985. The
moral to the X-ray commissioning story is contained in a poster I saw on the
wall in a machine shop [15]:

We can buil••: it 1) fast
2) cheap
3) reliable
(choose two)

COMMISSIONING DIAGNOSTICS

As stated earlier, commissioning with beam may be viewed as a continua-
tion of hardware troubleshooting. Consequently, the beam diagnostics equip-
ment must be absolutely reliable and give results which are easily Inter-
pretable. At the NSLS, heavy use was made of fluorescent flags that could be
inserted into the transport lines and storage rings. These were patterned on
the units used for commissioning PETRA, TV monitors were used to view
them. They were placed around the rings at symmetric points in the
lattice. Beam positions at three such flags were used to estimate the ring
tunes before the beam made a full turn. They gave useful information on
both beam position and dimensions when the RF beam position monitors were
not usable due to small signals and interference. Beam position monitors can
be placed to "diagonalize" the problems of commissioning; for example, the
position and angle of the beam at the injection point can be measured with
two detectors in a drift space so that the interpretation of the measurement
does not depend on proper function of anything but the diagnostics.

The diagnostics equipment budget should, of course, include a spectrum/
network analyzer, a signal generator, a sampling oscilloscope, and provision
for computer control of these devices. More specialized equipment like beam
current transformers and gated integrators (for transport line position
monitor signals) can also be purchased if manpower limitations prevent in-
house development.

WHEN BEAM IS STORED

After beam is stored, emphasis shifts to reliability of the machine,
and to beam current limitations. In both NSLS rings, the longitudinal
coupled-bunch instabilities appeared as expected. The installation of
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damping antennae [16], careful control of RF cavity parameters, and beam
feedback (in the VUV ring) have contributed to attaining the performance
listed in Tables III and IV. Soon after beam was stored, however, it proved
very important to have the ability to store one bunch in the rings. This
allowed study of injection efficiency and beam sizes without coupled-bunch
instability. It was also possible to distinguish Touschek losses from gas
scattering in the VUV ring. Perhaps most importantly, an irregular pattern
of bunches has proved the most effective way to minimize ion trapping
effects. The small vertical emittance in the VUV ring is achieved only when
two or three RF buckets are left empty.

Improvements in beam life tine became a major concern at this stage.
Studies showed that the VUV beam lifetime is dominated by Touschek scatter-
ing for the usual modes of operation [18,19]. Consequently the vertical
beam size is increased to the maximum, consistent with the users needs,
using skew quadrupoles. The beampipe aperture at the injection point has
also been increased.

The X-ray ring beam lifetime at operating energy is dominated by gas
scattering. Attention was turned to the ring pressure at the beginning of
1984. Following recommendations at the Vacuum Workshop, the ring was baked
to 120°C to drive out water. Additional pumps were .Installed and an exhaus-
tive search for leaks was carried out. Regular operation at 2 GeV acceler-
ated gas desorption by synchrotron radiation. The result was an improvement
in beam lifetime from 20 mi twites at 20 mA and 1.7 GeV to 180 minutes at 20
mA and 2 GeV [20]. By the end of 1985 the lifetime reached 300 minutes at
140 mA and 2.5 GeV [19]. At present studies are in progress to obtain
better performance from the distributed ion pumps by more effective cleaning
and design changes [21]. NEG pumps have also been installed [22].

While the correct counter-measure for ion trapping was anticipated in
1977, the spectrum of beam behavior in the presence of trapped ions was a
surprise. The ions can provide enough betatron tune spread to control any
coherent instability, but they can also shorten the beam lifetime by an
order of magnitude. They can cause the vertical beam size to triple or to
pulsate at a few hertz, without inducing a significant coherent betatron
motion in the beam. They can be influential during one fill of the ring,
and absent during the next fill five minutes later. Theoretical understand-
ing of the over-focussing n^chanism which ejects ions from the beam allows
reasonable prediction of conditions under which no ions will be trapped.
Such predictions usually '.ake the form of a lower limit on the current of a
beam of given size to e?.pel ions with charge-to-mass ratio greater than a
given value [17]. All is well if this minimum current can be made to appear
in the ring before the ions can accumulate, and change the beam size. In
practice, however, such conditions proved difficult to attain due to finite
charge rate and to changes in the species of gas present in the ring. Also,
before the beam pipe has been outgassed by synchrotron radiation, the beam
can trap ions no matter what the current or pattern of empty buckets. This
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may be caused by trapping of very massive ions or perhaps submicron
particles [23,24] in the beam.

During early operation, of the VUV ring the most important current limit
was incoherent beam blowup due to ion trapping. When the tune spread grew
to include the quarter integer, beam would be lost. A similar phenomenon
was observed in the X-ray ring when the fractional part of the vertical tune
was 1/6. These phenomena occasionally recur after a vacuum accident, but
disappear as the ring vacuum returns to normal.

PHASE II

Before completion of commissioning of the NSLS, preparations were begun
to install undulators and wigglers in both rings and to enlarge the NSLS
facilities to accommodate the rapidly growing number of researchers. These
preparations were united into a $19.7 million project called "Phase II".^5
At the completion of the project in 1987, there will be 52,000 sq. ft. added
to the NSLS building, four wigglers and undulators in the X-ray ring and two
wigglers and an infrared beainline in the VUV ring.

The scale of the Phase II project is comparable to the original NSLS
project. Another similarity is the project schedule, which has been
stretched from three years to four years without change in the total
budget. It is also reasonable to expect that, after such extensive modifi-
cations to the facility, the accumulated commissioning experience of the
NSLS staff will be put to good use.
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TABLE I. LINAC COMMISSIONING

1978

1980

APRIL

JUNE

JULY

SEPTEMBER

First operation of linac

Operation of linac, transport line to booster,
and computer control

Linac moved to NSLS building

Linac operated in NSLS building

TABLE II. BOOSTER COMMISSIONING

Lattice design finalized

First injection studies

Stored beam

Acceleration to 400 MeV, extraction to VUV

600 MeV VUV injection studies begin

600 MeV X-Ray injection studies begin

Present Performance

8-15 mA per pulse, nominal 1 Hz repetition

1978

1980

1981

1982

MAY

NOVEMBER

MARCH

AUGUST

OCTOBER

JAwUARY
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TABLE III. VDV RING COMMISSIONIIiG, OPERATION

1981

1982

OCTOBER

DECEMBER

JANUARY

MAY

First injection attempt

First stored beam, 600 MeV

Closed orbit correction

Light to first beamline
Scheduled operations begin

ENERGY

MAXIMUM CURRENT

LIFETIME

EMITTANCES
horizontal
vertical

VDV OPERATION

750 MeV

720 mA (1 bunch)
870 mA (5 bunch)

900 minutes (1 mA)
275 minutes (100 mA, 6 bunches)
112 minutes (100 mA, 1 bunch)

1.4 xlO~7 meter*radian
>2.8 xl0~1 0 meter*radian (adjustable)
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TABLE IV. X-RAY COMMISSIOVING

1977

1982

1983

DECEMBER

MARCH

JUNE-AUGUST

SEPTEMBER

NOVEMBER

DECEMBER

MARCH

APRIL-JUNE

OCTOBER

DECEMBER

1984 JANUARY

FEBRUARY

MARCH

APRIL-JUNE

JUNE-SEPTEMBER

OCTOBER

1985 JANUARY-APRIL

MAY

Lattice finalized

First turn

Precision survey

Circulating beam

Stacking

0.25 mA 2 GeV

Investigation of light port alignment
Correction of orbit and chromaticity

Completion of current regulators on X-Ray
quadrupoles, replacement of RF cavity, upgrade
in regulation of transport line supplies

Final positioning of ring vacuum chambers,
in-tunnel wiring of front end safety systems,
vacuum chamber bakeout, installation of more pumps

Studies begin again

Injection studies - maximum 50 mA

Beam lifetime @ 1.7 GeV 20 min. @ 20 mA

Second ring bakeout - more pumps installed on
light takeoff ports - damping antennae added to RF
cavity

Studies resume

Studies continue, XR beamline commissioning begins

Begin shutdown to install second RF cavity for 2.4
GeV operation

Injection rate studies, installation of personnel
safety system for hutches

Operations begin
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TABLE IV. X-RAY COMHISSIONING (cont'd.)

ENERGY

X-RAY RING OPERATION

2.5 GeV

BEAM SIZE
0.35 mm (port X24)
0.15 mm (port Xll)

CURRENT 215 mA at .75 GeV
185 mA at 2.5 GeV

LIFETIKE 500 minutes at 2.5 GeV, 50 mA
300 minutes at 2.5 GeV, 140 mA
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Photon Factory

Jiro Tanaka, Kazuo Huke and Junichi Chikawa
National Laboratory for High Energy Physics, Tsukuba, Ibaraki

1. Overview of the Facility

1-1 Organization
The National Laboratory for High

Energy Physics (KEK) was founded on
April 1st, 1971 as one of "Inter-
University Research Institutes", under
the supervision of MONBUSHO (Ministry
of Education, Science and Culture).
The Photon Factory (PF) was estab-
lished on April 1st, 1978 at KEK. PF
is a synchrotron radiation facility,
which has a 2.5 GeV electron storage
ring fully dedicated to the SR usage
and a 2.5 GeV electron linac supplying
electrons and positrons to the PF ring
and the accumulation ring of TRISTAN
(30 GeV electron-positron colliding
mashine). PF consists of three
departments, Injector Linac, Light
Source and Instrumentation department.

1-2 History
1971 April

1972 October

1973 March
1974 November
1975 June
1977 February
1978 April
1982 February
1982 March
1982 June
1983 February
1984 February
1985 July

1-3

1 Plan view of PF.
The crystallography
group organized a
workshop on "High Power
X-ray Generator", and asked the cooperation of the high energy
accelerator group.
During the preliminary design of an X-ray ring, the project
name "Photon Factory" was selected.
The PF community was organized.
Science Council of Japan recommended establishing the PF.
The PF community asked the cooperation of KEK.
The Feasibility Study Committee for PF was established at KEK.
The government approved the PF construction at KEK.
The linac successfully accelerated electrons up to 2.5 GeV.
The Ring stored 2.5 GeV electron beams.
Experiments using SR were commissioned.
The. undulator with 120 poles was commissioned.
The superconducting vertical wiggler was commissioned.
The positron generator accelerated positrons up to 250 MeV.

Budget
The total cost of the construction was 1.85 x 1010 yen not including

staff salaries. The details are as follows;
Electron Linac 3.7 BY
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Storage Ring 2.5 BY
Experimental Equipments 2.1 BY
Building 6.2 BY
Civil Engineering 4.0 BY

Table 1 shows the funding received in various categories for the PF activity.

In the Table, FY means fiscal year which begins on the first day of April in

Japan.

Table 1. PF Funding (unit 106 yen)

Budget Area FY

User's Experiment Equipment
Operation and Maintenance
Computer (rental fee)
Beam Channel (construction)
Positron Source (construction)
Miscellaneous

Total

1982

183
881
93
146
152
80

1535

1983

207
986
134
0

543
148

2018

1984

168
1128
134
0

305
88

1518

1985

230
1307
134
153
51
98

1973

1-4 Personnel
All PF staff are government officials and a l^w which limits the total

number of government officials .limited the rate at which PF staff positions
could be filled, as seen in Table 2.

FY

Scientific Staff
Visiting Scientist
Technician
Administrator

1978

3
4
j

I

Table 2.

1979

14
6
2
6

PF

1980

27
12
9
9

staff

1981

34
12

15/15I

1982

46
12
28
19

1983

51
12
32
20

1985

58
12
16
21

The total salary budget for PF staff during the construction period was
about four percent of the total budget. Therefore we had to ask for assist-
ance in the construction from the scientists who would be expected to become
the in-house staff and users. In FY 1981, KEK started the TRISTAN project; a
large project including a 6 GeV electron positron accumulation ring and a 30
GeV electron-positron colliding beam ring. The reduction in the number of
technician at the PF from FY 1984 to FY 1985 is mainly due to the transfer of
personnel to the Tristan project.

1-5 Ring Operation
Beam time statistics from FY 1982 to the end of July 1985 is given in

Fig. 2. The beam time is limited mainly by the operational budget, espe-
cially by the budget for electric power. As for the Ring operation, a
two week mode of operation was tried from FY 1985, in which the Ring is
operated from Wednesday morning through Saturday morning of the next week.
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Fig. 2. Beam time statistics.
Hatched region is the
scheduled user time.
Double hatched region is
the net user time includ-
ing wiggler operation
(shaded region), after
subtracting filling time
and unscheduled downtime.
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Fig. 3. Run average of the stored
current and of the injec-
tion interval during the
user time. The initial
current is the same, 150
mA, except for runs No .2
and No.3.

70 % of the time is allocated to user experiments; the initial 8 hours are
used for machine tuning; and the remaining 64 hours are used for the accel-
erator study on both the Linac and the Ring.

The net user time increased up to 94.6 % of the scheduled user time in
FY 1985, one percent was consumed by the machine failure and remaining 4.4
percent was used for the injection including the excitation of: the super-
conducting vertical wiggler magnet. Figure, 3 shows the progress of the
average stored current and of the average injection interval during the user
time. These progress is mainly attributed to the improvement of the vacuum
pressure. In the Run No. 11, the average current was 115 mA though the
initial current was limited at 150 mA and the average injection interval was
9.3 hours,

1-6 Present Beam Characteristics
Injection: Electrons are injected by the 2.5 GeV Linac with a repeti-

tion rate of 1 Hz. The rate of accumulation of stored current is 1 ^ 3
mA/sec, though the maximum achieved rate was 20 mA/sec.

Energy: In normal operation, the energy is fixed at 2.5 GeV. The
maximum energy achieved was 3.0 GeV in the accelerating storage mode. Direct
injection from the Linac was achieved in the energy range from 2.5 GeV to 1.6
GeV.

Stored current: At 2.5 GeV the maximum stored current was 250 mA,
limited by RF power; however, the initial current in normal operation is
limited at 150 mA, because of heating of the vacuum chamber. At 2.05 GeV, a
current of 480 mA was stored.

Beam lifetime: At a stored current ~f 150 mA, the beam lifetime is 30
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hours; however, when the superconducting vertical wiggler (5T) is in opera-
tion the lifetime is reduced to 15 hours. But we did not understand the
reason.

Emittance: The emittance is estimated by using the measured values of
the betatron function and the beam size. When the stored current is less
than 60 mA, the measured emittance is in good agreement with the design
values, 4.0 x 10~7ir m*rad in the horizontal direction and 1.0 * 10 8ir m#rad
in the vertical. When the stored current exceeds 100 mA, the emittance
increases in proportion to the current. The reason may be due to the
longitudinal coupled bunch instability.

2. Injector Linac

2-1 Introduction
The KEK 2.5 GeV electron linac was constructed as a full energy injector

for the PF 2.5 GeV storage ring and as an electron and positron injector for
TRISTAN.

Because the linac is an injector for two storage rings, high beam
stability is required. In addition, for such a long linac, a high threshold
for beam break up is desirable. To obtain stable beams, a high level of
stabilization for the rf source and the beam transport system is required.
To reduce beam break up effect, it is desirable that the accelerating field
and the beam guiding field are as symmetrical as possible and the symmetrical
thin beam is accurately centered on the axis. The principal parameters of
the linac are listed in Table 3.

The linac consists of a 35 MeV electron injection system, a positron
generator, a main accelerator, a beam switching system and a control system
(Fig. 1). Its initial operation was scarted at the beginning of Feb. 1982;
its goal of producing a 2.5 GeV, 50 mA electron beam was reached on March 16.

On March 11, a 2.5 GeV, 31 mA beam was injected to the storage ring and
the first 2.5 GeV, 6.2 mA beam was successfully stored.

In October 1983, injection of a 2.5 GeV electron beam into the 6 GeV
Accumulation Ring of TRISTAN was started.

Construction of the positron generator was started in April 1982 with a
three year program. The generator consists of an upstream 200 MeV high
intensity electron linac, an electron-positron conversion target and a 250
MeV positron linac. The generator is located at the injector end of the PF
linac. The 250 MeV positron beam is transported to the 250 MeV point of the
2.5 GeV linac.

The first positron beam was successfully accelerated to an energy of 250
MeV in July 1985. In the initial operation, using the primary electron beam
of 200 MeV, 1.6 A, a positron beam of 250 MeV and about 3 mA was obtained.
Acceleration of the positron beam to 2.5 GeV and injection into the
Accumulation Ring is expected during this October.

2-2 Operating performance
The linac has been operated satisfactorily without any serious trouble

since its initial operation. Stability of the beam energy in a long linac
depends on the stability of the rf power and rf phase. During a one week
operation period, rf phase adjustment is unnecessary unless the high power
Klystron voltage is changed.
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Table 3. General parameters of the 2.5 GeV linac

MAIN ACCELERATOR
Energy (50 mA loaded)

(Total rf power) 840 MW

Beam pulse length
electron
positron
Repetition rate
energy spread
Normalized emittance

Accelerator guide (Main accelerator)
Type of structure
Frequency (at 27°C)
Length of one accelerator guide
Total number of guides

RF
Peak power of Klystron
Number of Klystrons

RF pulse length

Electron Injection system
Output beam energy
Type of gun
Gun Voltage
Number of ace. guides

POSITRON GENERATOR
Energy of Positron beam
Energy of primary electron beam

No. of Electron linac ace. guides
No. of positron linac ace. guides

RF
Peak power of Klystron
Number of Klystrons
RF pulse length

Injection system
Type of Gun
Gun Voltage

119 MHz Subharmonic buncher

2.5 GeV

1.5 ns ^ 2.0 ps
1.5 ns ^ 10 ns
< 50 pps
< 0.5 %
< 10 ircm*mrad

TW. 2/3TT mode, 5 type, Semi-C-G
2856 MHz
2 m (Including couplers)
160

30 MW (Max.)
41 (including one

Klystron for the Injector)
< 3 Ms

35 MeV (Max.)
Triode
-100 kV
2

250 MeV
200 MeV

2 m > < l , 4 m * 5
2 m * 4, 4 m * 4

30 MW (Max.)
6
< 2 jis

Triode
< 150 kV
1
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Beam intensity is monitored by 40 current transformers for the long
pulse beams and by wall current monitors for the short pulse beams. For beam
handling in the main accelerator, in addition to those monitors, a beam loss
monitor system using 40 ionization chambers is very efficient. The positions
and the rate of the beam spill along the main accelerator are displayed by
the beam loss monitor system as shown in Fig. 4. Beam spill over the main
accelerator is less than a few percent. . Beam profiles and beam positions at
the sector ends are monitored by 7 fluorescent screens and ITV cameras. Two
screen plates placed downstream of the linac have 4 mm diameter holes at
their centers so as to observe axial displacement of the beam at "beam ON".
The beam diameter is less than 5 mm and the most of the beam current passes
through the screen holes.

Figure 5 shows the beam current-beam energy relations. Beam break up
threshold currents for 2.5 Us and 1.5 Us pulse beams are 300 mA and 400 mA
respectively. Measured energy spread is less than 0.5 % for the 2.5 GeV, 1 "̂
2 Us beams. However, for short pulse electron beams such as 1.5 ns, the
energy spread decreases to 0.1 %.

Accurate emittance measurement in the electron linac is rather difficult
compared with the proton linac because of the thin beams. The measured
emittance was less than 30* cm*mrad (Normalized).

Fig. 4 Displays of the beam loss monitor.
(a) After adjusting the linac beam. (b) Fluoresent screen is inserted at

the end of the 4th sector.

2-3 Injection into the storage rings
As the energy of the linac is same as the PF storage ring, injection and

stacking of the beam in the PF ring have been carried out very easily. The
PF ring is usually operated in a multi-bunch mode and occasionally operated
in a single-bunch mode. On the other hand, in the TRISTAN Accumulation Ring
(6 GeV), single bunch mode operation is usual.

As the beam life time of the PF ring is increased to more than 10 hours,
the injection frequency has been reduced to a few times per day. During the
remaining time between the PF injections, the linac beam is used for the
Accumulation Ring. In order to accumulate current in single bunch mode,
synchronized injer.cion of very short pulses is required. The pulse width
must be less than one period of the ring RF (500 MHz for the PF ring, 508 MHz
for the AR).

Although routine operation of the PF ring is in the multi-bunch mode,
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when the stored beam fills all of the
rf backets an instability due to the
effect of ion-trapping is observed. To
reduce the instability, a partial fill
mode (fill up 2/3 rf backets) operation
is necessary. For such an operation,
synchronized injection is also
required. The linac is therefore
required to provide different synchro-
nized beams for each ring: 0.2 ^ 0.&
us, 30 ^ 50 mA, 1 pps for PF and 1.5
ns, 100 mA, 1 ^ 10 pps for AR, respec-
tively.

These two operational modes are
quite different for an electron linac.
Switch over between them has to be made
as promptly, easily and reliably as
possible. To meet the requirements, an
electron gun system and synchronized
trigger control system have been
developed. Consequently, u-sec and
n-sec pulses are remotely exchanged
only by switching over the trigger
signals.
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Fig. 5 Beam current-beam energy
relations.

3. Storage ring
As for the principal parameters of the Ring and the operational status,

one can find them in the "KEK Annual Report" and the "Photon Factory Activity
Report". Followings are our experience with the Ring operation and the
results of machine studies.

3-1 Vacuum
In the initial stage of the ring commissioning, the evacuation system

consisted of 50 ion pumps each of which has a pumping speed of 128 £/sec for
CO. During the Run No.2, we had observed the progress of the vacuum pressure
as shown in Fig. 6. Extrapolating this figure, we concluded that it vrould
take five years to reach the design value of the vacuum pressure, 10 9 Torr
at a stored current of 100 mA. During the summer shut down in 1982, 50
Ti-getter pumps (300 Ji/sec for CO effective, each) were added and 28 ion
pumps distributed inside the bending magnets (180 il/sec each) were activated.
Then the vacuum chamber was baked at a temperature of 150°C for 40 hours.
After this bake out, argone discharge cleaning was done for three hours.
This treatment had a drastic effect on the vacuum pressure as seen in Fig. 6,
and the design value of the vacuum pressure was achieved within one year.
Now, the total evacuation speed is 2.6 * 104 A/sec and the average base
pressure without beams is 6 ^ 8 * 10"11 Torr.

In March, 1984, the whole vacuum chamber of the Ring was contaminated by
air. It was just after a scheduled shutdown of electric power ended. A
user opened the vacuum chamber of the experimental station to exchange a
mirror. At that time the air compressor was not active, so that the fast
closing valve did not work. After forty hours baking and 20 ampere-hours
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operation of the Ring, the vacuum
pressure recovered as seen in Fig. 6.
In March 1985, a similar case occurred
during the Ring operation; however,
the fast closing valve with an
acoustic delay line worked well, and
there was no damage of the vacuum
system.

Often we have experienced a rapid
deterioration of the beam lifetime
without any change of the vacuum
pressure. In Run No.4, in 1983, the
average interval between these short
lifetime occurances was 29 hours. The
time distribution was a Poisson like
distribution with a peak at 6 hours.
To understand this problem we have
prepared a lead glass Cerenkov counter
to observe the bremsstrahlung
generated by the interaction between
stored electrons and residual gases.
With this method we can measure the Fig. 6 Progress of the vacuum pres-

.2P.,
1 10 100

TIME INTEGRATION OF
STORED CURRENT (Ahr)

sure. The vacuum pressure is
the average of the measured
values at each pumping station
when the stored current is 100
mA. The absolute averaged
value along the Ring is
estimated to be two or three
times higher than the value
presented in the figure.

local vacuum pressure in the electron
path. It was observed that deterio-
rations of the beam lifetime are
always accompanied by bursts of
bremsstrahlung radiation. This may
suggest that heavy atoms or fine
particles appear in the vacuum
chamber, are irradiated by SR, emit
photoelectrons and become heavily
charged, and are trapped by electron
beams to shorten the beam lifetime.

Vacuum chambers inside the bending magnets and quadrupole magnets are
made of extruded aluminum pipes (6063 T5) with a cooling water channel.
Other parts inserted in straight sections are made of stainless stsel (SUS
304) without any cooling water channel. These parts are heated by SR and we
must limit the initial stored current to 150 mA. During this summer shut
down, about 80 water cooled copper and aluminum absorbers were inserted at
the upstream end of the SUS chambers and we are expecting much more initial
current in the fall run.

3-2 Ring RF acceleration system
We have asked a private company to design and to produce klystrons which

have a maximum power of 180 KW at a frequency of 500 MHz. For three years,
we have had much trouble relating to the klystron: a lot of time consumed for
conditioning, a rapid decrement of the gain, internal sparkings which caused
loss of the stored beam in the ring, etc. Starting in July, 1985, the
company was able to supply reliable klystrons and the design and the produc-
tion process of klystrons are almost established. Now, two klystrons are
exciting four cavities.
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Four single cell cavities were made of OFHC. One problem is that we
could not get a good vacuum. After three years operation, still the pressure
remains at the order of 10~10 Torr without RF power and 2 * 10~9 Torr with RF
power. Someone pointed out the reason; this OFHC was produced in CO gas, not
in vacuum, so that CO gas has been desorbed gradually from deep inside the
copper.

Troubles caused by the structure of the tuner of the RF cavity occurred
twice. One was a slow vacuum leak from the outer port in which the tuner was
contained. The outer port is mainly made of copper, however, a small part is
made of stainless steel to support the heavy weight. RF power was dissipated
in the stainless steel part and accordingly it suffered a large amount of
heat cycles. After two years operation, a crack built up at the weld between
copper and stainless steel.

The second trouble was observed first in July 1983, just after the
partial fill mode of operation began. In this mode, two-thirds of the RF
buckets are filled with electrons and one-third remin empty. This mode
successfully cured the two beam instability caused by ion trapping. However,
a strange phenomena was observed. After injection, the vacuum pressure in
one cavity gradually rose to a maximum value one or two hours later and then
gradually decreased. The behavior of the pressure change depends on the
shape of the partial fill and the operation history. In the extreme case,
the pressure went into the 10 Torr range and the beam lifetime became
short. After much s~udy it was found that wake field generated by electron
bunches invades the narrow gap between the tuner plunger and the outer port
to the rear part of the tuner where there is carbon slide contactor which was
suspected to contain water vapour. In May 1985, after the tuner and the
cavity system were completely baked out, we had a beautifully long beam
lifetime. However, we did not understand the reason until this summer shut
down. We found that the tuner of the troubled cavity was eccentric against
the outer port. In bench tests we melted a bellows which is in the rear part
of the tuner allowing tuner motion. In this accident, we observed the tuner
was eccentric.

Another problem occurred in December 1984. One of the cavities had a
vacuum leak through a port. The port which will be used for insertion of a
higher order mode damper was closed by a blank flange with a finger shaped RF
contactor. This contactor melted due to a strong RF current causing a loss
of ring vacuum. This resulted in 46 hours lost time to users.

Unfortunately or fortunately, the Photon Factory has very few technic-
ians, so that the scientific staff including senior staff must operate the
Ring. They have excellent capabilities to identify problems in their early
stage and to deal with them in suitable ways. This is the reason why there
has been a very little lost time during the scheduled user time. Now a new
design of the cavity is progressing in parallel to the development of a new
vacuum system, in which we can vent the ultra high vacuum with relative ease.

3-3 Beam instabilities
Coupled bunch instabilities: we have observed three coupled bunch

instabilities. Two are the horizontal instabilities related to the higher
order mode resonances of cavities and the horizontal betatron oscillation.
One is the TM110 like mode resonance whose resonance frequency is 830 MHz.
Another is the HEM mode resonance with a frequency of 1070 MHz. Both insta-
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bilities have low current thresholds, and give beam loss. However, both are
cured by selecting the temperatures of the four cav'.ties independently.
Octupole magnets are also effective to cure both instabilities. On the
contrary, the longitudinal coupled bunch instability which relates to the
TMOll-like mode with a frequency of 758 MHz, and synchrotron oscillations,
has a high current threshold of 60 mA and does not result in beam loss. This
instability makes a beam size modulation with a frequency about 200 Hz. When
the stored current exceeds 100 mA, the SR brightness becomes saturated, which
means the beam size is enlarged in proportion to the beam current. In the
Ring, there are two RF stations each of which has two cavities excited by one
klystron. Changing the RF phase between two stations is effective in
reducing the strength of the instability. Modulating the RF frequency with a
frequency near the synchrotron oscillation frequency effectively cures the
instability, but this method gives a slightly larger beam size. Now we are
trying to make a damper to combat the "758" resonance.

Two beam instability caused by ion trapping: As the vacuum pressure has
improved as is seen in Fig. 6, the beam size became to fluctuate in a
complicated way. In March 1983, the vertical beam profile began to oscillate
in an outrageous way and all of the users required the Ring group to stop the
oscillation. Three-fourth of the ion pumps were switched off and the oscil-
lation ceased, but the beam lifetime became shorter. The next user time
started in June 1983. We observed that the beam profile was rather quiet,
but it burst periodically with a frequency of 5 ^ 80 Hz and then the beam
size shrinked with the time constant of the betatron oscillation damping
time. Some users were still complaining, but others were satisfied because
the beam lifetime was fairly long. At the end of July, the Ring group
understood this phenomena as the two beam instability caused by ion trapping.
As already mentioned, the partial fill mode of operation cured this insta-
bility. Excitation of octupole magnets and the application of "RF knock out"
with a frequency of 1.3 MHz are also effective ways to cure this instability.
Many machine studies on this problem were carried out, including the
bremsstrahleng observation already mentioned.

Head tail instability: In the single bunch operation, we have observed
that the behavior of the head tail instability was in good agreement with the
theory. Chromaticities both in horizontal and in vertical motion were
changed by exciting sextupole magnets. When the chromaticity was changed
from the minus value to zero, the threshold current became higher and higher
and the instability disappeared when the values of both chromaticities
reached zero. On the contrary, in the multibunch operation, the behavior of
the instability on the tune-chromaticity diagram appeared in a complicated
way. In the case of the partial fill mode operation, stable operation
requires a positive value of the chromaticity. But in the case of the
uniform fill, stability occurred for negative values of the chromaticity.

4. Construction of Beam Lines and Experimental Stations
When the first synchrotron radiation was observed in March 1982, the

experimental floor was still almost empty. One year later, at the end of
FY82, 7 beam lines, including one for a 120 pole undulator, and 17 stations
were completed, and 21 experimental apparatus were installed in the experi-
mental hall.

Since the number of scientific staff of the Instrumentation Department
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was not enough during the construction period, it was essential to involve
potential users in the design and fabrication of optical systems and experi-
mental apparatus. Thus, more than ten working groups had been organized for
special resrii"ch projects and, in some cases, even for front ends. Priority
of exclusive use of the beam time for their own experiments including
commissioning the station was given for one or two years, depending on their
contribution. The PF provided with funds for constructing front ends and
most of these apparatus.

After completion of these 7 beam lines, the budget for any more beam
lines was not approved in 1983 and 1984, although users' proposals overflowed
the available beam time.

As a number of free ports were still available in the experimental
floor, the PF decided to give permission to use them to universities or
industries which will construct their own beam lines with their budget. This
policy is similar to the PRT system in the States.

In fact, industries have keen interest in use of synchrotron radiation,
especially concerning with X-ray lithography, photo-chemical vapor deposition
and surface analysis of semiconductors. NTT (Nippon Telegram and Telephone
Corporation) has built its own beam lines in 1983, and now Hitachi, NEC and
Fujitsu are constructing their beam lines.

The budget for two more beam lines was approved in FY'85. BL-6 (normal
bending magnet) and BL-16 (Multipole wiggler - Undulator assembly) are now
under construction. The present status of beam lines and the main experi-
ments carried out at each station in the Photon Factory is shown in Fig. 7
and Table 4.

5. Utilization of the Photon Factory
Photon Factory is opened to users from universities, from other govern-

mental institutes and also from private institutes. There are two categories
in utilizing the beam time: One is basic scientific research which is needed
to submit a proposal to the PAC (Program Advisory Committee) for review. The
PAC reviews and ranks these proposals from the viewpoint of the scientific
merit, technical feasibility and man power. The PAC meeting is held twice a
year. Once a proposal is approved, it is effective for two years. Statis-
tics of the accepted proposals is listed in Table 5. Users' beam time is
allocated by the in-house staff in charge of each station. Two dormitory
houses can accommodate up to 200 users. Their travel expenses and the fee
for lodging are paid by the Photon Factory.

Another category of utilizing beam time is proprietary research which is
charged approximately ¥50,000/hour ($250) for the beam time. This type of
research is not reviewed by the PAC, but the total amount of the beam time is
limited to 15 % of the available beam time for each station.

"Photon Factory News" (in Japanese) is distributed to users quarterly to
inform the machine time schedule and the present status of each station. The
Photon Factory Symposium is held in every November, and the "PF Activity
Report" (in English) is published annually. It is available from KEK library
on request. At present, active proposals are 230 and about 800 users are
registered.
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Fig. 7 Plan view of PF experimental hall in 1985.
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Table 4. Experimental Stations of the Photon Factory

BL1 (NTT)
1A Semiconductor surface analysis
IB X-ray lithography
1C Photo-chemical reaction

BL2 (Undulator)
?.A Soft X-ray experiment
2B X-ray microscopy

EL4
4A Dispersive EXAFS,

Trace element analysis
4B Liq./melt structure analysis

Radiation effect on biocells
4C X-ray diffuse scattering,

fluorescent EXAFS
(sagittally focused double
crystal)

BL6 (*)
6A X-ray Weisenberg camera
6B EXAFS (channel cut crystal)
6C1 X-ray diffract, at low temp.
6C2 X-ray diffract, under high press.

and high temperature
BL7 (Tokyo University)

7A Soft X-ray photoemission
spectroscopy (plane grating)

7B Surface photo-chemical reaction
(1 m Seya-Namioka)

7C EXAFS and X-ray diffraction
(sagittally focused double
crystal)

BL8 (Hitachi)
8A Soft X-ray spectroscopy

(self-focusing plane grating)
8B EXAFS

(soft and hard X-ray double
crystal)

8Ci X-ray lithography
8C2 X-ray tomography of minerals

BL9 (NEC) (*)
9A X-ray lithography
9B photo-chemical vapor deposition
9C EXAFS and X-ray topography

(sagittally focused double
crystal)

BL10
10A Crystal structure analysis of

minerals (4-circle goniometer)
10B EXAFS

(channel-cut monochromator)
IOC Small angle X-ray scattering of

enzymes (focused double crystal)

BL11
11A Soft X-ray solid state

spectroscopy (2 m grasshopper)
11B Surface EXAFS,

soft X-ray standing wave
(soft X-ray double crystal)

11C VUV solid state spectroscopy
(1 m Seya-Namioka)

11D Angle-resolved photoemission
spectroscopy (constant deviation)

BL12
12A VUV gas spectroscopy

(1 m Seya-Namioka)
12B VUV high resolution spectroscopy

(6.6m off-plane eagle mount)
12C Soft X-ray high resolution

spectroscopy
(10 m grazing incidence)

BL14 (Vertical wiggler)
14A Crystal structure analysis of

proteins (double crystal -
4 circle goniometer)

14B High precision X-ray optics
14C High speed X-ray topography,

X-ray radiography (double crystal)
X-ray magnetic scattering,
Compton scattering

BL15
15A Small angle X-ray scattering

of muscles and alloys
(focused bent crystal)

15B X-ray topography,
X-ray interferometry

15C High resolution X-ray diffraction
BL16 (*) (Multipole wiggler-undulator)

16Ai,A2 Hard X-ray experiment
(sagittally focused double
crystal)

16B VUV experiment (10 ̂  4000 eV)
BL17 (Fujitsu) (*)

17A X-ray lithography
17B EXAFS
17C Photo-chemical vapor deposition

BL21 (*) (Light Source Division)
Beam monitoring and
photo-desorption exp.

BL27 (*) (Light Source Division)
Radiation test of mirrors

*) Experimental stations under construction
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Table 5. Accepted experimental proposals

Research field 1984 March 1984 Sept. 1985 March 1985 Sept. Total

EXAFS
X-ray (Biology)
X-ray
(Material sciences)
Soft X-ray, VUV

15
6

13

2

11
7

21

10

22
22

42

12

13
5

14

15

61
40

90

39

Total 36 49 98 47 230

6. Near Future Project of the Photon Factory
As is shown in Fig. 7, most of the free ports are occupied. Only four

straight sections and two normal bending magnets are remained. At present
the PF is planning the follwoing projects to be carried out in the near
future.
(1) Development and construction of insertion devices, such as a multipole

wiggler, undulator and super-conducting wiggler, as many as possible.
(2) Improvement of the beam emittance. The theoretical calculation

indicates that the reinforcement of the power supply for quadrupole
magnets makes the emittance smaller by 1/3 than the present operation.

(3) Increase of the beam energy up to 2.8^ 3.0 GeV. Full energy injection
from the PF Linac is possible up to 3.0 GeV.

(4) Additional RF cavities, which also need a straight section and/or
development of high power RF system.

(5) Searching the feasibility of using TRISTAN 6 GeV Accumulation Ring.
(6) Single bunch-beam operation.
(7) Positron beam operation expected Dec. 1985.

These projects are closely related to each other, and large amount of
budget is necessary to perform these projects. How to solve this many-body
problem is still in hot discussion at the Photon Factory.
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PF Experimental Hall and Some Selected Current Topics in SR Experiments

Masami Ando and Toshiaki Ohta
Photon Factory, National Laboratory for High Energy Physics, Tsukuba, Japan

1. Experimental Hall
1-1 Floor Space

The size of the oval shaped storage ring and the experimental hall is as
follows: experimental hail: 5000 m2; the storage ring: 900 m2; maintenance
and other utilities: 2000 m2; ring control, computer and its terminals: 2000
m2; support utility: 1250 m2. Out of 18 m, the distance between the
radiation shield and the building periphery, 2 m is used for the return space
for airconditioners, power and signal cables and water supply pipes, and 2.5
m for aisle and the rest 13.5 m for beam lines and stations. Further an
aisle with 1.5 m width is provided between two beam lines up to the radiation
shield. Since the number of stations available has been so far always
smaller than that of equipments to be installed, aisles and hutches are
designed so that equipments can easily be carried in and out even during the
machine time. Noise absorbant material on the wall is quite helpful to users
who will do their experiments day and night in the experimental hall,
otherwise the hall will be full of noise because of the quite reflective
building structure.

1-2 Cranes
The experimental hall is divided into three crane coverage zones: two

zones with one ton crane and the other with two tons. Those have the maximum
lift height of 5.6 m. It has also three loading/unloading spaces with two
ton cranes.

1-3 Floor Stability
PF storage ring building stands on the array of 35 m long concrete piles

whach reach sand layer. The PF experimental hall is supported by radial
steel beams with 2.5 m height which are spanned over between the storage ring
magnets and the outerwall of the building. Since construction of a big
tunnel for TRISTAN project was initiated since one year after its completion
in 1981, a horizontal plane for bending magnets was slightly distorted due to
lack of soils of 400,000 tons. This distortion of a few millimeters caused
is now under recovery because of refilling the soil together with the
completion of the colliding area building. Level measurement of the whole
experimental hall shovs approximately ± 10 mm local up and down over the
hall; the floor :.s slant approximately by 15 mm over the hall. Out of many
equipments, 6.65 m Off Plane Eagle mount monochromator is a vibration
sensitive one because a 20 urn slit capable of resolution of 2 * 10~5 is
employed. The whole equipment is installed on a mezzanine which is supported
by the piles described above. The expected maximum load in design for each
square meter on the floor is 2 tons. The floor is covered with radiation and
friction resistive vinyl sheets.

Temperature control of ± 2°C is performed by 15,000 tons of cooling unit
and is used the down flow type for the volume of 35,000 m3 of the experi-
mental hall area. Its current operational value is much better than ± 1°C,
while the temperature gradient of around 1°C over the hall exists. Observed
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was no apparent shift of a diffraction peak with FWHM of the order of seconds
due to temperature change in multiple crystal arrangement: this advantage
seems to come from the fact that a hutch with each experimental equipment is
installed in such a well temperature controlled experimental hall with a
large volume.

1-4 Radiation Safety
The experimental floor is separated from the storage ring by the

saw-tooth shaped permanent concrete shield whose thickness is about 90 cm at
the beam front end and 50 cm along the beam lines.

In the first year when the facility was started commissioning, the
radiation level at some areas in the experimental hall had been more than 2
mR/hour during the injection period. Thus, it was necessary to evacuate
users from the floor at every injection time. However, since the spring run
in 1984, users were become allowed to stay in the hall at any time. The
record of personnel radiation doses clearly indicates that the radiation
level is far low in the experimental hall.

The interlock system was designed to protect a personnel from radiation
hazards, especially in the X-ray beam lines, and to protect the machine
vacuum coupled directly to VUV beam lines and indirectly to X-ray beam lines.

A 30 cm thick lead brick assembly is placed at each end of the beam line
in order to protect from an accidental loss of electron beams, although such
event is ve^v improbable.

It is also worth mentioning that a very high radiation dose was found
around the monochromator chamber installed in the wiggler beam line. It
turned out that it is due to the crystal Bragg diffraction with high energy
components. Therefore wiggler monochromators were shielded in three ways:
one accommodates lead shielding of 10 mm thickness inside the chamber;
another with a lead hutch; the other incorporates a 8-26 lead cap for the
first crystal in the vacuum chamber.

1-5 Comments
Cranes are quite essential not only for installing beam line components

and equipments initially but also during users' machine time. Coverage of a
two ton crane in the experimental hall is most desirable. Electrical power
necessary for each station exceeded the initially estimated value of 7 kwatts
for X-ray stations and 25 kwats for VUV stations. An office building should
be located as close to the experimental hall as possible: even it can be
surrounding the experimental hall; further, because of convenience to users,
one should be accessible to the experimental hall through several gates.
Currently we are seriously in lack of office space for in-house staff.

2. Experimental Topics
Under way are many many experiments covering biology, EXAFS, material

science and medical science. More than two hundred proposals are active.
Some of current topics at EF obtained at many stations for SR from bending
magnets, vertical wiggler ' andTpr undulator will be described here.
Characteristics of each spectrum is shown in Fig. 1. Because of peculiar
spectrum to PF insertion devices, many interesting experiments are possible
at insertion device stations. Experiments at wiggler stations are as
follows: protein crystallography, NEET (nuclear excitation by electron
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transition with SR), Mossbauer excitation, gas diffraction, angiography, XRT,
Compton scattering, radiation biology and magnetic scattering. At undulator
^as spectroscopy, neutrino mass measurement, EXAFS, contact microscopy are
under way.

PHOTON ENERGY (eV)
Fig. 1 Spectrum available from PF and AR ring. PF, 1, 2, 3 and A stands for
bending magnet, vertical wiggler, undulator and multipole wiggler,
respectively.

2-1 Imaging Plate

The Photon Factory has recently introduced use of a new imaging device
call|d5yImaging Plate' developed originally for medical use by Fuji Photo
Film ' . It is going to be appreciated so quickly among the Photon Factory
users community that the system is now under modification for better
application to crystallographic use. So far done were successful applica-
tions to observation of dynamic structure of frog muscle6'', as shown in Fig.
2 and to protein crystallography". In Fig. 2 is shown a clear evidence that
in the contracting stage of muscle are observed substantial reduction of
reflexion intensities and numbers associated with the periodic actin
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proteins, in contrast to the resting stage . Obtained was D-Patterson map
of ui-amino acid: pyruvate aminotransferase using imaging plates. Further
naturally its medical application ' is also under way using higher energy
SR X-rays.

(A)

Fig. 2 Diffraction pattern from frog muscle taken with Imaging Plate.
Exposure time was 20 sec under ring condition of 2.5 GeV and 140 mA. The
left and right pictures correspond to resting and contracting, respectively.

Fig. 3 Series of X-ray topographs of GaAs wafer taken with interval of one
arc second.
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2-2 Plane Wave X-Ray Topography
Plane wave X-ray topography using (+,+) separate monochro-collimator has

been attempted at In-doped GaAs crystals. Figure 3 shows a series of eight
topographs taken with an angular interval of one arc second. Three
liquid-solid interfacial points are observed. It has been also analyzed from
other series of topographs that the present particular wafer has a bent with
order of 3 arc seconds. Even with monochromatic SR obtained using the above
crystal optics, exposure time for each topograph is approximately one min.
Therefore this type of topography is achievable with SR.

2-3 White and Monochromatic X-Ray Topography
Under the current beam size and, the beam line and the sample

surrounding condition the geometrical resolution in XRT is approximately 5 urn
which has been almost reacherL by Saticon XRT camera. Using a microprocessor
controlled XRT goniometer , the following materials ' , have been
investigated with either white or monochromatic X-rays either at bending
magnet station or at wiggler station: BaTiC>3, GaAs, GaSb, ice, Fe^O^j TbVOij,
solid He, GMO, Fe3%Si and others. Especially in order to investigate phase
transformation, the temperature increase of a sample by SR itself should be
avoided; our experience tells it is hardly controllable with the precision of
temperature less than 0.1°C with filtered white SR. Thus even under
disadvantage of seeing only one index of a sample crystal at one time, the
monochromatic X-rays should be used.

2-4 Coronary Angiography
Since 1984 study of coronary angiography with monochromatic SR from

wiggler has been proceeded ' (Fig. 4): Data acquisition from low light
level TV camera coupled to a medical image intensifier is under development.
Bigger beam size requested for human application will be also under trial.

Fig. 4 Coronary angiography of dog. The left and right pictures correspond
to below and above the iodine K absorption edge, respectively.
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2-5 Measurement of Electron Neutrino Mass
Using conversion from 163Ho to 163Dy associated .with neutrino emission,

the mass of the electron neutrino will be available ; undulator SR monochro-
mated by channel cut InSb or beryl monochromator is employed for specifying
the transition probability of Dy M-shells. Data taken are now under
investigation.

2-6 X-Ray Magnetic Scattering
Not only the normal magnetic scattering associated with 3d electronsi

which is jemphasized by anomalous dispersion but also resonance magnetic
scattering associated with ls-*-4p transition has been found recently. This
method looks simply applicable to 4f metals at wiggler stations.

2-7 X-ray Lithography
A group of NTT have extensively studied the diffracting effect due to

the incident photon energy, heating effect of X-ray masks and the effect of
resisting materials on the resolution of X-ray lithograph.

Photon energies are selected by changing the incident angle of the
direct SR beam onto a SiC mirror and choosing a proper filter.

Figure 5 shows a typical pattern replicated into a 2 um thick PMMA
.resist, obtained with photons peaked at 7 A.

o

Fig. 5 0.2 um pattern on a 2 urn thick PMMA resist made with SR peaked at 7 A.
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2-8 Photo-Chemical Vapour Deposition
A preliminary experiment af-^the photo-chemical vapour deposition was

carried out by a group of NTT - The direct SR beam is deflected by a
toroidal mirror with reflexion angle of 8° and is focused at 30 m point
downstream. A reaction chamber located at the focal point is filledowith 100
% Sim* or SiHif-*-̂ . The deposition rate of a-Si:H was about 0.02 A/mA'min,
which is independent of the substrate temperature in the range of 170° ^
600°C. By supplying a biasing voltage to the substrate, the deposition rate
increased by an order of magnitude.

3. Acknowledgement
The authors wish to express their thanks to all users and in-house staff
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The Berlin Electron Storage Ring BESSY:
A dedicated XUV synchrotron

radiation fac i l i t y

6. Miilhaupt and A.M. Bradshaw
Berliner Elektronenspeicherring-Gesellschaft

fur Synchrotronstrahlung mbH (BESSY)
Lentzeallee 100, D-1000 Berlin 33

ABSTRACT

In response to national requirements in the f ie lds of basic research,
metrology and x-ray lithography i t was decided in late 1977 to bu i ld a dedi-
cated XUV synchrotron radiat ion source in Ber l i n . We review b r i e f l y in th is
a r t i c l e the h istory of the BESSY pro jec t , the user-oriented factors that de-
termined the design parameters, the construction and commissioning of the
f a c i l i t y as well as user operation and funding issues.

HISTORY OF THE BESSY PROJECT

The BESSY project started in 1976/1977, when a l l interested users
from basic research as well as from the industr ia l and applied research com-
munity defined the need for a new synchrotron radiat ion source in Germany.
In 1978 and 1979 the technical proposals for the machine and beam l ines were
made (design phase). From 1979 to December 1981 the construction of the
bu i ld ing , the storage ring complex and a large part of the experimental
in f ra -s t ruc ture took place (construction phase). The f i r s t stored beam was
obtained in December 1981. In the f i r s t half of 1982 the storage ring was
commissioned so that in July 1982 a scheduled, a lbe i t l im i t ed , user opera-
t i on could begin.

In the fol lowing these various milestones in the history of the project
are l i s ted and the general guide-l ines and philosophy described. Table 1
describes the main events in the preparatory, or discussion phase. Agreement
having been reached between the users and funding agencies on the construc-
t i o n of the synchrotron radiat ion source BESSY in Ber l i n , i t was very
helpful to have an established i ns t i t u t i on act ing as trustee so that work
could s tar t immediately, even though detailed legal and f inancia l questions
had not yet been solved. The Max Planck Society assumed th is important role
from January 1978 to March 1979.
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Table 1 . Design Phase

October 1976:

November 1976:

November 1976:

January 1977:

June 1977:

November 1977:

Memorandum on the need to establish a 'dedicated source of
synchrotron radiation' (Koch, Kunz and Mulhaupt)

Appointment of the 'Cardona Commission1 by the synchrotron
radiation referees' panel of the Federal Ministry of Re-
search and Technology (BMFT)

Memorandum from the synchrotron radiation users in Berlin
(Physikalisch-Technische Bundesanstalt, Fritz-Haber-Institut
of the Max Planck Society (MPG), Inst. Physical Chemistry of
the Free University (FU))

Report of the 'Cardona Commission': Both a dedicated VUV and
a dedicated x-ray source should be bui l t

Report of the BMFT-Commission: 'Application of s. r. to se-
miconductor lithography1: A 20 A source should be made
available

Agreement between BMFT, Berlin Senate and users to build a
XUV-source in Berlin

Guide-lines

general guide-lines were laid down early in the designThe following
phase:

i ) Buildup of permanent staff only up to a level sufficient for later
operation, maintenance and development.

i i ) Use of industrial expertise wherever possible from the point of view
of time and economics but without risking any essential performance
goal (components, systems),

i i i ) Use of external expertise from larger accelerator laboratories via
paid consultancies (wherever possible).

iv) Design of the fac i l i t y so as to minimize running costs ( i f unavoid-
able, even at the expense of a higher investment budget!),

v) Buildup of front-ends, beam lines, monochromators and peripheral
equipment so that more than 50 % of the capacity of the machine could
effectively be used not later than one year after commissioning.

iYie following guide-lines for the storage ring were also established:
i ) No compromise should be made which might risk the later performance

(X = 20 A, a a < 0.2 mm, I = 500 mA) or running re l i ab i l i t y ,
i i ) High current! sfiould be reached wery quickly so as to clean up the

vacuum system. (Bootstrap mode with conventional emittance).
i i i ) High currents in low emittance machines were considered to require:
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v)

- Injection at max. operat. energy - 800 MeV,
- either sufficient suppression of instability thresholds (difficult)

or provision of additional damping (feedback damping difficult for
multibunch operation, Landau damping difficult for e , easy for
e~, ions),

- high injection rates to speed up trial and error methods for opti-
mising the machine settings:

As much as possible of the created synchrotron radiation should be
provided for the users.
Some straight sections would be required later for undulators.

Design phase: goals

The directors of BESSY, together with the then growing staff, were re-
quired during the design phase to produce technical proposals for the sto-
rage ring complex, the building and the experimental infra-structure. They
were then entrusted with the task of organising the construction phase, the
commissioning and the eventual operation of the facility. At the same time,
the board of supervisory directors had to finalise the legal structure of
BESSY, settle the remaining funding problems and then set up the private,
limited-liability company (GmbH). The milestones in the design phase are gi-
ven in Table 2. A drawing of the storage ring and a schematic of the magnet
lattice (both as realised) are shown in Fig. 1:

Table 2. Design Phase: Milestones

January 1978:

August 1978:

October 1978:

March 1979:

September 1979:

Appointment of the technical, administrative and scienti-
fic directors.
The MPG acts as trustee until the creation of BESSY's own
legal identity.

Completion of 'HU Bau' (definition and budget planning for
the building).

Completion of the technical proposal (storage ring and in-
strumentation).

Foundation of the BESSY GmbH and signing the General
Agreement between users (shareholders) and funding agen-
cies.
Staff in March 1979: 4 physicists, 4 engineers, 1 secreta-
ry.

Completion of the technical proposal for beam lines and
monochromators.
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Manpower

The BESSY project started right from scratch. The fac i l i t y had to be
bu i l t 'on a green meadow' without the help of the infra-structure of an ac-
celerator laboratory. All personnel had to be hired for the project on the
usual German public service salary scales. Table 3 gives an overview of the
staff ing at BESSY during the design and construction phases as well as in
the current year.

Table 3. Manpower During The Various Phases Of BESSY'S Development

Design Phase Construction/Commissioning Operation (1985)'

3 directors
(1 fu l l time
1 half time
1 honorary)

4 scientists
4 engineers

1 secretary

inc luding development of

CONSTRUCTION,

3 directors
(1 f u l l time
1 half time
1 honorary)

10 scientists
12 technicians/engineers

3 secretaries
3 workers (mech.

workshop)
1 draftswoman
4 administration

COSY.

COMMISSIONING AND FURTHER

3 directors
(2 f u l l time
1 honorary)

12 scientists
19 engineers/

technicians

3 secretaries
5 workers (mech.

workshop)
1 draftswoman
5 administration
4 others

DEVELOPMENT

The c o n s t r u c t i o n phase

During t h i s phase the BESSY techn i ca l group acted more o r less as an
engineering off ice with the following act ivi t ies ( in key-words):
Storage r ing: Design, calculate and theoretically check the magnet latt ice
for the storage ring and the transport path between injector and storage
ring. Design, calculate and specify the magnets. Specify rf-systems
(excl. cavities which had been borrowed from DESY), vacuum system, power
supplies, computer and interface system. Make a limited invitat ion for

- 40 -



tenders, place orders, control execution of orders, provide proper instru-
mentation for acceptance tests.
Write control software, test interface system, calculate radiation shield-
ing (security report), design and calculate injection kickers and septum
magnets, provide geodetic survey, monitor the time schedule.
Produce kicker magnets, septum magnet inc l . power supplies, phase detector
and control loop for rf-systems, pick-up's, str ip lines, electrical and op-
t ica l monitors and diagnostic elements.
Injector: Specify injector performance data, cooperate with an industrial
company (SCX) and the University of Lund (Sweden) to design and calculate
the injector. Place an order with an industrial company to produce such an
injector with BESSY and the University of Lund (and others) acting as sub-
contractors (BESSY: rf-system, computer interface, software, radiation safe-
ty , survey, commissioning; University of Lund: fast i n j . , and extraction
elements, st r ip line monitors), control execution of order, provide infra-
structure for commissioning and acceptance tests, monitor the time sche-
dule.

space and technical requirements, define adequate iFi-
ring, injector, experimental buildup,
with the building department of the MPG to erect the

design-ing the technical infra-structure of the building.
Monitor the time schedule.

Building: Specify
terfaces to storage
Placing the order
building. Help in
Control the progress.

During the construction phase the BESSY experimental group was involved
in detailed design and construction of the experimental infra-structure in -
cluding 21 front-ends, 15 monochromators and the corresponding beam lines,
radiation shielding, vacuum and
for user data acquisition.

radiation interlocks and a computer network

As a general guide-line we attempted as far as possible to de-couple
the various parts of the project - building, injector, storage ring, beam
lines etc. - by appropriate definit ion of interfaces. This was to ensure
that delays in one area should not affect progress in another.

Table 4. Construction Phase: Milestones

December 1979: Laying of the foundation stone of the building

November 1980: Roofing ceremony

January 1981: Start of instal lat ion of the injector complex in the basement

May 1981: First accelerated 800 MeV electrons in the injector complex

June 1981: Start of instal lat ion of the storage ring in the main hall

December 1981: First beam stored in the storage ring at 570 MeV
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Commissioning phase

During the commissioning of the machine two guide-lines were paramount.
Firstly, as explained above, a conventional bootstrap mode (X-RAY) was gi-
ven highest priority in order to reach high currents as soon as possible.
This enabled the vacuum system to be cleaned up and meant that the user
operation (albeit in provisional form) could start quite early. Secondly, it
was found necessary to continually cross check theory with practice (optics,
instability thresholds, injection) to prepare for running the machine in the
more demanding low emittance mode (METRO). At this time the first beam lines
and monochromators were assembled in the basic research area, the 21 front-
ends having been installed already by the end of 1981. The aim was to have
at least half a dozen monochromators working by the end of 1982. The mile-
stones in the commissioning of BESSY are recorded in Table 5.

Table 5. Commissioning: Milestones

December 1981: First beam stored I m a x ~ l mA

January 1982: Accummulation I m a x = 15 mA, I ~ 1 mA/min

February 1982: First monochromatised synchrotron radiation observed on a
lm-NIM

June 1982: I m a x = 100 mA, T ^ = i n, I = 100 mA/min

July 1982: Start of scheduled user shifts
(8 hours net beam time/day, 5 days/week; 40 % of available
time for machine maintenance and development).

Further development

On the machine side the following programmes have received priority
since the start of user operation in July 1982:

- High brilliance METRO mode
- Precise parameter determination for the metrological experiment of the

PTB (spin resonance depolarization to determine the electron energy)
- Sweeping the beam inside the chamber for uniform exposure of wafers in

lithography
- Test of quasi-isochronous operation for FEL application
- Since 1983: Development of a superconducting compact storage ring

(COSY)

Apart from the completion of the initial fifteen monochromators, the
following programmes were given high priority on the experimental side:

- Two undulator projects for the available straight sections
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- Development and construction of new monochromators (e .g . KMC)
- Beam diagnostics
- More sophisticated inter locks
- Enlargement of the data acquisi t ion system
- Single electron counting project with the PTB

Table 6. Further Machine Development: Milestones

July 1982:

December 1982:

April 1983:

August 1983:

December 1983:

September 1984:

October 1984:

December 1984:

X-RAY mode: i m a x = 100 mA, T mA = 1 h

X-RAY mode: I m a x = 200 mA, x Q mA = 2 h

First beam stored in high b r i l l i ance mode METRO

a= 0.004, T g ^ c h = 25 psec, I m a x = 200 mA, x £ 2 h

(quasi-isochronous operation)

X-RAY: I m a x = 350 mA, 2

METRO: l m a x = 220 mA,

August 1985:

- 2 h

First electron energy data from spin resonance depolari-
sation set-up

First scheduled single bunch sh i f t s I m a x ~ 50 mA

X-RAY mode: not used anymore.

METRO mode: I m a x = 970 mA, i m a X = 0.8 A/min
-T- Q C h

/600mA" " a = Q > 2 m m

x 0.25 (at 10 mA)
due to trapped ions: a = 0.38 (at 200 mA)

z 0.50 (at 600 mA)

Minimisation of beam size by better control of trapped
i ons:
METRO mode:
Minimum beam size c = 0.19 mm 8

at I m a x = 40 mA (ex = 4.6 x 10~a IT rad m)
(no chromaticity correc- G

X = 0.032 rum
tion) (e

z = 3.5 x 10"iUir rad m)
X

Normally used: I = 600 mA a = 0.19 mm
(chromaticity cancelled) ax = 0.10 mm

- 43 -



USER OPERATION

The General Agreement (Table 2) also regulated the future usage of
BESSY. At that time altogether 21 beam lines were needed by the main users.
Six were required by the industrial partners and the Fraunhofer Society for
x-ray lithography, two by the PTB for radiometry, four by the Max Planck So-
ciety and nine for the universities and other users. Fig. 2 shows that the
present u t i l i sat ion of the f ac i l i t y s t i l l reflects this division of avail-
able capacity established in 1979. The laboratories for x-ray lithography
and radiometry are separated from the rest of the experimental ha l l ; the
former is air-conditioned and kept under dust-free conditions, the latter is
just air-conditioned. The area for basic research ("Grundlagenforschung")
contains the thirteen beam lines for users from the universities and the

Fig. 2. Schematic of the lay-out of beam lines at BESSY
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Max Planck Society as well as those from national laboratories, such as the
KFA Jli l ich. Since the monochromator requirements for al l these users are
generally the same, we do not distinguish in practice between, say, a Max-
Planck beam line and a university beam l ine. Because i t is usually possible
to mount more than one monochromator on a beam l ine, the number of measuring
stations in this area is larger than the number of available beam lines.
Currently there are 20 in operation and the number wi l l increase to 22 by
the end of 1985. A l i s t of existing and planned measuring stations with mo-
nochromators is given in Table 7. In addition, there are two x-ray micro-
scopes, the white l ight port and the infrared station. Monochromators at
BESSY, with two exceptions at present, belong to the fac i l i t y and are main-
tained by the staff . The interface to a user group is thus usually the exit
s l i t of a monochromator or the refocussing mirror. In addition, we supply
small microcomputer data acquisition systems for the measuring stations.

All 21 beam lines were fu l ly provided with l ight by the middle of 1983.
A further beam l ine was constructed and made available to the PTB from the
beginning of 1984 onwards. The industrial partners and the Fraunhofer Socie -̂
ty have announced their intention of giving up one beam line from 1986 on-
wards. This reduction in capacity on their part must be seen in connection
with the expected future use of COSY storage rings as l ight sources for
x-ray lithography. The remaining ten beam lines are presently not in use and
represent considerable reserve capacity.

An overview of user operation at BESSY in the last three years is given
in Table 8. We original ly began in July 1982 with an 'extended one-shift
system', whereby for th i r ty weeks a year at least forty hours of net user
beam time were to be offered. In the f i r s t fu l l year of operation, 1983,
this figure of 1200 h was exceeded by 137 h. In the middle of 1984 two-shift
operation was introduced, with the aim of providing 2^00 h a year (40 weeks
of 60 h). The remaining time is used for machine shifts (8 weeks) and
shutdowns (4 weeks). The sixty hours net beam time are made up as follows:
9 h on Monday between 1 pm and and 11 pm, 14 h on Tuesday between 7 am and
11 pm, 9 h on Wednesday between 7 am and 5 pm with Thursday and Friday as
Tuesday. Monday morning and Wednesday evening are reserved for machine
studies. There is no week-end user operation at BESSY.

A further aspect regulating user operation is the concept of main
user time. This was defined in the General Agreement as the net user beam
time for which one of the main users can dictate the conditions under which
the machine is operated. The percentages were also laid down: Industry and
Fraunhofer Society (lithography) 25%, PTB (radiometry) 10%, MPG 20%, univer-
s i t ies and others 45%. The effective percentage reserved for lithography has
now dropped to 12.5% because the industrial partners and the Fraunhofer So-
ciety are not involved in the financing of the additional 1200 h beam time
introduced in 1984. An operating calendar proposed by the directors and ap-
proved by the Main Users' Committee ("BenutzerausschuB") regulates the time-
tabling of main user time on a weekly or half-weekly basis. At present this
committee meets just once a year to approve the operating calendar for the
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• Fable 7. BESSY Monochromators In The Basic

Monochromator Type

1.

2.

3.

4.

5.

6.

8.

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

lm-NIM-1

lm-NIM-2
(FUB)
3m-NIM-l

3m-NIM-2

6.5m-NIM

2m-Wads
(x2)
lm-SEYA

2m-SEYA

TGM-1

TGM-2

TGM-3

TGM-4

TGM-5*

TGM-6*

HE-PGM-1
(SX-700)

HE-PGM-2

HE-TGM-1
(FHI)
HE-TGM-2

20. KMC
not yet in

15°-Rowland

15"-Rowland

4.5°-Rowland

4.5°-Rowland

G i l l i e son

Mod.Wadsworth

Seya-Namioka

Seya-Namioka

2.1m-TGM 146°

4.1m-TGM 162°

4.1m-TGM 162°

2.1m-TGM 146°

Accep.
hor iz .

10

10

4

50

50

5

26

21

7.5

10

10

15

I4.9m-TGM 168°-154° 3

4.7m-TGM 145°

Plane Grating +
E l l i p . M i r r o r

Plane Grating +
El 1ip.Mirror

16.3m-TGM 172°

9.2m-TGM 170°

Double Crystal
operation

15

2

3

2

6

13

(mrad)
/ v e r t .

4

4

4

4

10

3

6

6

7.

2.

2.

6

6

4

0,

0,

1

1,

1

.5

,5

,5

.25

.25

.5

Research Area (Oct.

Wavelength
Range (nm)

300 -

300 -

640 -
210 -

320 -
160 -

675 -
225 -

300 -

120 -
200 -

120 -
240 -

200 -

150 -

150 -

200 -

100 -

100 -

50 -
120 -

15 -
15 -

6.2

11.3

1.1

ca.

ca.

ca.
ca.

ca.
ca.

ca.
ca.

ca.

ca.
ca.

ca.
ca.

ca.

ca.

ca.

ca.

ca.

ca.

ca.
ca.

ca.
ca.

- 1

- 1

- 0

40

40

40
40

40
40

40
40

40

30
30

25
25

10

6

6

10

4

10

0.6
0.86

0.8
0.8

.5

.7

.25

1985)

Resolution
nm X/ LX

0.

0.

0.
0.

0.
0.

0.
0.

0.

0.
0.

014

014

005
001

005
002

33
11

1

05
10

1000-3000
500-1500

ca. 500

ca. 500

ca. 500

ca. 500

600-2000

800-2000

1000-3000
1000-2000

1000-2000
1000-1500

400-600

1000-2000

1000-5000
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Table 8. BESSY: Annual Net Beam Time And Number Of Weeks Of User Operation

h weeks

1982 479 14

1983 1337 33

1984 1805 33

1985 2680* 40*

*projections based on f i r s t three quarters

following year. The usual sequence repeated throughout the year i s : two
weeks main user time for basic research (MPG, universit ies, others), one
sp l i t week (half PTB, half l ithography), two more weeks basic research and
then one week for machine studies. In practice, for only about 25% of the
total time is the machine operated under conditions which v i r tua l l y exclude
other users (e.g. beam wobbling for lithography, low energies/low currents
for radiometry or single bunch for basic research). Otherwise standard con-
ditions prevail (see above).

The allocation of time on the measuring stations in basic research is
decided by the directors in consultation with the Advisory Committee for
Baste Research ("Beirat Grundlagenforschung") and the funding agency (see
below). Typical blocks of beam time for user groups are 2 tc 5 weeks, a l -
though some projects with complicated, not easily movable experimental
equipment get special status. The division of work in the basic research
area breaks down roughly into three categories,, 40% fa l l s in the f ie ld of
solid state physics and surface science, 40% spectroscopy of atoms and mole-
cules and 20% miscellaneous, including x-ray microscopy, matrix isolation
spectroscopy and some photochemistry. Table 9 shows the increase in the use
of the basic research area over the past three years as more measuring sta-
tions have become available. Of the 47 groups which have experimented at
BESSY during 1985, 30 came from universit ies, 11 from inst i tutes of the Max
Planck Society, 4 from national laboratories and 2 from BESSY i t s e l f .

FUNDING ISSUES

BESSY's construction budget - spent between 1978 and 1983 - amounted to
DM 75 mil l ion of which 28 mi l l ion were required for the bui lding, 20 m i l -
l ion for the injector system and storage r ing, 21 mil l ion for beam l ines,
infra-structure and peripheral services as well as 6 mi l l ion for salaries
during the construction phase. These costs were financed by a governmental
capital grant from the Federal Ministry of Research and Technology (90%) and
the Senate of West Berlin (10%). The original sum, foreseen in 1978, was
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DM 58 mill ion at 1978 prices. The increase to DM 75 mil l ion was partly due
to inf lat ion and partly due to increased demands made on the fac i l i t y by fu-
ture users, which in turn required more expenditure on equipment part i -
cularly for the beam lines. The shareholders made no contribution to the
financing of the construction phase but of course helped in various other
ways, e.g. the building department of the Max Planck Society gave consider-
able assistance with the erection of the f ac i l i t y . In addition, the share-
holders did of course put up DM 660.000 share capital as laid down in the
General Agreement.

1982

1983

1984

1985

Table 9. Usage Of The

no. of measuring
stations at end
of the year

*projections based

9

16

18

22

on first three

Basic Research Area At

no. of groups
experimenting

11

33

43

47*

quarters

BESSY

net
per

beam
group

188

420

492

630*

time
(h)

The situation with regard to operating costs is different and, for a
research fac i l i t y in Germany, very unusual. In accordance with BESSY's sta-
tus as a private, l im i ted- l iab i l i t y company witn industrial participation,
no subsidies from either federal or local government are available. The ope-
rating budget is financed entirely from the fees charged to the users for
beam time. In such a system i t would in theory be possible to charge a fixed
price by the hour for the photons delivered. In practice, however, deliver-
ing synchrotron radiation is somewhat more complicated and contains more
risks than sell ing other commodities. The scale of fees ("Gebuhrenord-
nung") thus recognises the existence of the main users who, as signatories
of the General Agreement, have made a long term commitment to using synchro-
tron radiation at BESSY. After allowing for the fees collected from other
users they pay according to a particular key, the basis for which at
present is the number of beam lines used and the amount of main user time as
laid down in the General Agreement. There are signs, however, that this me-
thod of calculation, may soon be changed. A further complication in the scale
of fees derives from the fact that the costs of monochromators and periphe-
ral services in basic research as well as of the second shif t are excluded
from the fees for the industrial partners and the Fraunhofer Society. Thus
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only the other users (e.g. national labs, industrial companies not involved
in the lithography projects or foreign groups) pay by the hour for their
photons. The current rate is DM 200,— per hour for a measuring station with
monochromator.

Of the 1985 operating budget of DM 9.5 mil l ion about 17% wi l l have come
from the industrial partners and the Fraunhofer Society, 10% from the PTB,
20% from the Max Planck Society, 47% from the Federal Ministry of Research
and Technology which takes over the user fees for the university groups, and
6% from other users. By agreement, research using synchrotron radiation in
Germany is not financed by the Deutsche Forschungsgemeinschaft but rather by
the Federal Ministry. Tn their proposals, which generally cover a three year
period, the university groups ask for a certain amount of beam time on one
or more monochromators. A peers' review committee advises the Ministry on
proposals and comments on the beam time requirements. The final allocation
i s , however, made by BESSY and, because of oversubscribed monochromators, is
generally less than the requested amount. The breakdown of the DM 9.5 mi l -
l ion on the expenditure side is roughly as follows:

3.2 mi l l ion for salaries and other personal costs,
2.4 mi l l ion for the electr ic i ty b i l l and general services,
0.9 mi l l ion for maintenance and replacements on the accelerator complex,
1.3 mi l l ion for maintenance and replacements of a l l the front-ends as well

as on the beam lines and monochromators in basic research,
0.9 mi l l ion for new capital equipment, and, last but not least
0.8 mi l l ion for administration, etc.

3y way of comparison, the US dollar is presently equivalent to about
DM 2.20 on the basis of purchasing power. Certain large projects are funded
outside the normal operating budget. The COSY project, for example, is f i -
nanced by a contract from the Fraunhofer Society. Other examples are the
single electron counting project and the wiggler/undulator which are f i -
nanced by contracts from the PTB and the BMFT, respectively.

Since BESSY has tax-free status, the shareholders receive no dividends
should a surplus accumulate at the end of the year. Such a surplus can be
used for financing possible future def ici ts or for funding special projects
provided they conform to the declared aims of the company to further re-
search and development in the production and use of synchrotron radiation.
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The Origins, and the Construction, Commissioning and Operation of the SRS

D.J. Thompson
SERC Daresbury Laboratory, Warrington WA4 4A.D, England

ABSTRACT

The SRS was initiated in 1973 and approved in 1975. It came into use in
1981. The paper describes the organisational framework at the different
stages, the pre-approval, construction, commissioning and operational phases
of the storage ring, the build-up of experimental stations, and future plans.
The emphasis is on lessons which can be learned by those about to embark on
such a project, rather than on a detailed historical account, and on
managerial rather than physics matters.

INTRODUCTION

The SRS is a 2 GeV electron storage ring built at Daresbury, UK as a
dedicated source of synchrotron radiation. The basic parameters of the
facility are given in Table 1 and in Fig.1 and the layout is shown in Fig.2.
Daresbury Laboratory (DL) was created in 1962/3 as a high energy physics
laboratory to house a 5 GeV electron synchrotron (NINA). NINA operated until
1977 since when there has been no HEP activity at Daresbury. Instead the
main experimental projects are now a nuclear structure facility based on a
20 MV tandem Van der Graaff, and a dedicated synchrotron radiation facility
based on the SRS. The latter is the larger activity (Fig.3). This paper
describes the process of approval, construction, commissioning and operation
of the SRS facility. Because the NINA buildings have been entirely suffi-
cient for the SRS, there is no reference to the provision of buildings.

Table 1. SRS Parameters

Energy: 2 GeV
Injected Current (r.f. power limited):

Maximum: 370 mA without wiggler
260 mA with wiggler

Normally operates at: 250-280 mA with wiggler
Beam Lifetime: Specified > 8 h

Achieved > 15 h
Currently ~ 6 h, improving

(after major openings
of vacuum chamber)

Injector: 600 MeV synchrotron (combined
function)

Operation: 24 h/day 7 days/week
40 weeks/yr. i.e. 6500 h/yr.

Magnetic field 1.2 T
Bending radius 5.56 m
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Table 1 (cont'd)

Ring circumference
Characteristic wavelength
Wiggler field
Wiggler characteristic wavelength
Energy loss per turn
Radiated power
R.f. frequency
R.f. input power
Horizontal tune Qr
Vertical tune Qv
Momentum compaction a
Magnets

Cavities

Radial damping time at injection
Touschek lifetime at injection
Injection repetition rate
Stacking time for 300 mA
Ramping time, 600 MeV to 2 GeV
Pre-injector

Experimental Stations at the SRS

96 m
3.9 A
5 T
0.93 A
255 keV
96 kW
500 MHz
250 kW
~ 3.2
~ 2.2
0.14
16 dipoles
16 quadrupoles (2 families)
16 sextupole/multipoles
4 single—cell cavities fed by

one klystron
0.32 s
~ 1 h
10 Hz
a few minutes
about 5 minutes
12 MeV linear accelerator

Magnet

1

2

Station

1.

2.
2.

2°

1C

2C

Technique

Surface science
Surface science

Time-resolved small angle scattering and fibre diffraction
Test station

3.1
3.2
3.3
3.4

Photoionisation spectroscopy
High resolution spectroscopy
Photoelectron spectroscopy of gases
Soft x-ray EXAFS (SOXAFS) and contact microscopy

5Ul Soft x-ray microscopy using undulator

6.1 Angle-dispersed photoelectron spectroscopy I (ADES)
6.2 Angle-dispersed photoelectron spectroscopy II (ADES)
6.3 Surface EXAFS (SEXAFS)

7.1 EXAFS

7.2 , Protein crystallography
J a7.3 Small angle scattering and fibre diffraction
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Table 1 (cont'd)

7.4 Interferometry and EXAFS

7.5 , Topography (double crystal)
7.6 > a Topography (white)

Magnet Station Technique

8.1 EXAFS
8.2 Small angle dif f ract ion

9 9.1
(Wiggler 9.2
Hard 9 .3 b

Radia- 9.4 a ,
t ion) {

9.5 b

9.6
9.7

Powder diffract ion
EXAFS
To be assigned
Topography (double crystal and white radiation cameras)
Surface diffraction0

To be assigned
Protein crystallography (with TV detector)
Interferometry

10 10 .1 Test chamber (initially for optical components)

12 12.1 Fluorescence lifetimes and time-resolved spectroscopy

13 13.1 , Infra-red spectroscopy
13.2 Ja General purpose and time-resolved spectroscopy

aDual purpose or separate stations, but not independently operable.
Planned or proposed.
Under construction.

-̂ "O
0 - ^

— 73

CO .Q

W Q

CO g

1 Q.
o E
f -5

IP
1 0 *

109

3-pole wiggler
5T field

Normal bending magnet
1.2T field

(a)

0.1 1.0 10 100
Wavelength A

10000

Fig.1. Spectrum of synchrotron radiation from the SRS (energy = 2 GeV). The
photon flux shown incorporates an integration over the vertical
opening angle of the radiation.
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LABORATORY EXPBIDITURE (f K)

OTH

TCS

SRS

SRS Synchrotron Radiation Source
TCS Theory & Computational Science
NSF Nuclear Structure Facility
C Computing
O T H Other Capital Schemes Total expenditure U59I7K

Fig.3. Laboratory expenditure in £K for 1984/85.

THE EXTERNAL ORGANISATIONAL FRAMEWORK

Daresbury Laboratory is part of the Science and Engineering Research
Council (SERC) and the SRS is a national facility. The Council's charter
defines the role of SERC as follows:

(a) To carry out research and development in science and technology;
(b) To encourage and support by any means research and development in

science and technology by any other person or body;
(c) Without prejudice to the foregoing paragraph, to provide and

operate equipment or other facilities for common use in research
and development in science and tchnology by universities, technical
colleges or other institutions or persons engaged in research;

(d) To make grants for postgraduate instruction in science and
technology;

(e) To disseminate knowledge concerning science and technology.

However, in 1972 a Government White Paper defined the purpose of SERC's
funds as "to develop the sciences as such, to maintain a fundamental capacity
for research, and to support higher education". Also, the Council's "primary
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purpose is to sustain standards of education and research in the universi-
ties". The Council's policy is that the most effective means of supporting
science and engineering is to build on and develop research and training in
the universities and polytechnics.

SERC funds and operates central facilities such as the SRS, and funds
academic researchers who wish to use the SRS- The primary function of the
SRS is to provide research facilities for academic researchers. SERC
resources are administered through a centralised executive system and policy
is made by a system of Council, Boards and Committees (Fig.4) whose members
are from academae and industry but only rarely Council staff.

Department of Education
& Science

Advisory Board for the
Research Councils

Medical
Research
Council

Agriculture
& Food

Research
Council

Economic
& Social
Research
Council

Natur.il Environmen
Research
Cojncif

f] Science & Engineering Research Council I

1 Engineering I

" j

Science
Board

Nuclear
Physics
Board

Astronomy Space
and Rad.o

Board

\ I I I
• I Science

Sub,ea B o a r d

Commutes Compuong
Committee

I 1 I
Synchrotron NuCtPjr

Radiafon Structure
Facility ComnuttPC Sub

Committee

Nuclear

Daresbury Laboratory

Fig.4. Policy control

These Boards and Committees assess (by peer review) all requests for re-
sources from academic researchers. "Resources" include salaries for post-
doctoral assistants, money for equipment and travel, and beam time. So, in
the case of the SRS, a Synchrotron Radiation Facility Committee makes all
policy, and assesses all applications to use the facility. The Laboratory
Director can recommend policy and must execute the decisions of the Committee
but has only a very limited discretionary power to award small amounts of
beam time. Daresbury staff must apply for beam time to the same Committee,
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as may research workers from overseas. The latter may be asked for payment,
though this may be waived, if there is a good reason which satisfies Treasury
rules. Industry and other government departments must pay for beam time, but
their applications are. then not peer reviewed and the beam time is "sold" to
them by the Laboratory. In this case the experimental results need not be
disclosed.

The SERC receives its funds from, and is monitored by the Department of
Education and Science which is part of the UK Government in the charge of
a Government Minister. DES approval is needed for any major expenditure or
novel ventur e.

A BRIEF HISTORICAL SUMMARY

1962 Government approved construction of a new Laboratory for High Energy
Physics, "Daresbury Nuclear Physics Laboratory" and a 4 GeV electron
synchrotron.

1966 NINA (a 5 GeV electron synchrotron) completed construction. Dr.
I.H. Munro wrote to t-he Director suggesting using the synchrotron
radiation for experiments.

1972 SRF (Synchrotron Radiation Facility) started operation with two beam
lines and eventually about 7 instruments. The Government announced
that NINA would be closed in five years' time.

1974 Design study for a dedicated synchrotron radiation source (SRS)
approved.

1975 Construction of SRS approved.
1977 NINA closed and dismantling started.
1980 SRS achieved first operation (in buildings previously housing NINA).
1981 First scheduled users, on two beam lines. (3 stations).
1985 SRS fully operational, with superconducting wiggler and soft x-ray

undulator. Twenty-five instruments operating on 21 separate inde-
pendent stations, (5 being on the wiggler) and 5 instruments under
construction on 4 new stations including one on the undulator. Still
plenty of spare capacity for expansion.

1986/7 Upgrade to high brightness lattice (HBL) planned.

PRE-AUTHORISATION PHASE

In 1972, just as the SRF was coming into operation, the SERC decided
that NINA would close in 1977. The Synchrotron Radiation Research Committee
(SRRC) set up a Panel in October 1972 under the Chairmanship of
Dr. R. McWhirter:

"to assess the need for a synchrotron radiation source,
to specify the type of radiation required,
to assess the suitability of NINA as a source or

to suggest alternatives".

In August 1973 the Panel concluded that:
"The scientific case for providing a synchrotron radiation source has been
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presented. Apart from the radiometry requirements two classes of experiment
were identified depending on the nature of the interaction between the radia-
tion and the sample being studied.

(a) The absorption of photons by the quantum mechanical structure of
matter has provided nearly all the existing scientific literature
on experiments using synchrotron radiation. Nevertheless it rejpre-
sents only a tiny fraction of the work that remains to be done. It
is anticipated that most of the experimental work will be in this
area.

(b) The scattering and diffraction experiments provide a means of ob-
taining detailed information about the electronic energy level
structure, electron distribution and atomic distribution functions
of solids. They also raise the possibility of studying phonons and
magnetic spins by electromagnetic radiation. The high flux avail-
able from a storage ring should make possible the time resolved
study of materials in course of change (e.g. biological studies of
living organisms, phase changes in solids, etc). These experimen-
tal areas are largely unexplored and from them, no doubt, inter-
esting new science will emerge."

and recommended :-

"(i) That an electron storage ring be built and that it be desiged specifi-
cally for the scientific programme envisaged in this report. The
source should have the following properties:

(a) as high an electron beam current as is reasonably feasible tech-
nically (1 A) to provide an adequate flux for the experiments re-
quiring radiation at wavelengths greater than X 1 A, this implies
a storage ring with an electron energy of 2 GeV using convention-
al iron magnets,

(b) time structure of the radiation in pulses of duration less than
1 ns with well determined and adjustable time intervals between
them,

(c) the smallest possible electron beam cross section to provide a
source of high brightness.

(ii) As a matter of urgency a study should be made of the feasibility of
special high field magnets which could be inserted in the storage ring
to provide very short wavelengths at one or more locations as requir-
ed. Provision should be made in the initial design for the foresee-
able upgrading of these to go to the shortest wavelengths envisaged in
this report (about X 0.1 A).

(iii) If the high energy physics project (EPIC) receives design study appro-
val, then consideration should be given to the building of a synchro-
tron radiation laboratory as part of the project for the shortest
wavelength studies discussed in this report.
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(iv) During the design stage very full consultation should take place with
the wide range of users that will have access to the facility."

As a result, in September 1973 the Physics Committee recommended setting
up a Design Study (estimated cost £70K) and an associated two year R & D pro-
gramme prior to constructing a dedicated source. The Design Study (10 man-
years) was authorised in January 1974 but in June 1974 a construction propo-
sal was demanded. This was written and in October 1974 the Science Board
accepted the proposal and at its next meeting, so did Council. Finally,
approval by DES came in May 1975. By then, DL had set up a project team in
anticipation (November 1974) and the Design Study had been completed.

The approval provided £3M for the machine and three beam lines (capital
expenditure) including contingency; and it was anticipated that first beam
would be achieved in April 1979, with first experiments in July 1979. The
estimated manpower was 266 man-years for the machine, and 30 for the first
three beam lines (6 stations). The Board had noted that the annual operating
expenses including development and exploitation were likely to be of the
order of £1M plus overheads and indirect support of between £0.25M and £0.5M
per annum. [Note that 1985 prices are about 3.5 times 1975 prices].

With hindsight, one might conclude that:-
the pre-proposal phase was too short;
the community assumed, and the experts did not disillusion them,

that storage rings, once built, would be switched on and would
work almost like a light bulb (after all, SPEAR had demonstrated
that storge rings worked);

as a consequence of the above factors, the usual highly beneficial
open consultative phase (i.e.discussions with world experts) was
largely omitted;

the significance of beam brightness and source emittance, as opposed
to total flux and vertical source size, were not fully appreci-
ated.

However, the SRS was built and worked to specification, within the
budget (allowing for inflation), within the space available (a vital factor)
and with close to the planned manpower« With hindsight one can say this was
done in a reasonable time (including commissioning), even though it was later
than planned (see below),.

CONSTRUCTION PHASE

The organisation set up for the construction of the SRS is shown in
Fig.5. Line management consisted of a Group Leader (Project Leader) and six
Section Leaders, but excessive independence of the sections was prevented by
creating nine "working parties" which included members from all relevant
sections of the project. This provided the necessary cross-linking.

This organisation completed the Design Study (1) and produced a con-
struction programme (Fig.6).
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LAB DIRECTOR

I
PROJECT LEADER

RESOURCES COMMITTEE

CONSTRUCTION COMMITTEE
I

WORKING PARTIES
1 Theory & parameters
2 Injector
3 Magnets & power supply
4 R.F
5 Vacuum
6 Controls & diagnostics
7 Safety
8 General engineering
9 " D R E A D "

MANAGEMENT
COMMITTEE

SECTIONS

— Ace. physics.
— LIN AC
— Magnets, power supply.

_Controls, &
diagnostics.

-R.F
Mechanical eng.
& vacuum.

- - Electrical installation

—-Health physics

DREAD"= Daresbury ring enviroment adjudication -
This was intended to achieve a smooth vacuum chamber

Fig.5. Organizational structure for the construction of the SRS.
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JUILDING & CIVIL WORK

BOOSTER

BOOSTER SYNCH'N
PROTOTYPE MAGNETS

PRODUCTION MAGNETS

VACUUM. R.F..
INJECTION. EXTRACTION.
CONTROLS. POWER

SUPPLIES

STORAGE RING
PROTOTYPE MAGNETS

PRODUCTION MAGNETS

PROTOTYPE R.F. EOUIP'T.

R.F CAVITIES

I DESIGN I' MANUFACTURE TEST.

A55EMBLE.TEST. INSTALL

MAGNET & R.F. POWER
SUPPLIES, INJECTION.
TRANSFER. ETC.

HARDWARE • SOFTWAS.CONTROL SYSTEM

1977 1978

NINA CLOSEDOWN

Fig.6. Construction programme for the SRS.

Table 2. SRS Costs

Building, Civil & Services
Linac and flight path
Booster and transfer path
SR Magnets & Power Supplies
SR R.F. System
SR Vacuum System
SR Injection components
SR Diagnostics
Control System

Shielding (not ex-NINA)

Contingency

TOTAL

Estimate
(mid-1974
£k

125
275
435
485
280
350
45
70

260
75

prices)
%

4.6
10.2
16.1
18.0
10.4
13.0
1.7
2.6
9.6
2.6

Actual
C .976-1980 prices)
£k

465
375
575
635
650
690
145
125
595
95

%

10.7
8.6
13.2
14.6
14.9
15.9
3.3
2.9
13.7
i.2

300

2700

11

100 4350 100
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A breakdown of the costs which comprised the approved estimate is given
in Table 2, together with the final costs. Although cost comparison is
difficult for a project built during a period of high inflation, the Table
reveals certain clear features; for instance the under estimates of the cost
of building modifications and services, of the control system, of the
injection components, of the r.f. system and of vacuum, counteracted by sig-
nificant savings on magnets and on the booster generally. The overall in-
crease in total cost was sanctioned in 1979 entirely on the grounds of infla-
tion and was not re-adjusted thereafter.

Revised manpower estimates for the period up to and beyond planned com-
pletion (to April 1980) were made in December 1974, and these were updated in
November 1977. The estimated and actual manpower usage are shown in Table 3,
together with actual usage on the experimental facility. On the machine.

Table 3. SRS Manpower (all figures are man-years)

Year

1975/76
76/77
77/78
78/79
79/80
80/81
81/82
82/83
83/84
84/85

Estimate

54
74
88
105
100
77
78
78
78
78

Machine

Date
of

Estimate

Dec.1974
Dec.1974
Dec.1974
Dec.1974
Dec.1974
Nov.1977
Nov.1977
Nov.1977
Nov.1977
Nov.1977

Actual

49
86
108
107
108
94
76
67
71
66

Experimental Facilities
(Construction, Operation

and User Support)

Actual

small
small
small
small
40
57
77
91
100
109

total actual usage up to completion of construction exceeded the December
1974 estimate by less than 9% (though the December 1974 estimate was higher
than that made for the Board earlier in the year on much more scanty know-
ledge) , For the experimental facility, the work was never sufficiently well-
defined to allow a reliable estimate to be produced.

The Table shows the significant shift of effort, beyond the planned
amount, from the machine to the experiments starting in April 1981 when the
machine reached a usable level of performance, and levelling off from April
1982 when it had reached specified performance. The increase in machine
manpower in 1983/84 was a response to the "window problems". The progress of
construction can be seen by reference to the following "milestones", which
can be compared with Fig.6.

May 1975 Construction approved.
Planned first beam April 1979; user beam July 1979.
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May 1976 An internal note reveals an estimate of "project completion" of
Spring 1980. It was still hoped that this delay could be re-
trieved.

Late 1977 Superconducting wiggler approved.
May 1978 Official decision: first beam now April 1980.
Oct.1978 Full energy beam in Booster.
Summer 1979 Funding problems and labour problems caused a 2-3 month delay.

The machine and wiggler were protected from the cash problems,
at the expense of the beam lines, but "first user beam - end of
1980" was the official assessment.

June 1980 First beam in the storage ring.
May 1981 First user beams (2 beam lines, 3 stations).

With hindsight, many features of the construction phase can be picked
oat which might provide guidance or useful input for the future. The follow-
ing list provides examples but is obviously not complete:

Amongst the "negative" or "critical" features are the following:-

(a) The Management Committee contained no-one (except the project
leader) with, experience in the field of storage rings, and no-one
with expertise in beam line instrumentation.

(b) The Gash Flow was never adequate to build the injector, the storage
ring, and the beam lines in the planned timescale.

(c) It proved impossible with the staff available to build the booster
and tha storage ring in parallel to the degree called for in the
programme. This applied particularly to magnets, vacuum, and
mechanical engineering.

(d) Electrical cabling was always underestimated, particularly the time
and effort needed for installation and checking.

(e) User liaison was less than ideal. Beam line apertures should have
been designed, and dipole vacuum chambers all fitted with
collimators, masks and valves, from the start.

(f) Vacuum chamber design was dominated by engineering considerations
and ended up far from smooth. Its impedance is relatively high.

(g) Materials which caused difficulties included: all ceramic
components; dipole magnet steel (which saturates well below the
specified field and has therefore no margin for even a small
increase in energy); stainless steel for vacuum flanges (very
successfully dealt with by rigorous quality control).

Features which worked out well and were certainly very important include the
following:-

(a) The Injector has a high enough energy, current, and repetition rate
to give fast stacking in the storage ring. It is also reliable.

(b) The RF Cavities, though expensive, are excellent.
(c) The Multipole Magnets have been extremely useful and effective.
(d) The Foundations are excellent, with no vibration problems so far.
(e) The Survey methods have proved sound.
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(f) Safety features, particularly the Personnel Safety Interlock System
and the Shielding are effective and reliable.

(g) Magnet Measurements ensured that every magnetic field was known
precisely, before installation.

(h) Vacuum Cleaning and Glow-Discharge resulted in a very clean vacuum
system. No oil allowed in any part of the pumping system.

(i) The Control System was ready for each phase. The data-base was
well-designed.

COMMISSIONING PHASE

In March 1979, one year before planned operation, it was recognised that
not everything would be complete by April 1980 but equally that not every-
thing would be needed immediately. A sequence of commissioning "stages" was
therefore defined (Table 4) and for each stage, a list of required hardware,
software, and services (2). This provided an invaluable guide to priorities
for the engineering staff responsible for planning installation and commis-
sioning of hardware.

Table 4. Planned Priorities

Date: March 1979.
Objective: to establish priorities for hardware installation

and commissioning.
Stage 1: Commission transfer path. Take beam to point

just before septum magnet.
Stage 2: Inject and circulate a beam.
Stage 3: Accumulation.
Stage 4: Ramp low current to ~ 1.5 GeV.
Stage 5: Accumulate ~ 100 mA.
Stage 6: Achieve > 50 mA at 2 GeV with lifetime > 2 h.

This will allow Users to start work.
Stage 7: Single bunch.
Stage 8: Achieve full specification.

The early stages: of commissioning (up to and including Stage 5 of Table
4) progressed very quickly. The sequence of events then and later is shown
in Table 5.

Amongst the features contributing to the early success were:
(a) A well-commissioned and powerful injection system with a convenient

pulse rate (10 Hz) and sufficient intensity to inject electrons at a
rate much greater than the loss rate in the storage ring.

(b) A transfer path able to diagnose the focal properties of the beam and
its exact alignment at the input to the storage ring injection septum
magnet.

(c) Magnets which had all >een carefully measured, distributed so as to
minimise the closed orbit errors, and reliably surveyed.

(d) effective beam position and beam size monitors.
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Table 5. SRS Commissioning Dates

1980

29 June

30 June
1 July
2 July
10 July
14 July
29 July

October 1980

December 1980

April 1981

March 1982

First attempt at injection - frustrated by booster
extraction septum drift.
One complete orbit.
Beam accumulation.
Stored beam. Lifetime 2 min (no bakeout).
940 MeV beam.
62 mA accumulated.
200 mA accumulated.

1.4 GeV reached.

1.8 GeV reached.

2.0 GeV, 20 mA.

2.0 GeV, 370 mA (full r.f.-limited power).

The later phases of commissioning were affected by the following:-

During 1981:

Spring 1982:

Autumn 1980: Much of the time was not spent working with beam because of the
need to bake the vacuum system; replace cavity windows which
broke, then re-pump and re-bake; allow time for beam line
construction; re-phase the r.f. cavities.

Sparking in the r.f. waveguide and around the cavity windows
prevented normal operation at 2 GeV. Beam line construction
and user operation (from May) had the highest priority. Shut-
down periods were 1 week in 7.

Sparking in the r.f. system was (almost) eliminated by a
combination of improved cavity vacuum, re-phasing, and changing
the cavity matching unit settings (3). Single-bunch operation
was achieved after installation of choppers in the flight path.
The wiggler was installed (but the beam line had yet to be
built).

Many other detailed lessons can be learned from the experience of
commissioning the SRS. These include for instance:-

(i) Commission safety interlocks and equipment interlocks first. Try to
ensure that protection circuits do not trip the beam frequently,
neither for false errors nor for genuine ones. (Coolant flow
interlocks are one frequent source of trips; electrical noise is
another).

(ii) Arrange the shielding so that machine studies can take place at the
same time as beam line construction. This implies building the beam
line front ends, which are located inside the shielding, at the same
time as the machine.
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(iii) Prepare software (applications programs) in advance,
(iv) Carefully check all magnet polarities; also r.f. phasing,
(v) A useful facility is a pulsed mode for the r.f., dumping each stored

beam just before next injection. This allows proper setting up and
study of the injection process independent of beam stacking
(accumulation).

(vi) In the SRS, an octupole field proved essential to obtain high
currents.

(vii) Trapped ions did not play a major r61e in the SRS performance though
they were (are) certainly present and affected the beam behaviour.
In a lower emittance, smaller aperture, or lower energy machine, ions
have a more dominating effect which must be counteracted by clearing
electrodes (used in the SRS) or irregular bunch sequences. In the
SRS the beam is frequently blown up at low energy by the effects of
ions but because of the large aperture (physical and dynamic) it is
not lost, and above 1.5 GeV (approximately) the effects of ions on
beam size become negligible — though they can still be detected by,
for instance, their effect on tune spread,

(viii) Three absolutely essential diagnostic tools were:
Spectrum analyser — looking at the beam and detecting, for instance,
synchrotron frequency side-bands and synchro-betatron coupling; Net-
work analyser — looking at cavity impedance and hence measuring
cavity coupling, match, and detuning from resonance; Synchrotron
light monitor — to show directly on a TV screen the beam size and
shape and degree of stability.

(ix) Beam steering, initially to achieve a good closed orbit, and then to
provide minor adjustments for users, is essential and must be carried
out by the maximum possible number of independent beam bumps,

(x) A stable foundation and resonance-free magnet supports are vital to
the achievement of a stable beam,

(xi) Bakeout is essential to get long lifetimes but bakeout must be
applicable to the entire ring and must be reliable, not causing new
leaks. In the engineering of the vacuum system, it is important to
use quality control procedures which can guarantee zero porosity in
flange material.

(xii) To achieve low photoelectron and photon stimulated desorption rates
in vacuum chambers, a bakeout and glow discharge prior to
installation is necessary and sufficient (4).

(xiii) Commission the control system before the hardware and do both before
trying to achieve a beam.

BEAM LINES AND INSTRUMENTATION

The sequence of events, and a number of important features, can best be
demonstrated by providing a historical summary of key dates, with some
comments.

1973 (pre-proposal discussions). Nine ports with 18 stations, three
years after start-up, postulated. Estimated cost £87k for one
port with 2 stations (~ £370k at 1985 prices).
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May 1975 Project approval included £300k for 3 ports with 6 stations (£350k
per port at 1985 prices).

1976 Three Instrumentation Panels were set up to study the requirements
and propose solutions for VUV instrumentation, x-ray
instrumentation, and data acquisition computer systems.

May 1977 The Instrumentation Panels reported, and a preliminary plan for
"18 stations on 6 ports by April 1983" was recommended. (It is
interesting to note that in reality 20 stations on 6 ports were
built by the end of 1984). A disturbing feature at the time was
that the beam line layouts proposed were largely disconnected from
the activities and plans of the engineers building the storage
ring.

Nov.1977 Documents record that the layouts were improving (i.e. becoming
more practicable) but manpower problems were starting to be
foreseen and in particular there was noted a "need to build up a
support group if chemists and biologists are to be attracted".

March 1978 The SRFC was presented with, and approved, a comprehensive plan
based on canvassing prospective users. This proposed 19 stations
on 6 ports operating by mid-1982. Moreover this scheme postulated
likely dates for the different users. In hindsight, this plan was
not resourced properly (it was not known what money and manpower
would be required nor whether adequate resources were likely to be
available) and was grossly over-optimistic. Moreover instead of
being treated as illustrative it was adopted as the basis for beam
time allocation immediately. Later user dissatisfaction stems
from this point.

May 1978 The SRF approved 7 grant applications (each for three years)
and established certain policies, viz:-
(a) all common-user equipment must be funded from SRS

resources by Daresbury;
(b) universities which accept a Daresbury contract to produce

an instrument can have twelve months exclusive rights for
commissioning/first use from 1 ?ipril 1980 (start of
commissioning of the SRS).

(c) All non-SERC users must pay for beam time, except in
special circumstances.

The counting of "exclusive rights" from a fixed calendar date
instead of from the actual occurrence of first useful beam
created difficulties and dissatisfaction later on.

July 1979 Financial difficulty affected the programme. The SRS and
wiggler were given priority and experimental equipment suffered
a "severe cut-back". This was particularly serious for groups
already given grants to use beam lines which were now delayed.
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July 1980 SRS commissioning started. An immediate conflict developed
between machine commissioning and beam line construction, which
were largely incompatible due to "no access to the experimental
area during injection". Compromise lead to delays in both
machine commissioning and beam line construction.

July 1981 Users had been scheduled from May 1981 and 5 instruments on 2
ports were now taking beam. Financial problems, aggravated by
an escalating cost of the wiggler magnet system, continued to
prevent rapid development of beam lines.

Since July 1981, construction of beam lines and stations has proceeded
vigorously and can be summarised by Table 6.

Table 6. Progress of Station Construction.

Planned in March 1978: 19 stations on 6 ports operating by
the end of 1982.

Actual By the end of 1984:
At mid-1985:

20 stctions on 7 ports operating.
25 stations on 8 ports operating and
6 under construction.

Planned by the end of 1986: 27 stations on 10 ports operating and
4 under construction (one new port).

Table 7 compares in detail the plan enunciated in March 1978 with what
has actually been achieved.

Table 7. Station Construction Compared with March 1978 Plan.

Stations planned in March 1978

Position

2.1
2.2
2.3
7.6
7.3

7.1
3.1
3.2

3.3
W9.1

Technique

ARPES (Surface)
Lifetimes
SEXAFS
Topography
Energy Disper-

sive SAS
EXAFS
Atomic/Molecular
Reflectivity/

Radiometry
Atomic/Molecular
Powder diffrac-

tion etc

Mono

GIM
NI
SXRM
-
-

Xtal
Seya
NI

GIM
Xtal

Comple-
tion

1980
1980
1980
1980
19S0

1980
1981
1981

1981
1981

When

Comple-
ted

1981
1982
1982
1981

—

1981
1983

—

1983
1984

actually realised

Loca- Note
tion

6.1
12.1
6.3
7.6

7.1
3.1

3.2 (NI, not GIM)
W9.1
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Table 7 (cont'd)

Stations planned

Position Technique

in March

Mono

1978

Comple-
tion

When

Comple-
ted

actually

Loca-
tion

realised

Note

W9.4

W9.6

W9.?
10.1
10.2
10.3
8.1

8.2
8.3

Microscopy
Lithography
Topography
Protein Crys-

tallography
SAS
PES (gases)
Atomic/molecul ar
Lifetimes
Diffraction/

EXAFS/
Interferometry

SAS
Radiometry

Xtal

Xtal

Xtal
NI
GIM
NI
Xtal

Xtal
Xtal

1981

1981

1981
1982
1982
1982
1982

1982
1982

1986
1984
1985
1981

1982
1983

1984
1981

1985

5U
3.4a

W9.4a
7.2

7.3
3.3

—
13.2
7.4

8.2
—

(TGM)

Stations now built or planned, not envisaged in 1978

Completed

13.1
7.5
10.1
W9.2
W9.6
W9.7
6.2
8.1
3.4b
2.1
2.2

W9.4b
1.1
1.2

Infra-red
Mono. Topography
Materials test
HARD EXAFS
PX
Interferometry
ARPES (Surface)
EXAFS
SOFT EXAFS
Time resolved SAS
Test
Surface diffraction
Surface science
Surface science

1981/3
1983
1983
1984
1984
1984
1985
1985
1985
1986
1987
1987
1988
1988

A number of comments can be made concerning the development of support
for the experimental programme at the SRS. For instance:

(1) There was a continual lack of adequate resources,
(ii) Costs and manpower were generally under-estimated by about a factor of

two.

(iii) "No access during injection" caused severe difficulties.
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(iv) The complexity, and hence the cost, manpower, and also the commission-
ing time needed for the vacuum and safety control and interlock sys-
tems was under-estimated.

(v) Insufficient development (R & D) resources were, and still are, pro-
vided for instrument development (e.g. for monochromators, mirrors,
and detectors).

(vi) The assumption that users would take away their data and analyse it at
home, and would have the necessary expertise and tools to analyse
it, has proved largely false, and an unforeseen amount of effort has
been needed to provide hardware, software, and help on common
analysis problems.

(vii) The first 7 beam ports all had mechanically and electrically different
front ends. The beam line construction programme could have been
expedited if it had been possible to adopt more standardisation from
an early stage.

(viii) UHV bellows in gate valves and masks at the front ends of beam lines
have been unreliable and have caused down-time and undesirable open-
ings of the machine vacuum. Beam lines should incorporate a degree of
redundancy in valves and masks to reduce the effect of this problem.

THE OPERATIONAL PHASE

The storage ring operates 24 hours per day, 7 days per week, approxim-
ately 40-42 weeks per year, with about 10% of the time devoted tc .'oachine
studies and the remainder to user operation of which 15% is in single-bunch
mode. The remainder is in multi-bunch high current mode. Operation is al-
ways scheduled to be at 2 GeV but after a vacuum opening a period of 1.8 GeV
operation (typically 1 week) occurs to allow a good cavity vacuum to develop.

Daresbury Laboratory is organised in a matrix fashion with "project"
Divisions being supported by "service" Divisions (Fig.7). The organogram for
management of the SRS is shown in Fig.8, and the sub-division of the budget
and manpower for the current year is shown in Table 8. It should be noted
that the total expenditure in 1985/6 is made possible because of a one-off
capital supplement for two surface science instruments, and by significant
receipts from collaborating organisations. The average annual budget from
SERC for synchrotron radiation is significantly less.

The facility operates for 21 shifts per week whereas the Laboratory is
only staffed in a normal way for five, so shift workers are required to
operate the machine and assist users. Eighteen individuals operate as 6
teams of 3 to cover the 21 shifts with a little time for "day-work" for each
individual. Each of the 6 "Operations and Support Teams" consists of:

Team Leader

User Support Specialist (experimental science background)
Technical Support Specialist (machine construction background)

There are in all, eight user support specialists, so that at any one time six
are on a shift roster and two are on extended day-work and engaged on an in
strumentation project.
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Deputy Director
Dr. D.J.Thompson

K Theory & Computational I
Science Division • I

Dr.J.E.Inglesfleld I '

Nuclear Structure Division
Dr. RJ. Twin

Synchrotron Radiation Division
Dr. D.|. Thompson

Computing Systems it
Electronics Division
Dr.B.W.Davies

Engineering Division
Mr. C. W.Jones

Administration Division
Dr. A.S.L. Parsons

Health ft Safety
Dr.N.R.S.Talt

Nuclear structure experiments
Instrumentation for experiments
Accelerator operations
Accelerator physics and developments

I
X-ray experiments and instrumentation
VUV experiments and instrumentation
Accelerator operations
Controls/accelerator instrumentation
R.R systems
Accelerator physics and developments
Biology Support Laboratory

Nuclear theory
Atomic and molecular theory
Solid state theory
Computational physics and chemistry
Collaborative cum putational projects

Computer operations/user support
Computer systems
Electronic system development
Electronic support services
Network and telecommunications
Microdensitometer/data bases
NSFControls

Engineeringsupportfor projects
Electrical/mechanical services
Buildingservices
Resource planning/estimating

Personnel/general administration
Finance/supply
Technical/scientific information services

Fig.7. Divisional structure at Daresbury Laboratory.

LAB DIRECTOR

COMPUTER/
ELECTRONICS

SUPPORT

BIOLOGY
SUPPORT

LAB.

TIME-RESOLVED
DIFFRACTION
BEAM-LINE

HEADO F S.R.S. ENGINEERING
SUPPORT

SCIENCE PROGRAMME
CO-ORDINATOR

X-RAY VUV/SOFT X-RAY
EXPERIMENTS EXPERIMENTS

& &
FACILITIES FACILITIES

MACHINE

OPERATIONS

ACC RF
PHYS

CONTROLS &
DIAGNOSTICS

Fig.8. SRS organogram for 1985/86.
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Table 8. SRS Budget 1985/86.

£k
Associated

direct
man-years

Machine
Recurrent
Capital (HBL)

Experimental Programme
Recurrent
Capital (new beam lines and stations)

Salaries & Overheads

1240
360

1960
1640

50
16

88
40

4200

Total 9400 194

Allocation of manpower

SR Division
Computing & Electronics Division
Engineering Division:

Project Engineering
Services support
Industrial staff

Administration Division:

Total

78.5 direct man-years
24.0 direct man-years

37.0 direct man-years
6.0 direct man-years

45.5 direct man-years
3.0 direct man-years

194.0

Table 9. User Interaction - User Meetings and User Support - "Project Teams'

User Groups Support Teams

Surface Science

Atomic/Molecular Spectroscopy

Time-resolved Spectroscopy

Infra-red Spectroscopy

EXAFS

Small Angle Scattering

Protein Crystallography

Powder Diffraction

Topography

Surface Science

VUV Spectroscopy

EXAFS

Diffraction for Structural Studies

3 & 4 Circle Diffractometers
including Topography
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Interaction with Users has developed continuously and is now facilitated
by two specific arrangements. First, there are user meetings. Nine user
groups have been formed, each normally chaired by the "Scientific programme
Coordinator" and with a user as secretary. These each meet at least once per
year, in successive months, so that there is one major User meeting almost
every month for in-house staff. All relevant in-house staff attend every
user meeting. During the Annual Main User Meeting, every User Group meets.
Many User Groups meet more frequently but without the same in-house commit-
ment. These meetings discuss the scientific programme and major issues con-
cerning difficulties and policy for developments. Minor matters, and schedul-
ing, are handled by internal laboratory meetings quite separately.

The second method of interaction with users is in the provision of day-
to-day support. This is being organised into "project teams" which, because
of lack of adequate staff positions, are fewer in number than the User Groups
(Table 9). The constitution of each "Project Team" is shown in Table 10.

Table 10. "Project Teams"

Division

Scientist Team Leader SR(E)
Junior Sc ienti st(s) SR(E)
Project Engineer (part of one) ENG
Mechanical Technician(s) ENG
Software Programmer (typiclly 50% of one) CSE

User Support Scientist (shift) SR(E)
Joint Appointment (university)

Supported by
Electrical Engineering Section ENG
Controls Section SR(S)
Vacuum Section ENG
Electronics Section CSE

Beam time on the SRS can be approved by several mechanisms (Table 11).
Except for instrument development or for exploratory use, (which must be
reported to the Committee after the event) beam time can only be approved by
the Synchrotron Radiation Facility Committee. In one and the same grant
(assuming the applicant is a UK academic) the applicant may be awarded money
for equipn.ent, for consumables, and for travel, a salary for a research
assistant, and beam time. Grants can be for a shorter period but most are
for three years. The possibility of separating the award of beam time from
the award of "programme grants" is being considered.
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Table 11. Beam Time Approvala' ' c

Major grants 3 times per year
fixed dates
peer reviewed by committee
money, staff and beam time approved together,
usually for 3 years

Small grants any time
refereed
no staff, little money, limited beam time

Exploratory any time
at the discretion of director
beam time only (strictly limited)

EXAFS service "small grant" for EXAFS where expert help is needed

aInstrument development time is allocated by facility management.
In-house staff must apply for beam time for research using same
mechanisms. No reserved time or resources for in-house research.
°Users who are not UK academics are "non-entitled". Either they
must pay (then no peer review); or there must be a justification
for free access.

FUTURE PLANS

By the end of 1987 the SRS should have the following status:-
Operating routinely at 2 GeV, 300 mA (multi-bunch), in the high brightness
configuration with the 5 T wiggler and the soft x-ray undulator in use, 28
instruments on 10 ports taking beam, and 3 more under construction.

Later developments which are likely include more current (the new klys-
tron can produce more r.f. power), more instruments, and various instrument
upgrades. However, if the budget remains constant it will only be possible
to increase the number of instruments at the expense of the operations
activities.

If funding can be obtained, it is hoped to add a second high-field
wiggler, and a separate VUV/soft x-ray ring.

It is at all times the intention to develop greater user participation
in instrumentation, more efficient and more effective user support, and a
more substantial R & D programme on optical components and detectors.
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Status of Adone as Synchrotron Radiation Source

S. Bartalucci
INFN - Laboratori Nazionali di Frascati, 00044 Frascati, Italy

Introduction

The first application of synchrotron radiation (SR) at Frascati started
in 1965 with a collaboration between the University of Rome and the Istituto
Superiore di Sanita, which exploited the light coming from the electron-sync-
chrotron for absorption and reflectivity measurements in the X-VUV region.

Ten years later a project for the utilization of Synchrotron Light (PULS)
was set up and the convention establishing the PULS collaboration was signed
by the National Research Council (CNR) and the National Institute for Nuclear
Physics (INFN). From 1975 to 1980 an experimental facility was built around
the photon beam line originating from a bending magnet of the storage ring
ADONE.

In 1975 the construction of a wiggler magnet for both machine physics
studies and production of hard X rays was decided by the INFN. The wiggler
was installed in 1978 on a straight section of ADONE and the compatibility
with the normal operation of ADONE was demonstrated successfully. Also a labo
ratory for the utilization of synchrotron light from this magnet (PWA) was
built by INFN and inaugurated in May 1985.

The PWA and PULS laboratories joined together in 1983 with the new con-
vention between INFN and CNR for the utilization of synchrotron radiation
and development of its application.

The experiments, that have been carried out by scientists of INFN^CiiR.
the Universities and other Institutes, both italian and foreign (mainly from
France, Poland, U.K., USA) are about 160, while the present experimental pro-
posals are over 80.

These are submitted for approval to a Scientific Committee (4 members
of INFN, 4 members of CNR) on the basis of recommendations of international
referees.

The proposals concern all traditional, areas of research in Physics, Chem-
istry, Biology, Surface and Material Science. The facility budget for 1985,
including the capital and operating costs is about 0.5 M$.

In the following we shall report on the present status of the storage
ring ADONE and describe the main features of the SR facility.
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The Machine
-(1)

PUL5 EXPERIMENTAL
AIEA

The storage ring ADONEV" came into operation in 1969 and̂  since then
provided a lot of scientific results not only in the field of e e physics,
but in others important research areas toos such as nuclear physics, SR, etc.

Fig. 1 shows a layout of
the ring with the main re-
search activities. It is
a strong focusing, separated
function machine, with 12
equally long straight sec-
tions; the injector is a
S-band Linac, which is also
used for nuclear physics
experiments. The main para-
meters of the Linac and ADO-
NE are listed in Table I.

Fig. 1 - Layout of the stor-
age ring ADONE.

Table I

Injector

Type
Maximum energy
Injector current e~
Injector current e+

Injection energy
Max. repetition rate
Injection rep. rate
Pulse length

S-Band Linac
380 MeV
100 mA
1 mA
300 MeV
250 pps
1 pps
4 jusec

ADOME

Energy
Beam current
Circumference
Revolution period
Bending radius
Bending field
Field index
RF frequency
Harmonic number
RF peak voltage

1.5 GeV
100 mA
105 m
350 nsec
5 m
1 Tesla
0.5
51.4 MHz
18
300 kV
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At present, 3 major research lines are implemented on ADONE:

1) The SR physics with a bending magnet beam line (PULS) and a wiggler beam
line (PWA).

2) The nuclear physics with low energy monochromatic y-rays, produced by
head-on collisions of a CO? laser beam with the electron beam (LADON).

3) The Free Electron Laser (FEL) experiment, which makes use of an undulator
magnet installed on ADONE (LELA).

Also, we should mention the experimental programme for the measurement
of the neutron form factor (FENICE), which will bring ADONE back to e e opeir
ation after 10 years.

The ADONE optical structure is a simple - FDBDF j lattice, whose basic
parameters are given in Table II(a). The betatron wave functions and the off-

Table II - Lattice Parameters for the standard (a) and the zero-dis-
persion (b) optics.

Number of periods
Period length (m)
Horiz. betatron tune
Vert, betatron tune
Momentum compaction
Relative energy spread
Natural emittance (m-rad)
Horiz. chromaticit.y
Vert, chromaticity

(a)

12
8.75
3.15
3.15
6.2xlO-2

0.58X10"3

2.2xlO"7

- 3.28
- 3.16

(b)

6
17.5
5.15
3.15
1.36xlO-2

0.56x10-3
2.4xlO"7

- 5.5
- 4.7

energy function are shown in Fig. 2. To meet the experimental requirements
of the LELA experiment, a new lattice has been proposed , which increases
the number of independent quadrupoles families from 2 to 4. The periodicity
is changed from 12 to 6 and the off-energy function vanishes in alternate
straight sections, thereby allowing optimum values for the beam size and di-
vergence and energy spread. The parameters of this new optics are listed in
Table Il(b) and the resulting optical functions are shown in Fig. 3.

Since the undulator is dedicated to the Free Electron Laser experiment,
we shall not describe its characteristics here, which are to be found in ref
(3).
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Fig. 2 - Standard lattice: a full
period.

Fig. 3 - Zero-dispersion lattice:
half a period.

The Synchrotron Radiation Sources

The basic parameters concerning the SR source from the bending magnet
are given in Table III. All values refer to the maximum energy of 1.5 GeV.

Beam sizes and divergences are given as one standard deviation of gaus-
sian distribution at the beginning of the bending magnet with a 4% emittance
coupling.

The normal operation current is 100 mA, and up to 18 bunches can be in-
dependently filled.

Table III - Synchrotron Radiation Parameters.

Energy loss/turn (keV)
Critical energy (keV)
Electron beam sizes (mm)
Electron beam divergences
Brilliance at crit. energy

(photens/s eV (cm-mrad
R.m.s. bunch length (cm)
Number of bunches
Bearr lifetime (hours)

(mrad)

)2

90
1.51

x̂ =

*x =

1.6x1
12
1 to
4

1.06

0.25

014

18

az = 0.27
a'z - 0.03
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The intrinsic angular spread of the emitted radiation is about 0.34 mrad
at 1.5 GeV, and dominates on the beam angular spread in the vertical plane.

A beam lifetime of about
longed beam conditioning.

4 hours at 1.5 GeV is achieved after a pro-

The main characteristics of the wiggler magnet are listed in Table IV.
For further details se ref.(4).

Table IV - Wiggler characteristics.

Magnet period
Number of poles
Total length
Gap height
Max. field on axis
Excitation turns per pole
Copper weight
Current
Current density
Total power
Total radiated power

654 mm
5 full - 2 half
21 m
40 mm
1.85 T
7
270 kg
4500 A
18 A/mm2

230 kW
13 w/mA

The fundamental design elements can be regarded as a sort of compromise
between the requirement of a hard X-ray source for SR and the need to gain
experience on the storage ring operation.

The wiggler experimental facility consists of two beam lines, BX and
BX2, which will be used for studies of biophysics and diffractometry, besides
the usual absorption and fluorescence experiments.

A comparison of the existing X-rays lines is summarized in Table V. Fig.
4 shows the total flux from the bending and the wiggler magnet. The dashed
line is the flux as transmitted by a Be window that is located 12 m away from
the wiggler. Also, the flux from a superconducting wiggler under design at
Frascati is shown. This device is expected to be operating on ADONE by the
end of 1987 and will consist of a single pole with two unexcited screens and
2 compensating magnets. Max. field will be 6 Tesla to achieve a critical ener-
gy of 9 keV. Computer simulation has shown that this configuration would mini
mize the perturbations of the machine optical functions and optimize the SR
source for experiments.
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Table V - X-ray lines parameters.

Source

Number of light pipes

Energy range

Critical energy £c

Photon flux
(hv = £c)
1=100 mA; BW=0.1«

Monochromators

Crystals

Resolution ZlE/E

Detectors

Bending magnet

1

(2-12) keV

1.50 keV

3X1012

photons/s, mrad

channel-cut

Si (111)
Si(220)

Si(lll)-(l-4)xlO"4

Si(220)-(l-3)xl0"4

Ion chambers
(Argon)

Wiggler magnet
(BW = 1.85 T)

BX-| (BX2)

(3-30) keV

2.77 keV

1.5xlO13

photons/s, mrad

channel-cut

Si (111)
Si(220)
Ge(220)

Si(lll)-(l-15)xlO"4

Si(220)-(l-3)xl0"4

Ion chambers
(Kripton)

aoi E(KeV)

Fig. 4 - SR spectrum from various sources.
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A perspective view of the experimental stations downstream the bending
magnet line is shown in Fig. 5. The radiation emitted from 10 mrad of the
electron orbit is subdivided among 5 monochromators through a system of de-
flecting mirrors. The low-energy part of the spectrum (*150 eV) is deflected
towards the upper floor laboratory, which is equipped with a Jobin-Yvon and

JOBIN YVON

SAMPLE

Fig. 5 - A general view of the PULS facility.

a Hilger-Watts monochromator. Their spectral ranges are from 10 to 100 eV
and from 5 to 50 eV respectively. The actual experimental techniques are an-
gle-resolved and angle-integrated photoemission for the Jobin-Yvon mono-
chromator and reflectance/luminescence lifetime for the Hilger-Watts. On the
ground floor 2 experimental stations are located. The X-rays beam line whose
monochromator was entirely built at Frasca-i, is mainly devoted to EXAFS and
SAXS experiments.

The Grasshoppers monochromator, which covers the spectral range 50-800
eV, is used mainly for angle resolved/integrated photoemission. Further de-
tails are given in ref.(5).

Plans for the future

Several improvements are being carried out on the machine by the ADONE
scientific and technical staff.

We have already mentioned the e e physics programme, which will require
the upgrade of the injection system, from the new gun for the Linac to the
new septum magnet for positron injection in ADONE. The realignement of the
entire ring is foreseen for the next shutdown (Spring 1986) together with
substantial improvements to the vacuum system. Also a new feedback system
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to cure both longitudinal and transverse instabilities, and new beam position
monitors are in progress.
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Overview of the UVSOR Facility

T. Kasuga and M. Watanabe

UV30R Facility, Institute for Molecular Science,

Myodaiji, Okazaki AAA> Japan

1. General Description

Institute for Molecular Science (IMS) is inter-university

research institute, established in 1975. It has six departments

and six research facilities working organically. Departments

are Departments of Theoretical Studies, Molecular Structure,

Electronic Structure, Molecular Assemblies and Applied Molecular

Science, and Coordination Chemistry Laboratories. Research

Facilities are Computer Center, Low-Temperature Center,

Instrument Center, Chemical Materials Center, Equipment

Development Center and Ultraviolet Synchrotron Orbital Radiation

(UVSOR) Facility. In IMS, there are 85 scientific staffs

including 16 guest staffs, 4-2 technical staffs and

administrative staffs. Lodging facilities for visitors are

provided.

The UVSOR is a dedicated VJV source for molecular science and

related fields. It is a 600 MeV (max. 750 MeV) electron storage

ring, of which injector is a 600 MeV synchrotron with a 15 MeV
1 -3)linac. They are located underground for radiation safety a?

shown in Fig.1. Synchrotron radiation from ordinary bending

sections is mainly utilized. Three insertion devices can be

installed. The UVSOR Facility had been proposed since 1975.

The construction started in 1980 with fabrication of measurement

systems. In 1981, the construction of the light source started

and its commissioning was succeeded on the 10th November, 1983.

The number of beam lines at the first stage is 14, but
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eventually more than 20 beam lines can be attached to the ring.

Experiments have been made since September, 1984.. The total cost

of the light source and the measurement systems is about 2.2 x
q g

10 yen, the cost of building is 1.7 x 10 yen and the annual
Q

running cost is about 4 x 1 0 yen. These values do not include

salaries of IMS staffs.

Staffs of the UVSOR Facility are a director (Prof. H.

Inokuchi), two associate professors, two research associates,

six technical staffs and an adjunct associate professor.

Associate Professors T. Kasuga and M. Watanabe are responsible

for the light source and measurement systems, respectively.

Staffs of Department of Molecular Assemblies are main users in

IMS as well as the promoters of the UVSOR project. The UVSOR

Facility is responsible for the operation of the light source

and beam lines for users outside IMS.

Proposals can be applied twice per year, which are judged by

a steering committee. Items of proposals are Joint Studies,

Cooperative Research and Use of Facility. In 1984» 4 proposals

of Use of Facility were approved. In 1985, fcr the first item,

3 proposals are approved, for the second, 14- proposals and for

the third, 32 proposals. Experimentalists should be registered

as radiation worker. Monday is a day for machine study and days

from Tuesday to Friday are for users. Users' time is 9:30-13:00

and 13:30-18:00. The injection is twice per day. 37 weeks will

be delivered to users in this fiscal year. During the

injection, experimentalists should keep out from the storage

ring room. (Shield blocks against the radiation due to the

decay of stored current are put around the ring.) Users'

meeting is usually held once per year and activity report will

be published.
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2. Light Source

2.1 Overview

Plane view of the light source is shown in Fig.1 and design

parameters are given in Table 1. The booster synchrotron

consists of 6 bending magnets, 6 doublets of quadrupoles and 6

long straight sections. These magnets are lamination type

(thickness of lamination is 0.35 mm). The waveform of power

supplies for the magnets is triangla^ whose repetition time is

380 ms. Electron beam from the 15 MeV linac is injected by

means of an electro-static septum (inflector) and 3 bump magnets

(perturbator). The beam is accelerated by a usual re-entrant

type RF cavity, which is excited by a 5 kW power amplifier.

Accelerated beam is extracted by means of a fast kicker and a

septum magnet (deflector).

The storage ring is composd of eight bending magnets, and

four long and four short straight sections as shown in Fig.2.

The beam is injected into the storage ring by means of a septum

magnet (inflector) and 3 bump magnets (perturbator). The

vacuum systems of ths beam transport line and the storage ring

are separated by a thin polyimide film (thickness of 50 */-m ) at

the exit of the inflector. An RF cavity of the ring is excited

by a 20 kW power amplifier. The RF power amplifier of the

synchrotron and that of the storage ring are driven by the same

master oscillator, therefore the synchronized transfer of the

bunched beam is quite easy.

Button type position monitors are set around the ring to

measure closed orbit distortions. The orbit distortions are

corrected by trim coils wound on bending magnets and vertical

steering magnets. An electrode for an RF knockout system to

measure tunes of both horizontal and vertical directions is

situated in a short straight section. The electrode is excited

by a wideband power amplifier (0.3 - 35 MHz, 300 W ) . Another RF

knockout electrode and 21 DC electrodes for ion-clearing are
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Table 1 Parameters of UVSOR

Designed

Linac
Energy
Frequency

Synchrotron
Energy
Current
Circumference
Periodicity
Bending Radius
Tune (QH, Qy)
Harmonic Number
Radio Frequency
Repetition Rate

Storage Ring
Energy

Critical V/avelengtn
Current
Lifetime

Circumference
Periodicity
Bending Radius
Bending Field
Tune (QH, Qy)
Harmonic Number
Radio Frequency
RF Voltage
Radiation Damping Time

Horizontal
Vertical
Longitudinal

Emittance
Horizontal
Vertical

15
2.856

600
50

26.6
6

1.8
(2.25,

8
90.1

1-3

600
(max. 750

56.9
500
1

(500
53.2

4
2.2

0.91
(3.25,

16
90.1

75

45.4
40.9
19.5

Q

8n.x 10 °
87Lx 10 V

MeV
GHz

MeV
mA
m

m
1.25)

MHz
Hz

MeV
MeV)
0

A
mA
hr
mA)
Tn

m
T
2.75)

MHz
kV

ms
ms
ms

m rad
m rad*

Achieved

15 MeV

600 MeV
15 mA

2.5 Hz

750 MeV

330 mA
2 hr

(100 mA)

—8
10 m rad

Beam Size (at the Center of Bending Section)
Horizontal (2(X,) 0.64 mm
Vertical (2CC) 0.46 mm*

Bunch Length (2CT ) 0.17 ns

coupling is assumed.
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installed.

The beam current can be measured by a DC current transformer <•

It is monitored every one minute by a micro-computer and the e-

folding lifetime is calculated. The profile of the beam is

observed using a television camera, and beam size is estimated

from the video signal from the camera.

Two outlets ^f synchrotron radiation are available for each

bending section. A permanent magnet undulator and a super-

conducting wiggler are installed at S^ and S 7 long straight

sections, respectively. Fig. 3 shows the intensity distribu-

tion from ordinary bending sections and the superconducting

wiggler. Fig. 4- shows that from the undulator. (Units of

intensity in these figures are different.)

2.2 Construction and Commissioning

The construction of the light source was started in 1981.

The magnet system, the RF system and the vacuum system of the

booster synchrotron and the pre-injector linac were completed in

March 1982. These components were installed in the building for

the synchrotron and aligned precisely by the autumn. The test

of the linac was successfully done at the end of 1982. As the

pulse power supplies for synchrotron magnets were not finished

at that time, small DC power supplies were connected to the

magnets to test the injection scheme of the synchrotron. It was

a serious problem encountered in the test that the injected beam

was lost in several turns after injection. The cause of this

problem was the mismatch between the vertical closed orbit and

the vertical aperture of a beam monitor in front of the

inflector, and it was solved by widening the beam monitor. The

pulse power supplies for the magnets were finished in July 1983.

The injected beam was accelerated without any difficulty. A

fast kicker and a septum magnet for the beam extraction were

installed in September 1983. After the installation of the fast
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kicker, the injection of the electron beam into the synchrotron

became impossible. This problem was caused by remanent field of

the kicker, and DC bias current is superposed upon the high

voltage pulse to solve the problem. In succession, the beam

extraction from the synchrotron and the transport of the

extracted beam were tried.

Almost all components of the storage ring were delivered in

March 1983, and basic parameters of these components were

measured and installed in the ring by August. The injection of

the electron beam into the storage ring was begun on the 10th

of November, and the first electron beam was stored on that

evening. Since then, efforts were devoted to measurements of

important parameters of the ring, search for the optimum

operating point, and studies of the behavior of the stored beam.

2.3 Performance and Beam Characteristics

The design parameters with achieved ones are tabulated in

Table 1 . The design energy of the synchrotron is easily

achieved. Though the final beam current of the synchrotron is

1/3 of the designed value, time required to accumulate the

electron beam in the storage ring is short enough. It takes

only several minutes to accumulate the beam current of 100mA.

The maximum stored current of the storage ring up to now is 330

mA, and at this current, a window glass for an optical beam

monitor cracked. An attempt to increase the maximum stored

current was not made after that time. The e-folding lifetime of

the beam at 100 r.A is about 2 hrs. This figure is very close to

the lifetime estimated considering the Touschek effect and the

effect of the vacuum pressure ( 3 x 10 Torr at 100 mA). The

beam size is estimated from the video signal from the television

camera used to monitor the beam profile, and the emittance is

estimated from the measured beam size and the beta functions at

the radiant point. The measured emittance is twice the designed
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value. This disagreement must be due to inaccuracy in

estimating the beam size. Injected beam (600 MeV) can be

accelerated up to 750 MeV without appreciable beam loss.

Single bunch operation of the storage ring was tried

successfully. The maximum beam current in a single bunch up

to now is 25 mA, and a ratio of number of electrons in an

adjacent bucket to that in the aimed bucket is about 0.1 %. The

first experiment using the single bunch mode was done in

September 1985-

Since the first beam was stored, efforts have been devoted to

improving the performance of the ring. Some inconvenient

phenomena have been found during the accelerator studies. One

of the most serious problems was the growth of the vertical size
7)of the electron beam. This phenomenon is explained by the

ion-trapping effect. DC clearing electrodes and an RF

knockout electrode were installed to clear ions. These two ion-

clearing techniques are used together to improve the beam size.

The improvement of the beam profile is shown in Fig.5. Fig. 5

(a) and (b) are pictures of the beam profile without and with

the ion clearing by these two methods, respectively. The second

problem is the longitudinal coupled-bunch instability induced by

the parasitic resonances of the RF cavity. We have no way

except the temperature control of the cavity to avoid the

parasitic resonances for the present.

a) b)

Fig. 5 Improvement of Profile ( a) Ion-Cleaning OFF, b) Ion-Cleaning ON )
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2.4 Undulator and Wiggler

An undular:or with 35 periods and a superconducting wiggler

were installed in the storage ring in March 1984» The

undulator is planer type and the gap is movable between 27 and

80 mm. One period in 35 periods is composed of 8 blocks of

permanent magnets made of SmCo^ and the length of the period is

60 mm. The maximum magnetic field of the undulator is 0.3 T at

the minimum gap. Though the horizontal closed orbit was

deformed slightly (max. 3 mm at 32 mm gap), appreciable tune

shifts were not observed and the lifetime of the beam was not

affected.

A horizontal orbit bump is formed by the wiggler, which is

composed of 3 sets of superconducting coils. The inner and

outer size of the middle coil (main coil) are 30 mm ¥ x 110 mm L

x 55.8 mm H and 118.4- mm W x 198.4 mm L x 55.8 mm H. Those of

the outer coils (auxiliary coils) are 30 mm W x 136 mm L x 40.8

mm H and 97.4 mm W x 203.4 mm L x 40.8 mm H. The space between

the center of the upper coil and that of the lower coil is 140

mm. The maximum field produced by the main coils is 4 T. The

tune shifts and the vertical closed orbit distortion due to the

excitation of the wiggler is not negligible. A quadrupole

magnet and a vertical steering magnet were installed near the

wiggler to correct the influence of the wiggler.
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3. Measurement Systems

3.1 Beam Lines

Schematic diagram of the beam line is shown in Fig. 6.

Horizontal acceptance angle of the front end is 80 mrad. It is

composed of a manual valve (VQ ) , a beam shutter, a pneumatic

valve (V-) and a fast closing valve (V^) . After the front end, a

pre-mirror chamber, beam pipes and a pneumatic valve

connected.

(V2)are

Vn, V- and V~ use vi ton 0-r ings , while V™ i s an a l l

metal valve. Closing time of V-p i s 10 ms and leak r a t e i s 1

Torr 1/s . When acc identa l leakage occurs, the combination of V^

and V can prevent the leakage so that the. can prevent the leakage so that the pressure

deterioration at the outlet of synchrotron radiation is below 1
_3

x 10 Torr. In July 1985, an accidental leakage occurred from a

sample chamber at BL7B. At that time the beam current decreased

by amount of 10 mA, but the lifetime soon recovered.

Between a pre-mirror chamber and a monochromator, an acoustic

delay line is inserted. The acoustic delay line can delay

propagation time of the front of leakage by 10 ms. However in

our case, even if the fast closing valve shuts before the front

arrives, the leak from the fast closing valve is dominant on the

vacuum deterioration of the ring. If the effect of leakage

should be neglected, it is recommended that one should use

Storage
Ring

Front End of
Beam Line

Beam Pipe

Monochro-
mator

Fig. 6 Schematic diagram of beam line,
pneumatic valves. V :̂ fast closing valve,

manual valve. V. and V?:
and BSO: beam shutters. Sneumatic valves. V?: fast closing valve. BS and BS : beam shutters. S^,

„ and Sj,: vacuum gauges which control V , V and V , respectively. IP -
P_: sputter ion pumps. '
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combination of a fast closing valve with a negligibly small leak

rate and the acoustic deley line.

The first pre-mirrors are made of quartz and their surfaces

are coated with platinum or gold. At present, they are not

cooled.

3.2 Experimental Equipments

Monochromators listed in Table 2 are located as shown in Fig.

2 . They cover wavelength region from far infrared to soft X-

ray. The beam lines and monochromators of BL2A, BL2B2, BL3B

and BL8B2 are mainly used by staffs of Department of Molecular

Assemblies in IMS. The others are for users outside IMS. The

UVSOR Facility is responsible for the maintainance of these

lines. A monochromator of BL7B was made by Equipment

Development Center, equipped with time resolving instrument made

by Instrument Center. BL6A2 and BL7A were made in cooperation

with adjunct associate professors of UVSOR. BL1B, BL2B1,

BL3A1, BL3A2, BL6A1 and BL8B1 are under construction in

cooperation with visiting scientists. BL8A is opened to users

who bring their own optical instruments and to those who make

irradiation experiments, such as lithography.

A double crystal monochromator (BL7A) usually used at the

ordinary bending section, can be used in combination with the

wiggler radiation a few or several weeks per year. The use of

oil diffusion pumps is allowed only in the case of evacuating

molecular beam sources.

4« Building

The UVSOR building is a four-storied building, whose whole
2

area is 2750 m . It has rooms to accomodate the storage ring,

the synchrotron, power supplies, chillers, heat exchangers, air

conditioners and the control system. It has also small rooms

such as an electronics shop, a machine shop, a dark room, a
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Table 2 Monochromators at DVSOR

Beam

Line

BL1B*

BL2A

BL2B1*

BL2B2

BL3A1*

BL3A2*

BL3B

BL6A1*

BL6A2

BL7A

BL7B

BL8A

BL8B1*

BL8B2

Monochromator,

Spectrometer

1 m Seya-Namioka

1 m Seya-Namioka

2.2 m Rowland Circle

Grazing Incidence

1 m Seya-Namioka

None (Filter, Mirror)

2 m Constant Deviation

Grazing Incidence

3 m Normal Incidence

Martin-Puplett

Plane Grating

Double Crystal

1 m Seya-Namioka

None

2.2 m Rowland Circle

Grazing Incidence

Plane Grating

Wavelength

Region

2000-300 A

4000-300 A

220-20 A

2000-300 A

:000-1oo A

4000-300 A

5 mm-50 y-m.

6500-80 A

15-8 A
15-2 A

6500-300 A

220-20 A

6500-80 A

Acceptance

Angle(mrad)

Horiz.

60

40

10

20

(U) 0.3

10

(U) 0.3

20

80

10

2

(W) 1

50

25

10

10

Vert.

6

6

2

6

0.3

U
0.3

6

60

6

0.3

0.15

6

8

2

6

Experiment

Gas

Gas

Gas

Gas

Gas & Solid

Gas 6 Solid

Gas

Solid

Solid

Solid

Solid

Irradiation,

User's Instrum

Solid

Solid

: under construction. U : with an undulator. W : with a wiggler.
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computer room and offices. Both the synchrotron and the storage

ring rooms have x-y cranes. As the synchrotron room inclined

when the storage ring room was completed, the magnet system of

the synchrotron had to be aligned precisely again. Each beam

line has its own pit for cabling and piping cooling water,

compressed air and helium gas. The amount of toxic gas as for

the sample is limited and it should be handled in drafts.

Ordinary and emergency ventilation systems are provided.

5. Future Plan

A second undulator will be installed in spring of 1986. Some

fundamental experiments of FEL using the undulator will be done.

We will start to make a plan of the second stage of the measure-

ment systems, using six unused outlets of synchrotron radiation.
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University-Based User Facilities—Lessons from Tantalus and Aladdin

D.L. Huber
Synchrotron Radiation Center, University of Wisconsin-Madison

3725 Schneider Drive, Stoughton, WI 53589

Introduction

The establishment of university-based user facilities is a
relatively new development in the federal funding of research in
condensed matter science. Because the Synchrotron Radiation Center (SRC)
has been a pioneer user facility, we have acquired a certain degree of
experience, both good and bad, in the construction and operation of
university-based facil i t ies for synchrotron-related research. The
purpose of this paper is to set down the history of SRC and to outline
some of the general lessons we have learned in the area of advanced
planning. No attempt is made to be either definitive or exhaustive. In
the present context, a university-based user facility is understood to be
a dedicated facility under direct university control where a majority of
the users ccme from outside the local university community.

History of SRC

SRC has had a fundamental role in the establishment of synchrotron
radiation as a basic experimental technique in modern science and
technology. In the late 1960's SRC took the revolutionary step of
operating a storage ring entirely dedicated to synchrotron radiation
experiments. The result was the reliable and user-friendly operation of
Tantalus beginning in the early 1970's.

The reliability of Tantalus stimulated several outstanding
experimentalists to become involved in synchrotron radiation research.
Their activity at SRC produced many of the novel techniques made possible
by the unique characteristics of synchrotron radiation. In turn, these
techniques led to a series of landmark experiments in atomic, molecular,
and condensed matter research.

The development of SRC started informally even before Tantalus
became operational. The f i rs t formal step began in 1968 with the
establishment of a Users Executive Committee, the predecessor of today's
Users Advisory Committee. The first articles describing research on
Tantalus appeared in 1969. Since then the demand for Tantalus beamtime
has steadily increased. A large number of graduate students did their
research work on Tantalus. In addition, SRC has hosted visiting
scientists from more than forty foreign countries. These people played
an important role in the rapid growth of synchrotron radiation research
throughout the world. In particular, many of the leaders of synchrotron
radiation laboratories in Europe are former SRC users.
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In 1976, SRC proposed the construction of a new storage ring, Aladdin, to
the National Science Foundation. The project which was finally approved
had a maximum energy of 1 GeV, a 100 MeV microtron for injector, and four
long straight sections for insertion devices. Construction started in
1977. After a series of delays, i t became clear that the project
suffered from insufficient funding levels, insufficient personnel, and
from an inadequate managerial structure. Even with these problems, the
f irs t beam was injected into Aladdin in November 1981.

Since 1983 substantial changes have occurred in the managerial
structure and funding levels, and SRC has expanded i t s personnel. The
Chancellor of the University of Wisconsin-Madison became co-Principal
Investigator of the project, with the Director reporting directly to the
Chancellor.

In the fall of 1983 a general consensus was reached among SRC users
in defining minimum values for the parameters of a "useful" Aladdin
beam — 10 mA at 800 MeV. There was also a general agreement that SRC
should not sett le for such low-level currents. By the fall of 1984 the
maximum current reached was only 2.8 mA at 750 MeV. A technical review
committee advised NSF in 1984 that currents above 100 mA might not be
reached without a full-energy injector. NSF agreed to support an Aladdin
Upgrade Study, whose purpose, in particular, was to determine the
parameters of a full energy injector for Aladdin, to identify those
components of Aladdin which need upgrading or redesigning in order to
guarantee satisfactory performance with a new injector, and to develop a
plan for carrying out the Aladdin upgrade.

The Upgrade Study team included representatives from the Argonne
National Laboratory, Lawrence Berkeley Laboratory, the Stanford Linear
Accelerator Center, and SRC, with additional assistance from LANL, FNL
and Bechtel, Inc. The study was initiated in December 1984 and completed
in April 1985. It was then reviewed by committees from the DOE and the
NSF. Following these reviews, the NSF decided not to continue support of
Aladdin.

In early January, after experiments on Tantalus had shown the
necessity of removing ions from the vacuum chamber to achieve large
currents, experiments were begun in clearing ions from Aladdin. Currents
of 10 mA were rapidly achieved. Since the conclusion of the Upgrade
Study, currents have continually increased as additional clearing was
added and improvements were made in injection. We have now reached over
50 mA at 100 MeV and have accelerated 40 mA to 800 MeV.

Three experimental beamlines have been installed on the ring, two
with ERG monochromators and one for X-ray lithography studies.
Preliminary results from X-ray lithography experiments are encouraging,
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as are results from the ERG lines. At present SRC is seeking funding to
run the ring as a user facil i ty. If adequate funding is available, there
will be seventeen beam lines in operation by March 1987.

Site-Independent Experience

No history of any large facility would be complete without reference
to the people involved. Nevertheless in extracting general lessons from
particular experiences i t is important to keep in mind that if the
lessons are to be of value they must be "site independent". For this
reason we make no specific reference to the University of
Wisconsin-Madison or i t s staff. As mentioned in the Introduction, we are
focusing on the preliminary steps leading to the establishment of a
national user facility under direct university control. We will discuss
a number of what we call "desiderata"—things which are needed and
wanted—which we believe are essential for the success of the facility.

A. Strong support from identified potential users

With the risk of stating the obvious, strong support from potential
users is of primary importance in establishing a user facility. What is
also important is that the users be identified. Vague statements about
"national needs" cannot replace personal endorsements from scientists who
will make commitments to use the facility once i t is operational. Our
experience indicates that a Users Advisory Committee is an effective way
of focusing user interest anci support. The make-up of the advisory
committee should be sufficiently broad that the full spectrum of
potential users is represented.

B. Strong in-house support from senior faculty

The major universities in the United States have in common a system
of faculty governance where important policy decisions are made by the
faculty, as opposed to the administration. In such a situation i t is
absolutely essential that the proposed facility be strongly supported by
the senior faculty who would be most directly affected by the program.
Even when backed by the administration (see below), the facility is
unlikely to prosper unless i t has the backing of influential faculty.
Faculty backing is also crucial in the recruitment of new faculty who
would be associated with the facility. Without this support i t is
unlikely that departments would approve new appointments, particularly in
times of limited departmental growth.
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C. Commitment from university administration

Even with faculty governance a strong commitment from the university
administration is essential. At the University of Wisconsin, and at
other institutions as well, control of the finances is in the hands of
the administration. A major facility is likely to require cost-sharing
on the part of the university. Unless there is administrative support i t
will be difficult to achieve meaningful cost-sharing. Less obvious but
equally as important is the need for financial support from the
university to cover unanticipated but necessary expenditures.
Universities can generally respond to fiscal emergencies on a much
faster, although more limited, scale than federal agencies.

D. Proven in-house technical capabilities

User facili t ies in the physical sciences generally involve the
operation of complex equipment. Even when built by outside contractors
such equipment will require maintenance, repair, and often retrofitting.
It is highly desirable that this work be done in-house if possible. An
experienced technical staff can save both time and money over what would
be needed to have the work done elsewhere. Moreover, such a staff can be
invaluable in ensuring that reliable service is obtained from contractors
and vendors.

E. Management plan

In establishing a new facility i t is important to have a
well-thought-out management plan. The need for such a plan is obvious to
people with industrial or government-laboratory backgrounds, but i t is
not always obvious to university faculty. Many academic departments
govern themselves by consensus. Important decisions are made by the
tenured faculty acting as a committee of the whole or else by standing
comii-ittees. The department chairman acts largely as a coordinator and
facilitator. Depending on the institution, shared governance can work
well, particularly when the department is made up of diverse research
groups. Shared governance is inappropriate as a management plan for
university-based user faci l i t ies . The management of these facilities
should be characterized by clearly defined lines of responsibility. Like
any well run organization there must be communication at all levels; the
decision-making, however, should be in the hands of those held
accountable for the results.

F. Previous experience with projects of comparable scale

Although in-house facilities differ from user facil i t ies, previous
experience developing and managing programs of the same scale as the user
facility is important. In both situations one may encounter problems
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relating to purchasing, personnel, maintenance, security, etc. If the
university has dealt satisfactorily with these beforehand, i t is likely
to be able to do so again. On the other hand, if there is no previous
experience, there will be frustrating and time-consuming delays while the
solutions are being worked out.

Post-Funding; University-User-Agency Relations

Once a commitment has been made to fund a university-based user
facility, i t is important to maintain good working relations among the
university, the users, and the funding agency. The relations should be
based on openness and trust. All parties involved should accept their
shared responsibility. Most importantly, i t must be recognized that the
facility is being run primarily for the benefit of the users.

When considering the funding, i t is important to recognize that
there should be adequate money for construction. In the long run l i t t l e
is gained by cutting corners in. the cost. After the construction is
complete, there must be sufficient funds to provide an acceptable level
of service to the users, along with the freedom to allocate them in the
ways which are most beneficial to the program.

In conclusion, i t must be emphasized that i t is the involvement of
the users that sets a university-based user facility apart from in-house
programs such as Materials Research Laboratories. In essence, the
facility represents a partnership on the part of the funding agency and
the university to provide a service to the scientific community. The
success of the facility requires thoughtful planning and cooperation by
all three parties.
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"Present Status of SOR-RING"

T. Ishii and G. Isoyama
Institute for Solid State Physics, University of Tokyo,

Roppongi, Tokyo 106, Japan

The present status of the SOR-RING, its initial commissioning and recent
activity of the facility are described. The major steps taken during the
initial commissioning were the replacement of the RF cavity, cleaning the
vacuum chambers, refining the magnet system,-and continual search for the best
operating point. Experience with single bunch mode of operation and efforts
to improve beam stability are also described.

1. Introduction
The SOR-RING is a 380 MeV electron storage ring at the Institute for

Solid State Physics (ISSP) of the University of Tokyo. It was designed from
the beginning for dedicated use in spectroscopy and related research such as
light intensity standards and radiation effects. Constructioa started in 1971
at the Institute for Nuclear Study (INS) of the University of Tokyo. It was
initiated and carried out as an INS project by the group which was already
using the synchrotron radiation facilities connected to the 1.3 GeV electron
synchrotron at INS. The construction was completed in 1974. The construction
cost was about 70 million yen for the storage ring and about 50 million
yen for experimental equipment.

The SOR-RING was transferred from INS to ISSP when the Synchrotron
Radiation Laboratory (SRL) was founded in April 1975 for the purpose of
managing the SOR-RING. This group, SRL-ISSP, initially in collaboration with
the original working group, has since commissioned and operated the SOR-RING
as a research facility which has produced many important results. SRL-ISSP
had been the only facility in Japan where synchrotron radiation was available
until a 2.5 GeV storage ring called the Photon Factory (PF) was built at the
National Laboratory for High Energy Physics (KEK). The first stored beam at
the Photon Factory was achieved in 1983. Now two other electron storage rings
are also operating as synchrotron radiation sources in Japan. They are UV-
SOR, a 750 MeV ring at the Institute for Molecular Science (IMS) and TERAS, a
600 MeV ring at the Electrotechnical Laboratory.

The SOR-RING is now an old machine and was not designed in the recent
fashion with low emittance and many straight sections for insertion devices.
However, it is still operating well and producing many interesting papers. In
this report, the present status of the SOR-RING is descibed. The
commissioning and other trials to improve the performance are also given along
with the activity in solid state research.

2. Some aspects of the SOR-RING
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Fig. 1 Lattice structure of the SOR-RING

(m)

Fig. 2 Beta function or one unit segment

of the SOR-RING.

The details of the
design of the SOR-RING are
described elsewhere.(1)
Figure 1 shows the lattice
of the SOR-RING. The lat-
tice structure is similar
to that of the ACO ring at
LURE, Orsay. However, the
SOR-RING is a weak focu-
sing machine. The beta-
function is shown in Fig.
2. The SOR-RING was desi-
gned to have a beam energy
of 300 MeV because of the
lack of funds and availab-
le land for a larger mac-
hine and the spectral re-
gion of synchrotron radia-
tion in which the users
involved were interested.
Electrons are accelerated
with a 1.3 GeV electron
synchrotron and extracted
at 308 MeV through a fast
kicker magnet and a pulse
bending magnet.(2) They
are transported to the

SOR-RING through two bending mag-
nets and three pairs of quadru-
pole magnets. The total length
of the beam transport line is
about 20m. Electrons are injec-
ted into the SOR-RING through a
pulse bending magnet and a fast
kicker magnet. These two injec-
tor magnets are operated synchro-
nously with the extractor magnets
installed in the electron "syn-
chrotron. The injection rate is
1 Hz. Usually it takes 15 min
to 30 min to fill the ring with
electrons. Firing of the fast
kicker magnet in the elecron
synchrotron is not synchronized
with the motion of electron bun-
ches. Thus the beam is extracted
randomly.y After the stored cur-
rent reaches a certain level,
injection ceases and the beam
energy is raised to 380 MeV,

- 104 -



which is the normal operation energy. Currents in the ring magnets are not
computer-controlled during the alteration of the beam energy. At first, the
current in the bending magnets and quadrupoles was raised using motor-driven
helipots. Although this works well, an electronic device to control the
magnet currents synchronously is now used.

The usual value of the initial stored current is 200 mA to 300 mA at
present. The maximum beam current attained so far is 500 mA. At such a high
stored current, however, the beam size is large and the lifetime is short. It

Table I Main parameters of the SOR-RING

Injection energy

Nominal operation energy

Average radius

Bending radius

Momentum compaction factor

Tunes

Lifetime

RF frequency

Harmonic number

Revolution frequency

Circulation period

RF peak voltage

Synchrotron frequency

Energy loss per turn

Critical energy of radiation

Horizontal damping time

Vertical damping time

Energy damping time

Emittance

Horizontal beam size

Vertical beam size

Total pumping cpeed

Average pressure without beam

E =

E =

R =

P =

a =

v =
X

v =
y
T =

fRF =

h -
_

REV
=

rev
VRF =

=
syn
uo =
e =c
T =
X
T =
y

Te =

e =
X
a =
X
a =
y

"p =

308 MeV

380 MeV

2.78 m

1.1 m

0.64

1.28

1.22

240 min at I = 200 mA

121 MHz

7

17.3 MHz

58.3 ns

15 ̂  20 kV

105 kHz

1.6 kev

111 eV

32 ms

27 ms

13 ms

300 irnrn'rad

0.91 mm

0.23 mm

5600 1/s

5 x 10~ 1 0 Torr
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is practically useless. The lifetime is 240 min at 200 mA. We refill the
ring with electrons when the stored current decays to 100 mA. Refilling of
electrons takes place 3 times a day. The main parameters of the ring are
summarized in Table I. The spectrum of synchrotron radiation from the SOR-
RING is shown in Fig. 3 in comparison with spectra for the PF-ring and UV-SOR.

The SOR-RING is equipped
with five beam channels. Each
beam channel serves one experime-
ntal station, except one channel
where two experimental stations
are connected. In addition to
these beam channels for experime-
ntal stations, a small beam pipe
with a glass window is provided.
This is used for observing the
electron beam through a TV came-
ra. An electrostatic beam moni-
tor is also installed. Stored
currents are measured by obser-

io" io° ving photocurrents from a stain-
less steel plate installed in the

„ , , , . vacuum system for this purpose.
Fig. 3 Spectral distribution of v

synchrotron radiation from the
SOR-RING, UV-SOR and the PF ring.

3. Commissioning and
Improvements

Brief descriptions of the commissioning of the SOR-RING are found in two
other articles.(3)(4) The first successful filling with electrons was
achieved in late 1974. Routine operation for experiments began in fiscal year
1976 (starting in April) and funding for regular operation has been provided
since then. In addition to the systematic search for better operating points,
the. major improvement of the ring was the complete replacement of the RF
system by Sasaki and his colleagues. The RF system first installed in the
ring was a system formerly used in the 1.3 GeV electron synchrotron. It was
converted for use in the SOR-RING by replacing electrodes in the cavity. This
system was found to give insufficient power and the operation was not stable
enough. Stored currents in those earlier days were below 1 mA. The
construction and installation of the new RF system were finished early in 1976
and the actual commissioning started.

Figures 4 and 5 are plots of stored current and lifetime, showing the
improvement in performance of the ring. During the period from 1976 to 1977,
the performance of the ring was greatly improved. This was achieved by
finding a good operating point and reducing the pressure inside the vacuum
chamber. The improvement in the vacuum was brought about by repeated baking
and out-gassing due to continual exposure of the inside wall to synchrotron
radiation. A small obstacle used in initial surveying and accidentally left
in the beam transport line was found and removed. By 1977 two experimental
stations were commissioned and used for optical experiments. All experiments
carried out at this earlier time were photoabsorption measurements on solid
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Fig. 4 Evolution of the maximum stored
current and the lifetime in the
SOR-RING before 1982.
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Fig. 5 Lifetime versus stored current

in the SOR-RING.

500

intensity
calibrated
Again the

dynamic range was found to be very wide and very linear. This series of ••expe-
riments along with the incorporation of the current monitor of the
photocurrent type were carried out by Kitamura. In the SOR-RING, the beam

materials.
The ring was originally

equipped with a current mo-
mitor- of the electrostatic
type. However, this did not
work well. Then Kitamura,
now at PF-KEK, developed a
current monitor of a diffe-
rent type. The idea is to
measure the intensity of
visible synchrotron light
with a photomultiplier
through a glass window in-
stalled at the end of a beam
channel. With this system,
light intensities at extre-
mely low beam currents could
be observed and stepwise
decreases were seen. One
step corresponds to the de-
cay of one electron. We
were able to observe the
decay of the very last elec-
tron! Such an observation
made it possible to calib-
rate the stored current ver-
sus the light intensity.
Surprisingly, the dynamic
range of the photomultiplier
used was found to cover
several orders of magnitude
with a good linearity, as
long as the output current
was kept below a certain
level by reducing the ap-
plied voltage. Then a small
stainless steel plate was
mounted in the vacuum cham-
ber and photocurrents caused
by synchrotron radiation was
observed. A calibration was
made of the photocurrent
versus stored beam current
by comparing the photocur-
rent to the light
measured with the
photomultiplier.
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current is now monitored by observing this calibrated photocurrent.
It is seen in Figs. 4 and 5 that the lifetime increased drastically late

in 1978. This is due to improvement in the ring vacuum condition. Cleaning
of the vacuum chamber by argon-discharge(5) was employed at this time. It was
found(5) that this method is very effective for reducing the pressure inside
the vacuum chamber.

Then the beam energy at normal operation was increased to 380 MeV.
Before this time the machine was operated at 300 MeV. This increase in the
beam energy appears to contribute to the increase in the lifetime. A gradual
increase in the lifetime was achieved during 1979. This is ascribed to the
reduction in pressure due to gas-desorption by synchrotron radiation.

Early in 1981, the lifetime increased markedly again. This was brought
about by removing impediments disturbing the magnetic fields in quadrupole
magnets in the ring. The baking of the vacuum chambers of the ring is
accomplished by directly flowing currents of 1200 to 2000 A through the vacuum
chambers, except four straight sections where components such as the RF
cavity, pulsed bending magnets, the fast kicker magnet and the pumping station
are installed. The heating current bypasses these straight sections through
copper bars. The current partly bypassed other straight sections with
quadrupole magnets through wide bars made of iron so as to suppress
overheating. These iron bars disturbed the magnetic fields in the quadrupole
magnets. Therefore the iron bars were removed. Another impediment disturbing
the magnetic field of a bending magnet was found. It was an iron tube
covering the stainless steel tube connecting the vacuum chamber for the pulsed
bending magnet and the beam transport line. This iron tube serves as a
magnetic shield to protect the electron beam from stray magnetic fields caused
by a normal bending magnet nearby. The iron tube was removed. At the
beginning shims were glued to the pole pieces of the normal bending magnets so
that the good-field region was expanded. It was found later that the glue had
degraded and the shims had shifted, causing serious disturbance of the
magnetic fields. Removing these shims solved the problem. Shims were
reinstalled later and carefully controlled to correct the magnetic fields.
These efforts, conducted by Y. Miyahara, resulted in a marked increase in the
lifetime early in 1981.

The injection efficiency was also increased at this time. This was
accomplished by replacing the control system for the pulsed bending magnets.
The original control system suffured from instabilities driven by noise
signals from the fast kicker magnets. This control system was replaced by a
more stable one.

4. Insertion Device, Single Bunch Operation and Landau Cavity
As already mentioned, the SOR-RING is not equipped with insertion

devices, because of the lack of space in straight sections and the
experimental hall. However, once the vacuum chamber for the pumping station
was modified to accept a small undulator, and a 19-pole permanent magnet
undulator designed and built in PF-KEK by Kitamura(6) was inserted and tested.
The intensity, spectrum and polarization characteristics were measured.
Although the performance was found to be quite good, the undulator was not put
to practical use in the SOR-RING. Now the straight section is occupied by a
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Landau cavity.
Single-bunch operation is possible in the SOR-RING. A single-bunch beam

is produced by an RF-knock-out method. This was first proposed by Sommer(7)
and adopted in ACO. Single-bunch operation is most efficiently realized if
bucket-to-bucket injection is possible. In the case of the SOR-RING this
method cannot be adopted because no single-bunch operation is possible in the
electron synchrotron injector. Furthermore, the RF frequency of the electron
synchrotron is quite different from that of the SOR-RING, and synchronous
operation of both machine is not possible. The RF-knock-out system employed
in the SOR-RING was first developed by Kitamura and modified to improve
performance by Asaoka. The block diagram of the system presently used is
shown in Fig. 6. The harmonic number of the SOR-RING is seven and all seven
bunches are filled in the multi-bunch operation mode. The revolution time is
58.3 nsec and the bunch length is 195 mm at 380 MeV. First, electrons are

RF-KO
Electrode

Power
Amplifier

Variable

Delay

Function
Generator

Frequency
Moauteiion

Function
Generator

Freouency I

Amplitude
Modulator

Oauole Balanced Mixer

RJT Master
Oscillator

IZ0.83MHZ

1/7 Divider

Power
Amplifier

Fig. 6 Block diagram of the system for single-bunch-operation.

injected in the multi-bunch operation mode. The RF field with a frequency,

I I* nI^ out six bunches out of seven. Here v x y is the
x y

f K0= I v Xy I R y
betatron number, f^ is the revolution frequency of the ring and n is an
integer. The actual knocking out is ceased when the intensities of six
bunches become less than 10"^ of that of the single bunch to be used. Figure
7 shews the bunch profiles for the single-bunch-operation and multi-bunch-
operation modes. It is seen that the bunch length is shorter in the single-
bunch-operation mode. So far a stored current of about 20 mA has been
obtained in a single bunch. Even at this low current, time-resolved
luminescence experiments have been carried out satisfactorily.

One of serious concerns associated with an electron storage ring light
source is the beam stability. In the SOR-RING it was observed that the
intensity of synchrotron radiation, as observed at an experimental station,
fluctuates slowly.(8) This fluctuation interrupts precise optical
measurements. It is particularly troublesome to modulation spectroscopy
experiments. Detailed study of this fluctuation showed that it is caused by
oscillations of the electron beam at -frequencies from 200 to 300 Hz. The
frequency varied as the beam current was changed. This fluctuation was found
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Fig. 7 Bunch profiles for single-bunch-

operation (lower) and multi-

bunch-operation (upper).

rable fluctuation of the beam.(9) The cavity
currents and the longitudinal coupled-bunch
reduced. However, the beam instability remained
to the difficulty in the phase control system.

only in multi-bunch opera-
tion. In multi-bunch opera-
tion, the bunch length is
larger than that in the
single-bunch operation, as
can be seen in Fig. 7. The
bunch length in multi-bunch
operation varied also as the
beam current was changed.
Analysis of the spectra of
this fluctuation suggested
that the fluctuation is
caused by the inter-bunch
interaction.(8) In order to
reduce this coupled-bunch
instability a Landau cavity
was installed in a straight
section. This is an RF
cavity operating at a fre-
quency just twice that of
the main RF cavity. The
perturbation by this second
RF field causes Landau dam-
ping and reduces the undesi-
worked well at low stored
instability was appreciably
at high stored currents owing

5. Beam Lines
The SOR-RING has five beam lines identified as BL-1 to BL-5. Two

experimental stations are installed on BL-1, one of which is on the 2nd
floor. The light is reflected by a focusing mirror onto the entrance slit of
a lm Seya-Namioka monochromator on the second floor. This experimental station
is used mainly for absorption and reflection spectroscopy. Modulation
spectroscopy and time-resolved luminescence spectroscopy experiments have also
been carried out using this station. All other experimental stations are on
the first floor along with the storage ring. A part of the light from BL-1
falls directly on the first mirror of a modified Wadsworth monochromator.
This experimental station was designed for photoabsorption experiments on
liquid rare gases. The apparatus will be modified for more genera^ use.

Both BL-2 and BL3 are used for photoelectron spectroscopy. The
experimental station of BL-2 consists of a 2m modified Rowland-mount
monochromator(lO) and a standard photoemission apparatus with a double-stage
cylindrical mirror analyzer. This system is used for both bulk and surface
studies. The experimental station of BL-3 consists of a plane grating
monochromator and an angle-resolved photoemission apparatus with a
hemispherical analyzer for surface studies.

BL-4 is a free station. Users bring their experimental equipment,
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including monochromators. The experimental station of BL-5 was built by
users. It has a modified Wadsworth monochromator. This line is used only for
biological studies including photoabsorption experiments using the PAS method
and experiments on radiation effects.

Figure 8 shows a simplified sketch of the mountings of monochromators
used in the beam lines of the SOR-RING. This illustration was made by Namioka

SR

(a) (b)

SR M3>4 MS FM2FM,

(C)

SR

M,

14°

90°

M2
I

s
(d)

Fig. 8 Simple illustrations of the configurations of optical
elements in monochromators used in the SOR-RING, (a)
Seya-Namioka monochromator, (b) modified Rowland mount
monochromator, (c) plane grating monochromator and (d)
modified Wadsworth monochromator.

and presented at the U.S.-Japan Seminor on Ultraviolet Photobiology
Spectroscopy Using Synchrotron Radiation held at Brookhaven in 1985.(11)

and

6. Activity in 1984
The staff of SRL-ISSP consists of five scientists and two technical

associates for the solid state group and four scientists and three technical
associates for the machine group. The operation time of SOR-RING is nominally
from 9.00 to 19.00, 4 days per week. This operation time is extended quite
often depending on the status of user's experiments. The total budget for
fiscal year 1984 is about 50 million yen. This does not include salaries and
travel expenses. If users' proposals for experiments are approved by a review
panel organized by ISSP, then ISSP pays the users' travel expense and part of
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the costs of experiments.
In 1984, the total operation time was 1820 hr. The number of users was

119. Figure 9 illustrates the distribution of the categories of the studies
accepted and performed in 1984.

Phenomena Samples '

Molecular Cxyscals Mecals and Allays

Fig. 9 Distribution of categories of experiments carried out
using SOR-RING in 1984.
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THE ORSAY SYNCHROTRON RADIATION SOURCES COMPLEX

M. Soramer
Laboratoire pour 1'Utilisation du Rayonnement Electromagne'tique,

91405 Orsay, France

Since the early seventies, synchrotron radiation from the then
existing circular colliders (ACO and later DCI) was used. This
collaboration with the LAL High Energy Physics Lab was fruitful, and both
raaohine3 are now dedicated for synchrotron radiation, and will be
discussed later. But in the early eighties it was obvious that a low
emittance VUV source was a necessity. This is Super-ACO, now in
construction. The properties of this machine will also be summarized in an
other report.

A schematic of the situation of these sources is shown Fig. 1.

All this set of machines uses the 2.3 GeV Orsay electron/positron
Linac as an injector.

ACO uses 240 MeV electrons from an intermediate movable gun and
"long" pulses (300 ns).

DCI uses 1.1 GeV positrons made by conversion at 1 GeV of a low

emittance well focused electron beam (I = 1,2 A),

The emittance and flux of positrons are approximately :

e = 3x10~6 mxrad ; If- = (6 to 10).108 e+ /25 ns pulse for — = - 10~2.
x Qt p

Super-ACO will use 0.8 GeV positrons, from the same source with

e - 5 x 10"6 mxrad •— - 3.10s e+/7 ns pulse at 25 Hz and -^ = - 10~2.
x dt P

The use of positrons is a consequence of our experience with
electrons and problems related to ion trapping (lifetime effects and
sometimes emittance blow-up).

ACO is supposed to stop operation as soon as Super-ACO is available
for users (most of experimental devices will be removed).

DCI is expected to be in use at least since 1992 if the ESRF starts
operation at that date.

Super-ACO is expected to have the first beam injected by fall 1986.
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ACO

Operates since 1965-66 - Dedicated S.R. source since 1976.

Main features :

E = 0
nax

Structure : [T;

Sx

*B

\

RF

= 1.

= 0.

= 0,

,88 m

.872 m

.33 m

freguency_ :

Optical

X
X
c

a

z

= 2

= 40

= O.1

S 0

= 15

.54

Si

27.

properties

x 10"7

A from

J mm

.25 mm

cm

mxr

the

GeV

B S2 (QF)

S2 = 0

P = 1

in = 0

2TTR

s3 \ (Q

.273

.11 m

.308 m

24 MHz (h= 2) ,

•

bendings

a = 0
vr\XO

a = 0
zo

} @ 0

.5 mm

.6 mm

= 22

D)]

,04'-m

x 8

S3 = 0.183 m

Sector ; field index : 0.5

V = 20 kV
max

,536 GeV

on full coupling v - v = 2
X Z

Nominal stored current I~ = 150 mA (single bunch)
max

T = 1 0 hours

One insertion (optical klystron) 2 x 7 periods + dispersive element
(3 periods)

E = 160 * 220 MeV ; \i - 0.65 •* 0.58 ym ; internal gap height 25 mm

\Q = 78 mm ; B Q = 0.31 T for g = 35 mm ; total length : 1.3 m

ACO operates with electrons injected at 240 MeV.

A new optics with lower 6* is used : v =1.63 instead of v - 0.84.
* z z

= Injection efficiency + ion trapping

t«.1n = 10 min t= = 5 min
fill ramp

Nb of beam lines 6 ; 12 experiments.

A sketch of ACO is presented Fig. 2.

Beta functions are shown on Fig. 3 and 4.
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TECHNICAL CHARACTERISTICS OF ACO

1) Magnet System

Digoles : 8 ; 45° sector magnets, window frame.

Field index n = 0.5 - 0.005

p = 1.11m B = 1.8T Gap height = 90 mmmsix

Required dispersion of elements : -,- '. < 10""'

Main coils : 750 A x 36 turns ; 11 A/mm2

Steering coils 10 A x 144 turns
Max.dissipated power per magnet : 84 kW

Quadrupoles : 12 ; Magnetic length : 0.33 m ; Bore diameter 0 = 132 mm

maximum field gradient GM = 14 T.nT
1

Main coils : 40 x 750 A } quadrupole
Steering coils : 24 x 10 A

Max. dissipated power : 28 kW/quadrupole

Sextupolar coils : 12 ; inside quadrupoles ; 6 x 600 A

Maximum strength : 15 T.m~2 ; Magnetic length : 0.32 m

2) Power supplies : regulated at — < 10~" for the main power supplies,

— < 10~3 for the steering coils power
supplies.

The main power supplies are presently computer controlled (PDP 11/40).
Bending magnet : 900 V x 750 A - Focusing quadrupole : 450 V x 700 A

- Defocusing quadrupole : 150 V x 800 A

3) Vacuum System : Made of amagnetic (y < 1.005) stainless steel (U 15 C)
Baking at 270 ° C (In situ)
Total pumping speed = 2500 S,.s~l

Averaged dynamic pressure with full current at top energy - 10~9 Torr.

RF_System : One reentrant RF cavity.

A ceramic isolates the electric gap.

f = 2 x 13.618 MHz ; Vm = 20 kV ; P S 1 kW

- 116 -



- One inflector ; a = 15° ; gap : 32 * 32 mm2

I = 15 kA, half sinusoid of 17 usm
- Triggered by a spark-gap ; repetition rate : 2.5 Hz

- One fast kicker : B = MO Gauss ; V = 2 x 10 kV
max max

Fall time x = 800 ns V = - 12 kV
Note that inflector magnet is situated in NTP air.

?eam_diagngstics

- Intensity measurement :1 torus,1 capacitive pick-up electrode.
- Position monitor : 5 ports use the synchrotron light emitted. A

graticule is aligned with the theoretical orbit position. Video
multiplexing.

- Transverse dimensions : the image of the source is scanned by
means of a rotating/translating slot moving in front of the photo-cathode
of a photo multiplier.

A photo-diode matrix is also used now.

Operation

ACO is operated on the base of 4 x 12 hours shifts per weekf 35 week per
year. Machine availability is higher than 90 % but the beam on time can be
expanded to make up the time lost. Lost shifts can be recovered by
additional ones.

* * * ** * *

D.C.I.

Operates since 1975 - Dedicated since 1984

Main features :

E =1.85 GeV 2 T;R = 94.6 m
max
Structure

4 x [I S1YS2(QF)1S,(QD)1SkVS5B66(QE)2S7(QD)2S6BSB(QF)3S7(QD),SB(QF)l,^S9]

Si = 6.0 m S 2 = 1.077 m S3 = 0.465 m S,, = 1.773 m S5 = 0.595 m

S6 = 0.528 m S 7 = 0.456 m S8 = 0.578 m S9 = 4.456 m

I = 0.526 m l = 0.494 m S, = 2 m p = 3 = 8197 m n = 0 (sector)
Wi y 2-7 t>

&v = 0.72 m (// faces) I = 0.71 m (n = 0)

RF frequency = 25.35 MHz (h = 8) ; V = 500 kV.
———————————— insx
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e = 1,3 x io~6 m x rad § 1.85 GeV e = 1.4 x 1O~7 m x rad

K 2 = 5 x 1O"2

a = 1 . 2 mm o = 1 . 4 mm o = 15 cm
X 0 Z Xz
X = 3i5 A from the bendings
c
I+ = 250 to 300 mA single bunch x = 50 to 60 hours (e+ operation)
max

Limitation = RF power and (?) PB / Pcav -2 P = 45 kW
CSV

E.n. =1.1GeV t f i l l=10mln t r a m p - 7 min

2 beam lines, 11 experiments. A general sketch of DCI is shown Fig. 5,
Beta functions and dimensions at 1 GeV are shown Fig. 6.
Insertion of a 5 pole S.C. wiggler is planned for fall 85.

BQ £ 5.0 T \Q~ 340 mm Gap = 40 mm

A third beam line will be installed at the same time.

TECHNICAL CHARACTERISTICS OF DCI

1) Magnetic elements

~ l?_?2!_i590tal_bendings : (n = 0, sector - C shaped magnets)

p = 3.82 m g = 1.57 T gap height = 11 cm
AB _ m a X

Field homogeneity at center — < 10 * (in good field region)

Integrated field dispersion yPnV < 10~3

Main coil : [2000 A x 40 turns] , m a e n et P - 54 kW
[ 20 A x 80 turns] ' 2 p e r m a 8 n e t - p " 5 4 k W

: Magnetic length : 0.494 m. Bore diameter 0 = 0.138 m
Maximum gradient GM = 12 T.m-i

Dispersion ^ J U < 10"3

Main coils : [600 A « 39 turns] 4 per quadrupole. P = 27 kW
Steering coils : [ 20 A x , 93 turns]. Mounting : dipolar or quadru-
polar

~ l£_s.e.?£yE2ia.r._22ii§ : 750 A x 6 turns. Max. strength 16 T.m"2 (inside
quadrupoles).

2) Power supplies

Regulation — < - 0.5 x io~" for main power supplies

— < 10 3 for steering coils and sextupoles
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All power supplies are computer controlled by a PDP 11/40 and 11/05 with
CAMAC interface

Horizontal bendings 750 V x 2000 A
Quadrupoles (Qj - Q6) 450 V * 700 A (6 .power supplies)

3) Vacuum system
The vacuum system _s made of amagnetic stainless steel (u < 1.005) U 15 C
type. Backed at 270°C in situ.
The radiated power 30 <PD<200 kW requires cooled copper absorbers

D

Total pumping speed : 5 « 10* il.s"1

Average dynamic pressure ; < 10~9 Torr with maximum value of stored
current.

4) RF system
Pure aluminium cavity on the 8 th harmonic .
f = 25.35 MHz ; V > 500 kV on a 13 cm gap ; Z . = 5.4 x 106 fl
R3? m&x Sfl
Baked at 120°.
Several servo systems :

- fast frequency control by means of a capacitive plunger,
- slow loop by temperature control,
- RF output level control.

350 kW transmitter. Maximum output power so far obtained :
Po = 100 kW P =45 kWB cav

Special feature : a 60 m long coaxial feeder is used to transport RF power
from the transmitter to the cavity.

5) Pulsed magnets
One pulsed inflector a = 12° deflecting angle, 20 x 15 mm2 gap. Single
turn excitation : I = 15 kA.

max
Pulse : 150 pis half sinusoid, 25 Hz repetition rate. Obtained by serial
parallel SCR1s.
2 fast kickers ; 1 m long, 120 x 60 mm2 good field region.
T = 200 ns ; B = 2 x 10~2 T ; I - 6000 A ; V = 80 kV on PFNmax max max M
Commutator = CX 1192 deuterium thyratron.
Note that the inflector is situated in NTP air and that each fast kicker
contains 80 kg of 4A4 ferrite inside the ultra high vacuum.

6) Beam diagnostics

Intensity : one torus and annular pick-up electrodes.
Transverse_dimensions : scan of the image of the beam by rotating mirror.
L:2QSikydinal_dimension : automatic analysis of the signal of the beam on
a capacitive electrode.
E2§i5i2Q_32Qit2C§ : 20 capacitive pick-up stations. Connected to the
computer but no on-line orbit correction.
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Machine operation

The machine is operated on the 1 x 16 hours shifts/week basis. 80 to 90 %
of programmed shifts are made according to schedule. In case of trouble,
the "beam-on" time can be expanded. Lost runs can generally be recovered
by additional weeks of operation.

Present major causes of unavaibility of machine

1 - Injector problems : the 300 m long Orsay linac is much too compli-
cated for use as a simple injector.

2 - Problems in connection with the main network : lightning and other
instabilities are cause of beam losses.

3 - Cooling problems during the hottest months of the year.

4 - Water leaks from the cooling system.

5 - Failure of HV and other components in RF systems (mainly DCI).

6 - Problems of arcing inside the 50 m long coaxial feeder of the RF
transmetter cavity junction.
Initial causes, of malfunction at the early steps of the machine
commissioning :

a) High voltage components failure in pulsed high voltage supplies.

b) Triggering of protections by the high level of electromagnetic
noise (linac sparkgaps ?).

c) For failures associated with components it is very useful to have
a very complete check-list for trouble shooting.
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Beijing Electron Positron Collider ( BEPC ) Project

Xie Jialin

Institute of High Energy Physics, Academia Sinica

Introduction

BEPC is China's first high energy accelerator project which is being

built to serve the dual purposes of carrying out particle physics study on

one hand and conducting synchrotron radiation experiments on the other.

This project was formally approved at the end of 1983, and is scheduled to

be completed at the. end of 1983. Now, the construction is in full swing.

Here is a brief account of its design, progress and management.

Design Features

The general

layout of BEPC is

as shown in Fig.l.

It consists of fi^p.

major systems, .

i.e., injector, 5 U

storage ring, spec-

trometer, synchro- I ;

tron radiation labo-

Clrcumf crence 240 .4m

3 3 8 m

ratory and computer center.

Elevation

GENERAL LAYOUT OF BEPC

MO:
Mailir oicillstir AP

Auicr«artc

MT

V.

VP :

L:

W o . *

p u ^

High

m o^ii or

luidj *aWt

oul

pevfr load

111'id

e'lnticlw "2CUiVt-6CC wdlan f* 5 M C « iienan 11 GiV «' Moi.i occ.'«»aro.

Fig.2 SCHEMATIC OF INJECTOR LINAC

The injector,

Fig.2, is a linac

of 200m long that

provides positron

or electron beam

of 1.1/1.4 Gev for

half-energy injec-

tion to the storage

ring. It consists

of 3 parts: a 30Mev

pre-injector to

shape the electron

beam to
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narrow bunches, a 120 Mev linac with a retractable tungsten target at its end,

followed by a flux concentrater for positron production, and a 1.1/1.4 Gev e±

linac for final acceleration. This injector is a conventional constant gra-

dient, 2IT/3 mode linac except that a pulse compression scheme, called energy

doubler, is employed which can increase the output energy of the accelerator

by about 40% .

The storage ring consists of three kinds of lattice structures; main body

of separate function F0D0 structure to bend the beam by 90°, low beta inser-

tion to provide small beam dimensions at interaction region and symmetry sec-

tion for injection. The circumference of the ring is 240.4m and there are 190

magnets, 2-200 MHZ RF cavities, 4 electrostatic seperators, 6 kickers etc.

(Fig.3,Fig.4) During injection, the

ring is operated at in-

jection energy. After

enough charges are accu-

mulated, it starts to

ramp and electrons and

positrons are accelera-

ted to the operating

energy. Then the fields

of the magnets are main-

tained constant and bea-

ms start to collide. The

>r
Fig.3 BEPC LATTICE IN A QUADRANT

Fig.4 BETA AND DISPERSION FUNCTIONS OF UKl'c;

designed luminosity is

1.7x10 cm s at

2.8 Gev under the

assumption of 0.04

maximum beam beam

• tune shift, 65 ma.

circulating currents

and a vertical beta

function at the in-

"-' teraction region of

10 cm.
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Fig.5 Schematic Drawing of Spectrometer. t i o n > „ m c o n s i s C o f 3

ports, 5 beam lines while the maximum number of usable ports is 30. Prof.

Xian will talk about our plan and its status.

Operational Modes

BEPC can run either in parasitic mode or dedicated mode. For the para-

sitic mode, the machine parameters are adjusted for optimum luminosity as

given by table I-A. In this situation, the S.R. users have no control over

the light from bending magnet ports but can choose the field of a conventi-

onal 6-pole wiggler to satisfy their needs. For the dedicated mode, the

lattice configuration is modified as given by table I-B so that the storage

ring can best satisfy the requirements of S.R. experiments with specified

energy, current and number of bunches.

In comparison with parasitic mode of operation, the dedicated mode has

its emittance reduced by a factor of 3.5 and also the maximum values of $ ,

3 and D significantly reduced- Thus, not only brightness of SR is impro-
y ^
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ved, but also particle motion is more stable. Besides, since the injector

can provide positron as will, so i t is possible for us to use positrons to

produce SR with better performance.

T a b l e 1. Main Parameters of BEPC

MIlz

ITEM

Energy CeV

Circumference m

Designed -2 -1
Luminosity ca> -s

Designed Current mA

Particles/Beam

LiingLlrfor Expt. a

llu. o£ IK

Circulating
Frequency

Horizontal TUQa

Vertical Tune

llori. Natural
Eiulttance.

lluri. Natural
Chromatic Hy

Vurli. Natural
Chrumalicity

Momentum i:uiu|)uullon
Factor

Unsigned Cuupllug
Coef.

Overall Beam
Lifetime

unit Parasitic Hode Dedicated Mode

iir.

2.8

240.4

1.7x10

65

3.3x10

±2.5

2

1.247

6.18

7.12

0.66

- 1 1 . 2

-17.7

0.038

0.027

'Mi.7

31

11

2.8

240 . A

150

7.4x10 11

1.247

7.76

6.76

0.19

-10.6

- 7.9

U.019

£.0.316

ITEH

Trans Damping
time

Hax Magnetic
Field

Bending Radius

I.R.Hori.Beta

I.R. Vertl.Beta

Max. Hori. Beca

Max. Vercl Beca

Max. Momentum
Dispersion

Harmonic No.

Bunch/Bean

unit Parasitic Made Dedicated Kmlc

Ga

MV

8.6

9028

10.345

1.3

0.1

49.7

71

3.9

160

1

- 1.35

S.R. power per
Beam

Peak RF Voltage

SR Loss per Turn KeV 522

KW ^4

Syn. Tune 0.021

RMS Energy Spread 7.4x10"

RMS Bunch Length cm 5.2

8.6

9028

10.345

17.4

15.4

1.4

160

1-160

1.0

522

78

0.012

7.4=10

4.5

.-4

Progress of BEPC

1) Injector

China had built a 30 Mev electron linac together with a 14 MW high

power klystron in 1964 which laid the foundation for the present work.

However, since the technical requirement of BEPC injector is much more

stringent than ordinary linac, we decided at the beginning to build a

prototype machine of 90 Mev to study all the new techniques. This proto-

type was completed at the end of 1984. The measured performance is:

energy, 90 Mev; current, 420 ma; energy spread, <1%; R.F. pulse width, 3ys;

- 129 -



beam pulse width, 2.5 ns; energy multiplication factor of energy doubler,

In this prototype, we tested the critical components of the injector,

such as 2.5 ns high current electron gun, pre-buncher, buncher, constant

gradient accelerating sections, energy doubler etc. . During this period,

we also established the production-line for accelerating tube and energy

doubler, installed hydrogen muffle furnace for brazing, and klystron test-

ing stand.Two prototype klystrons following SLAC XK-5 design have been made

and they all give power output around 30 MW on inital tests.

2) Storage Ring

In v.hs past year, prototypes of magnets and their power supplies, RF

transmitter, RF cavity, ultra-high vacuum system, current-plate kicker,

electrostatic separator etc. , have all been made and tested.

Among the storage ring magnets there are 40 dipoles and 60 quadrupoles

which have strict field distribution requirements. We have learned the

techniques of die making, lamination punching, stacking, welding, coil im-

pregnation, and end plate shimming, Now together with the solid core di-

poles and quadrupoles for the beam transport line, they are al] in batch

production. There will be 8 pieces of insertion quad for which we have

contracted Hitachi Co., Japan to manufacture. For the RF system, four

25 KW transmitters will be needed to combine their output to drive one RF

cavity. There are 2 RF cavities in the ring and hence 8 transmitters are

needed. The prototype traas.mitter has passed acceptance test at 30 KW

power level for 1 month continuous operation. The prototype RF cavity is

now under high power test.

For the vacuum system, DIP is under production after model test and

in a model vacuum chamber section, 2.5x10 X vacuum had been achieved.

AL extrusion for vacuum chamber, ordered from US industry, had been deli-

vered and techniques of AL welding., and baking process are being studied.

3) Magnetic Spectrometer

About detectors, various models of central triggering drift chamber,

main drift chamber, TOF counter, shower counter and muon identifier had

been tested. The results of testing helped the finalization of the design

of these detectors and they are now under production in factories. Enginee-
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ring design has been completed for the solenoid magnet. Orders for the

yoke, solenoid, power supply and magnetic measuring device have been placed.

About electronics, the job is to carry out pre-fabrication research and

engineering reproduction of various read-out circuits, totalled about 16,000

channels. Now, practically all the pre-fabrication research have been fini-

shed, and the engineering reproduction will start next year in China with

imported components and parts.

4) Others

For BEPC contirol a central computer control system will be used. It

adopts the soft-wares of SPEAR with proper expansion to handle about 7000

signals. Design, procurement and prototype work are under way.

The magnitude of the computer needs for BEPC, including control, spec-

trometer on-line, SE. experiments and off-line data processing, has been esta-

blished and procurement of a VAX cluster is in process.
2

For the civil engineering, the total construction area is 23,600 m .

Ground breaking took place in Oct. 1984, it is anticipated that by the end

of this year, the linac tunnel, klystron gallery and some other buildings

will be finished and by the end of next year, all the construction work will

be practically completed.

Organization and Management

As a consequence of the concern of our government, the leadership of the

project leading group and Academia Sinica, the support of our industries

concerned, the collaboration of international high energy physics community,

especially US laboratories and the efforts of our staffs, BEPC project has

not encountered any serious problems in regarding budgeting, funding, exper-

tise support, raw material supply, land acquisition, civil engineering, etc.

However, we lack practical experience for high technolgy accelerator project

like BEPC, so beside many technical problems to tackle, we also face the

serious problem of how to organize and manage efficiently so that we can fi-

nish the job on schedule. We have made considerable efforts towards this

end. Now I would like f.o bxief you on the current management of IHEP.

BEPC project is undertaken by the Institute of High Energy Physics,

Academia Sinica. Our government has entrusted the all round leadership over

the project to the Project Leading Group which is composed of Madame Gu Yu,
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adviser to the Chinese ACADEMY of SCIENCES, Zhang Shou, Vice Minister of the

State Planning Committee . Lin Zongtan , Vice Minister of the State Economic

Commission and Zhang Baifa, Vice Mayor of Beijing Municipality. Under the

leading group there is an office which helps the leading group coordinate day

to day work. In IHEP responsibility system is practiced, project directors

are responsible for the director. Involved in the project are the Electron

Linac Laboratory, the Storage Ring Laboratory, the Detector Laboratory, the

Synchrotron Radiation Laboratory, the I & C Laboratory, the Electronics Labo-

ratory and the Computer Centre. The Proton Linac Laboratory is also within

the responsibility of the project directors. In addition, some engineers are

designated to design the conventional facilities and take an overall view of

and check up on electricity, cooling system and alignment undertaken by each

laboratory.

To ensure the progress of BEPC project according to CPM, weekly meetings

are held to check up on the schedule and find problems that have appeared.

It there is a technical problem which involves several laboratories, a spe-

ci&l meeting will be held to find a solution with some technical personnel

concerned taking part.

In order to insure the timely completion of the non-standardized components

fabricated in industries, a coordinating committee composed of IHEP and in-

dustries concerned was set up. Meetings are held once a month to solve the

problems which prop up.

I would like to point out that under the guidance of the general prin-

ciple of economic restructuring currently being carried out in China, an

economic responsibility system is being practised in the construction of our

project. Namely, the leading group contracts with our government, the direc-

tor and project directors contract with the leading group, the laboratories

contract with the director and project directors. Any laboratory which makes

saving in expenditure will be awarded according to an appropriate proportion

with the purpose of bringing each individual into full play and encourage

people to paractise economy and reduce the investment under the precondition

of ensuring quality.

However, as I have said, we lack experience in organizing such a project,

we are feeling the way on our forward march.
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A COMPACT SYNCHROTRON RADIATION SOURCE
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Summary

A compact 800MeV synchrotron radiation source is discussed. The

storage ring has a circumference of 30.3m. two 90 degree and four

45 degree bending magnet sections, two long straight sections and

four short straight sections. The radius of the bending magnet is

2.224m. The critical wave length is 24A. The injector is a 15Mev

Microtron. Electrons are accelerated from 15Mev to 800Mev by ramping

the field of the ring. The expected stored current will be around

lOOma.

1. Introduction

The increasing importance of Synchrotron Radiation Source for

research of basic sciences and industrial applications calls us to

develop inexpensive and compact light source.

We propose a concept for such a machine based on low energy in-

jection and short circumference ring. The stored current is not

very high, only about lOOma, but the energy of electron is high

enough for many applications, especially for lithography, biology,

and material science.

Low energy stacking injection has serious difficulty, the dam-

ping time is long and the life time is short. We try to use a 15Mev

energy Microtron as injector of the ring. After multiturns injection,

we can get about 200ma in the storage ring. Without waiting for

damping, by ramping the field of the ring, the electron beam will be

accelerated to dOOMev. During that period, half of the current will

be lost, other half, about lOOma. will be stored in it. The life

time of the stored beam of several hours is expected.

The storage ring with a circumference of 30.3m, consists of two

90* and four 4 5° bending magnets with radius of 2.224m, and two long

and four short straight sections. The straight sections, as usual,

are used for the intallation of quadrupoles, sextupoles, inflector,

three kickers and RF cavity. One of the long straight sections with

a 1.8m free space is intended for future installation of an undulator.

Detail design parameters of the storage ring are summarized in
table 1.
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Table 1

Energy

current

critical wavelenght

life time

circumference

periodicity

bending magnets:

nembers

radius

central field

n-value

quadrupole magnets:

number

length

field gradient

Qfi

Qdl

Qf

Qd

sextupole magnets:

number

length

betatron number:

natural chromaticity:

x-direction

y-direction

RF frequency

harmonic number

momentum compaction factor

radiation loss/turn

radiation loss/sec

RF voltage

RF power

pressure (at lOOma)

total pumping speed

radiation damping time

T,

800Mev

lOOma

24A

4 h

30.3m

2

6

2.224m

12KG

0

16

.25-.30m

10.9T/m

10.1T/m

8.6T/m

8.6T/m

8

.10m

2.42

1.42

-2.94

-7.03

98.92 MHZ

10

.1085

16kev

1.53kw(lOOma)

lOOkv

15kw

1- 10~9Torr

2-104
1/s

12.98ms
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Ty 9.93ms

Tf- 4.4 4ms

emittance:
£« 2.1-10~7m-rad

£y 2 .1 i 10" 9 m-rad

beam size;(k=0.1)

<j- M . 3 8 m m

<T> .27mm

<Tje 49mm

2. Lat t ice

The magnet lattice is shown in Fig.l. The off-momentum and

beta functions are shown in Fig.2.^'1

As seen in Fig.l, one of the long straight section is occupied

by the injection equipment. The opposite long straight section

will be used for installing an undulator or a wiggler.

In order to obtain a compact storage ring. We design, the ring

in an elliptic form, with two periodicities. So there are only

two long straight sections instead of four long straight sections

as usual. The energy dispersion of long straight sections is zero

everywhere.

The low energy beam is injected into the ring at one of the

long straight sections with the aid of three kickers and an

inflector.

The qTiadrupoles make the ring operating close to differential

resonance, i.e.Qx-Qy=integer, which increase the vertical beam

dimensions and lengthen the Touschek life time. After a lot of

computer calculation, we have chosen Qx=2.42 and Qy=1.42.

For compensation of the natural chromaticity, sextupole

magnets(Sf and Sd, four each) are installed in short straight

sections, where energy dispersion is near by the maximum.^

In order to obtain a high brightness, the lattice is designed

to provide a small beam size in bending magnets. The minimum

beam size will be about 0.5mm2.

3. Injection

The injector is a microtron, 15Mev, the extracted current from

which will beiOOuawith energy spread of less than 0.5%. The

emittance of the beam is expected to 3 mm-mrad.l5^^

The extracted beam from microtron will be injected into the

ring through a electric inflector. The injection point is inside
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of the central orbit *5rnm. The beam is injected almost parallelly.

During injection time, the closed orbit will be moved radially to-

wards the injection inflector by three kickers. Because of the good

performance of the microtron, namely low emittance and low energy

spread, it is possible to accumulate ^JOma current in the ring by

multiturn singlecycle injection. The efficiency of capture in the

storage ring will be better, using a microtron, than, using a linac.

The microtron's parameters . are given in Table 2.

Table 2

Energy 15Mev

current lOUma

impulse length 2jis

emittance £, 4 mm-mrad

energy spread .5%

RF frequency

RF power

repeat rate 50/s

4. RF system

In order to make the machine as compact as possible, the ring

operates under two modes. The first is synchrotron mode, in that

case, the 15Mev electron beam will be accelerated to 800Mev within

1 or 2 minutes. After that, the same ring will be performed under

the storage mode.

The structure of the cavity is re-entrant type. At the initial

stage of accelerating, a 4kv rf voltage is enough to capture the

electron beam. If the rf voltage is too high, such as 10-20kv,

the capture efficiency will decrease obviously. However during

the storage mode, a lOOkv voltage should be selected in order to

lengtnenbeam life time to several hours. The overvoltage factor

is -v 6.

The required power supply for the cavity is quite different

between the two modes. For the accelerating mode, only a little

of electric power should suffice. For the storage mode, when the

storage beam current is lOOma, shunt impedence of the cavity is

0.5M , rf voltage lOOkv, 12Kw rf power is needed.

5. Vacuum System

The vacuum system of the storage rin^ is s o designed as to

provide the electron beam life time of more than 24 hours deter-

mined by the residual gas scattering at the beam energy of 800Mev

(lGeV) and the Dearn curent of 200 mA.
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According to the slow acceleration scheme, the acceleration

time is about 1 minute from 15 MeV to 800 MeV. The beam loss during

the acceleration time depends mainly upon Coulomb scattering due

to the residual gas ( <r, is estimated to 7.10~21em2 for 15 MeV

electron beam) but the loss due to Bremsstrahlung and the electron-

electron collision is much smaller ( «i and <r, is estimated to be

10"24cm2) and can be neglected.

So the life time T in the acceleration time is given by

T = — L — .1O~27Uec.)
p • <n

and P =---' 10~27=24 10~9Torr(forT=60sec)

After injection time the electron beam energy reaches 800MeV, the

(r, value decreases to order 10~24 cm2. the life time increases

quickly, i t is given by

T = -V r«1O'27(sec) = 35h.
2.4 • 10 • 3.3 • 10

Therefor we need the pressure p=2.4-10~9 Torr to obtain the life

time of more than 24 Hours. Taking into account the contributions

of the gases other than H , CH , CO and CO^, we set the requirement

for the pressure at the value of P=l. 10~9 Torr for the beam on

and P=l-10"1 ̂ Torr for beam-off condition.

uecause the pressure in the microtron is about 10~' Torr, but

in the storage ring is about 10"^Torr, so it is needed to separate

these two parts by a differential pumping system. This pumping

system can be combined with the beam transport system from

microtron to storage sing.

Because the magnetic field increase slowly, it does not need

the bellow type vacuum donut. We will make the vacuum donut with

SUS-316L stain-less steel, 3 mm thickness. Block type donut can

be baked upto SOO'C for outgassing and get the ultrahigh vacuum.

The magnetic field strength is changed during the acceleration

time but after injection time it is kept constant at the long

storage period. So we can design the distributed-ion pumps in the

bending magnets according to the constant magnetic field. Assuming

an average outgassing rate of 5.10"12 Torr 1/sec.cm2 for stain less

steel and the total desorption area 1.5-lo5 cm2, then the total

gas desorption rate is 7.5.10"7 Torr. 1/sce and the radiation

desorption rate at the beam current of 200 mA is 1.5-10~6 Torr.l/sec

so the total pumping speed of the donut is nominally 2.3•104l/sec.

Becauce of the unstability for the distributed ion pumps during

the acceleration duration due to the changed magnetic field, so
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we are preparing to change the traditionally distributed ion pumps

into non-evaporated sublimation gutter pumps to avoid this problem.

6. Shielding

Radiation shield should be sufficiently thick for the safety

of human 's body. Because the injection period is short and most

of the injected electrons will be lost at the begining of acceler-

ation, so the radiation dose for low energy injection will be much

lower than for high energy injection. The shield of the ring hall

is designed as shown in Fig. 3.
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Introduction

Upon the recommendation of the overseas Chinese scholars and the feasi-
bility study group organized by the National Science Council, the government
approved the establishment of the Synchrotron Radiation Research Centerl (SRRC)
on July 9, 1983.

The main goal of the SRRC project is to construct and operate an up-to-
date 1 GeV synchrotron radiation^ source, with three beam lines for general
experiments, in five to six years; to provide local scientists and returned
scientists from abroad a facility to carry out frontier researches in both
basic and applied science; and to elevate the technological capabilities of
the related industries, universities, and research institutes through the
construction of the machine.

Historical Background

The Board of Directors of SRRC was established on July 9, 1983.
Dr. Luke C.L. Yuan (BNL) was asked to serve as the Chairman of the Board.
The Board consists of four other distinguished overseas scientists: Prof.
C.S. Wu (Columbia Univ.), Dr. Lee C. Teng (FNAL), Prof. Samuel C.C. Ting
(MIT), and Prof. Yuan T. Lee (UC Berkeley). There are also five other
prominent leaders from the internal scientific community: Prof. T.Y. Wu
(Academia Sinica), K.T. Li (Minister without portfolio), Dr. Y.S. Tsiang
(Science Advisory Board, National Security Council), Dr. C.H. Yen (Atomic
Energy Council), and Dr. L.A. Chen (National Science Council).
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The Planning and Construction Division and the Users Training Division
were formed on October, 1983 and January, 1984 respectively. Both divisions
were later combined on September, 1985 into a single Preparatory and Cons-
truction Office to simplify administrative procedures and to strengthen close
collaboration and interactions between the construction and users groups.

A standing Technical Review Committee was formed by Dr. Luke C.L. Yuan
to critically evaluate the design and implementation plan for the faci-
lity on September, 1984. Committee members include Matthew Allen (SLAC),
John Blewett (BNL), Albert Hofmann (SSRL/SLAC), Robert Jameson (Los Alamos
National Laboratory), Gottfried Mulhaupt (BESSY), Arie van Steenbergen
(NSLS), Herman Winick (Chairman) (SSRL), Chien-Shiung Wu (Columbia Univ.).
The Committee first met at Brookhaven National Laboratory on November 13-
14, 1984.

Present Status

1) Organization

Dr. L.A. Chen (NSC) is the Director of the Preparatory and Construction
Office. The tasks of the Office include implementing facility construction,
future operation and maintenance, technical personnel training, future
development plan, liaison with participating institutions and routine admi-
nistration. K.C. Liu (Institute of Nuclear Energy Research) and Edward Yen
(National Tsing Hua University) are the deputy directors. Under the Office,
there are the Administrative Division, Technical and Engineering Division,
and Research and Development Division (Figure 1).

SRRC is, at present, searching for a technically experienced accelerator
physicist to be the technical project manager for constructing the facility.
He should have extended accelerator experience and must be full-time, on-site
during the whole construction period. With authorization from the Director,
the technical project manager is completely in charge of the execution of the
project. He may appoint deputy project managers, organize divisions and
designate group leaders. All group leaders and personnel will be associated
to the Preparatory Office.

2)

The preliminary budget of US$30 M for the project has been approved.
Because the government fully realizes the importance and significance of the
project, not only the funding source of SRRC project is independent of all
other ongoing R/D programs, the funding policy is also rather flexible.

An additional funding of approximately US$5 M may be needed if the
recommendation of the Technical Review Committee of full-energy injection
is adopted. Preliminary indication is that the government would probably
concur with such a request.
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COMMITTEE
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Civil Engineering
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* Documentation
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Procurement

* Accounting

* Personnel

Secretariat

Fig. 1. Organization chart of the SRRC Preparatory and Construction Office

3) Technical Preparatory Activities

Several technical groups including the Vacuum, Magnet Mapping and
Construction, Beam Dynamics, Injection Accelerator, Beam Transport,
Instrumentation and Control, Power Supply, Photon Beam Line and RF System
Groups have been set up to carry out preliminary researches and study.

The Ultra-High Vacuum Group has been working on a 32 liter stainless
steel test chamber. Using 150 1/s ion pump and 800 1/s titanium sublimation
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pump, an ultimate pressure of 4 x 10~12 torr has been reached. Measurement
for an SUS 304 chamber gives an outgassing rate of 3 x 10~13 torr-1/s.cm2.

Measurement for an A6063-EX aluminum chamber shovs an even lower
outgassing rate of 1 x 10"13 torr«l/s .cm2. Measurement of pumping speed for
various gases in various types of pumps has been established. Presently,
works have been concentrated on the aluminum UHV system so that comparisons
with the SUS UHV system can be made.

The control system structure for the storage ring has been designed to
have three levels, consisting of VAX-11/750, PDP-11/24 and Motorola VME
microprocessors. The microprocessor-based intelligent local controller (ILC)
has been constructed locally both in hardware and software. The data-link
between ILC's is selected to be M1L-STD-1555B, which has also been constructed
locally.

The magnet design for two candidate lattices has been finished.
Lamination steel and coil winding materials are on order, for the prototype
magnet. A locally-made DC magnet power supply has been constructed, having
designed rating 60 V x 500 A, At present, the stability is less than 10"1*
at 20 V x 200 A.

The injection accelerator will be purchased as a package from the
industry. It will be a 1 GeV machine so that the injection will be at full
energy of the storage ring.

The Photon Beam Line Group has assembled an acoustic delay line (ADL)
test facility to measure the relationship between delay time and the ADL
parameters and compare with theoretical calculations. Computer calculations
were also done for the thermal gradient distribution in the optical elements
under the illumination of synchrotron light. The results will be used for
the estimation of thermal stress of optical elements.

4) Lattice Consideration

The 1 GeV storage ring lattice as described in the SRRC Preliminary
Design Report is of Chasman-Green t y p e ^ . It has six 6 m long straight
sections. The circumference is 96 m. The natural emittance is 2.6 x 10~8 m.
A schematic layout is shown in Figure 2. A full period is given in Figure 3.
The lattice functions and a list of parameters are shown in Figure 4 and
Table 1 respectively. Assuming a 70 mm i.d. vacuum chamber, the physical
aperture at the midpoint of a long straight section is found to be (-7, +12)
mm horizontally and (-12, +12) mm vertically. The dynamic aperture at the
midpoint of a long straight section is found to be (-11, +21) mm horizontally
and (-17, +17) mm vertically. However, it shrinks to (-3, +9) mm horizontally
and (-10, +10) mm vertically when a multipole component of relative strength
10" at x = 1 cm is included in the bending magnets and quadrupoles (it is
a sextupole component in the bending magnets and a 12 pole component in the
quadrupoles). Works are underway to improve the situation. Meanwhile, the
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SRRC i s also studying a few FODO l a t t i c e s made available by Dr. H. Wiedemann
of SSRLt2) .

\

Fig. 2. Schematic layout of SRRC
1 GeV storage ring

3(m)

-02
-33

SD
Sr
04

Fig. 3. Full period of SRRC
1 GeV storage ring

0 8 16

Fig. 4. Lattice Functions

Table 1. Ring Lattice Parameters

Energy E
Rigidity Bp
Number of sectors
Length of sector
Circumference 2irR
Mean radius R
Straight section length L

1.0 GeV
3.336 Tm

6
16 m
96 m

15.28 m
6 m
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Sector s t ructure :

%L(Q1)L1(Q2)L2(Q3)L3(BB)L4
(SD)L5(SF)L6(Q4)L6(SF)L5(SD)
L4(BB)L3(Q3)L2(Q2)L1(Q1)%L

Elements in r ing:

Dipole length(m)

BB 1.45

Quadrupole

Ql
Q2
Q3
Q4

Sextupole

SD
SF

Drift space

L
LI
L2
L3
L4
L5
L6

length(m)

0.15
0.40
0.28
0.34

length(m)

0.10
0.10

length(m)

6.0
0.65
0.30
0.40
0.25
0.60
0.15

: characteristics:

Tunes v /v
x y

strength

0 o f i UB = 1.205 T
° ' 3 6 1 (p = 2.769 J

strength B'/Bpdn"2)

-3.12
3.40

-3.04
3.02

strength B"/Bp(m~3)

-78.3
44.8

Chromaticities £ /£

Momentum compaction a = y ~2

Midpoint of long straight
Maximum in dipole
Maximum in quadrupole

Number

12

Number

12
12
12
6

Number

12
12

1
1
21

On)

.34

.71

.33

7.73/3.69

-23.46/-9.

0.0082

0 Cm)

1.86
12.68
14.00

.45

n

0
l

x(m)

0
.371
.060
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Beam characteristics:

Emittance - natural 2.6xl(T8 m
Assumed horizontal/ vertical coupling 10%_g
Horizontal emittance 2'6xl0_10

m

Vertical emittance 2.6x10 m

Maximum rms beam width a 0.74 mm
xmax

Maximum rms beam height a 0.06 mm
max

Energy spread a /E 5.15X10"1*
E

Beam current 200 mA (initial)
500 mA (eventual)

5) Other Related Activities

Two symposiums have been held. The Symposium on Synchrotron Radiation
was held from August 20 to 25, 1984. Invited speakers included Drs. M. Ando,
T.C. Chiang, Y.H. Kao, R. Klaffky, K. Liang, D. Lynch, E. Rubenstein, L. Teng,
S.Y. Tong, H. Winick, and C.S. Wu. The Symposium on Atomic and Molecular
Science with Synchrotron Radiation was jointly sponsored with the Academia
Sinica on March 21-25, 1985. Invited foreign speakers included Drs. T.N.
Chang, D.L. Ederer, D.L. Judge, H.P. Kelly, D.A. Shirley and F. Wuilleumier.

Future Development and Goal

The construction facility is expected to be completed in 5-6 years.
It will include a 1—1.3 GeV electron storage ring and its injection accele-
rator, three beam lines with experimental stations, and other supporting
facilities including in-house laboratories (X-ray, VUV, Optical, and Future
Development), machine shops, and users' preparation laboratories.

The training program for SRRC project personnel has also gradually been
put in motion. In order to establish a healthy user community both in basic
and applied science in Taiwan, we are now in the* process of carrying out a
systematic users training program. The SRRC, in the next five to six years
will select and send sixty to ninety young prospects abroad for more advanced
training in synchrotron radiation research. It will also support professors
and researchers to do synchrotron radiation research abroad. Its final goal
is to establish adequate local capability in synchrotron radiation research
when the machine is commissioned around 1991.

References

(1) Preliminary Design Report of SRRC, ed. by L. Teng, 1984.
(2) H. Wiedemann, private communication.
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HESYRL--A Dedicated Synchrotron Radiation

Laboratory in China

L. J. Qiu
Hefei National Synchrotron Radiation Laboratory
University of Science and Technology of China

Hefei, Anhui, China

HISTORICAL REVIEW

The HESYRL national synchrotron radiation laboratory was first proposed
in 1977 as a conclusion of a general planning- meeting on nationwide development
of natural science and technology at which a topic is the application of sync-
hrotron radiation- A study group was formed in 1978 to carry out preliminary
research and prototype development work. The group fulfilled these tasks in
July 1981 as scheduled. The results of prototype testing and a preliminary de-
sign were reported at a national review meeting held in Oct. 1981.

The final approval of the project was given in April 1983 and the lab was
soon founded. Designs of the main facilities and building completed in Oct.
1984. The ground breaking was in Nov. 1984. Manufacturing and purchasing of all
the equipments and components are now in progress. Fig. 1 shows the site toge-
ther with the USTC new campus.

HUASNGSHAN ROAD

1. Light Source Hall
2. Linac Tunnel
3. Office and Lab Building

GENERAL CONSIDERATIONS

Fig. 2 shows the overall layout of HESYRL project. The main facilities
are an 800MeV electron storage ring} a 88 meter transport line and a 240ffeV
linac as the injector. A more detailed decription on the design is presented
in another report to this workshop. Some basic considerations in the selecting
of major machine parameters are discussed here.
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Fig. 2 Overall Layout of HESYRL

1. Electron Energy

HESYRL is primarily aimed at UV and soft x-ray region experiments, namely
photon electron emission spectrum, SEXAFS, fluorecence, microscopy, lithog-
raphy, etc.

An electron storage ring at an energy around lGeV could best serve these
purposes. Comparing to a low energy machine(300-500MeV)it has the following
advantages: (1) Beam lifetime and instability problem is less severe; (2) More
soft x-ray experiments can be accommodated. Comparing to a high energy machine
(2GeV or above), it has the advantages that (1) most of the radiation power
will fall in the desired region; (2) the optical elements are relatively smal-
ler in dimension and radiation heating is less, therefore are easier to build
and less costly; (3) The photon beams are better polarized which is helpful
for some experiments. Based on these reasons we have chosen the electron
energy of 8OOM3V.

2. Injector

There are mainly two alternatives for a storage ring injector—linac and
booster. Five factors led us the choice of the former approach: (1) We already
have experience with linac and have a machineshop to manufacture diskload wa-
veguides while design and building of a booster synchrotron is nev? to us? (2)
Microwave equipments are readily available in China, (3) The Linac beam cur-
rent is higher and injection is more straight forwardf (4) The strong linac
beam can be useful for medium energy nuclear experiments; (5) With a linac in-
jector we have the option of either extending the linac or rasing advanced
technique to increase injection energy in the future.
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3. Injection Energy

It is commonly known that higher injection energy means better Touschek
lifetime, shorter damping time and higher injection rate, therefore is always
preferred but the cost of a linac is almost directly proportional to its
beam energy. Some compromise has to be made. Based on experiences of other la-
boratories, we have chosen 240MeV as the injection energy. As a safe fall back
we have reserved space in the transport line for the possibility of adding
more linac sections to raise the linac energy up to 400MeV.

4. Photon Beamlines

The storage ring can accontnodate up to 27 beamports and 48 experimental
stations, their total cost will exceed the light source itself substantially.
Also the technology envolved in the development of beamlines are new to us. A
decision has been made that 4 beamlines and 5 experimental stations will be
first installed. A list of these is shown in table 1.

Table 1. Beamlines and Exp. Stations of First Stage HESYRL

Beamline Wavelength (A) Exp. Stations Intended

Ul

U12A

U20A

U20B

5-20

20-50

500-3000

60-1200

SI

S12A

S20A-1
S20A-2

S20B

x-ray lithography

x-ray microscopy

time resolved spectrometer
gas phase exp.

photoelectron spectroscopy

The following guidelines are applied when selecting these beamlines: (1)
both UV and soft x-ray region should be covered; (2) Higher priority should be
given to most promising experiments.

After the completion of project, more beamlines and experimental stations
can be readily added as user needs increase. Some beamlines may even be built
and owned by users.

5. Site Selection

The selection of the laboratory site in Hefei is based on two major con-
siderations: (1) according to the general planning of nationwide development
of natural science and technology, Hefei will be one of centers for science
research;(2) USTC is one of the science directed key Universities in China,
incorporating of HESYRL in the University can be beneficial to both because of
mutual supplement of technique, knowledge and resources.

HESYRL ORGANIZATION

Fig, 3 is the hierachy of present HESYRL organization. Efforts has been
made to form an efficient and coorporative working team.The director of the
lab is responsible for machine construction and operation, laboratory manage-
ment, beamline scheduling, and up grading of all the facilities. Group is basic
unit in daily work. The estimated total manpower requirement after construc-
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Direct-in Z. M. Bao

Deputy Director: L. J . Qiu

Financial
Management

Heads J- P. Wang

Accounting
(Z. Gong)

Purchasing
Property
Z. X. Wang
Z. Y. 2hana

Civil Construction
Chief Engineer:

S. G. Yin
Vice Chief:

D. F. Hu

Building
Construction
S. G. Yin

Utility
D. F. Hu

Technical
Management

Chief Engineer:
T. H. Ho

Vice Chief:
Y. M. Jinq
W. Zhang
Y. J. Pei
Y. W. Zhang
C. Y. Yao

Linac Div.
Y. J. Pei
D. F. Wang
G. S. Zhao

Control & Beam
Diagnost Div.
C. Y. Yao

Klystron
T. H. Sun

Electron Gun
G. C. Wang

Microwave
P. Wang

Machine shop
J. P. Wang

Mmin. and
Management
S. S. Hu

Personnel
J. L. Gu

/-rfmin. and
Secretarial
G. S. Bao

Library
Technical Lept.

M. Wu

Machine Physics &
Tech. Support Div.

Y. M. Jing
G. H. Li
Z. L. Xia

Ring Control
C. Y. Yao

Linac Control
R. S. Xie

Software
B. Y. Tian

Beam Diag.
Y. Yin

Storage Ring Div.
W. Zhang
C. H. Seng
F. H. Wang

Machine Phy.

Y. M. Jing

Vacuum
G. H.Li

Radiation
Protection
Y. X. Li

Beam Line &
Expri. Div.
Y. w. Zhang

Magnet Group
G. D.Zhang

Magnet Field
Measurement
0. A. Wang

RF Group
Q. H. Seng

Mechanical
Z. L. Xia

Mechanical
C. Y. Xu

Bearnline
Control
X.L. Xu

Vacuum
D. K. Jiang

Beamline
Design
Y. G. Su

Fig. 3 HESYFL Organization Chart
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tion period is 290. During construction more hands will be needed. This can be
solved by hiring tenporary workers.

Presently the lab has a total number of 150 staff members including
scientists, engineers, administrative and supporting workers. The composition
of present team is shown in table 2.

Physicist
Engineer
Research Assistant
Total

Table 2.

23
30
35
149

Composition of HESYRL Personnel

15% Technician 13
20% Administration Staff 13
23% Supporting Worker 35

BUDGET AND SCHEDULE

9%
9%
23%

Total budget for the project is about 60 million Chinese yuan. That inc-
ludes buildings, accelerator equipments and administration expenses. Salaries
and wages are not included. Funding spreads in five years starting from last
year. Table 3, 4 and 5 show the budget profile while Fig. 4 shows the funding
profile in 5 years.

Table 3. Overall Budget Estimate (MY)

Main Facilities
Building Construction
Total

35.86
11.33
59.90

Admin. & Maintenance
Contingency

Table 4. Budget Estimate of Civil Construction

Item Cost (MY)
Light Source Hall and 7 „,,
Accelerator Tunnel

Office and Admin. Building 1.07

Item
Land Taking Over
Road and Drain
Total

8.53
4.18

Cost(MY)
2.40
0.83
11.33

Table 5 Budget Estimate of Main Facilities

Item
Linac
Storage Ring
Transportline
Control and Diag.
Cooling System
Shielding and Radia. Protection
Beam Line
Alignment
Vacuum Shop
Machine Shop
Computer and Instrumentation
Total

7.
1.
3.
1.

Cost
6.19

.87

.82

.33

.33
0.95

10.16
0.39
0.65
0.27
2.91

35.87

Percent.
17%
22%

5.1%
9.1%
3.7%
2.7%

28.3%
1.1%
1.8%

17.0

13.0

8.0

12.Q

4.9

YEAR 84 85 86 B7 88

0.75%
8.1% F i g_ 4 pending profi le

of HESYRL

Our overall time schedule is to obtain first synchrotron light by the end
of 1988. Fig. 5 shows the scheduled completion time of a few milestones.
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Table 6. HESYRL Users and Research Areas

User Intended Beamline

(3)
(3) (4)

(4)

(3)

Changchun Institute of Physics (1)
Shanghai Biochemistry Institute (1)
Xiamen University, Dept. of Physics (1)
Institute of Optical and Fine Machinery (Anhui) (1)
Changchun Institute of Applied Chemistry (1)
Scientific and Technical University of Shanghai (1)
Institute of Biophysics (Beijing) (1)
Fudan University, Dept. of Nuclear Science (1)
Jilin University (1)
Institute of Semiconductors (Beijing) (2)
USTC, Dept. of Physics (2)
Institute of Mechanics (Beijing) (3)
Shanghai Institute of Organic Chemistry (3)
Szechuan Univ., Dept. of Physics (3)
USTC, Dept. of Modern Physics (3)
Institute of Chemistry (Beijing) (3)
Shanghai Institute of Technical Physics (1)
Dalian Institute of Chemical Physics (1)
Shanghai Institute of Optics and Fine Mechanics (1)
Zhejiang University, Dept. of Physics (2)
Xian Jiaotong University (2)
Nanjing Institute of Technology (2)
Institute of solid State Physics (Hefei) (2)
Fudan University, Institute of Modern Physics (2)
Institute of Chemical Physics (Lanzhou) (2)
Zhongshan University, Dept. of Physics (2)
Shanghai Institute of Metallurgy (2)
Institute of Metal Research (Shengyang) (2)
Harbin Msdical University (4)
Anhui Medical Institute (4)
Zhe jiang Medical University (4)
East China Institute of Chemical Technology (4)
Beijing University, Institute of Physical chemistry (5)
Institute of Coal Chemistry (Taiyuan) (5)
Research Institute of Petroleum Processing (Beijing) (5)
USTC, Dept. of Applied Chemistry (5)
Fudan University, Dept. of Chemistry (5)
Qinhua University, Dept. of Chemistry and

Chemical Engineering (5)
Xiamen University, Dept. of Chemistry (5)
Institute of Physics (Beijing) (1)
Fudan University, Dept. of Physics (3)
Beijing University, Dept. of Physics (2)

Note:
(1) Condensed Matter and

Bio-Fluorescence
Spectrum

(2) Photon Electron
Spectrum

(3) Atomic and Molecular
Physics and Photon
Chemistry

(4) Biology and Medical
Application

(5) Catalysis Research
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POTENTIAL USERS

After the founding of HESYRL, many
research institute and universities exp-
ressed their great interests in becoming
future HESYRL users. The first user mee-
ting was held in Hefei in 1984.

Table 6 shows some of the institutes
and universities who have applied or are
planning to apply for beamtims.

USER ORGANIZATION

Although, After its completion,
HESYRL will be run by USTC under the su-
pervision of Academia Sinica, as a nati-
onal laboratory, it will be open to the
whole country and even to overseas users.
HESYRL will provide basic equipments and
instrumentation — computer systems, data
acquisition systems, sample chambers, va-

YEAR 84 85 86 87 88 89

Juilding
Const-
rut ion >ight

Source Hal,

Linac

Linac &
m lTfrinnpl

Light

Gun
Mi

Ac-el.

Conmis-
sioninq

Transport Line

Storage
Ring

Magnet
& f .S .

RF system

Vacuum

Control
s B. P.
Conmis-
sioninq

Beanline

zxal

ZZZJ,

F l9" 5 H E S Y R L Schedule

cuum pumps etc — for users. Special equipments will be prepared by users. As
the lab is located on the USTC campus, many university facilities including
computer center, library, guesthouse, etc will all be available to the users.

A user committee will be nominated by all the participating users at an-
nual user meetings. The main functions of the committee are: (1) review and
rating of all the proposals on basis of their scientific importance;(2) review
and giving suggestions on the operation and management, development and future
plan of the lab; (3) Coordinating between the lab and synchrotron light users.

INTERNATIONAL COLLABERATION

Productive relationship has been established between us and most synchro-
tron radiation laboratories over the world. Many scientist exchange programs
are underway. We have benefited a lot from these activities. I would like to
take this opportunity to say a cordial thank-you to all our friends and col-
leagues .
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Design and Status of Hafei Light Source

Ho Tohui
Hefei National Synchrotron Radiation Laboratory
University of Science and Technology of China

Hefei, Anhui, China

INTRODUCTION

Construction of a dedicated UV synchrotron radiation source is now un-
derway at University of Science and Technology of China, Hefei, Anhui, China,
and it is named as the Hefei National synchrotron Radiation Laboratory (HESY-
RL). The facility was proposed in 1977 and authorized in 1983. The construc-
tion was started in October, 1984 and is expected to be completed in 1988. The
purpose of the project is to meet the rapidly growing needs for applying sync-
hrotron radiation in many fields, such as atomic and molecular physics, sur-
face physics, chemistry, biology, medicine, material science, radiation metro-
nology and lithography, etc.

GENERAL DESCRIPTION OF THE FACILITY

Fig. 1 shows the overall layout of the facility. It consists mainly of an
8OOM3V storage ring and a linac injector. The design energy of the linac beam
is 244MeV at the first stage, and may be raised to more than 400MeV, if neces-
sary., by simply extending the linac in the tunnel bing built.

The storage ring hall is located on one side of the linac to keep the
front of the linac clear for furture expansion of the facility. To avoid in-
terference between the transport line and photon beam lines the orbit plane of
the storage ring is 3.2m higher than the linac axis. The electron beam is

Fig. 1. Overall layout of Hefei light source
1. Linac 2. Transport Line
3. Storage Ring 4. Electron Exp. Hall
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transported from the linac to the injec-
tion point, injected into and stacked in
the storage ring at injection energy, and
then ranped up to an operating energy of
8001>feV. At minimum 27 beam lines, inclu-
ding those from insertion devices, can be
acconmodated. The storage ring, beam li-
nes and experimental stations are housed
in a circular hall of 50m-diameter, sur-
rounded by the control area, the r.f.
area, the power supply area and the area
for synchrotron radiation experiments
preparation, etc. As the injection time
is much shorter than the storage ring
beam lifetime, a half-way underground
electron experiment hall is built on the
other side of the linac to make full use
of the linac beam.

Building arragement and the site
layout of HESYRL project is shown in
Fig. 2. There are spare places reser-
ved for furture expansion.

Fig. 2. Building arrangement
and site layout of
HESYRL project

1. Storage ring hall, 2. Linac tun-
nel, 3. Electron experiment hall,
4. Research building, 5. Heating
center, 6. Stream

STORAGE RING

1. Magnet Lattice and Major Parameters

Fig. 3 shows the overall layout of the 800 MsV storage ring. Table 1 pre-
sents its major parameters.

Hefei synchrotron light source is the first one proposed in China. Its
design began several years ago, when many scientists from giiice different
fields were interested in it. The first widely accepted opinion was that it
should be an UV source and fit various UV experiments, and there was a hope
that it would also allow some x-ray applications as far as possible.

To meet the requirements an electron energy of 800 MsV and bending megnet
field of 1.2T were shosen for the storageoring so that the critical wavelength
of photon beamofrom bending magnets is 24A and the shortest available wave-
length about 5A. The major spectral region of interest, i.e. UV and soft x-ray,
is thus covered. A superconducting magnet wiggler of 5T is planned to shorten
critical wavelength to 5A and the shortest available wavelength to about 1A,
thus making some x-ray experiments possible as well. Four long straight sec-
tions are arranged in the ring. Three of them will acconmodate insertion devi-
ces, including the planned superconducting wiggler, while the other one is for
installation of injection components.

The ring was designed to have multiple operating modes, mainly two, a general
purpose mode and a low emittance mode, to fit different experiments. The gene-
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ral purpose mode which presents a
moderate electron beam emittance
and spectral brilliance, is good
for most experiments and will be
adopted in machine commissioning,
since it is comparatively easy to
realize. The low emittance mode,
on the other hand, has very high
spectral brilliance which is desi-
rable in some more demanding cases,
so it will be a main goal after
the comnissioning. 12 bending mag-
nets and 32 quadrupoles are dist-
ributed in the ring with an 8-fold
geometric sjimetry. In the general
purpose mode the quadrupoles are
divided into four families and the
lattice has four superperiods. The
low emittance mode, however, re-
quires the quadrupoles to be powe-
red in eight families, resulting
in a two superperiods lattice. The
four long straight sections are
featured with zero dispersion

function in the both modes. 14 sextupoles are powered in two families to cor-
rect the chromaticities. The beta functions, dispersion functions, beam sizes

Table 1. Storage Ring Parameters

kicker
septum

electron beam

Fig. 3. Overall layout of the
storage ring

Electron Energy (MeV)
Design Current (mA)
Circumference (m)
Focusing Structure
Magnet Component Bend.

Quad.
Sextupole

No. of Long Straight Sections
Lengthe of Long Straight Sections (m)
R.F. Frequency (MHz)
Energy Loss Per Turn-Dipoles Only (KeV)
Harmonic Number
RF. Peak Voltage (KV)
RF. Power (KW)
Vacuum Pressure-With Beam (torr)
Damping Time ( ns) fx

800
100-300
66.13
Seperate function
12 (1.16m long)
32 (0.3m long)
14 (0.2m long)
4
3.36
204
16.3
45
100
30
2X10 y

21.15
21.65
10.95

and the arrangement of the major magnets in a quadrant are shown in Fig. 4.
The lattice parameters are presented in Table 2. Fig. 5 shows the photon flux
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at 300mA, and Fig. 6 the spectral brilliance for low emittance mode. Table 3
presents light source parameters.

(a) Low emittance operating mode (b) General purpose mode

Fig. 4. Lattice functions

Table 2. Lattice Parameters

Mode
Horiz. Tune
Vert. Tune
Max. Horiz. Beta (m)
Max. Vert. Beta (m)
Max. Dispersion (m)
Horiz. Emittance gx (m-rad)
Momentum Compact.
Natural Chromaticity Horiz.

Vert.

General Purpose
3.58
2.58
22
13

1.6 Q
16.6X10
0.0444
-6.13
-2.41

Low Emittance
5.82
2.42
22
13
0.85 fl

2.69X10
0.0116
-17.72
-4.47

101 K ? l P
Wavelength (A')

Fig. 5. Photon Flux
(at 300mA)

d5 i?
A / \ c

Fig. 6. Spectral Brilliace for Low
Emittance mode (at 300mA)
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Table 3. Source Parameters

Mode

Critical Wavelength _\.
Bunch length CTs (mm)

Horizontal
Standard
Deviation
Ox (n*n)

Beam
Size

Vertical
Standard
Deviation
qry (itm)

Spectral Brilliance

(K=Kc)
10 photons
s .irni2 .mrd2.1%BW

c

B12
B22
B32
B42
B52
B62
B12
B22
B32
B42
B52
B62
B12
B22
B32
B42
B52
B62

General purpose

24
32.6
0.45
0.82
0.42
0.45
0.82
0.42
1.02
0.35
1.04
1.02
0.35
1.04
0.132
0.211
0.139
0.132
0.211
0.139

Low emittance

24
17.3
0.170
0.190
0.215
0.220
0.120
C.170
0.120
0.135
0.090
0.090
0.145
0.110
2.97
2.36
3.12
3.06
3.48
3.24

Note: The source point is 12 degrees from the bending magnet entrance. Calcu-
lated for 300mA beam at 800MeV.

2. Magnets and Power Supply System

All magnets are laminated. The bending magnets are c-shaped in side view
and "banana"-shaped in top view. All quadrupoles are identical in structure
with hyperbolical poletip contour. Their parameters are presented in Table 4
and Table 5.

Table 4. Storage Ring Bending
Magnet Parameters

Number required 12
Bending angle (degree) 30
Central Curvature Radius 2.22m
Face-type parallel
Field, (T) 1.2
Gap (cm) 5.5
Pole Width (cm) 16
Magnetic length (m) 1.04
Current (A) 825
Voltage, per magnet (v) 11.55
Power, per magnet (KW) 9.53

Table 5. Storage Ring Quadrupole
Parameters

Number requixed 32
Aperture diameters (cm) 10
Effective length (cm) 30
Maximum gradient (T/m) 12.7
Max. current (A) 375
Max. Voltage,per magnet (V) 11.74
Max. Power,per magnet (KW) 4.4
Max. Total power for circuit (KW) 62
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The effective length of sextupoles is 20cm and their aperture diameter
12cm. The maximum second derivative B" is 150T/m2 when the poletip field is
0.27T and the power disspation is 1.6 KW.

For orbit correction, including fine adjustments of beam position and
angle at source points, every bending magnet has a back winding for horizontal
steering and every quadrupole has a trim winding for both horizontal and ver-
tical steering. Besides, there are spare places to mount up to 21 additional
steering magnets if there is a need.

All the main magnet power supplies are transistor regulators and are able
to ramp the field when beam energy is raised from 200M2V to 800MsV. The cur-
rent accuracy is ±10~4f but 10"^ for sextupoles. Each corrector is energized
by an independent bipolar transistor requlator.

3. Vacuum System

The vacuum chamber is made of 316L stainless steel. The bend sections are
welded from plates to form a 40nrn(V)X80nrn(H) rectangular aperture and the
straight sections made from seamless tubes of 86mn-diameter. To obtain an 8
hours beam lifetime the pressure in the chamber has to be maintained around
2X1CT9 torr. A total pumping speed of 14800 l/s( effective speed of 5740 1/s)
is provided by 23 sputter ion pumps and 12 distributed ion pumps, 4 oil-free
turbo molecular pumps are used for rough pumping. Cleaning process, bakeout,
nitrogen or orgon glow discharge and positive ion clearing electrodes have also
been considered.

The whole vacuum chamber is divided into 4 sectors each'made up of an arc
and a long straight section and each equipped with a valve, a residual gas
analyser and a set of guages for pressure readout that ranges from low to
ultra-high vacuum, similar guage sets are also fixed to kicker chambers and
septum chamber. During operation pressure distribution along the vacuum cham-
ber is monitoring by measuring ion pump currents.

4. R.F. System

The r.f. frequency is chosen around 200MHz according to the availability
of r.f. amplifiers in China. The advantage follows that the relatively short
bunch length is desirable for some specific experiments.

The cavity is a double quater-wavelength reentrant cavity^made of copper
clad steel. It is driven by a tetrode amplifier of up to 30KW CW output power
and is kept on resonance by a frequency servo system. A constant temperature
cooling water system minimizes the frequency drift during running periods. A
400 1/s sputter ion pump maintains the vacuum.

INJECTION SYSTEM

1. 200MsV Linac

The 200MBV s-band traveling wave linac, as shown in Fig. 7, consists of
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a preinjector and 4 accelerating sectors. The preinjector is composed of a
;:riode gridded electron gun, a reentrant cavity prebuncher, a buncher and a
3m accelerating section. Each accelerating sector is simplly two 3m sections
welded together. The buncher and the 3m accelerating sections are -2-15. mode
constant impedance disk-loaded waveguides. The 3m sections are Identical,
each made up of 86 cavities with unit ̂ (relative phase velocity of fundamen-
tal wave). The buncher has 4 cavities,in each _/3p is 0.75.

Fig. 7. Linac System
1. Signal source, 2. Subklystron, 3. Gun, 4. Prebuhcher, 5. Buncher,
6. 3m section, M-modulator, K-klystron, AS-accelerating sector

Each accelerating sector or the preinjector is driven by a single klyst-
ron. The driven chain consists of a stable 2856MHz signal source, a 10KW sub-
klystron, coaxal lines and I0CA units (isolator, phaser, coupler and attenua-
tor ). The output ends of each of the accelerating sections terminate in tape-
red resistive waveguides (dry loads).

A few steering dipoles and a beam focusing system, composed of short len-
ses, solenoid coils and quadrupoles, control beam path and envelope.

A cooling water system stabilizes temperature in all the transmission
line conponents to 45°±0.5°C.

A high vacuum of 5X10 torr pressure at the center of the 3m sections is
required to avoid r.f. electrical breakdown and electron scattering. 7 sputter
ion punps, each rated at 200 1/s, provide adequate pumping through a 150mm-
diameter manifold, which runs parallel to the accelerator. Every waveguide
system between a klystron and the accelerator is evacuated to a pressure of
5X10-8 torr by a single sputter ion pump rated at 50 1/s. Table 6 presents
parameters of the 200MsV linac.

Table 6. Parameters of 200MeV Linac

Beam Energy (at exit)
Mxnentum spread
Peak beam current
Beam pulse length
Beam pulse repetition rate
Gun voltage
E.F. frequency

244MeV
±0.5%
50mA
2-4ns, or 0.2-1/Js
0.3—50pps
80KV
2856MHz
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Accelerating Structure constant impedance
Max. Electric Field 120KV/cm
Length of an accelerating section 3m
Number of accelerating sections 9
Total length 35.5m
Peak power per klystron 15Mrt
Number of klystrons 5

2. Transport Line

The transport line between the switch magnet and the injection point
consists of an achromatic horizontal bending section, a phase space matching
section and a vertical bending sect ing. The first section, 8tn in length, has 2
bending magnets to bend the beam at a horizontal angle of 45° and has 4 quad-
rupoles to focus the electron beam. The second section extends 35m and makes
the phase space distribution of the electron beam acceptable to the ring with
7 quadrupoles. The third section is 10m long equipped with 3 quadrupoles and
2 bending magnets and raises the electron beam by 3.2m. The beam path is con-
trolled by 7 sets of steering dipoles, each of which can deflect the beam both
horizontally and vertically.

A high vacuum of 10 torr pressure is assured by 7 sputter ion pumps,
each rated at 50 1/s.

The transport line which leads the beam to the electron experiment hall
has 2 bending magnets and 8 quadrupoles and bends the beam at an angle of 90°.

3. Injection Scheme

The incident beam from the transport line traverses in the ring's orbit
plane with a horizontal angle of 6° at the injection point before it is bent
by a pulsed septum magnet. A horizontal orbit bump is simultaneously produced
by 3 single turn air core kickers, which are driven by an attenuated half
sine-shaped current pulse of 3.5M.S base width.

A multicycle four-turn injection scheme is planned to admit a few linac
pulses, which are of l,Ms duration and of 50mA intensity, so as to stack suf-
ficient electrons before ramping. The interval between two pulses is about 3.5
seconds while the damping time at 200MeV is 1.3s.

As the electron gun is able to produce 2 to 4ns short pulses as well, the
storage ring can also run with single bunch or a few bunches.

BEAM DIAGNOSIS AND CONTROL SYSTEM

1. BEAM Diagnosis

Current transformers and gap type monitors are installed in the linac and
the transport line to measure pulsed beam current. For stored beam in the
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ring, a DCCT reads its DC component and a gap senses the pulsed structure.

Flags, 2 placed in the linac, 12 along the transport line and 3 in the
ring, can intersect the beam to allow a direct observation of beam position
and size. Unblocking measurement of beam position in the linac and the trans-
port line is a tricky part because the beam pulse width may be quite long or
very short and a single monitor can hardly fit the two modes. To solve the
problem, bench test is going on with gap and stripline combined monitor, but-
ton type BPM and cavity type BPM as the candidates. A possible solution is to
read beam position in only one mode. In the ring, beam position or the closed
orbit is monitored by 27 four-button BPM's and a four-stripline BPM, all loca-
ted close to quadrupoles. Adoption of a set of relays reduces electronics ef-
forts. The stripline type BPM can serve for a feedback system as well. There
is another stripline type device as an exciter for tune measurement.

Energy spectrum of the linac beam is obtained with 2 magnetic analyzers,
connected to the beam tube at the exits of the preinjector and of the linac,
respectively. Two synchrotron radiation monitor stations are set up in the
ring for multiple purposes. A pair of scrapers help determine the ring's dyna-
mic aperture. Preparations are made for various conventional measurements,
such as those of the tunes, beam lifetime, damping time, beam emittance, etc.

2. Control System

The control system is a distributed computer system formed by a PDPll/45
central computer, a VAXll/780 DATA processing computer and up to 25 local con-
trol microcomputer stations. High level control tasks which involve complex
data processing and calculation are executed on the PDPll/45 or VAXll/780.Data
acquisition and real time control are performed by the local microprocessors.

The PDP11, VAX11 and a dedicated multiprocessor communication microcom-
puter are located in the computer room and connected to one another through
DMA links. The local microcomputer stations are at the storage ring and linac
equipment site. Communication between the computer room and the local stations
is through optical isolated asynchronous serial lines and handled by a speci-
ally designed communication microcomputer.

The VAXll/780 computer system will also be connected to computers in the
experimental area to provide synchrotron radiation users with more data pro-
cessing power.

Commercial operating systems-VMS, RSX, DEC Net, etc. will be adopted to
keep the software effort at a minimum.

INSERTION DEVICES

Three insetion devices will be accommodated in 3 long straight sections
of the storage ring. A three-period superconducting magnet wiggler of 5T field
and a permanet magnet undulator are considered, with a model of single wave
superconducting magnet wiggler being built and a model of 10 period permanent
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magnet undulator, made from SmCo blocks, constructed already. Detailed de-
signs are to be conducted after a study on the models. For the third inser-
tion device, free electron laser and conventionally powered electro-magnetic
wiggler are two candidate types. A free electron laser, featured with a 70
period permanent magnet undulator and to be operated with an existing 30MeV
linac, is ready for test.

PHOTON BEAM LINES

Every bending magnet of the storage ring provides two beam ports. Their
horizontal beam span are 85 mrad and 120 mrad respectively. A total of 27 or
more beam lines can be accommodated around the ring, including those from the
insertion devices.

At the beginning only four of the beam lines will be installed and open
to the users. Two of them will cover UV region, while the other two cover
soft x-ray region. Table 7 presents parameters of the four beam lines. All of
them are designed for specific experiments. In particular, beam line Ul is
for lithography, U12A, for soft x-ray microspcopy, U20B for photonelectron
spectroscopy and U20A, devided into two stations, for time resolved spectros-
copy and photonchemistry.

Table 7. Main Optical Parameters of Beam Lines

beam
line

Ul

U12

U20A

U20B

wavelength
range(A)

5-20

20-50

500--3000

60-1200

resolution
(A)

0.3

at >-=30A

0-9 o
at X=500A

0.2 o

at\.=120A

monochromator

cylindrical
mirror

condenser zone
plate plus
diaphragm

Seya

TGM

horizontal
acceptance

(mrad)

34

0.4

24.8

20

flux at exit
slit

(photons/s)

0.5W/cm2 at
mask surface

3X105 at
sample for

32A

5X10"^ at
A.=500A

2X10^ at
K=120k

STATUS

The ground breaking took place on Nov. 20, 1984. A four-floor building
for offices and laboratories will be completed in the coming winter, in wich
the staff will be able to prepare for next year's machine installation. The
tunnels of the linac and the transport lines and the electron experiment hall
have been finished and the foundation of the storage ring hall is being laid.
Prototype constructions and tests o'. main machine components are going on,
the most acconplished satisfactorily. Almost all major parts are being manu-
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factored in factories or at the University. Quite a few have been completed.
The detail is as follows:

1. Storage Ring

a) Ring Quadrupoles. Prototype was completed in this April and the measure-
ment has been carried out. All multipole magnetic components of it are less
than 6X10"^ of the quadrupole field. Now mass production is going on.

b) Ring Bending Magnets. A prototype has been completed. The measurement
will begin soon.

c) RF Cavity. The cavity has been constructed, measured and evacuated. High
modes have been calculated and measured with a model cavity.

d) RF Power ftiplifier. The r.f. power amplifier has been built and its out-
put power reaches 32KW, A cavity and amplifier combined test (hot test) will
begin soon.

e) Vacuum Chamber. A prototype vacuum chamber made of stainless steel was
built 6 years ago. Its lowest pressure was 1.9X10"10 torr. Now the first
bend section of ring vacuum chamber, with a distributed ion pump installed
in, has been built and the pressure reaches 4X10~10 torr in a test.

f) Injection Magnets. Prototypes of kicker magnets and pulsed sept jrri magnet
were constructed and their magnetic field distributions were measured a
few years ago. Now three kicker magnets and a pulsed septum magnet are
being manufactured in factories.

2. Linac

A 30MsV linac was built in 1981 and has been operated interruptedly since
then. The design of the 200M3V linac parts is based on the experience in ope-
rating the 30MeV linac.

a) Accelerating Sections. Four accelerating sections have been constructed.
The measured phase drift tolerance of each of the three-meter accelerating
sections is less than 3°. TheVSWR of the input and output couplers is less
than 1.06. The attenuation coefficient is 0.58. The leak rate is less than
7.6X10-10 torr 1/s.

b) Klystrons. All the klystrons to be used have been constructed.

c) Dry Loads. (tapered resistive waveguides). All the needed dry loads have
been completed and the VSWR is less than 1.05 within a bandwidth of ±5MHz.

d) Electron Gun. A gridded triode electron gun to be put in service has been
completed and tested. The peak current is 500mA with 2.5 ns pulse width or
400mA with a pulse duration of 1 to 2jits, when the repetition rate is 50pps.
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3. Transport Line

The switch magnet and its power supply have been completed and tested.
Prototypes of bending magnets and quadrupoles have been completed and the mass
production is going on.

4. Beam Diagnosis and Control System

A distributed computer system composed of PDPll/45, LSI11 and Intel SBC
Series microcomputers has been built,which will eventually be expanded into
the HESYRL control system. A few prototypes have been developed and tested,
such as a CAMAC module for main power supply control, two intelligent boards
for transport line magnet power supply control, an ion pump current monitoring
interface board, an SBC computer based 512 points temperature monitoring sys-
tem and a timing system with 100Y\ s resolution wich \ ul provide timing signal
for the 200MeV linac.

A beam transformer and a flag have been built and tested with the exis-
ting 30MeV linac. The electronics part of DCCT has been developed. The proto-
type four-button beam position monitor will be completed in this winter. Bench
tests for various bean diagnostic devices are going on.

5. Beam Lines

Beam line designs are going on with prototypes of monochromaters, mirrors,
a fast valve and an acoustic delay line, etc being built.

The linac installation will be started next summer and the storage ring
installation is scheduled early in 1987. Building construction will keep pace
with machine construction.Commissioning of the storage ring is scheduled by
the end of 1988. Operation of the machine with experimental research programs
will follow inrmediately.
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ABSTRACT

An 800MBV electron storage ring is being constructed at Hefei, China.
It is a dedicated UV synchrotron light source from which 27 beam lines could
be extracted to accommodate about 50 experimental stations. Four beam lines
and five stations are planned and some instruments have been designed and are
under construction for the first five-year plan. The proposed experiments inc-
lude x-ray lithography, soft x-ray microscopy, photoelectron spectroscopy,
tirne-resolved spectroscopy and photochemistry.

1. Introduction

During the last ten years the applications of synchrotron radiation
in variety of fields blossomed in the world. It became very clear that synch-
rotron radiation is a powerful tool in scientific research and technological
developemnt. This stimulated Chinese scientists to construct their own sync-
hrotron radiation facility. On the other hand, demands to synchrotron radiation
increased rapidly with the progress of economic construction and scientific
research in China. Hefei National Synchrotron Radiation Laboratory (HESYRL)
was proposed under such conditions. It was initiated in 1978 and its physical
design and prototype research were completed at University of Science and
Technology of China (USTC) by the autumn of 1981. The construction of the fa-
cility and buildings started in October of 1984 immediately after it had been
approved by the State Committee of Planning. It is planned to cost about 60
million Chinese yuan and come into operation in the end of 1988.

The laboratory is located in the new site of USTC in Hefei's southwest
suburb. It is being constructed under the leaderchip of Academia Sinica and
will be opened to the scientists all over the country, i.e. it is a public
laboratory. More than 40 user groups from universities and institutes have
applied to use the facility for various experiments including lithography,
soft x-ray microscopy, spectroscopy, photoelectron spectoscopy, photoche-
mistry, SEXAFS, radiation metrology etc. In the paper we describe the appli-
cation plan of HESYRL with emphasis on the first five-year work Tf beam lines
and experimental stations.

2. Light Source and Experimental Hall

The details of HESYRL was described elsewhere (1). As follows, a summary
is presented. It consists of an 800MeV electron storage ring with a 200-400MeV
LINAC as its injector, an experimental hall, an electron experimental area,
several supporting laboratories and a research building. The layout of HESYRL

- 167 -



i

co
4J

Eo=800MeV

P =2.222m
\c=24Ao

\ cw=5. 8A( wiggler)

10 10 o

Wavelength AJ A)
10

Fig. 2 Spectral distribution
of Synchrotron Radiation from
the HESYRL Storage ring

Fig. 1 Layout of HESYRL

is shown in Fig. 1. The storage ring with a circumference of 66.1m consists
of twelve bending magnet sections and four long straight sections. The ben-
ding magnet has a curvature radius of 2.222m with a central field of 1.2T
resulting in a critical wavelength of 24A at 800MeV electron energy. The
design current is 300mA. The photon flux distribution of the source is shown
in Fig. 2. One of the four straight sections is used for installation of the
injector and others for installation of one undulator and two wigglers. The
main design parameters of the storage ring is listed in Table 1.

Table 1. Main Parameters of the HESYRL Storage Ring

Electron energy
Current
Critical wavelength
Circumference
E^nding magnets

number
radius
central field

Quadrupole number
RF frequency
Harmonic number
RF peak voltage
Energy loss per electron

per turn
Radiation power
Emittance

800MeV
300mA
24A
66.1m

12
2.222m
1.2T
32
204MHz
45
lOOkv

16.3KeV
4.89KW_R
2.7X10 rad.m
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Notaa
1. VUV baam linae: U1, U2, ••• U27.
2. Binding aagnata: B1, 62, ••• B12,
3. Thar* art two ports on aach bending aagna
A and B, and tha port* art B1A, BIB, B2A,
B12B.

•t chambar, aaaad
B2B, ••• B12A,

The plan view of the
experimental hall is shown
in Fig. 3. Every bending
magnet has two ports which
are 85 and 120 mrad in ho-
rizontal aperture respec-
tively, synchrotron radi-
ation from the insertions
will share the ports in
front of them. Therefore
27 beam lines in total
could be installed around
the storage ring. The
experimental hall is 50m
in diameter, which is large
enough to accommodate the
beam lines with the expe-
rimental stations. The
center of the ring devia-
tes two meters south-east
away from that of the ex-
perimental hall in order
for making it possible to
install beam lines longer
tlian 20m if necessary.
The hall is divided into
three areas. Area 1 is
planned for x-ray litho-
graphy using beam lines

U1-U6, area 2 for basic research using U7-U25 and area 3 for metrology using
U26 and U27. Area 1 is supported by several clean rooms of about 300m2 con-
nected with the experimental hall closely and by some necessary equipments in
these clean rooms for lithography experiments. The experimental preparation
laboratories provide facilities and space to users working in area 2 and 3.

Four beam lines and five experimental stations have been designed and are
under construction for the first five-year plan to meet the needs of users.
These include Ul, U12A, U20A and U20B with their relative stations indicated
in Fig. 3. We shall describe them simply below.

3. Beam Lines

Each of the planned beam ports, namely B1A, B6A and B9B, is connected
with a same type of front end which consists of a water-cooled mask, an all-
metal gate valve, a fast closing valve and a beam shutter. It results in a
smaller horizontal acceptance angle of 64 mrad than the divergence angle from
the ports. The acceptance angle could be increased by means of using large
valves or splitting the beam before the front end, and this is left to be done
in future. The front end is combined with an interlock system to protect the
ultrahigh vacuum system of the storage ring from accidental rupture of the
experimental station vacuum.

Fig. 3 Plan View of the Exparimental
Hall at HESYRL
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Ul will be vised for x-ray lithography. It takes a wide horizontal accep-
tance angle up to 34 mrad from the port BIA on the bending magnet Bl in order
to obtain a high flux on the surface of mask. Fig. 4a shows the scheme of the
optical layout (2). It is equipped with a cylindrical mirror which is scanned
by a stepping motor or bent by a piezoelectric and mechanic actuator in order
to enlarge an exposure area in vertical direction and achieve an uniform expo-
sure. It provides "white light" for the experiments. A beryllium window placed
at the end of the beam line filters the long wavelength radiation for decrea-
sing the heat load of the mask. The total length of the beam line amounts to
10m.

Fig. 4b shows the
optical scheme of a con-
denser zone plate (CZP)-
diaphragm monochromator
branch beam line U12A
and a soft x-ray scanning
microscope. To three wa-
velengths 2.3nmr •3.2nm
and 4.5nmr . which are
very important for the
biological research, we
select the diaphragm
diameters 8.6, 12.0 and
16.9x/m respectively to
support the adequate
spatial coherent illumi-
nation for the diffrac-
tion-limited spot (3).
Then , the diameters of
three interchangeable
CZPs are 3.45, 4.8,
6.75mm and the total
zone numbers 2286, 3180,
4472 with the same outer-
most zone width 0>377«m.
So the spectral resolution
of the monochromator is R=
A./A7vw«D/2ds»200. Besides,
we could move the CZPs
along the optical axis wi-
thin the range of about
20an respectively to cover
the whole wavelength region
2.0-5.0nm. Estimating the
flux losses from the pinhole
to the end window, the flux

SB

Fig. 4

at the end spot would be 3X1O~5 photons/s.

Scheme of the Beam Lines

The beam line U20 is extracted from the port B9B on the bending magnet B9
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and then split into the branch beam lines U20A and U20B after the front end.
U20A has a 1m Seya-Namioka monochromator shown in Fig. 4c (4). M| is a cor-
rection mirror with a convex ellipse-cylindrical surface placed on the inci-
dence arm of the monochromator. The entrance slit s is imaged with its width
direction at point a by MJ and then imaged on the exit slit s1 by the grating
G. The entrance slit s, on the other hand, is directly imaged with its height
direction at a point 400imi away from the exit slit by G. Mo is a toroidal mir-
ror which focuses the source onto the entrance slit and M2 is also a toroidal
mirror focusing the monochromatic beam onto the sample of the time-resolved
spectrometer, in addition, a toroidal morror M2' is added to send the beam to
the gas phase experimental station when M2 is removed from the optical route.

Fig. 4d shows the scheme of U20B. It is equipped with a grazing incidence
toroidal grating monochromator. Mj is a cylindrical mirror which is used to
increase the acceptance angle and improve the imaging quality of the monochro-
mator. The entrance slit s is imaged with its width direction at point a by M|
and then imaged on the exit slit s1 by the toroidal grating G. Meanwhile, the
entrance slit s is directly imaged with its height direction on s1 by G. Both
Mo and M2 are toroidal mirrors which have the same functions as those of the
branch beam line U20A. The beam line is designed for the photoelectron spec-
troscopy station.

Table 2 summaries briefly the preliminary optical parameters of the beam
lines.

Beam
Line

Ul

U12A

U20A

U20B

Table 2. Main Optical Parameters of Beam Lines

Wavelength
Range (A)

5-20.

20-50

500-3000

60-1200

Resolution
(A)

0-3 D
at A.=30A

0-9 o
at 7̂ .=500A

0.2
at 7^=120A

Monochro-
mator

cylindri-
cal mirror

condenser
zone plate
plus dia-
phragm

Seya

TGM

Grating Para-
meters

CZP23:03.45nm,
n=2286.

CZP32: 04.8nm,
n=3180.

CZP45:06.75mm,
n=4472.

1200, 6001/nm
area 50X50mm2

R=1000mm
1200, 600, 300
I/mm area 5X100
nm2, major ra-
dius =11364mm
minor radius

=368mm

Horizontal
Acceptance
(mrad)

34

0.4

24.8

20

flux at
exit slit

( photons/s1)
0.5W/cm2 at
mask surface

-3X105

at sample
for 32A

5X1012
o

at 7^=500A

2X1013

at 7^ =120A
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4. Experimental Stations

The planned experimental stations are for the experiments on x-ray litho-
graphy, soft x-ray microscopy, photoelectron spectroscopy, time-resolved spec-
troscopy, photochemistry, atomic and molecular physics. They are granted by
HESYKL and being designed and constructed by the users.

First priority was given to the application of synchrotron radiation in
lithography because of its importance in development of LSIs. A great progress
has been achieved in recent years (6-9). However, the basic research on synch-
rotron radiation x-ray lithography is emphasised for the first step at Hefei
in order to learn its elementary aspects, such as the optimum wavelength,
large area and uniform exposure, alignment methods, resists, radiation damage
of the semiconductor, and so on.

Synchrotron radiation soft x-ray microscopy has been proved recently to
be very useful for biology research (10,11). A scanning x-ray microscopy is
chosen to be constructed.lt utilizes a phase micro zone plate of SCL^m in
outer diameter, 116 zones with the outermost zone width of 0.17 M^ to focus
finally the monochromatic x-ray from U12A to a spot of about 0.2yttm in diame-
ter (12). The specimen placed in air or helium gas environment is driven by
the piezoelectric transducers along x, y direction to scan through the spot
in the imaging plane of the micro zone plate. The transmitted x-ray radiation
is detected with a side-window proportional counter filled with p-10 gas. A
LSI-li/23 microcomputer will be used to run the scanning stage and read the
x-ray counts, and the image can be presented on TV display in real time or
stored on a hard disk. U12A will be used for the contact microscopy and some
other soft x-ray imaging experiments too.

Beam line U20A is shared by two experimental setups, namely, a time-
resolved spectrometer (S20A-1) and a gas phase experimental chamber (S20A-2)
which can be used for studies of atomic and molecular physics and photoche-
mistry respectively, but S20A-1 and S20A-2 cann't take the beam at the same
time. Setup of S20A-1 is a ultrahigh vacuum chamber equipped with a sample
manipulator, a liquid helium Dewar vessel which allows the sample to be mea-
sured down to 4.2K, a windowless connection to the beam line and a analytical
monochromator. It can be used for studies of fluorescence life time and tine-
resloved spectroscopy of rare-earth materials and biological macromolecules.

The gas phase experimental chcimber has 12 standard flange windows and can
be mounted with different beam sources and detectors. The former includes an
atomic beam source or a molecular beam source, and the latter an ionization
chamber, a TOF electron detector, a TOF mass detector or a fluorescence detec-
tor. They can be chosen to make different measurements according to users1

interests. A two-stage differential pumping system is inserted between the
mirror M2' chamber and the sample chamber to protect the beam line vacuum sys-
tem against the residual gas contamination.

Photoelectron spectroscopy with synchrotron radiation attracts many users
in China. The planned instrument includes an UPS, a XPS, a LEED, a sample pre-
paration system, a computer control and data acquisition system, and so on. We
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are intending to order a conmercial conpound system which ca: be interfaced
with the beam line U20B, and can perform all the functions mentioned above.

5. Computer Control System

HESYRL experimental area adopts a distributed facility controlling system
(13), which uses DEC PDP-11/23 PLUS microcomputer as main computer for beam
line control and experimental station data acquisition. The computer contains
the LSI-11/23 PLUS CPU, 256kB RAM memory, 40 MB Winchester (dual RL01) and 2MB
dual 8" floppy, and uses the RSX-llM operting system. The control system emp-
loys CAMAC hardware as the prijnnary control interface.

1b VU 11/710

M.v-it n n u .

A

-

is-u/tr

Fig. 5 Computer Control System for a Beam Line and an Experimental Station

Each beam line in the experimental area has .its own independent computer
control system. All beam lines should link to central computer VAX-11/780 via
RS-232-C serial interface. A schematic diagram of the computer control system
for a beam line and its relative experimental station is shown in Fig 5. The
system consists of a DEC PDP-11/23 PLUS microcomputer and two CAMAC crates.
One of the CAMAC crates provides users with experimental station data acquisi-
tion and drives the bean line monochromator (for wavelength selection-).' Ano-
ther CAMAC crate supports the beam line control and monitor, including vacuum,
temperature, water cooling, beam status monitoring, and slit, mirror, sample
table positioning. r
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The protection system is of great importance to beam lines. Besides using
computer for machine protection, the independent hardware interlock (including
vacuum interlock, temperature protection, radiation protection and water coo-
ling interlock) are utilized. In normal running conditions the computer cont-
rols and monitors beam line components automatically. In the event that the
computer is down, the fault signals are hardwared and in parallel with compu-
ter control logic. This minimizes damage of the system and protects personal
safety during catastrophic failure.

ACKN0WIMX3EMENTS

We would like to acknowledge our colleagues in the experimental stations
and the machine group at USTC for their very helpful information to the paper.
Thanks are also due to our colleagues in our instrumentation division at
HESYRL for their very effective cooperation and significant discussions, as
well as to Ms. Tao Xiao-ming for her drawing.

REFERENCES

1. Bao Zhong-mou and Xia Zhong-lin, Nucl. Instr. Math. 208, 19 (1983).
2. Qian Shi-nan, HESYRL Internal Report (1984).
3. Su Yong-gang, Fu Shao-jun and Zhang Yun-wu, Proc. of 2nd International

Conf. on Synchrotron Radiation Instrumentation, Stanford, July 29-Aug.
2, 1985, to be published.

4. Chen Jin-yong, HESYRL Internal Report (1984).
5. Chen Jin-Yong, Optical Mechanics, 3, 26 (1985), in Chinese.
6. E. S. Gluskin et al., Nucl. Instr. Meth. 208, 393, (1983).
.7. R. P. Haelbich et al., J. Vac. Technol. Bl (4), 1262, (1983)
8. See BESSY Annual Report 1983, p. 147.
9. Hiroshi Tanino et al., Proc. of the 15th Conference on Solid State Devices,

Tokyo, 1983, p. 30.
10. X-ray Microscopy, eds. G. Schmahl and D. Rudolph (Springer, Berlin, 1984).
11. J. Kirz and H. Rarback, Rev. Sci. Instrum. 56 (1) 1. (1985).
12. Xie Xing-shu et al., Proc. of 2nd International conf. on Synchrotron Radi-

ation Instrumentation, Stanford, July 29-Aug. 2, 1985, to be publised.
13. Xu Xi-lin, HESYRL Internal Report (1984).

- 174 -



ISSP-KEK New Light Source Project

Takehiko Ishii and Goro Isoyaraa
Institute for Solid State Physics, University of Tokyo,

Roppongi, Tokyo 106, Japan

The construction of a 1.0 GeV storage ring with 10 to 13 straight sections for
insertion devices is planned as a joint project of the Institute for Solid
State Physics, the University of Tokyo and the National Laboratory for High
Energy Physics. The outline of the project and some aspects of the light
source are described.

1. Introduction
More than twenty years have passed since synchrotron radiation was first

used for studying the physical properties of matter. Now, it is well known
that this unique light has not only had a major impact on materials research,
but it has also opened new fields of science and technology. Surface analysis
by synchrotron-radiation photoemission, structure analysis by means of EXAFS,
protein crystallography, and soft x-ray lithography are good examples. During
these two decades, light sources have progressed from electron synchrotrons in
the early stage of the developments to storage rings now widely used. Recen-
tly, the utilization of insertion devices with high brightness or brilliance
such as wigglers and undulators is getting common. As near-future projects,
many groups throughout the world are planning to build storage rings of very
low emittance with many long straight sections so as to make more effective
use of the excellent characteristics of insertion devices.

In Japan, synchrotron radiation research started around 1963 when the
construction of a 1.3 GeV electron synchrotron for high energy physics was
completed. Based on the successful experiments in solid state and atomic and
molecular spectroscopy, synchrotron radiation users decided to build a 300 MeV
electron storage ring dedicated to spectroscopy. This ring, called the SOR-
RING, was designed and constructed and is now operated by the Institute for
Solid State Physics (ISSP) of the University of Tokyo. It operates routinely
at 380 MeV with initial stored current of 200 - 300 mA. It is currently an
active, productive facility serving about 100 users in many branches of
science, mostly in solid state physics. Meanwhile, three other synchrotron
radiation sources have come into operation in Japan: a 2.5 GeV storage ring
(PF ring) at the Photon Factory of the National Laboratory for High Energy
Physics (KEK), an 800 MeV storage ring (UVSOR) at the Institute for Molecular
Science, and a 600 MeV storage ring (TERAS) at the Electrotechnical
Laboratory, have come into operation.

Several years ago, ISSP initiated a plan to build a low-eraittance ring
to satisfy the requirements of more sophisticated experiments which require
more brilliant light and also to alleviate the severe shortage of space for
experiments due to the very small experimental hall associated with the SOR-
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RING. This project consists of a 1.0 GeV storage ring called SUPER-SOR, and
the associated beam lines and experimental hall. The basic design of SUPER-
SOR has been reported(l)(2). Identifying adequate space to construct the
new facility has been a major obstacle. After discussions over a few years,
the directors of ISSP and KEK reached the agreement, late in 1983, that this
project should be located at KEK as a joint project of ISSP and KEK. In this
project, the ISSP-KEK New Light Source Project, the construction of a 1.0 GeV
low-emittance storage ring with many straight sections as well as the
associated facilities for experiments is proposed. Although the basic idea
of the feature of the ring is based on that of SUPER-SOR, the new ring will be
different from SUPER-SOR in many respects.

The possibility that this proposal will be approved is unknown. Several
other proposals for building new storage rings in Japan have appeared and
they are competing. No review panel has yet been formed.

2. Proposed experiments
Major experiments planned in this project are optical and photoelectron

spectroscopy in the vacuum ultraviolet and soft x-ray region. The high
brilliance of the light source makes some sophisticated experiments with
higher accuracy possible. Typical examples are as follows:
1) Measurements at high resolution. The analysis of the spectral line shape
is important for obtaining detailed information about the optical transition
accompanied by the electronic correlation. The poor instrumental resolution
available with present low brilliance light sources smears out the fine
structures in these transitions.
2) Measurements under extreme conditions. Photoemission experiments carried
out at very low or very high temperature give information about the change in
the electronic states due to a phase transition.
3) Spin-polarized photoemission. The analysis of the spin state along with
the energy and the momentum gives more complete information about the
electronic state and the dynamics of excited electrons.
4) Optical and photoemission studies of surfaces and interfaces.
5) Modulation spectroscopy and difference spectroscopy. Modulation
spectroscopy extracts very weak structures in a spectrum facilitating detailed
comparison between the measured and calculated spectra. Difference
spectroscopy extracts very weak changes in spectra brought about by
perturbations (such as impurity doping, adsorption on the surface, or the
application of an external field), and is useful for obtaining information
about the effect of external perturbations on the electronic states.
6) Fluorescence and light scattering. Fluorescence and light scattering
experiments are useful for obtaining the relaxation processes in the excited
states. So far, only a few experiments have been reported in the vacuum
ultraviolet and the soft x-ray region.
7) Free electron laser, Basic research for realizing a free electron laser in
the short-wavelength region is under consideration.
In addition to the experiments listed above, experiments on photochemical
processes, EXAFS, and far-infrared spectroscopy are planned. Much of the VUV
experimental equipment now in use with the SOR-RING and the PF-ring will be
transferred to the new ring.
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3. Temporary beam-line project
We are planning to start some of these new studies using presently

available but undeveloped beam channels at the PF ring, while awaiting the
approval to build a new 1.0 GeV ring. In this project, three experimental
stations will be constructed. They are designed for spin-polarized
photoemission experiments, photoemission experiments at variable temperatures,
and experiments on photoemission from surfaces and interfaces. A multipole
wiggler will be built and used as a light source for the spin-polarized
photoemission system. Incorporation of these experimental stations into the
PF-ring is temporary; all of them will be transferred to the new ring when its
construction is complete.

4. Some aspect of the light source
At present our design for the new facility is still evolving. In what

follows the present status of the ring design is described. The new ring is
built near the PF ring at KEK in Tsukuba. The electron energy of the new ring
is nominally 1.0 GeV with some range of operation around this energy.

Electrons (or positrons) will be
injected at full energy from the
1.0 GeV extraction port of the 2.5
GeV linac which now serves as the
injector to the PF ring and a 6.5
GeV accumulator ring, which in turn
is the injector to the 30 GeV
TRISTAN ring. The utilization of
the existing injector reduces the
cost of the construction.

The location of the new ring
is shown in Fig. 1. In principle,
the size of a low-emittance ring
tends to be larger because it re-
quires higher symmetry and more
straight sections. However, the
size of the available area is li-
mited; it is only 100 m x 200 m.
The building containing the ring is
made rectangular-shaped and the
ring is placed at an off-centered
position as shown in Fig. 2, so
that a wider experimental hall is
provided. Such a configuration is
possible because only a narrow area
outside the ring is necessary at
the locationy of injection, light
monitor and RF acceleration. At
present, two ring sizes are consi-

Fig. 1 Plan view of the Photon Factory d e r e d : O n e w i t h l 6 segments (one

and the location of the new ring.
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segment is that part of the ring
between long straight sections) and
the other with 12 segments. The
final choice will be a compromise,
taking into account also require-
ments of the experimental hall. In
Tables 1 to 3, designed storage
ring parameters, an example of
operation modes, and tentative pa-
rameters concerning RF acceleration
are summarized.

Fig. 2 Ring with 16 segments.

Table 1. Storage Ring Parameters

16 segments 12 segments

Electron energy
Circumference
Mean radius
Revolution time
Superperiodicity
Synchrotron radiation
Energy loss per turn
without insertion devices
Critical energy (Bend magnets)

Number and length of straight
section
Dipole magnets
Magnetic field
Bending radius
Effective length
Total number

Quadrupole magnets
Strength
Gradient
Effective length
Number of families
Total number

Sextupole magnets
Strength
Effective length
Number of families
Total number

E =
2TTR =
R =
T =

uo =
u

e =
c

B =
P =
L =

K =
g =

Ln =
Q

1 GeV
182.4 m
29.0 m
608.4 nsec
8 or 16

21.7 KeV

545 eV

16 x 5.3 m

8.19 KG
4.074 m
1.6 m
16

_o
<2.4 m
<8 T/m
0.3 m
2 or 4
64

_ i

<0.75 m
0.2 m
2
64

1
141
22
472
6

23

581

12

8
3
2
12

<2
<7
0
2
48

<0
0
2
48

GeV
.6 m
.5 m
.3 nsec
or 12

.2 KeV

eV

x 5.3 m

.73 KG

.820 m

.0 m

.3 in

.7 T/m

.3 m
or 4

_2
.5 m
.2 m
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Table 2. An Example of Operation Modes

16 segments 12 segments

Tunes

Momentum compaction factor
Natural chromaticities

Damping times

Energy spread
Emittance (zero coupling)
Beam sizes and divergences
at the center of straight
section (full coupling)

vy =
a =

Ty "

aP/E =

0y =

7.75
4.75
3.81 x 10"3

-19.6
-9.0
57.6 msec
42.2 msec
27.7 msec
4.22 x 10"4

5.28 ram*rad
346 um
96 ym
12 yrad
28 yrad

5.75
3.75
8.41 x 10"J

-11.3
-6.7
42.9 msec
40.8 msec
19.9 msec
4.34 x 10"4

13.5 irnm*rad
505 ym
148 ym
21 yrad
45 yrad

Table 3. Tentative Parameters Concerning RF Acceleration

16 segments 12 segments

f
h
V

Ap/p

^syn
vs

Tm'I

= 105
= 64
= 400
= ±3

6
= 3

1
= 4

.19 MHZ

KV
.1 %
.47 KHZ

.94 x 10"3

.19 cm

.1-A hrs

101.62
48
411 KV
±2.4
10.87
5.14
1.60
5.0

MHZ

%
KHZ

x 10
cm

A*hrs

-3

Frequency
Harmonic number
Peak voltage
Momentum acceptance
Synchrotron frequency
Synchrotron tune
Bunch length
Touschek lifetime

Design principle
The choice of the electron energy of the ring is dependent on the photon

energy region in which we are most interested. It is also dependent on the
type of the light source, a normal bending magnet or an insertion device. We
plan to mostly use the light from undulators and multipole wigglers. The
photon energy range in which we are primarily interested is 50 to 300 eV,
where 3p electrons of transition-metal elements and 4d electrons of rare earth
elements have their oscillator strengths. The electron energy of 1.0 GeV was
chosen so that the photon energy of the fundamental radiation from an
undulator with a period length, Xu , of 4 cm falls around 150 eV. Although
some tuning is possible by varying the undulator field, in order to expand the
tunable photon energy range, the ring is designed so as to make the electron
energy variable between 0.5 and 1.5 GeV.

Optimizing the brightness of the light from an undulator with a period
number, N, of 100 imposes upper limits on the beam size and the beam
divergence in the straight section where the undulator is installed. Also
taking into account a typical distance between source point and the entrance
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slit of a monochromator of abcut 15 m, the ranges of the beam size and the
beam divergence are, for E = 1.0 GeV,

Ox » ̂ y ̂  700 ]im
ax' , ay'< 47 ̂rad.

If the contributions to the beam size from the momentum spread and the
dispersion are neglected, these values correspond to a beam emittance as

e x , £ y < 33 irnm rad.
We have chosen a variable emittance design to achieve the following

advantages:
a] ease of commissioning, by use of large emittance
b] ability to select different emittances as required

experiments
c] to optimize performance over a range of electron enegies.
We install insertion devices about 4m long. The maximum

straight sections available for installing insertion devices of this length is
determined by the circumference which, as described above, is limited by the
available land (100 m x 200 m) . The total number of straight sections could
be 16 or 12 and still be compatible with the limited space. A high field
wiggler of the wavelength-shifter type is not planned because other rings with
higher electron energies are available close by.

We plan to fill the new ring with positrons to avoid the deleterious
effects of positive ion collection around electron beams. A positron source
has recently been added to the 2.5 GeV linac and positrons have already been
stored in the 6.5 Gev accumulator ring. Studies are underway at KEK aimed at
increasing positron stored current.

by different

number of

Magnet lattice
In what follows, we discuss some features of the proposed design taking

the ring with 16 segments as an example. Each of the 16 segments between the
straight sections has a geometrically identical magnet arrangement which is
shown in Fig. 3. Two different operation modes are possible, the achromatic
arc and the variable emittance(2).

SF

• • *

« 2.65m *j

QF QD

i—i
T—rT-J"

•II-
0.3m

bending
n 1

•H
0.65m

SD

1 n

0.65m

QD QF

ru-i
1 rT_r

0.3m

SF

n

[*—2.65m - A
0.15m 0.15m 0.15m 0.15m

Fig. 3 Magnet arrangement in a segment.

In the achromatic arc mode, a unit cell consists of two identical magnet
units including four quadrupole families. Hence the ring has 8 fold symmetry.
The Twiss parameters and the dispersion calculated for this operation mode
using parameters given in Table 1 and Fig. 3 are shown in Fig. 4. The value
of n x in the straight sections alternates between zero and 1.26 m.

In the variable emittance mode, a unit cell consists of a magnet unit,
where two families of quadrupole magnets are included. The ring thus has 16
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fold symmetry. Figure
SFQ1 02 SD B SD 03 Q4 SF

n.4[m]'0 2 4 6 8 10

Fig. 4 Twiss parameters and the dispersion in a
half of the unit cell.

SFQ1 02 SO B SD02Q1SF

5 shows the Twiss parameters and the dispersion calcu-
lated for the variable
emittance mode using
parameters given in
Table 1 and Fig. 3.
The electron beam has a
non-zero dispersion in
all of 16 straight sec-
tions. The smallest
dispersion is % =
0.64 m in the straight
section.

The magnitudes of
the machine parameters
calculated for the two
operation modes are
almost equal except for
those related to the
dispersion function
such as the momentum
compaction factor and
the emittance. Note,
for example, that the
curves, other than the
disperion function cur-
ve, shown in Fig. 4 are
almost the same as the
corresponding curves in
Fig. 5. The emittance
obtained for the varia-
ble emittance mode is
half that obtained for
the achromatic arc
mode. The emittance or
the beam size can be
changed by changing the
horizontal betatron
tune in both cases.

Touschek lifetime
In the proposed

ring the Touschek ef-
fect is an important
determinant of the beam
lifetime, because of
the low electron energy
and the small bunch

volume (owing to a small emittance and a small momentum compaction factor). A
large momentum acceptance is necessary to increase the Touschek lifetime. The
momentum acceptance of a storage ring is determined by the smaller one of two

p-

20

10

n

- P*

lOXTJx

- - ^
1 1

nJ i i 1 ^ J
n̂ n r̂ n n ,i i

Y
A

1 n ~l Pi n

Variable Emittance
i/x=7.75
l/y=4.75
£x=5.28;c nm rad

-

f
yV

^ / •
y —

i i i i
0

Fig. 5
unit cell.

2 4 6 8 10 11.4[m]
Twiss parameters and the dispersion in the
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acceptances; the acceptance of the RF system or that of the magnet lattice.
Figure 6 shows the

relation between the momen-
tum acceptance and the

asI/x=7.75

Variable EmittancB

Uy=4.75

•C3 -

o
o
o

u
o
<

i1
o
5

10
Tousheck Lifetime [A-hrs]

Fig. 6 Momentum acceptance versus Touschek

lifetime.

Touschek lifetime, as cal-
culated using parameters in
Table 3. In the case of
the variable emittance mode
with vx = 7.75 and Vy =
4.75 for which the emittan-
ce is the smallest, the
momentum acceptance re-
quired for Touschek life-
time, T *I = 4* A hr, is
estimated as Ap/p = ±3%.
In order to obtain a momen-
tum acceptance of ±3%,
chromatic correction is
necessary in addition to

a sufficient RF
For example,
is necessary
MHz.

y
supplying
voltage.
= 400 kV

= 105

at

Chromaticity correction
In order to reduce the head-tail instability the chromaticity should be

made zero or a small positive value. If the chromaticity is large, the
momentum acceptance of the magnet lattice is small and the lifetime determined
by the Touschek effect is short. The natural (ie; uncorrected) chromaticity
in the present case is large because of the strong focusing quadrupole magnets
employed for reducing the emittance. This natural chromaticity must be
eliminated. For this purpose, strong sextupole fields are needed. However,
the nonlinear fields of the sextupole magnet raduce the dynamic aperture
appreciably. Therefore, we need to find a solution to accomodate these
conflicting requirments. Recently it has been reported that the FODO lattice
is quite suitable in this respect and a large dynamic aperture is
obtainable(3). We have not yet carried out calculations using this lattice.
We plan to examine it in the near future.

We have searched for a recipe for the correction of the natural
chromaticity in an ordinary way using the present lattice. The results are as
follows:
1) Avoid operation points close to 3yx = integer and yx + 2yy = integer,
]ix and ny being phase advances per unit cell. At these operation points,
structural resonances are caused by the regular sextupole field.
2) Use a pair of sextupole magnets with field strengths of opposite signs, one
with positive field strength on one side of a quadrupole doublet and the other
with negative field strength on the other side. Phase advances in a
quadrupole doublet are small. For example, they are yx/2 TT= 0.023 and \iy /
2ir = 0.025 for the variable emittance mode with vx = 7.75 and V y = 4.75. Thus,
the kicks given to electrons by the two sextupole magnets cancel each other.
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3) Choose the locations of sextupole magnets in the lattice so that the
advance of phase between adjacent pairs does not attain the value of 2TT. The
phase advance of IT is the best since a kick by one pair of sextupole magnets
is cancelled by the next pair.
4) Distribute many weak sextupole magnets rather than using only a few strong
sextupole magnets.

In the configuration shown in Figs . 3 to 5 these conditions are
approximately satisfied. A more sophisticated method for compensating effects
to higher order in Ap/p has not be .in examined yet. Figure 7 shows the tune

X10
- 3

Variable Emlttancs

Ux=7.75
10

=» 5
<

- 5

AUx

-3 -2 -1 0
Ap/p [%]

Fig. 7 Tune shifts as
momentum deviation.

y[mm]

a function of

Variable Emittance

Vx=7JZ
fy=4.75

-100 100

Fig. 8 Dynamic apertures for electrons
with three different momenta.

variations as a function of
for the variable emittance mode
with vx = 7.75 and v y = 4.75. A
slight quadratic dependence in
both Avx and AVy remains still,
while the natural chromaticity
is well corrected. Figure 8
shows a rough estimate of the
dynamic apertures calculated for
the variable emittance mode u-
sing parameters, v x = 7.75,
Vy = 4.75, and Ap/p = 0 and ±3%.
It can be seen that the phase
advance between sextupole pairs
on both sides of a bending mag-
net is approximately ir (good
condition!) in the horizontal
plane and the dynamic apertures
are large enough for electrons
with Ap/p|< 3%.

Figure 9 shows an es-
timate of the dynamic apertures
for electrons with Ap/p = 0 for
the achromatic arc mode with
v x = 7.75 and vy= 4.75. Calcula-
tions were made for two diffe-
rent configurations of sextupole
magnets. In the case of the
achromatic arc mode, every other
straight section has a non-zero
dispersion, and the chromaticity
correction with sextupole mag-
nets is made effectively. In
Fig. 9, a small contour surroun-
ding the origin illustrates the
dynamic aperture with sextupole
magnets installed only in dispe-
rsive straight sections. The
aperture is much smaller than
that for the variable emittance
mode, although each sextupole
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y[mm] Achromatic Arc

Ux=7.75
fy=4.75

Ap/p=O

-100

Fig.9 Dynamic apertures for particles with
Ap/p=O. Small inner contour around the ori-
gin: Dynamic aperture with natural chromat-
icity corrected with sextupoles installed
only in disperive straight sections. Large
outer contour: Dynamic aperture corrected
with extra sextupole magnets of the same
strengths installed in dispersion-free
straight sections.

has almost the same field
strength in both cases. It
appears that the achromatic arc
mode with the configuration of
sextupole magnets given here
gives a phase advance not far
from 2TT in the horizontal plane,
not satisfying requirement [3].
The outer contour illustrates
the dynamic aperture calculated
with sextupole magnets installed
even in the non-dispersive
straight sections. The aperture
is much increased and its magni-
tude is near to that obtained
for the variable emittance mode.
The results of our calculation
described above suggest that the
natural chromaticity is well
corrected without a considerable
reduction in the dynamic .aper-
ture for both operation modes.

Effect of insertion devices
An insertion device can

alter the beam size and the
bunch length. It is important
to minimize these effects so
each insertion device does not
significantly affect the opera-

tion of the ring or perturb other beam lines. This is particularly so in a
ring with many insertion derices like the one being considered here.

From the beam-dynamical point of view the problems are summarized as
follows: First, an insertion device adds an extra component of magnetic field
in addition to its primary dipole field. A horizontal wiggler or undulator
behaves like a vertical focusing quadrupole magnet. The focusing "orce
induces a vertical tune shift proportional to the square of the magnetic iield
of the insertion devices. Second, the extra radiation introduced by insertion
devices leads to new equilibrium values of beam size and bunch length.
Qualitatively, an insertion device installed in a dispersion-free straight
section reduces the emittance owing to a decreased damping time. When it is
installed in a dispersive straight section, the emittance is either decreased
or increased depending on the magnitude of the magnetic field of the insertion
device relative to that of the dipole field.

We carried out preliminary studies of the beam dynamics in the presence
of insertion device. Figure 10 shows the change of the emittance and the
vertical tune, for the variable emittance mode with v x = 7.75 and ^y = 4.75,
caused by a horizontal multipole wiggler. The effect on the emittance is
small up to about B = 8 kG, whereas the tune shift is not negligible.

Figure 11 shows the variation of the vertical betatron function induced
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by a horizontal multipole wiggler with B = 10 kG.
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Fig. 10 Tune shift and the change, of the
emittance induced by a wiggler.

The modulation of the beta-
tron function is corrected
with quadrupole magnets
adjacent to the wiggler as
shown by the broken line.
Overall tunes should be
corrected after this.

Finally, in Fig. 12
(a) and (b) the spectra
from an undulator are gi-
ven. They are used to
decide the electron energy
of the ring. The figures
are self-explanatory.

Calculation
The computer programs

used are MAGIC and SYNCH
for the lattice parameter
calculations and PATRICIA
for the particle tracking.

20

5

H-Q-H -Q-H H-Q-H H-0-I

wiggler

Xw=4.4 cm
Nperiod=12
B=10KG

' INSERTION
before correction

1.
after correction

\

Fig. 11 Modulation
of the vertical be-
tatron function in
a. half of the ring
caused by a wiggler
(full line), and
the betatron func-
tion corrected with
quadrupoles adja-
cent to the wig-
gler.
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SUPER-ACO THE NEW ORSAY DEDICATED SYNCHROTRON RADIATION SOURCE

M. Sommer
Laboratoire pour I1Utilisation du Rayonnement Electromagnetique,

91405 Orsay, France

Super-ACO is a 0.8 GeV storage ring optimized for low emittance
and multi-insertions. A maximum of straight sections are installed in
order to manage place for six insertions.

Main characteristics

E = 0 .8 GeV 2TTR = 72.041 m
max 1

S t r u c t u r e 8 [ 1 S, (QD) ^ ( Q F ) ,S 3 BS 3 (QF) 2 S 2 (QD) 2 ^ S , ]

£ Sx = 1.785 m

SLB = 1.335 m

I = 0.40 m

RF frequency :

1) 99.892
2) 499.46

S 2 =

P =

MHz
MHz

Horizontal emittance

e = 3.7 :

\ = 18.5
c

Source sizes
o = 100 i
ox = 158 ,

* 10~8

0.35 m

1.700 m

(h = 24) V
(h = 120) V m a X

max

mxrad
0

A from the bendings

urn * from the bending

S3 =

n =

= 200
= 400

0.

0

kV
kV

magnets

90 m

parallel faces

sources
2

°x _ ..„ v } from the insertions (odd numbered straights)

o£ = 4.7 cm with 100 MHz, 200 kV ; 0.7 cm with 500 MHz, 400 kV.

Among the straight sections, one contains the injection equipment,
a second one is used for beam diagnostics (excitation, tune measurement,
e t c . ) . The six remaining straights will receive undulators and
multipole wigglers with a length of 2 to 3-2 m.

Nominal values of expected intensities :
20 mA/bunch (max 500 mA) with the 100 MHz RF,
4 mA/bunch (max 500 mA) with the 500 MHz RF.

With these values the global lifetime should be from 5 to 7 hours.
Total number of beam lines : 6 insertions + 13 from the magnets.
General sketch of the machine is presented Fig. 1 .optical functions for
two differents optics in Fig. 2 and 3.
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Magnet system

Dipoles

The 8 dipoles (+ 1 for the beam transport) are parallel face solid
yoke magnets.

p = 1.70 m B = 1 .57 T gap height : 70 mm
max

==•< 10"14 in the "good field region" (422 x 40 mm)
B
A(BiL) 3

BX.
Main_coil :

1200 A x 42 turns
power per magnet : 43 kW
Steering coil 10 A x 126 turns

Quadrugoles :

28 in 4 families
Bore diameter 0 = 120 mm
Magnetic length 2, = 0.40 m

Maximum gradient G =8.4 T.m"1

max
Maximum dispersion , . = 10~3

Main coils : 475 A x 27 turns
Additionnal coil? (dipolar, or quadrupolar), 2 per pole,
10 A x 60 turns.

Sextugolar_coils :

Maximum strength : 11 T.nT2

4 x 400 A (2 coils per quadrupole)

Compensation coils :

1 coil per pole 15 A x 60 turns
Total power dissipated per quadrupole : P = 11 kW
Fig. 4 shows a cut through a quadrupole and induction lines

Regulated to -j-= 10"1* for the main power supplies.
Local microprocessor included. All the power supplies will be computer
controlled.

Bending magnets 1200 A x 290 V
Quadrupoles 475 A x 210 V (4 power supplies)
Sextupole main coils 400 A x 34 V , „ „ ., .
Sextupole compensation 15 A x 68 V } 4 x 2 p O w e r s u P P l i e s
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Vacuum system

Amagnetie stainless steel (U15C). Baked in-situ at 270°C. Total
pumping speed = 16 000 Jl.s"1. A pressure of 10~9 Torr should be obtained
after approximately one year of operation allowing correct lifetimes.

The vacuum chamber includes "standard" pieces and special
insertions : two RF cavities (500 MHz, 100 MHz), three ceramic tubes for
the fast kickers, one injection section.

Special designed pick-up stations located between quadrupoles will
define the theoretical orbit within 1 0.3 mm.

The standard bending magnet vacuum chamber will be provided with 3
or 4 ports (0°, 7°, 19°, 180°).

RF : Two systems will be installed :
f = 99.892 MHz

f = 499.46 MHz
120

each one able to cope with 10 kW radiated power.
Automatic tuning will be provided like on DCI by means of two

servo-loops (a fast response uses a plunger, and the slow response uses
the cooling water temperature control).

The geometry of the 100 MHz cavity is shown Fig. 5.

Pulsed magnets : One inflector, a = 10°, gap : 20 x 15 mm2

I = 8 kA for B = 0.667 Tmax max
Wave form : half sinusoid of 40 ps duration ...

In a later stage of operation, in order to cope with the vertical
acceptance of the ring, this inf lector will be installed in the
transport line vacuum.

Three fast kickers will be used for injection.

% = 0.5 m ; gap = 120 x 80 mm2

T
mav

 r 2-5 kA ; M < 40 kV (single gap D2 thyratron).max max

Beam diagnostics

Stored current will be measured with a torus.

An annular electrode signal, calibrated with respect to the
previous device will be used as secondary standard.

Beam profile measurement will be done by scanning of the image
given by a rotating mirror.
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The beam position monitor consists of 16 capacitive pick-up
stations positionned with respect to the neighbouring quadrupoles. In a
later phase, automatic orbit correction will be installed "on-line". The
orbit correction will be done by steering coils. One coil is available
in each magnet, two coils in each quadrupole, which can be connected
either as horizontal, or vertical dipole.

* * * ** * *

Present status : the experimental hall is ready, the supports of
magnetic elements are positionned. The shielding is under construction.
The bending magnets are delivered and 5 out of 9 are measured. The first
ring quadrupole is just delivered, and the remaining 33 will arrive at a
rate of 1 per week. A prototype of each vacuum chamber section has been
constructed. The first power supply is delivered and tested. The
remaining k main power supplies are expected before to be delivered
before 1986.

Transport magnetic elements are ready with the exception of the
preseptum. Prototypes of the inflector and fast kickers with power
supply are under tests, or in end of construction phase.

Beam diagnostics are under development. The 100 MHz cavity is the
DCI's one and has to be modified. The first beam is expected to be
injected into Super-ACO, late in 1986.
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THE EUROPEAN SYNCHROTRON RADIATION FACILITY

B. Buras
Ris0 National Laboratory, DK-4000 Roskilde, Denmark

1. PREFACE

The aim of this paper is to show how an early idea of a European Syn-
chrotron Radiation Facility has developed into a detailed proposal recently
accepted as the basis for construction of the facility at Grenoble. Since we
shall discuss not a national but an international European S.R. source it
seems appropriate to say a few words about Europe.

Western Europe includes a dozen of countries and when one crosses the
border from one to another, one finds himself in a quite different environ-
ment. In general, the people speak another language, have a different his-
torical and cultural background, are educated in schools with a different
curricum, have a different mentality and so forth. They have, however, more
or less strong national feelings. In short: Europe is colourful and this is
one of its beauties. However, when it comes to organize an international
center this beauty is one of the main obstacles causing great difficulties.
Nevertheless the scientific community can rather easily overcome these dif-
ficulties, however, the situation becomes much worse when administrators and
politicians enter the stage. This should be kept in mind when reading this
paper.

2. THE PRE-ESRP PERIOD

In November 1977, the General Assembly of the European Science Foun-
dation (ESF) approved the report of the ESF working party on synchrotron
radiation entitled "Synchrotron Radiation - a Perspective.View for Europe"
(1). This report contained as one of its principal recommendations that work
should commence on a feasibility study for a European synchrotron radiation
laboratory having a dedicated hard X-ray storage ring and appropriate ad-
vanced instrumentation. In order to prepare a feasibility study the European
Science Foundation set up the Ad-hoc Committee on Synchrotron Radiation,
which in turn formed two working groups: one for the machine and another for
instrumentation. This feasibility study was completed in 1979 with the pub-
lication of the Blue Book (2) describing in detail the socalled 1979 European
Synchrotron Radiation Facility (in short 1979-ESRF). The heart of the fa-
cility was a 5 GeV electron storage ring and it was assumed that mainly the
radiation from bending magnets will be used.

In the years 1980-83 the study on a state-of-the-art synchrotron radi-
ation source continued under the auspices of the ESF. In view of the devel-
opment of wigglers and undulators the attention shifted from the conven-
tional 1979-ESRF to an "all wiggler machine" and afterwards to the socalled
"pluralistic" one.
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The work from 1978 until the middle of 1983 was carried out by a large
group of scientists from different laboratories, meeting in smaller and
larger groups. No central "office" existed and the available funds were used
for covering travel expenses only

3. THE ESRP PERIOD

3.1. Introduction, organization of work

A break through came in the middle of 1983 when the Inter-Governmental
Committee, called the ESRF Progress Committee*,(formed in 1982) decided to
create a study group called European Synchrotron Radiation Project (ESRP).
The aim of the ESRP was to prepare a site independent project proposal for
the ESRF. A small full-time staff was located at CERN and money was avail-
able for organizing conferences, workshops and travel.

The work was partly done at national and university laboratories and
partly at the ESRP at CERN. Visiting scientists have worked in Geneve for
periods from several days to several months. Like in the previous period,
with a few exceptions, only travel expenses were covered by the ESRP. In
some cases even the latter were paid by cooperating laboratories.

About 150 scientists from Europe and U.S.A. participated in the work
and about 150 internal reports dealing with different aspects of the pro-
ject were produced. This joint effort of the scientific community was organ-
ized and coordinated by the ESRP scientific director (B. Buras) and project
leader (S. Tazzari).

The project leader was responsible for the part of the project dealing
with the machines and buildings. The machinge group, mentioned earlier,
acted as an advisory body for the machines (D.J. Thompson - chairman).

The scientific director was responsible for the discussion of scienti-
fic goals and users' requirements. He also organized four working groups
for Instrumentation (chairman G. Materlik), Detectors and Data Acquisition
(chairman J. Bordas), Radiation Effects (chairman V. Saile) and Industrial
Applications (co-chairmen R. Haensel and E.E. Koch).

The scientific director and project leader worked in close cooperation,
in particular as concerned the output parameters of the storage ring and the
construction, manpower, costing etc. They were in this case supported by ex-
perts from various laboratories.

The whole work was supervised by the ESF ad-hoc Committee for Synchro-
tron Radiation (chairman Y. Farge) and the ESRF Progress Committee (chair-
man P. Levaux).

*The ESRF Progress Committee was composed of representatives of governments
of Denmark, Finland, France, Federal Republic of Germany, Italy, Sweden
and the United Kingdom.
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3.2. Users requirements

These were discussed in some detail at the ESRP workshop which took
place in Schloss Nordkirchen, FRG (October 3-6, 1983). As a result of the
discussion the following user requirements tor the ESRF were made.

1. High brilliance (low emittance)
2. Critical wavelength ~ 1 A X-ray from bending magnets
3. 14.4 keV photons from the fundamental of an undulator
4. ~ 30 straight sections for:

wavelength shifters, multipole wigglers, undulators
5. Short X-ray flashes separated by variable time intervals
6. Long life time
7. Stability of the photon beam
8. Reliability

3.3. The ESRF storage ring and its main characteristic

Based on the users' requirements and following numerous discussions be-
tween the storage ring users and the storage ring designers, a detailed pro-
posal for the ESRF was elaborated. It is described in full in the socalled
"Green Book" (3). Thus here only the main points will be mentioned.

The main parameters of the ESRF are presented in table 1.

Table 1. ESRF main parameters

Nominal electron energy
Nominal el. current (multibunch)

initially
max (with basic RF system)

Number of straights (6 m long)
Circumference
Critical wavelength:

bending magnets
multipole wigglers
wavelength shifters

Minimum wavelength of the
fundamental from an undulator
Free length for

undulators
wigglers

Electron beam emittance
Number of dipole magnets

(arranged in pairs)
Number of quadrupole magn.
Electron Energy of the
synchrotron injector
The pre-injector

0.5

0.86

P =

A -
0.

A

7-

5

100
200
30
776

0.9
several

25 A-0.5

GeV

mA
mA

m

A
A
A

(14.4 keV)

4-5
2.5

m
m

10~9 rad«m

64
288

5
150

GeV
MeV
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Figure 1 presents the comparison between the brilliances of the ESRF and
a selection of other S.R. sources. As one can see the brilliance of the ESRF
is by 2-5 orders of magnitude higher than the most brilliant other sources.

iu t=i 1111 i i r

WAVELENGTH [A]
10 1

1 O18

^ i o 2 0

\
10

1011

,19

. - * - "

NSLS 2.5 GeV 300mA > . . \ \

SPEAR 3GaV 54p-W

DORIS 3.7GeV 32p -W

i3TQeV m[A. •. \ \ V

02 / 1. / in
/pHOTON EMERQY [ k e V ]

101

1610

10'"

10T

1013<

KX). 1

SPEAR 3GeV,t)0snA

/ SRS 2QeV.300mA/
OCI1.86Ar,250mA

PHOTON FACT. 2.5GeV,150mA
/ A D O N E 15 GeV, 100 mA

Fig. 1. Spectral distributioa of brilliance for the ESRF bending magnet,
24-pole wiggler, and several undulators and, for comparison, the
brilliance from, bending magnets on ADONE (Frascati), DCI (Orsay),
DORIS (Hamburg), NSLS (Brookhaven), Photon Factory (Tsukuba), SPEAR
Stanford), SRS (Daresbury), and the 32-pole wiggler on DORIS and the
54-pole wiggler on SPEAR. The brilliances for the multipole wigglers
are on axis.
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Figure 2 gives a similar comparison of fluxes. One sees that (in par-
ticular for hard X-rays) that the flux of the ESRF from bending magnets is
higher than that of other sources, however, it is not so striking as in the
case of brilliance.

WAVELENGTH [A]
100. 10. \ Q2

r \ ' - * —i i i • 1 i i i i i i 1 i - i i i i i—i—i—| | j \\) ^V?

w

P 10,13

X

10

111 I I I—I—1 1 111 I I I—I—I 1 111 I I

NSLS Z-GeV, 300mA

^SRS J_GeVjq0mA

uCI 1.8 G°V, Z50mA

' PHOTON FACT 2 5GeV.150mA

ESRF 5 CeV, KX)mA

10"

.SPEAR 3GeV"H!*:

0.2 1. 10.
PHOTON ENERGY [keV]

100.

Fig. 2. Spectral distribution of flux for the ESRF (bending magnet) and,
for comparison, the flux from bending magnets on ADONE (Frascati),
DCI (Orsay), DORIS (Hamburg), NSLS (Brookhaven), Photon Factory
(Tsukuba), SPEAR (Standord) and SRS (Daresbury).

The ESRF source dimensions and electron beam divergences are given in
table 2.

Table 2. ESRF source

Source type

Bending magnet
Wiggler
Undulator

dimensions
(1 urad) »

°x
pm

92
62

410

and electron beam
0.2 seconds of arc)

oZ

pm

100
40
52

*x
(.irad

90
106
15

divergences

ok
l̂ rad

8
16
13
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The time structure is presented in table 3.

Table 3. The time structure of the ESRF beam for the
maximum and minimum number of bunches

Number of bunches

Time between flushes

Time width of a flush

912

2.8 ps

41 ps

1

2.6 ps

-120-160 ps
current dependent

The total intensity of radiation from the ESRF will decay (1/e) in
approximately 8 hours.

Fig. 3 presents 1/16 of the ESRF.

-1
i-T s-rn

GNUTWCI > !

?tuow_.

fltvi pcsm wiiai

SUE- •

Fig. 3. 1/16 of ESRF; the width of the shielding wall is not to scale.
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The special features of the ESRF design can be characterized in the
following way:

The storage ring has a very small emittance.
The storage ring is designed for maximum flexibility and versatility.
The wigglers and undulators can be tailored to the needs of the users.
Within the constraints due to the maximum number of straight sections
available the number of wigglers and undulators can be varied and can
also be interchanged.

3.4. Instrumentation

The instruments studied in detail were selected on the basis of the re-
commendations from the Blue Book (2), the ESRP workshop in Nordkirchen in
1983, and the experience gained on advanced instruments presently in oper-
ation at national facilities. The following 22 different experimental fields
fields were identified by carefully considering scientific goals and exper-
imental techniques, and in the light of the possibilities offered by the ESRF.

Inelastic photon scattering (3 beam lines)
Compton scattering
Intermediate energy resolution
Ultra-high energy resolution

High momentum resolution
Surface structures
Energy-dispersive diffraction
Large angle single crystal diffraction

Large angle diffraction from powders, amorphous materials and liquids
Small angle scattering at fixed wavelength
Small angle scattering with tunable wavelengths
Macromolecular crystallography at short wavelength
Macromolecular crystallography at long wavelength
X-ray microscopy
Topography
Long undulator line for topography
Ultra high angle resolution/interferometry beam line
X-ray spectroscopy
X-ray absorption spectroscopy (EXAFS and XANES) in dispersive mode
X-ray absorption spectroscopy (EXAFS and XANES) in nondispersive mode
Magnetic scattering of circularly polarized X-rays
Resonant filtering using coherent Mossbauer scattering
Polarized high energy y-rays by inverse Compton scattering.

These instruments provided the basis for the estimate of the investment
cost and manpower needed for the construction and maintenance of the instru-
mentation, pursuit of inhouse research, and support of outside users.

The discussions concerning instrumentation has shown that a fast start
of a research and development program, in particular in the fields of detec-
tors, data acquisition and radiation effects, is mandatory for the success
of the ESRF.
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3.5. Time schedule and manpower

In the absence of knowledge of the actual site of the ESRF a number of
assumptions have been made in order to estimate capital costs, personnel
costs and operating costs. The main assumptions are:

a) The ESRF is built on a flat green-field site, which presents no special
difficulties for construction (and allows future expansion).

b) The ESRF has a strong in-house research group. It should be both a users'
facility and a scientific institute. It was thus assumed that to each in-
strument are attached two scientists and four technicians. The time spent
to help the outside users should not exceed 50%.

c) Travel and subsistence allowances for outside users are partly included
in the operations budget (two persons per beam line), and funds for a
certain number of students doing thesis work, young graduates (Fellows),
and research associates, coming for limited periods of time.
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Fig. 4. Time schedule for the implementation of the ESRF
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The programme has been divided into two phases. Phase 1 comprises years
1-6 and covers the completion of the storage ring, its injectors and the
first 10 beam lines equipped with instruments, together with essential buil-
dings and services.

Phase 2 (year 7 onwards) covers the period from the start of regular
scheduled operation of the first 10 beam lines and includes a steady expan-
sion of the facility, saturating at a capacity defined by the steady state
manpower and finance at a level of about 30 beam lines, though the capacity
of the storage ring could easily exceed that number.

The time schedule for the implementation of the ESRF is presented in
Fig. 4. As concerns manpower the Green Book (3) gives a detail account for
each year. Here it is sufficient to say that in Phase 2 the average manpower
required per year will be about 420 (120 for machines 210 for beam lines, in-
strumentation, in-house research and assistants to outside users, 20 for com-
puting and 70 for administration).

3.6. Cost

The cost estimate is in millions of European Currency Units (MECU)*.

It does not include the cost of land and of external roads and it is
assumed that electrical power and water are available at the site. The cost
of utilities ^s included in.

MECU MECU
PHASE 1 (Years one to six)

Capital cost:
Machines 68
Instruments 20
Computer 7
Buildings (including half of

the experimental hall) 49
Other capital costs 14
Total capital costs 158

Fersonnel cost 70
Operating cost 28
Total cost of Phase 1 256

PHASE 2 (Years seven to ten)

Capital cost (including instrumentation
and half of the experimental hall) 30

Average running and personnel costs per year 30

*In 1984 1 ECU was equivalent to about 0.86 U.S.A. dollars.
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4. THE POST-ESRP PERIOD

On March 14, 1985 at the meeting of the ESRF Progress Committee, France
and Germany announced that they will build the ESRF at Grenoble and other
countries are invited to join them. On June 30, 1985 the activities of the
ESRP were ceased.

In course of the work of the ESRP the future of the ESRF was frequently
discussed among scientists. From these discussions several postulates have
emerged listed below on the solely responsibility of the author of this paper.

1. The most economical way of building and running the ESRF is to construct
the best and most advanced machines and instrumentation. In this way one
avoids delays in achieving the desired output parameters. These delays
cost money and are a vaste of the precious time of scientists.

2. A prerequisit of the above is the employment of an adequate number of
highly qualified personnel. The personnel should be chosen on the basis
of its qualifications disregarding nationality and whether its home
country participate or not in funding of the ESRF.

3. The ESRF should have a strong, active, imaginative in-house research
group (experimentatlists and theoreticians) in order to secure a high
level of research and a competitive scientific atmosphere. The ESRF
should be both an outside users' facility and an international research
institute of excellence.

4. The success of the ESRF depends largely on the support given by the
scientific community. From the very beginning the national S.R. research
centers and S.R. active groups in other laboratories should be involved
in planning and building of the ESRF.

5. The ESRF should immediately embark, on an extensive fellowship program.
The fellows should work for longer periods of time (1-2 years) in
existing S.R. centers in order to get experience and afterwards become
regular staff members of the ESRF.

6. Once a nucleus of the ESRF staff has been created, a flexible exchange
program with other S.R. groups should be established.
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THE BRAZILIAN SYNCHROTRON RADIATION PROJECT

A.R.D.Rodrigues and R.Lobo

P.O.Box 369

13560 - Sao Carlos - SP - Brazil

The proposal for a brazilian national laboratory for synchrotron

radiation is presented. The first design study led to a system consisting of

a LINAC, an injection ring and a low emittance storage ring. The main ring

is designed to be upgraded to 3GeV with an emittance of 4-10 rad.m. The

design study also indicated the possibility of using the injection ring as

a soft x-Rays/VUV source.

1. Introduction

The case for a future national synchrotron radiation laboratory

in Brazil was firstly discussed in 1981 by a group of physicists. The subject

was further discussed by the community of condensed matter physicists in

april 1982 and in a meeting of scientific societies in august 1982, wich

recommended deeper studies. The case study with the support of the Brazilian

Research. Council (CNPq) started in September 1982 and its results were pre-

sentend in January 1984 in a second meeting of the scientic societies. The

existence of such national laboratory was considered as a very efficient

investiment in science and it was decided to continue with studies towards

machine parameters definition and technical aspects involved in the construc-

tions of the equipment. Here we present a first design, wich satisfies the

performance stablished by these studies, for the National Laboratory for

Synchrotron Radiation (LNRS).
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2. X-ray ring definition

The minimum energy of the stored electrons stablished by future

users was 2GeV, in order to obtain hard X-rays from bending magnets (up to

15 KeV at 1 tesla). The maximum energy of this first design is 3GeV for the

following reasons:

i) with 3Gev and the technology available today it is possible

to obtain hard X-rays (~1 A) from undulators at 3GeV;

ii) 3GeV is an optimized energy for the production of ~ 1A X-rays

by cheap ~2T multipole wigglers;

The space dedicated for insertion devices consists of four long

straight sections for undulators (~9m) and three other for wigglers (2,7m).

The ring has a four-fold symmetry but one of the "wiggler" sections is used

for the RF cavity and one of the undulator sections is partially used for

injection. The length of the undulator sections was chosen for free elec-

tron lasers research or use of two or more independent undulators in line

simultaneously, which may become interesting in future. The dispersion func-

tion was made zero in all straight sections and is bellow 0.35m in the whole

ring.

Is was asked for a source size of 0.5mm with a divergence of ap-

proximately 3-10 rad, in order to optimize for the natural liv;e width of a

100 period undulator in the pinhole approximation, which gives an upper limit
—R

for the horizontal emitance of 1.3*10 rad.m, corresponding to an electron beam

divergence of 2.6*10 rad. at 2GeV.

If one takes 1.5T as the maximum magnetic field to be reached in

the bending magnets, at 3GeV, then the bending radius would be 6.7m and the

total length in the arcs 42m. Adding to this the same amount for focusing el-

ements and ~4 x (10+3)m for straight sections, we get ~140m as the total

length of the orbit.
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Since the design used a FODO type structure, the atainable em-
. (1,2)

itance is given by

e = 98-10~13 (LA) E2

(GeV) 6 (degrees)

where L/H is the ratio between the total and the arcs lengths, E is the

stored electron energy and 9 is the angle of deflection in each bending

magnet. Since the ring should be optimized for 2GeV, we get a maximum value

of 4,6° for the deflection angle or a minimum of 78 dipoles. The four-fold

symmetry bring this up to 80 dipoles.

The calculated lattice for the storage ring is shown in Figure 1

and the principal parameters are presented in Table I. It consists of 80

bending magnets (0,50m) in four-fold symmetrical isomagnetic lattice with

symmetrical superperiods. Eight alternate (2,7m and 9m) straigth sections

are separated by arcs as shown in Figure 1. The arcs have a FODO-type struc-

ture in the middle followed, in both ends, by a group of three quadrupoles

and two bending magnets. These groups are used to bring the dispersion func-

tion down to zero in the straight sections and to adjust the betatron to the

required values for undulators and wigglers (figure 2).

Such lattice presents a calculated natural emitance of l.S-10 rad.m

at 2GeV. The calculated beam parameters at 2GeV and 10% coupling between hor-

izontal and vertical betatron oscilations are (for 2.35 standard deviations):

Bending magnets

beam size

beam divergence

0.3 to 0.7mm (horizontal)

0.1 to 0.4mm (vertical)

305 to 135 yrad (horizontal)

79 to 25 urad (vertical)
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Undulator section

beam size
1.5mm (horizontal)

0.2mm (vertical)

beam divergence 61 vrad (horizontal)

A8 urad (vertical)

Higgler section

beam size

beam divergence

0.5mm (horizontal)

0.3mm (vertical)

190 yrad (horizontal)

32 yrad (vertical)

Figure 1 - Half,superperiod of the storage ring dedicated to X-rays. B and S

are dipoles and sextupoles;

QF and QD ara focusing and defocusing quadrupoles, respectivelly.

Part of the straight sections for und_lators (U) and wigglers (W)

are shown.
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Chromaticity correction is achieved by five different types of

sextupoles, two of them coupled to dipoles. This scheme gave a dynamic ap-

erture of 80 in the horizontal by 72 in the vertical plane, in units of

standard deviations of the beam spread, at 2GeV and 10 energy standard devi-

ations ((AE/E)=0.7%) . This is vacuum chamber limited to 28 x 14mm2 at the in-

jection point.

Calculated flux and brilliance for the LNRS main are shown in
. . (3)

Figure 3 in comparison with existing sources

3. Injection ring

The emitance of the electron beam necessary to be injected in

the main ring is determined by its dynamic aperture. If it is considered in-

jection at 2GeV in the horizontal plane at a point in the undulator straight

section (highest betatron amplitude), the injected beam must reach this

point with 3 =25m and at a distance smaller than 14mm to the stored beam.
x

Considering "stay clear" distances from the septum wall and vacuum chamber

of 3a and 5a , respectively, and leaving 7mm for the septum and chamber
^ ^ —8

walls, one obtains an emitance of about 6«10 rad.m for the incoming beam,
which is a very low value for a linear accelerator.

The approach proposed uses a "booster/damping" ring between

the linear accelerator and the main ring in order to make the injection

more efficient. This injection ring would also be used as a synchrotron ra-

diation source with extra care mainly in the vacuum system. Another advan-

tage is to break the construction down in two phases with synchrotron ra-

diation available from the end of construction of the simpler ring. This

becomes very important in countries, like Brazil, which have to train most

of the necessary team.
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Figure 3 - Photon flux and brilliance of the aain LNRS ring and some exis-

ting sources.
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Figure 4 - Arrangement of the rings, linear accelerator and transport lines.
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The injection ring is shown in Figure 4 together with the main

ring. Its lattice contains 36 bending magnets in six symmetrical super-

periods similar to those used in the ring. The smaller ring would produce an
_Q

electron beam of 2GeV with a natural emitance of 8*10 rad.m, quite near the

required value for efficient injection into the main ring.

The dispersion function was made zero in the six straight sec-

tions for low pertubation due to insertion devices (figure 5). Considering

a future use as a soft X-rays and VUV machine the horizontal betatron am-

plitude in these sections was set to a relatively high value (15m) for their

use with undulators.

The injection ring would be filled with electrons of at least

200MeV from a LINAC, which would be accelerated up to 2GeV for injection

in the main ring or kept stored for synchrotron radiation use in the smaller

ring. Figure 6 shows an schmatic view of the laboratory.
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TABLE I - PRINCIPAL PARAMETERS OF THE LNRS RINGS

MAIN RING

LATTICE PARAMETERS

Energy

Beam current

Number of stored electrons

Bending radius

Bending field

Circunference

Revolution period

Horizontal betatron wavenumber

Vertical betatron wavenumber

Number of symmetrical superperiods

Maximum horizontal beta

Maximum vert ical beta

Maximum dispersion

Momentum compaction factor

Relative energy dispersion

Synchrotron damping time

Hor.betatron damping time

Vert.betatron damping time

Hor.emittance (10% coupling)

1.0

3.52

0.034

49

101

99

2-10~9

2.0

100

4.3-1011

6.366

1.04

205.86

0.686

14.27

9.16

4

25.9

25.3

0.34

4.5-10"3

0.068

6.1

13

12

1.7-10"8

3

1

0

1

3

3

3.8

.0

.56

.101

.8

.7

.7

•IO"8

GeV

mA

m

Tesla

m

us

m

m

m

%

ms

ms

ms

rad.m

CHROMATICITY CORRECTION

Number of independente sextupolos families 3

Number of sextupoles families coupled to dipoles 2

Hor.uncorrected chromaticity -20.0

Vert.uncorrected chromaticity -21.9

Full Hor.dynamic aperture (off coupling;nuriber of
beam size st.dev.) 160 80

Full Vert.dynamic aperture (100% coupling;number
of beam size st.dev.) 144 72

53

48
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Horizontal acceptance

Vertical acceptance

15-10

12-10

-6

-6
rad.m

rad.m

DIPOLES

Number

Type

Mechanical length

Field

Gap

Number of coils

Number of turns per coil

Current density

Resistance per coil (40°C)

Current per coil

Power per dipole

0.523

1.6

275

0.80

80

"C", retangular

0.46

1.05

40

2

32

3.2

5.3

551

3.2

1.57

4.7

826

7.2

m

Tesla

mm

A/mm2

m£2

A

kW

QUADRUPOLES

Number

Number of independent families

Lengths

Bore diameter

Maximum gradient

Number of coils per quadrupole

Number of turns per coil

Current density (maximum)

Current per coil (maximum)

Resistance per coil (40°C)

Power per quadrupole (max.)

10

1.1

17

0.21

120

9

0.18 ~ 0.38

50

21

4

152

2.1

34

180

0.83

31

4.2

51

1.9

m

mm

T/m

A/mm2

A

kW

SSXTUPOLES

Number

Number of independent families

Lengths

64

3

75 mm
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Bore diameter

Maximum gradient

Number of coils per sextupole

Number of turns per coil

Current density (max.)

Current per coil (max.)

Resistance per coil (40°C)

Power per sextupole

366

0.89

14

31

50

733

6

53

1.8

29

25

123

1100

2.7

44

285

mm

T/m2

A/mm2

A

m fi

W

ORBIT CORRECTION

Number of position monitors

Number of nor.correctors

Number of vert.correctors

Max.strenght of hor.correctors

Max.strenght of vert.correctors

14

8

56

64

56

29

17

43

25

mT.m

mT.m

VACUUM SYSTEM

Design pressure (at 100mA)

Average power dissipation

Desorption efficience

Number of vacuum sectors

Number of ionic pumps

Total pumping speed available

Chamber material

Lifetime determined by residual gasses

1.7

36

26

2.9

280

io'5

8

168

9000

aluminium

61

4.1

2800

97

nTorr

W/m

mol./e

a/s

h

INJECTION RING

LATTICE PARAMETERS

Energy

Beam current

Bending radius

Bending field

Circunference

0.5

0.36

1.0

50

4.584

0.73

92.640

2.0

1.45

GeV

mA

m

T

m
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Revolution period

Hor.betaron wavenumber

Vert.betatron wavenumber

Number of symmerical periods

Max.horizontal beta

Max.vertical beta

Max.dispersion

Mom.compaction factor

Relative energy dispersion

Synchrotron damping time

Vert.betatron damping time

Hor.betatron damping time

Hor.emittance (10% coupling)

0.020

125

256

270

•6-10" 9

0.309

6.748

4.839

6

15.2

21.C

0.728

1.6-10"2

0.040

16

32

34

1.8-10"8

0.079

2

4

4

7.3-10"8

y s

m

m

m

%

ms

ms

ms

rad.m

CHROMATICITY CORRECTION

Number of independent sextupoles families

Hor.uncorrected chromaticity

Vert.uncorrected chromaticity

Full hor.dynamic aperture (off coupling;
number of beam size st.dev.)

Full vert.dynamic aperture (100% coupling;
number of beam size st.dev.)

Hor.acceptance

Vert, acceptance

223

149

3

-11.8

-13.1

111

74

28-10

16-10

-6

-6

56

37

rad.m

rad.m
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The Advanced Light Source, a 1-2 GeV Synchrotron Radiation Facility*

Klaus H. Berkner
Lawrence Berkeley Laboratory, University of California,

Berkeley, California 94720

INTRODUCTION

The Advanced Light Source (ALS), a dedicated synchrotron radiation
facility optimized to generate soft x-ray and vacuum ultraviolet (XUV)
light using magnetic insertion devices, was proposed by the Lawrence
Berkeley Laboratory in 1982. It consists of a 1.3-GeV injection system, an
electron storage ring optimized at 1.3 GeV (with the capability of 1.9-GeV
operation), and a number of photon beamlines emanating from twelve 6-meter-
long straight sections, as shown in Fig. 1. In addition, 24 bending-magnet
ports will be available for development. The ALS was conceived as a
research tool whose range and power would stimulate fundamentally new
research in fields from biology to materials science (1-4).

The procedures for construction projects funded by the DOE prescribe a
sequence of stages and approvals. The process starts with a conceptual
design of sufficient detail to define the scope of the project and to
identify all the subsystems, so that a complete cost estimate can be
prepared. Upon review and approval, the project is included in the
Congressional budget request. If authorized by Congress, the project then
proceeds with a preliminary design (Title I), final design and working
drawings (Title II), and the construction phase (Title III). The
conceptual design and associated cost estimate for the ALS have been
completed and reviewed by the U.S. Department of Energy (DOE), but Title I
activities have not yet begun. The focus in this paper i3 on the history
of the ALS as an example of how a technical construction project was
conceived, designed, proposed, and validated within the framework of a
national laboratory funded largely by the DOE.

Major Parameters

The major parameters of the ALS storage ring are summarized in
Table 1. Of special significance are the 12 long straight sections,
reflecting the emphasis on wigglers and undulators as radiation sources,
and the low value of the horizontal emittance. Low emittance values lead,
in turn, to high values for the spectral brightness, especially for the
radiation emitted by undulators. It should be noted that the parameters in
Table 1 assume the choice of a specific mode of operation (with 250
bunches). Other modes we envision to be available will be characterized by

*This work was supported by the Office of Basic Energy Sciences of the U.S.
Department of Energy under Contract DE-AC03-76SF00098.
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Photon target area

Access door

Fig. 1. Schematic of the proposed Advanced Light Source (from Ref. 1).

even shorter bunch lengths (along with reduced average and peak currents)
and by higher peak currents (achieved by reducing the number of bunches).

As now envisioned, the ALS will be constructed initially with five or
six insertion devices supporting a dozen beamlines. The spectral
brightness of the radiation emitted by these devices is shown in Fig. 2,
and a summary of their characteristics is given in Table 2. (The spectral
brightness of undulators consists of a number of sharp peaks; the smooth
curves shown in Fig. 2 represent the envelope of the maxima of the spectral
peaks for each undulator. Furthermore, it is necessary to vary the
undulator fields to scan over the photon energy ranges shown. For
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Table 1. Design parameters for the ALS (from Ref. 1)

Parameter Design value

Electron energy (GeV) 1.3
Average electron current (mA) 400
Peak current (A) 34
Bunch length (ps) 23
Horizontal emittance (irm-rad) 6.8 x

Circumference (m) 182.4
No. of straight sections 12
Length of straights (m) 6

permanent-magnet undulators, the field strength is varied by varying the
magnet gaps.) Finally, it should be emphasized that the characteristics of
insertion devices and beamlines are, and should be, dictated by the needs
of the research community. A synchrotron radiation users meeting scheduled
for November 1985 may provide us with new information, leading in turn to
changes in some of the parameters in Table 2.

Schedule and Cost

A later section is devoted to how a proposed conceptual design and the
accompanying schedule and estimated cost are arrived at for a facility like
the ALS. In the context of a technical description, however, it might be
worth indicating our present vision of a construction schedule and cost for
the ALS. Accordingly, Fig. 3 shows a proposed schedule, together with the

Table 2. Tentative parameters for the six insertion devices designed for
the ALS. The U's denote undulators, the W's wigglers.

UA UB UC UD " E »F

Usable energy range (eV) 5-600 25-1500 75-3000 200-5000 0.1-10,000 1-20,000

Peak power density 143 731 666 980 491 878

(W rar"2)

Spectral brightness8 2.6xlO15 1.3xlO17 8.4xlO17 2.7xlO18 1.2xl016 7.1xlO15

[photons s~l mm"2

mr"Z (0.1% BW)"1]

Coherent power in 1-um 7.9xio"3 1.6xlO"2 l.lxlO~2 7.4xlO~3 2.8xlO~7 1.7xio'8

coherence length (H)a

aTaken at the fundamental (n = 1) for und-^lators and at the critical energy for wigglers.
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1 5 10 eV 100 eV 1 keV 10 keV 100 keV

Photon energy

Fig. 2. Brightness curves for five of the insertion devices planned for
the ALS, each as a function of photon energy. The brightness of
the superconducting wiggler Wp is not shown. With a 1.9-GeV
electron beam, the usable range of Wp extends to 40 keV.

estimated cost in 1987 dollars. Not indicated in the figure are the costs
for preconstruction and concurrent R&D.

EVOLUTION OF THE ALS DESIGN

Background and Conceptual Development

As a framework for the following discussion, Table 3 shows a thumbnail
history of the ALS proposal, from the background experience that underlay
it to the present. The experience gained in our collaborative activities
wit'r the Stanford Synchrotron Radiation Laboratory (SSRL), in our
partnership with the Stanford Linear Accelerator Center during the design
and construction of the PEP storage ring, and in our pioneering work with
permanent-magnet insertion devices were necessary underpinnings of the ALS
proposal. Equally important were the perspectives gained in operating
national user facilities such as the Bevalac and the National Center for
Electron Microscopy, and the presence a first-rate staff that included
physicists and engineers specializing in accelerator physics and technology
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Site prep, bldgs

Injector system

Storage ring

Insertions/BLs

Yearl Year 2 Year 3

1

1

Year 4 Year 5 Cost

$14,570

32,935

26,345

Project Mgmt

TOTAL COST (thousand 1987 $)

Fig. 3. Proposed construction schedule for the ALS, showing the cost (in
1987 dollars) of each major component. The schedule and estimated
cost shown here reflect an initial complement of four undulators
and one conventional hybrid wiggler.

and in x-ray optics and beatnline development. In addition, a clear
perception of the nesd for a dedicated synchrotron light source based on
insertion devices had emerged among LBL scientists who had been involved
with synchrotron radiation research since the early days of the Stanford
Synchrotron Radiation Project (the forerunner of SSRL).

In early 1982, a team of physicists and engineers began a
preconceptual study aimed at laying the groundwork for a more comprehensive
design effort. The group's efforts concluded with a draft proposal for a
source optimized in the soft x-ray region of the spectrum. As part of this
proposal, we established the basic ring parameters, completed preliminary
designs for the storage ring lattice and for dipole and quadrupole magnets
for the storage ring, and developed a plan for conventional facilities to
support the storage ring, beamlines, and experimental areas. Following
publication of this preliminary report in July 1982, a more formal and more
intense effort began, culminating in November with a draft conceptual
design (5), which served as the basis for the first of two reviews by the
Construction Management Support Division, part of the DOE's Office of
Energy Research.

The Conceptual Design

Even in its draft form, the conceptual design report addressed the
design of a complete facility, including a more refined design for the
storage ring lattice; a detailed design for the injector; revised designs
for the dipole, quadrupole, and sextupole magnets for the storage ring,
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Table 3. Summary history of the ALS.

Date Event

Related activities

1974

1979-1980

1981

1984

ALS design

Early 1982

July 1982

Research began at Stanford Synchrotron Radiation Project;
collaborated in design and construction of PEP storage
ring

Designed and built S111C05 insertion devices

Began work on LBL/Exxon beamline

Created Center for X-Ray Optics

Began preconceptual design work

Completed draft proposal

November 1982 Completed draft conceptual design report (Preliminary
Design Handbook)

March 1983

April 1984

1985-

Validation

November 1982

January 1983

April 1983

May 1983

Published five-volume Conceptual Design Report

Updated design and published The Advanced Light Source:
Machine Description and Background Material

Design optimization continues

First DOE construction review

Director's technical review

Second DOE construction review

ALS/SSRL Users Workshop; DOE Validation Review

November 1985 Synchrotron radiation users workshop planned at LBL
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plus magnets for the booster; a design for a conventional vacuum system
incorporating distributed ion pumping; control and power system designs;
detailed designs for six insertion devices, each with at least two
beamlines; and plans for required building modifications, utilities, user
experimental areas, and shielding. By this time, the R&D that should
precede and accompany construction was also identified. Significant
preconstruction effort was seen going into insertion devices and beamline
elements, controls and instrumentation, pulsed magnet design, and the
accelerator physics of high-current, low-emittance beams. In summary, all
of the facility components were identified in sufficient detail to document
the comprehensive cost estimate.

Following a period of review and refinement, a Conceptual Design
Report (6) for the ALS was published in March 1983. An important step
along the way was a technical review in . January, commissioned by LBL
Director David A. Shirley. Committee members included respected
accelerator physicists from U.S. and European laboratories; the chairman
was Ewan Paterson of the Stanford Linear Accelerator Center.

The findings of this committee had an important impact on the evolving
design; indeed, they continue to influence our studies of accelerator
physics issues. In general, they recognized that the design of a
high-current, low-emittance storage ring "is a new -mphasis in the
accelerator art and much still has to be experienced and understood. . . .
We recommend that an increased theoretical effort be applied to
understanding the problems. . . .'" In particular, they recommended further
study of the consequences of high-current, few-bunch operation; wide-
ranging efforts to better understand the problems of high-brightness rings;
a reevaluation of the lattice design; further study of ion trapping and
other effects that might increase the emittance or decrease the beam
lifetime; more vacuum R&D; an exploration of injector options, including
the possibility of using positrons; and a reevaluation of the performance
parameters of the insertion devices.

The Conceptual Design Report reflected responses to several of the
committee's recommendations, as well as the evolutionary nature of advanced
facility designs. As examples, the storage ring lattice had undergone
further revision, the magnet designs were still more detailed, the vacuum
system had become a dual-chamber design to minimize the effects of
radiation-stimulated ion desorption, the booster synchrotron had been
considerably redesigned, and the characteristics of the insertion devices
were now better understood.

Continuing Optimization

During the next year, LBL research on high-brightness storage rings
continued, and the design of the ALS continued to evolve. In April 1984,
The Advanced Light Source: Machine Description and Background Material was
published (1). By now the pace of design change had slowed, but some
changes still occurred: The dual-chamber vacuum system took on a slightly
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different configuration, the lattice was subtly altered, the magnet designs
were a little different, and so forth. Indeed, scrutiny of the ALS design
continues today. We are now looking at the impedance characteristics of
the vacuum systems, positron-injection schemes, the issues of dynamic
aperture and beam stability, and alternative lattice concepts.

ESTIMATING COSTS AND OTHER MANAGEMENT ISSUES

Cost Estimates

The evaluation of the cost of the ALS has been a consideration since
preconceptual design activities began in early 1982, and an estimate
appeared in the first design document—the draft Proposal for the Advanced
Light Source. As the design evolved, the detail of the costing procedures
increased, as did our confidence in the resulting estimates. For the first
DOE construction review, the estimate was formalized in a seven-level work
breakdown structure (WBS), an excerpt of which is shown as Fig. 4. The WBS
is a systematic way of accounting for every component and activity by
starting with the project as a whole, then dividing it into its basic
elements, subelements, sub-subelements, and so on. In addition to the
physical components of the facility and all fabrication, assembly, and
testing activities, these elements include engineering, design, inspection,
and administration (EDI&A) and contingencies. A detailed WBS is an
essential ingredient in project planning and project management. It serves
not only as a credible framework for estimating costs, but also as a
convenient tool for monitoring and reporting costs and progress, once a
project is under way. More importantly, for a project still at the
proposal stage, it allows one to quickly assess the cost impact of design
revisions.

For each WBS category, the estimate was of one of three types: a
"comparative estimate," based on actual costs of similar components or
systems; a "detailed estimate," based on well-defined scope, bill of
materials, and fabrication processes; or a "conceptual estimate," when no
detailed specifications existed. The contingency estimate for the complete
project was derived from a contingency analysis for each WBS element,
taking into account the relative confidence that could be placed in these
three cost bases. Inflation data were compiled (and extrapolated) as part
of the estimating process, especially in deriving comparative estimates
based on earlier experience. In addition, care was taken to account
accurately for prevailing labor rates in making detailed estimates.

The Project Management Plan

By the time of the secoivl DOE construction review in early 1983, a
draft Project Management Plan had taken shape (7), including the WBS as an
integral part. This plan spelled out in detail the proposed management
structure of the ALS, including the explicit responsibilities of all
management personnel, together with the functional support roles of DOE
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Level 1 2 3 4 S 6 7

3.1 Accelerator Systems

3.1.1 Storage Ring
3.1.1.1 Ring Magnets

• Dipoles
• Fixtures

• Coils
• Yokes

• Quadrupoles
• Fixtures

• Coils
• Yokes

• Sextupoles
Fixtures

• Coils
• Yokes

• Steering Magnets
• Stands & Supports

• Installation

3.1.1.2 Ring Vacuum System
• Vacuum Chamber;

- Dipole Chambe; -. without Photon Exit
Dipole Chambers with Photon Exit
Quad Chambers Upstream of Insertion Devices
Quad Chambers Downstream of Insertion Devices

Quadrupole-Sexiupole Chambers

• Spool Pieces

Injection Chambers

• Pumping System
Roughing System

Appendage Vacuum Pumps
• Installation & Miscellaneous

- Isolation Valves
Bellows

• Vacuum Baking System
Installation

3.1.1.3 Ring Survey & Alignment
• Monuments

• Liquid Level
• Survey Instruments

• Survey & Alignment
3.1.1.4 Ring Magnet Power System

• Choppers

• 600 kW Power System

• 300 kW Power System
• Sextupoles Power Systems

• Trim & Steering Power Systems

Cost Code
5000

S100

5111

5120

5130

5140

5145
5147

5151-5175
5151-5157

5161-5162

5171-5175

5180
5181

5183

5185
5187

5210

5211
5212
5213
5214

5215

Fig. 4. Excerpt from the work breakdown structure prepared in 1982 for the
ALS. The cost codes refer to detailed worksheets for each WBS
entry.
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offices. Reporting requirements were summarized, and a formal system of
project review and documentation was defined. In addition, the management
plan included a detailed schedule, keyed to the WBS, along with a summary
logic diagram that linked the project elements in a logical, temporal
order. Plans were also laid out for a computerized critical path network
that would allow for detailed project monitoring, once it was under way.

By the fall of 1983, the management plan was augmented by updated
quality assurance, safety analysis, and procurement plans, as well as an
environmental assessment report (8).

USER WORKSHOPS

The ALS was conceived as a research tool of unique power, of
far-reaching interest to a scientific community of biologists, materials
scientists, physical chemists, and many others. Accordingly, we have made
efforts from the very beginning to ensure that our concept of the ALS is in
accord with the needs of a diverse user community. The first input was
informal (but informed), coming largely from workers who already had
research contacts with LBL scientists. But the process of soliciting
feedback was refined as the design proceeded, and in May 1983, the
three-day ALS/SSRL Users Workshop, attended by more than 200 scientists and
engineers, was held at LBL. The stated purpose was "to focus on the
science and technical aspects" of the ALS and the planned SSRL upgrade.
Discussions centered around working groups organized to study beamlines,
research applications of high-brightness beams (including chemical and
biological applications, soft x-ray imaging, and x-ray lithography), and
free-electron lasers (9).

The recommendations of the workshop included several of a general
nature, such as those emphasizing the importance of "abundant, skilled user
support" and year-round operation. These were valuable suggestions, and
many have been explicitly addressed in our vision of a user-friendly
facility. The more important recommendations, however, at least from our
point of view as designers of the facility, were the specific technical
recommendations that emerged from the workshop's working groups. Among the
most important were suggestions to revise the initial complement of ALS
beatnlines and to develop new materials and designs for detectors and
beamline components. The first of these was reflected in the revised
design of undulators U^ and Ug, and the second is a continuing activity
in the Center for X-Ray Optics at LBL.

Since the 1983 meeting, an ALS Users Executive Committee has been
formed as an enduring link between LBL and the user community. This
committee has continued to review and evaluate the status of the ALS
project, and as a result of its initiative, a synchrotron radiation users
workshop is scheduled at LBL for November 1985. The express purpose of
this national workshop is to bring together a broad spectrum of users and
to confirm, and update if necessary, our perception of their needs,
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including required wavelengtn ranges, power levels, pulse time structure,
and beam-position reproducibility. With this information in hand, we can
proceed with confidence to update the ALS conceptual design and to embark
on the necessary preconstruction R&D.
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Summary of the Working Group on the Pre/Post-Proposal Design Phase

S. Krinsky (Group Leader)
Brookhaven National Laboratory, NSLS, Upton,

New York

At the inception of the design of a new synchrotron radiation source
prospective users communicate to the accelerator designers their require-
ments on fundamental source characteristics, e.g. photon energy, flux,
brilliance, electron beam lifetime and orbit stability. Early interactions
between accelerator physicists and engineers and the user community eluci-
date basic machine parameters such as circumference, number of insertions,
electron energy, current, emittance, RF frequency, RF power and vacuum
requirements. After this initial work the needs are sufficiently well-
defined to allow more detailed studies to begin. Key machine physics
issues are the design of the linear magnetic lattice, the determination of
the tolerances and sensitivities which the hardware must meet, and the non-
linear properties of the lattice such as dynamic aperture limitations due
to the chromaticity correction sextupoles. At this time some of the cur-
rent dependent beam dynamics can also be considered, yielding early
estimates on instability thresholds, emittance blow-up, and lifetime
limitations. Based upon the machine physics calculations, early
engineering studies can clarify the feasibility and cost of the project.

A major objective of the pre-proposal design work is to point out con-
flicting requirements. For example, to achieve hard photons from undula-
tors at fixed electron energy one is lead to reduce the period length. In
order to achieve sufficient magnetic field strength for short period
devices, it is necessary to reduce the magnet gap. Reduction of the
magnetic gap can lead to shorter electron beam lifetimes. Once found,
conflicting requirements must be resolved by interactions between machine
designers and users.

Another key objective is to identity problems without immediately
obvious solution. It is then possible to determine early R & D items and
to recommend the building of prototypes of specific critical hardware com-
ponents or the carrying out of machine studies on existing storage rings.
If a significant problem exists, it is necessary that there be a well-
defined fallback position. The machine must still be better than existing
machines' even if the problem is not fully solved. At this point it is of
the greatest importance to establish good communication between the users
and the machine designers. Users must clearly state their early needs and
must be told what machine performance is likely during the first few years
of operation.
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Of course, it is important to obtain a preliminary cost estimate as
soon as possible. This can be done with individual institutions as com-
petitors, however, this may have the drawback that due to the eagerness of
the competitors to be granted the project, costs may have a tendency to be
underestimated. It is for this reason that in the case of the 6 GeV ring
under consideration in the United States, an effort is being made to have
the community as a whole set standards and make the preliminary cost esti-
mate.

Pre-proposal work can clarify the personnel requirements for construc-
tion and operation of the facility. One must determine whether the
necessary specialists are available within the institution, and if not,
whether they can be reasonably expected to be recruited from other
institutions. Closely related to this question is the determination of
which items should be built outside the institution in private industry.

In the pre—proposal phase one needs some R & D money and it is desir-
able to be able to hire some key personnel. However, since experience
shows that the engineering design cost of a facility is about equal to
one-quarter of the construction cost, it will in most cases not be possible
to do the detailed engineering before funding. Rather, the output of
pre-proposal work should be a fundamentally sound design which will be
insensitive to the many detailed changes which will be necessary in imple-
menting the conceptual design. One cannot over-emphasize the importance of
achieving a design which is not too sensitive to small modifications and
which relaxes as much as possible the required tolerances on the hardware
components.

In the post-proposal design phase one passes from the conceptual
design to a detailed design. Recruitment of needed personnel begins and
construction of models and prototypes is carried out. Of major importance
is the establishment of procedures for quality control and inspection.
Decisions on what work will be done outside must now be made. All outside
work must be closely monitored and inspected upon receipt.
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Summary of the Working Group on Construction Phase

G. Mulhaupt (Group Leader)
Berliner Elektronenspeicherring-Gesellschaft fu'r Synchrotronstrahlung

m.b.H (BESSY), Lentzeallee 100, 1000 Berlin 33
West Germany

The participants of the working group made clear that the construction
phase of storage ring projects depends very much upon the boundary
conditions of each individual project in the different countries. This is
especially true concerning the process of bringing up the building,
possible help from industry, and handling of in-house manpower (depending
on funding rules). The construction phase of a storage ring project is not
much different from other complex projects. Therefore, general management
rules are applicable. Under those, the following are explicitly mentioned:

1. Before starting the construction phase, at least a preliminary
design including all aspects of the project should be frozen..
Especially the specification of the needed buildings (technical space,
experimental space, office space, tech. infrastructure), the overall
layout of the facility and the options, which are wanted to be kept
open, should be kn^wn and frozen.

2. The preliminary design should allow a fairly realistic estimation
of the total cost and the cash flow profile during the different
phases of the project. It was considered essential that the cash flow
profile should match the needs of the anticipated project progress.

3. It was mentioned that boundary lines (interface) between the
different parts of the project (building - machine ~ infrastructure -
experiments) should be kept as simple and clear as possible. The
definition of boundary lines should decouple the progress of the
different parts of the projects as far as possible so that slight
changes in the design of the different parts of the project should be
made possible without interfering with the progress of the other
parts.

4. Contracting out significant components and sub-systems to
industrial companies is a wide-spread method to keep the staff of the
project sufficiently small and to spread out the specific technologi-
cal knowledge into industry. In-house fabrication of semi-critical
components was considered acceptable when there is any doubt
concerning the performance of the industrial company involved. In any
case, a significant amount of manpower is needed for quality control
of the delivered components.
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5. When contracting work out, it has proven useful not to make work
packages too large, but to split larger packages into smaller ones so
as to be more flexible in meeting (eventually occurring) changes in
the spending profile and not to become too dependent on a single
deliverer.

6. Efficient time schedule monitoring is needed. CPM/PERT might be
helpful.

For the coming synchrotron light projects, the following components
are considered to need special attention during the design and construction
phase:

1. The requirements of a smooth vacuum system (rf-wise) together with
the requirements of significantly reduced beam-on-pressure needs much
more design and construction effort. In addition, the uncompromissd
treatment of vacuum components during construction (using chemical
cleaning, glow discharge cleaning, or newly developed methods) and
during assembly (at least nearly clean room conditions) is considered
essential for the later performance.

2. To make effective use of the future low emittance beams, a
drastic increase in design and construction effort for the magnet
support and closed orbit control and correction systems is
foreseeable. Early R&D work could be of great help.
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Summary of the Working Group on the Commissioning/Operation Phase

D.J. Thompson (Group Leader)
Daresbury Laboratory, Daresbury, Warrington WA44AD

England

The objective of this working group, and of the meeting in general,
was to learn from the past experience of SR facilities and to give guidance
for the future. The findings of this working group are summarized below,
and basically represent a list of things that should and shouldn't be done
during the commissioning and operation phases.

1 . Commissioning Sub-Systems

It was felt that the commissioning of sub-systems was extremely
important. Because of this, pressure to save time by trying to run the
machine without testing and measuring individual sub-systems must be
resisted.

A number of items were identified as deserving special attention. The
control system must be ready first. Instrumentation and diagnostics must
also be ready before trying beam. These should be tested off-line, or on
other machines. There should be enough R&D to develop good diagnostics in
time. RF systems must be tested at high power. All magnetic elements must
be carefully measured. Every vacuum component should be leak checked and
cleaned before installation and sub-systems leak checked before injecting
beam. In testing the above items, the schedule should be set up to allow
adequate time to correct unforeseen flaws in long lead-time items without a
serious disruption of the construction schedule.

Since the logic of testing control software or even hardware
sub-systems is often quite different from that employed in commissioning,
accelerator physicists must participate in the design of control software
for commissioning and operation.

2. Commissioning the Machine with Beam

It is essential to have a clear and realistic plan and schedule and to
try to keep it. In case of changes or delays, users must be kept
informed. The plan should be based on fully characterizing each section of
the accelerator complex before starting to commission the next.

Concern about the "touchy" character of many synchrotron lattices led
to the recommendation that detuned optics be found during design studies
and used during the initial commissioning phase.
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There are a number of features which are essential in the
commissioning phase. These include good, simple, reliable diagnostics;
good instrumentation; a good orbit bump system; a versatile and reliable
timing system, and the possibility of populating bunches in any
configuration.

It is highly desirable to allow users to wGrk in parallel with the
machine commissioning. Users can benefit from the opportunity to observe
beam well below the specified design current or lifetime, for commissioning
beam line optics and instrumentation.

All equipment, safety, and personnel safety systems must be
commissioned before operations, and great care taken during commissioning
to ensure personnel and equipment safety.

Throughout the commissioning phase, there should be a strong R&D and
accelerator physics effort.

In the commissioning of insertion devices, it is an important matter
of judgment when to put these in. If an insertion device restricts the
aperture, it may make machine commissioning difficult and may be
incompatible with a detuned lattice. When insertion devices are first
added or operated, one should try to maintain the maximum symmetry while
bringing them on one or two at a time (i.e. introduce one problem at a
time). If there are many insertion devices, commissioning will necessarily
have a long-term overlap with operations.

3. Operations

In scheduling, it is desirable to have fairly long user periods with
reasonable blocks of time for accelerator studies.

There should always be an active accelerator studies program with time
for accelerator physicists to do "basic research" as well as just keeping
the machine running. There should be a plan to characterize the machine
thoroughly, even if it is not obvious that this is urgent or essential.
Diagnostic systems should be maintained properly, even if not often used.
There should be an accelerator development budget.

It is essential to achieve good documentation at an early stage.
Record keeping is very important, using logbooks (operations and users) and
computerized history.

For communication to users, TV message screens are essential.

In operating a machine, three operators is a good number for a major
facility, but this depends on factors such as the size, reliability,
complexity, user expectation, and age of a facility. Planning to have
operators also do development work is always an attractive idea, but often
doesn't work. It should not be relied on.
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Summary of the Working Group on User-Facility Interface

Ednor M. Rowe (Group Leader)
Synchrotron Radiation Center, University of Wisconsin-Madison

Stoughton, Wisconsin 53589-3098

In this discussion, several major aspects of the Us^r-Facility
relationship were explored. It was the consensus of the group that:

1. The most important factor in facility operation is the reliability
and stability of the synchrotron radiation source and facility-supplied
instrumentation (monochromators, experimental chambers, etc.)

2. The users must take their responsibilities towards safety
regulations and proper operating procedures very seriously, i.e. they must
follow the rules. Users must cite the facility's use in their publicatons
and talks, and generally do some public relations. This is important for
the funding agency which wishes to gauge how successfully the facility is
performing.

3. The facility must, in turn, do all in its power to assure that the
facility is safe and that facility supplied equipment and instrumentation
is in proper operating condition.

4. The needs of the vacuum ultraviolet community are not well served
by 24 hours a day operation. In fact, it was felt that such operation is
probably counter-productive. That such operation may serve the X-ray
community well was acknowledged, but the wery substantial differences in
operating modes followed by investigators working in the VUV and X-ray
research make it difficult, if not impossible, for the VUV community to
profit from three shifts a day operation.

5. The level of facility support for users, while quite substantial
at some facilities, falls short of being adequate in general. Facility
support for users is at loast as important, if not more so, than the
upgrade of the accelerator.

6. The means by which new users are brought into the facilities,
while variable from facility to facility, seem at this time to be
adequate. However, care must be taken to avoid the "Old Boy" syndrome.
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Summary of the Working Group on Funding Issues

Dean Mitchell (Group Leader)
Lawrence Berkeley Laboratory, University of California

Berkeley, California 94720

The working group on "Funding Issues for Dedicated Synchrotron
Radiation Facilities" involved participation by representatives from
ope;ating facilities in the U.S., Japan, and Germany; by representatives
from facilities under construction in China; and by scientists familiar
with plans for proposals for major new synchrotron radiation facilities in
the U.S., Europe, and Japan. The working group also included persons
familiar with the funding policies and practices of the U.S. federal
agencies involved with the support of synchrotron radiation research
facilities.

Not suprisingly, all operating facilities had to face and surmount
critical funding issues during the planning, construction, commissioning,
and beam line implementation phases of making their facilities
operational. Also, not surprisingly, the anecdotal experiences were quite
diverse considering that each facility, the first of its kind in its home
environment, had to surmount problems of generating funding from sources
unfamiliar with supporting such facilities and to deal with the problems of
assembling the scientific, technical, and managerial teams which
successfully could develop the facility to the point of involving active
users, many of whom were unfamiliar with SR techniques. It is a credit to
the vitality of the field that each facility was successful in dealing with
the difficulties of bringing their facility on-line and now is facing the
quite different set of funding issues arising from the need to satisfy
growing demands for even more improved sources and instrumentation.

The anecdotal experiences of the various facilities did recall some
common problems, perhaps not unique to SR. In the planning and
pre-construction phase, it was noted that projecting true costs and
schedules was extreme!ey perilous. Typical problems encountered included
the need to work with limited resources, both money and people, often with
unreal time constraints. In some instances, this resulted in projections
which were unrealistic in terms of total cost or total time which later
required painful adjustments. In other cases, the available funding was
adequate but was subject to constraints of a funding profile (schedule) or
of budget categories (e.g. building versus machine versus beam line
instrumentation). Inflexible total budgets created cash-flow problems
for several facilities.

Another common factor noted was the inadequate provision for
inflation. Budgets often were set with no provision for inflation or with
scaling factors tied to general inflation indices rather than scientific/-
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technical inflation. It appears to be an international phenomenon that the
inflation for scientific equipment and instrumentation exceeds that for the
general economy.

Although post-construction operation was not specifically a topic of
the workshop, several facilities noted problem areas that should be
anticipated in the planning and construction of new facilities. These
included: the need for funds to maintain and up-grade both machine and
beam lines; adequate planning and funding to assure user access; provision
of adequate in-house staff for the level of service expected by users. The
need was stressed for funding agencies to be made aware, well in advance,
of the operating levels required to maintain the level of service required
by users for productive research.

One facility noted that they were able to argue for items in the
construction budget that would reduce the operating expenses over an
extended period. The projection of total ccsts, construction plus
operations, over some reasonable period, e.g. ten years, could lead to
significant overall savings in future facilities.

Additional issues emerged in the discussion of the new generation of
advanced light sources being planned in the U.S., Europe, and Japan. These
facilities are on a scale possibly requiring national or multi-national
participation. In any case, these net? generation machines are on a scale
where the credibility factor at the planning and preconstruction stage is
critical. It was agreed that the investment in preparing realistic
projections for cost and performance schedules has become significant. It
also was agreed that credible projections are required to satisfy national
funding sources and political bodies of the viability of the new
facilities. However, there did not appear to be general agreement how best
to achieve the necessary level of confidence due to the wide differences in
national policies and organization.
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