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Building the high duty cycle 500 MeV (maximum

energy) linear electron accelerator MEA has been the main

activity in IKO since X974 and will remain so far the

coming three years. Fortunately, a linear accelerator can

already deliver useful beams, though of limited energy,

before completion. The injector and first section were

first switched on in September and delivered 19,5 MeV

electrons in November. The first experimental runs are

planned for April 1977, with the experimental arrangements

used before with the 85 MeV electron accelerator EVA. This

instrumentation has been transferred to the medium energy

station of MEA, Apart from the high energy chemistry station

the new buildings were finished half a year before the

original data and delivered in November except for the high

energy chemistry station.

Much time was spend on designing the medium energy

chemistry station. Experimentation here is expected to

start in September 1977.

The design of the beam system for the high energy

stations has been finished and orders have been placed for

its magnetic components. The design will allow dispersion

matching with a high resolution electron spectrometer (energy

loss measurements). Magnets for the above mentioned spectro-

meter and for a hadron spectrometer to be used in coinci-

dence have also been designed and ordered.

A study of the possibility of and requirements for

experimenting with secondary pion and muon beams has also

been completed. It was decided to build a superconducting

muon channel optimalized for muons.

Though IKO is very thankful for the great possibilities

that the new accelerator will open, it is somewhat sad

that this can only be realized by sacrificing the earlier

ones. The 85 MeV linal EVA was closed down at the beginning

of this year, and the program with the 55 MeV (for protons)
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synchro cyclotron was severely limited, especially for

physics experiments. In April 1977 work with the cyclo-

tron will be entirely terminated. The nuclear spectros-

copy group, the oldest physics group at IKO, was dis-

solved at the end of the year. Its experience and

tradition will survive, mainly in the new pion and muon

physics groups.

Experimental work in the spectroscopy groups was

almost entirely, and that in the nuclear reaction group

entirely limited to analyzing experimental results

obtained in earlier years. The same is true for the pulse

radiolysis experiments in the radiochemical group. This

group though, also performed an experimental program with

the cyclotron which yielded several interesting results.

The "new" physics group wer involved in several

experiments outside the laboratory. This is thought

necessary, partly to keep into contact with the develop-

ment of physics, but mainly to gather experience of im-

portance for designing the new experimental facilities.

Thus, members of the electron scattering group assisted

of - and sometimes initiated - experiments in Mainz, MIT

and Saclay. The electron accelerator in the last laboratory

was also used by members of the pion and muon group, who

also had close contacts with SIN and, especially, CERN

(mainly in the OMICRON project) .

Interest in possible future use of the new accelerator

also developed in other laboratories in the Netherlands.

The nuclear physics group at Delft University of

Technology collaborated in the OMICRON project. More im-

portant, potentially, is the fast growing interest of the

nuclear physics group of the Free university in Amsterdam,

which is considering to work here in future with a sizable

group of physicists.

The theoretical group supported the work of the

experimentalists and, in addition, performed calculations
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of various effects in quasi-elastic electron scattering

and knock-out reactions. Permission was obtained to appoint

a theoretical physicist with a task assignment meant to

increase the interaction between the theoretical groups

at the Free university and IKO.

Looking back, it would be difficult to deny that

the technical and scientific personel of IKO, assisted by

all other collaborators, have made a giant stride c/m the

way to an inviting future.

A.H. Wapstra

General Scientific Director
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ELECTRON SCATTERING

(Scientific; director: C. de Vries)

Introduction

The work carried out in 1976 is characterised by the

fact that, for the first time since 1966, no electron beam

was available for in-house experiments, since EVA, the 85 MeV

linac, was closed down at the end of 1975. Part of the large

amount of electron-scattering data taken with EVA has been

analysed and the results published. The analysis of the re-

maining data is in progress.

In parallel with this in-house work electron-scattering

experiments have been carried out at Saclay, Mainz and MIT. It

is expected that the close collaboration with these laborato-

ries will be continued, which is essential to stay abreast

of the international activities in the electron-scattering

field. Moreover, the information obtained in this cooperation

is used in the preparatory work and design of the 500 MeV (max.)

electron-scattering facility at IKO.

In order to keep the beamless period as short as

possible the electron-scattering equipment from EVA has been

transferred to the 140 MeV (max.) station. At the end of 1976

most of the installation work was completed and it is expected

that in the spring of 1977 the first electron beams from MEA

will be available in this station. Then, in-house experiments

at IKO can be resumed and apparatus, designed for the end-

stations, can be tested in an early stage. A limited amount of

beam time is scheduled in order not to interfere with the final

completion (1979) of MEA.

The most important development during 1976 in the in-

strumentation work for the 500 MeV (max.) electron-scattering

area was the completion of the optical design of the beam

handling system and of the two spectrometers. These systems
4

allow high-resolution (1 : 10 ) single arm as well as coinci-

dence (e,e'X) experiments. Contracts for all magnetic elements

were placed during 1976; delivery times are such that the first

experimental tests can be expected in the course of 1979.
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Design work on beam-handling elements such as colli-

mators, slits, dumps, Faraday cups and mechanical and elec-

trical diagnostic equipment was intensified, partly through

technical advice by experts from Saclay, SLAC and Mainz,

Work has been started to incorporate computer control of all

instruments (in both electron-scattering stations and beam

switch yards) in the general-purpose computer network, that

also includes the control of MEA. Further progress was made

in the design of the complex detector systems (MWPC, scin-

tillators, Cerenkov counters) in the focal planes of both

spectrometers in the endstation, A prototype MWPC is under

contruction for testing in the focal plane of the spectrometer

in the low-energy station.

Some time was spent to consider future use of photon

beams that can be generated with MEA. The energy, intensity

and duty factor of the beam could ensure significant contri-

butions to the photo-nuclear field. Some results of an initial

study in this field were obtained.

1.2 Electron scattering with EVA

1.2.1 Elastic charge scattering

(G, Box, E. Jans, C.W. de Jager, W. Kegel, J,J. Lapikás,

P.K.A. de Witt Huberts)

To measure accurately the charge scattering contri-

bution to the total cross section measured for scattering

through 180° from 93Nb and llsIn (see section 1.2.3), cross

section data were taken at forward angles on Nb and Mo rela-

tive to Zr and on Cd and In relative to Sn. In the analysis

the two-parameter Fermi model was used while the target thick-

ness was treated as a free normalization parameter. The

results, presented in table 1.2.1, are in good agreement with

the - especially in the case of Nb and In - limited number of

existing data.

The analysis of the data on " ' " ' ^ C r and 51('S6Pe was con-

cluded. The final results are identical to the preliminary

results in annual report 1975. The data on 5 8' G°'s2 N i ;
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6 3' 6 SCu and 6"' 6 6' 6 8' 7 0Zn are in the final stage of analysis.

Table 1.2.1 Elastic electron scattering results.

cleus

Nb

Mo
Cd

I n

c

4.953

4.996

5.325

5.354

(6)

(9)

(5)

(7)

[fml

2.377

2.485

2.383
2.477

(21)

(23)

(15)

(19)

[fm]

4.331

4.404

4.591
4.646

<

(6)

(6)

(5)

(6)

1.2.2 Inelastic scattering

(A.A.C. Klaasse, J. Konijn, P.K.A. de Witt Huberts)

The work in electrolexcitation of several negative-

and positive-parity states in 63Cu was concluded. The main

aim of this work - providing data for comparison with parti-

cle-core-coupling calculations - was realised. The interesting,

because somewhat paradoxical, distribution of octupole

excitation strength over levels between 2 and 4 MeV can be

satisfactorily explained by inclusions of second-order

effects in the particle-core interaction.

The available data on the excitation of low-lying

2 +, 4 + and 3~ states in the single-closed shell nucleus 50Ti

were analysed with phenomenoloqical transition-charge den-

sities. A comparison with core-excitation versions of the shell-

model shows that, similar to observations in two other N = 23

isotones 52Cr and S BFe, the lowest E2 state is more collective

than theory predicts whereas the octupole strength is repro-

duced fairly well by theory. Higher-lying E2 excitations are

in general poorly reproduced by theory.

2.2.3 Elastic magnetic scattering

(G. Box, E. Jans, L. Lapikda, H. de Vries)

The analysis of data on elastic magnetic electron

scattering from 93Nb and llsIn at energies below 100 MeV

was completed. The results were interpreted in terms of a
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igf/2 single particle(SP) configuration for the magnetization

distribution; harmonic oscillator wave functions were used

to fit che radial size. The form factor data were fitted with

the expression = 2x|oxFMX(q,b)I
2 where FMX(q,b) repre-

sents the A-pole single-particle form factor with oscillator

length b. For 93Nb we find b = 2.05 + 0.17 fm,

aexp - 0.75 ,+ 0.08 and af
x p = 0.7, in good agreement with the

3 1 - 3
predictions a.t h *•0.7?. and Ogh = 0,70 from a shell-model

calculation. 'Due to experimental difficulties the accuracy

of the_llsIh data is not high, but the magnetic cross sections

are definitely smaller than the SP prediction, A fit to the

data yields the highly correlated values ^

i ot

^*® =0.5 + 0.5

and ot?xP = 1, in agreement with the prediction ot, = 0 . 5

from a configuration-mixing calculation and with ot, = 0.44

determined from atomic hyperfine splitting.

1.3 Experiments at other facilities

1.3.1 Elastic magnetic scattering at high momentum transfer

(in collaboration with the Saolay electron-scattering

group)

(1. LapikaSf H. de Vries, P.K.A. de Witt Huberts)

The data on M9 scattering from 93Nb were analysed and

the results published (Phys. Lett. 6013(1976)157). Meanwhile,

two new data points at higher incoming energies E Q = 250

and 275 MeV became available. The complete data set was

analysed with Woods-Saxon (WS) radial wave functions. Our

conclusions from this analysis are that (see fig. 1.3.1)

harmonic-oscillator (HO) wave functions fail to reproduce

the steep decrease of the form factor above q = 2.3 fm~

(due to the unrealistic tail of the HO wave function);

the amplitude factor ag and rms radius of the Ig /2 proton

orbit obtained with a WS wave function are consistent with

the published HO results; the M9 form factor calculated

with density-dependent Hartree-Fock wave functions is com-

pletely inadequate to reproduce the data.

L
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We have recently measured elastic backward-angle

scattering from 87Sr (J11 = 9/2+) which has a lg9/2 neutron-

hole shell-model assignment. The aim is to perform a compa-
q

ritive analysis with the data on the lg /2 proton nucleus
93Nb. In this approach possible model dependencies are expec-

ted to cancel to a large degree. A preliminary analysis .with'"

WS wave functions indicates a'difference'of the rms radii of

the lg9/2 proton- and neutron orbits <*"„>'*- <^ n
> = 0.16 +

0.06 fm.

Data taking on the lf7/2 proton nuclei 51V and 59Co

was completed. The analysis of tha S9Co data was carried out

in the framework of the single-particle shell model with

HO wave functions. Best-fit results obtained for the amplitude

factors are a_ = 0.7, a, = 0.68+0.07 and b = 1.84 + 0.05 fm.

The latter value is in fair agreement with the oscillator

length of the If /2 proton shell b = 1.90 + 0.05 fm as de-

duced from Coulomb-energy differences. The final analysis

with WS wave functions of both ths S1V and the 59Co data is

under way.

1.3.2 Multipole moments of charge and magnetic distri-
2 5

butions of Mg,

(in collaboration with the electron-scattering

groups of MIT and of the University of Massachusetts)

(C.W. de Jagert H. de Vries)

The multipole moments of both the charge and magnetic

distributions of Z5Mg were studied in an international colla-

boration. The Mainz facility was especially suitable for

measuring the forward-angle cross sections with high preci-

sion; the 180° scattering apparatus of IKO provided the only

means of measuring the Ml and M3 scattering at low momentum

transfers; the higher energy of the Bates facility permitted

the measurement of M3 and M5 scattering at higher momentum

transfers. The analysis of these data is practically com-

pleted. The value extracted for the quadrupole moment is

in excellent agreement with the result of an atomic beam ex-

periment. For the first time contributions from the C4 moment

L
tv
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could be extracted from elastic electron-scattering data,

albeit in a model-dependent way. The magnetic data were

analysed in the single-particle model with HO wave functions.

An appreciable quenching of the M3 and M5 moments is observed

with respect to the SP prediction. Good agreement, however,

is observed with truncated shell-model calculations. A com-

parison with existing data on the nearby nucleus 27A1 seems
5

to indicate a somewhat larger radial size for a Id /2 neutron

orbit than for a Id /2 proton orbit.

18 181
1.3,3 Electron scattering from 0 and Ta.

(in collaboration with the MIT electron-scattering

group)

(C,W. de Jagev)

'hi-

The ground-state and natural-parity excited states

below 6 MeV in l80 were studied by electron scattering at

momentum transfers of up to 3 fm~ . Special attention was

paid to the lowest 2 + state (1.98 MeV) and the 4+, 0 +, 2 +

triplet (3,55, 3.63, 3.92 MeV, respectively) which was

completely resolved. The cross sections for these states

are observed to deviate substantially from the results of a

DWBA.calculation using a simple vibrational model. When the

two 2 states are treated as orthogonal combinations of 1 and

2 phonon states the form factors are better reproduced.

However, the prediction for the quadrupole moment of the

first 2 state is then considerably below the experimental

value. Through the use of an isotopically mixed target it
fl 6,was possible to obtain highly accurate data on the 0/

elastic cross-section ratios.

The ground-state rotational band of 1B1Ta was inves-

tigated in the momentum range 1.5 fm~ < q < 2.5 fm at

laboratory angles of 120° and 160°, The cross section for

the 7/2 (g.s.) appears to be longitudinal, and described

by CO + C2 amplitudes derived from measurements at more for-

ward scattering angles. Elastic magnetic scattering from

the highest multipole M7 is considerably less than predicted

from a single lg /2 proton orbital.
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6,1,3,4 Inelastic electron scattering from wLi

(•in collaboration with the Mainz electron-scattering

group)

(J.C, Bergstrom, R.S. Hicks)

In order to better define the configuration and the

radial dependence of the 3.562 MeV, 0 + state of 6Li, we

have extended the (e,e') data on this level to a momentum

transfer of 2.6 fm"1. The first minimum in this form factor,

at q = 1.4 fm~ , was also carefully measured. Analysis is

under way. The measurement of this transition is of interest

for several reasons. Not only can the results be related

to the threshold 6Li(YfT )6He cross section, but also to

weak-interaction processes, such as y-capture and (5-decay.

Other inelastic levels of 6Li up to an excitation energy

of 6 MeV were also observed.

1.4 Instrumentation

1.4.1 The 140 MeV (max.) station

(G, Box, E. Janst L, Lapikás, J. Uoomen,

P.K.A. de Witt Huberts)

The main part of the electron-scattering facility,

previously at EVA, has been transferred to the 140 MeV (max.)

station. Additional mechanical constructions and the vacuum

system were designed. Reference lines, defining the beam

trajectory in this station, were fixed.

The four dipole magnets of the deflecting system

were placed on their concrete supports. The large quadrupoles

and the Faraday-cup were installed and aligned. Other beam

transport elements like quadrupole magnets, slits and colli-

mators are being mounted on strongbacks together with diag-

nostic and vacuum apparatus. Dipole magnets as well as strong-

backs contain provisions that allow alignemnt by use of

theodolites and by a laser beam and zone plates. The cooling

system was installed and a great deal of the electrical

cabling was connected.
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The spectrometer was installed and partly aligned.

Its rails were mounted on shoes that allow accurate vertical

adjustment. The scattering angle and the spectrometer slits

were calibrated. Most of the controls panels, power supplies,

monitoring" devices, detector-system electronics and the

PDP-8 computer configuration was installed in the control

room. Part of the apparatus is being adapted to the higher

duty factor of MEA and provisions are made for connection

with the accelerator-control computer network. The cabling

of the control panel has been prepared and will be executed

shortly.

1,4,2, The 500 MeV (max.) beam-handling system

(J,C, Bergstrom, P.J.T, Bruinsma, R.S. Hiaks,

A. Hurkmans, G. Luijakx, R, Maas, H. de Vries)

General 'Lay-out

The general lay-out of the beam-handling system (BHS)

is shown in fig. 1.4.2, The primary electron beam can be

kicked into three different channels:

1. the PIMU beam line; a second kicker magnet in this line

is needed in order to let the beam regain its original direc-

tion. Distance from K002 to the u/u production target is

about 60 m.

2. tune-up facility; this is the straight-through beam. The

tune-up facility can be used to study and improve the beam

before it is allowed to enter other channels. During operation

in one or more channels,'the tune-up facility can also be

used to check the beam on an "on-line" basis" a few percent

of the beam pulses are kicked into the tune-up facility.

3. the "400-line"; energy definition takes place in this

part of the BHS. After K401 the system branches into the

chemical (HECH) beam line and the electron-scattering (EMIN)

beam line. The length of the HECH beam line (from K401 to

target) is about 40 m. Two quadrupole doublets focus the beam

onto the target. The small amount of dispersion existing in

the HECH beam line is present as angular dispersion only at

the target. Hence, the dimension of the beam spot at the .
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target does not depend on the Ap/p transmitted through the

slits.

The optical design of the EMIN beam line

The optical studies of the BHS have been completed.

A large x and y collimator between accelerator and BHS acts

as the source point. In this way resolution 'deteribrat'íbñ

from beam jitter is expected to be minimal, Basically, the

system consists of two 90° sections in the first of which the

energy definition takes place. In order to avoid too large

a power dissipation in the slits, the beam is kept as large

as possible in the vertical plane at the position of the

slits (typically 1 cm), Much time was invested to obtain a

separated-function system, i.e. that changing the setting

of one or a group of magnetic elements affects only one

property of the beam at the target. The assistance of

dr. K. Brown (SLAC) is gratefully acknowledged.

The system can operate in two different optical modes:

1. Energy Loss Mode (ELM); in this mode the dispersion of

the BHS is matched to that of the spectrometer. The resolu-

tion then does not depend on the Ap/p transmitted through

the slits. The BHS generates dispersion in the horizontal

plane; since the spectrometer bends in the vertical plane,

disperion matching implies also rotation of the BHS disper-

sion plane. This is accomplished by means of a rotator

consisting of 5 quadrupoles (Q509-Q513) . For inelastic

measurements the BHS dispersion has to be adjusted. This is

achieved without affecting any non-chromatic properties of

the BHS by means of the so-called "-I" cell (dr. K. Brown,

private communication). This cell, consisting of two dipoles

(B501 and B502) and two quadrupoles (Q503 and Q505) produces

a "-I" transformation. By adjusting the two quadrupoles such

that their focal lengths remain equal but opposite, one

changes only the angular dispersion and consequently the linear

dispersion on the target without affecting any other beam

parameter. To generate this "-I" transformation in the y-plane,

the two dipoles have pole-face rotation at both ends. Two

sextupoles (S501 and S502), located around the last dipole,
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correct secönd-order aberrations. Orthogonality, i.e. sepa-

ration of functions, exists also for the width control of

the beam spot at the target.

2. Normal Mode (HM) . In Ï1M operation the setting of the first

90° section is identical to that in ELM. The second 90°

section is made double-achromatic by switching on one

quadrupole (Q502) and changing the setting of two other

quadrupoles (Q503 and Q505) (the rotator naturally is turned

off). Spot control takes place with a quadrupole triplet

(Q506-Q508). Typical resolution in NM is 3 ä4xl0~4 (at

minimum slit setting).

Technical design

The magnetic elements will be made by Bruker Physik AG

in Karlsruhe. The bending magnets have to meet severe re-
4

quirements for homogeneity (1 : 10 ), while the tolerances

for their positioning are also very tight: 0.1 mm in

horizontal and 1.0 mm in beam direction for some of the

magnets. The vacuumchambers for the bending magnets must

have thin walls due to the 50 mm gap of the magnets. They

will have viewing ports for observation of synchotron radia-

tion. Concrete socles will be used as supports for the

magnets.

Until now, only the physical requirements for colli-

mators and slits have been studied. Energy-defining slits

and the beam-scraping collimators will have to handle

several tens of kW and therefore will be water cooled. Beam

monitors are still in evaluation. Due to relatively large

beam sizes the accelerator monitors can not be copied.

During operation the radiation level in the area

between the first and second bending magnets will be in

the order of Megarads/hr. Special material (e.g. kapton)

has therefore been chosen for electrical insulation. High

residual radioactivity makes it necessary to use and deve-

lop fast-assembling techniques in order to keep exposure

to radiation as low as possible.

The total maximum power consumption of the magnets

is about 120 kW. A closed-loop cooling system will be used
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with water-air heat exchanges. For a few magnets in the hot

area an additional cooling circuit and heat exchanner will

be required. The maximum beam power that will be transported

is 100 kW, In the worst case 100 kW of cooling capacity is

required for beam dumps, slics and collimators.

The vacuumsystem is being studied at this moment.

Probably ion-getter pumps will be used because of their

reliability. Fast valves will protect both accelerator sec-

tions and experimental equipment in case of a vacuum break-

down.

The power supplies for the magnets, also made by

Bruker Physik, have a possibility for 16 bits binary manual

and computer control. Computer control is performed by a

16 k a IiSI-2 minicomputer with CAMAC interfaces.

1,4,3 The QDD and QDQ spectrometers

(P.J.T. Bruinsma, R.S. Rickst G, Luijakx, H. de Vries

H. van de Watering-Obluska)

As has been reported (IKO Annual report 1975), the

decision was made to construct a two-spectrometer system

(QDD and QDQ) to allow for the following type of experi-

ments :
A

a) high-resolution (1 : 10 ) single-arm (e,e') experiments

b) moderate-resolution (1 : 10 ) single-arm (y,X) experiments

c) coincidence (e,e'X) experiments at a resolution of 1 : • 10 .

Most of the year 1976 has been spent on finalizing the proper

optical design in order to establish an intrinsic resolution

of better than 1 : 10 while keeping a straight focal plane

for both spectrometers. It is gratefully acknowledged that

Prof. H. Enge (MIT) has contributed to a large extent to

the optical study. In parallel, negotiations with several

manufacturers took place. At the end of 1976 the contract

was placed with Bruker Phyisk AG, Karlsruhe. At the same

time a contract was signed with Alpha-Engineering, Beverwijk,

for the design and construction of the adjustable and

rotatable supporting platforms for the two spectrometers.

It is expected that both spectrometers will be installed
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before the end of 1978.

Optical design

The most important parameters of the two spectro-

meters are given in the table, whereas the geometry of the

different magnetic elements relative to target position

and detection planes are indicated in fig. 1.4.3. In con-

junction with the beam-handling system (see 1.4.2) the

QD(M)D spectrometer - which in principle is of the Los

Alamos type - allows to work in the energy loss mode. As

can be seen in fig. 1.4.3 the dipoles have both entrance

and exit edges rotated and curved in order to correct for

higher-order aberrations. On-line adjustments can be

achieved by means of a multipole (M) element positioned

between the dipoles. All dipoles are provided with adjusta-

ble field clamps for aberration corrections. The dipole

of the QDQ spectrometer also has curved and rotated entrance

and exit edges. Moreover a wedge in its pole - the required

depth of which has been calculated - provides additional

corrections by simulating edge focussing.

f max.momentum

max. field

-] mean radius of curvature

1:' defl. angle

| gap

'lC momentum acceptance (Ap/p)

|i intrinsic resolution

-: transverse-plane focussing

¿~ median-plane focussing

r dispersion

\ focal-plane angle

;.' shape

; solid angle

Table 1.4.3

QD(M)D

550 MeV/c

13.1 kG

1.40 m

2 X75°
7 cm

10%

<lxlO (—•*- = 2%)
P

<lxlO"3(^p- =10%)
p

parallel-point

point-point

6.82 cm/Vo
42°
straight

5.6 msr

QDQ

750 MeV/c

15.6 kG

1.60 m

90°
12.8 cm

10%

10"3

point-point

point-point

S.27 cm/Vo
50°
straight

17.6 msr
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Extensive magnetic-field calculations were performed

with the program POISSON on the following problems:

a) whether the proposed mechanical design yields the desired

field configuration

b) to investigate saturation effects at the highest excita-

tion

c) the variation of effective field boundaries as a function

of the excitation

d) the multipole components of the quadrupole fields.

Detector shielding

The radiation shielding requirements for the electron

and hadron detector systems have been carefully considered.

Calculations suggest that, for our purposes, borated, iron-

loaded concretes offer advantages over other commonly-

used shielding materials. These calculations were supported

by a series of small-scale experiments performed at Mainz.

For the electron arm we have chosen a shielding thickness
—2 —2

of about 300 g.cm concrete, and 250 g.cm for the hadron

arm. In both cases, the inside of the detector cave will

be lined with an additional 100 g.cm lead.

Technical design

For such a heavy construction (130 and 140 tons for

the QDD and QDQ respectively) tight mechanical tolerances

pose a special problem. The technical realization of the

whole system also involves proper solutions for the

alignment and rotation of both spectrometers relative to

the target. Moreover, the large amount of shielding needed

around the focal planes (140 and 100 tons for the QDD and

QDQ, respectively) influences the overall construction.

For the QDQ it is foreseen that the shielding will

be supported by the yoke of the spectrometer itself. For

the QDD another solution had to be found because the posi-

tion of the center of gravity of the shielding (see fig. 1.4.3)

would cause an unduly torsion of the yoke of the spectrometer.
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a) The front-end electronic circuitry (low-noise amplifier,

discriminator, temperature-stabilized delay) has been

designed in the electronics workshop and a prototype

print is in the process of fabrication,

b) A fast ECL-encoder system (̂ 5 Mc/s average data rate),

provided with a one-bit derandomizer latch per channel

for minimal dead-time losses, has been designed. It is

being tested.

c) The mechanical parts of the chamber of modular construc-

tion are ready to be assembled.

Events are buffered in a 32 position IilFQ-memory

on a burst-to-burst basis and read-out through CAMAC into

the computer during the interburst period. The chamber is

scheduled for inter-beam tests before next summer. Our

present approach to the y-coordinate read-out in the

future spectrometers in the 500 MeV (max.) station is to

use a second read-out gap with sense-wires tilted with

respect to the x-coordinate direction.

In addition to these activities which focus mainly on the

high spatial-resolution requirement in the QDD spectrometer

we have started to investigate basic requirements for the

detector system in the hadron spectrometer. This instrument

should be able to detect protons, deuterons, alpha particles

arid charged pions.

2.5 Feasibility study of a photon beam facility

(R.S. Hioks)

The properties of MEA will permit a wide range of

photonuclear experiments, not only in the giant resonance

region, but also at intermediate energies. At the present

time we are conducting a survey of the interesting possi-

bilities that this field offers. We have already completed

a review of the various applicable experimental techniques.

Perhaps one of the most powerful of these techniques is to

use the quasi-monochromatic photon flux produced by the

annihilation-in-flight of a beam of positions. However,
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since MEA is not scheduled to deliver positons, it may

be possible to capitalize on the relatively high duty factor

of MEA and develop a photon-tagging facility. This method

is unfortunately restricted to low count rates, but, on

the other hand, promises qualities, such as fine resolution

and low background, that cannot be matched by any other

known techniques. Finally, the use of conventional

bremsStrahlung beams still offers many opportunities that

should not be overlooked.
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2 . PlOff Ail?D MWOiV PHXSICS

(groupleader: P.F,A. Goudamit until Sept. 1976s

thereafter R. van Dant&ig)

2.1. Introduction

The main activities in 1976 have been concentrated on

1) optical design of the central instrumentation for the IKO

ïï/u-facuity, with emphasis on the n-channel.

2) experimental work in collaboration with foreign groups

(CERN, SIN, Saclay).

The present status of the design 1) is discussed in section

2.2. Experiments on iT-capture have been performed using

stopped pions from a CERN (SC) beam (section 2.4.2, 3).

The main purpose of the participation by one of the members

of the group (E.W.A.L.) in experiments at the A.L.S. Saclay

was to get acquainted with the specific experimental

situation for pions produced by an electron beam.

The group has participated in the OMICRON project at CERN

together with the Technical University, Delft and the

Free University, Amsterdam.

2.2. The T\/\I-facility

2.2.1 General aspects

(H. Arnold)

The instruction of the ir/y-physics building has been

completed in the autumn of 1976. The installation of electric

power, water etc. is in progress.

Consideration of the specific requirements for muon and pion

channels respectively has led to the conclusion that the

low (south) experimental hall is optimally suited for the

muon experiments. This area has its floor situated at a

distance of 3 m above that of the ir-production area. A

horizontally placed solenoidal muon channel (see sect. 2.2.2)
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can be installed here relatively close to the ir-production

target. The northern area - situated 5 m above the ir-pro-

duction hall - will be dedicated to experiments with a pion

channel. For reasons of financial limitations and limitations

of manpower IKO cannot construct this ir-chañnel simultane-

ously with the muon channel. Since it seems desirable to

install the radiation resistant injection part of both

systems at the same time, preliminary optical calculations

have been carried out on an injection system for a ir-channel.

The ir-production target zo be used for the first experiments

will be of the type used at A.L.S. (Saclay): a 1-cm thick

rotating copper disc with internal water cooling. It will

be manufactured at Saclay. Further experiments by the

French group with a thicker tartet and experiments to be

performed in the future at IKO may lead to the use - in a

later stage - of different target constructions. The dump

for the primary electron beam will be based on a construction

developed at SLAC.

2.2.2 Muon Channel design

(P. Goudsmity B.J. Meijer, E.W.A. Lingeman)

Several types of muon channels have been considered

for the IKO Tr/p-facuity. Extensive optical calculations

have been performed on the two principal types: the quadru-

pole channel and the (superconducting) solenoidal channel.

For a quadrupole channel the acceptance of muons is a
o

strongly increasing function of A /L (A being the radius

of the quadrupole aperture and L the distance between

adjacent magnets). Two such channels have been included

in calculations: a "normal" channel with L = 60 cm and a

"compact" one with L = 36 cm, both with A = 12.5 cm.

For the normal version the ratio A /L is roughly equal to

that of the Saclay pion-muon channels. For the extraction

part of the quadrupole channels a simple DQQ-construction

of the Saclay type was used in the calculations.



- 23 -
ir;:!
ff?,

ï'i

I!
I' --

ir?

ï'i

Channels with a superconducting solenoid decay part -

similar to the ;SIN muon channels - have been studied in

connection with different ir-injection designs:

-"short" injection path into a tilted solenoid

- "long" injection path into a horizontal solenoid.

For the extraction system for the solenoidal channels a

QQD# QQQ design with an intermediate dispersive focus was

used in the calculations. For the optical calculations

the (partially modified) computer programs TRANSPORT,

DECAY TURTLE and MUSOL 3 (SIN) have been used, running on

the IKO DEC 10 computer or on the CYBER 73 of the

Amsterdam Academic Computer centre (SARA). The major part

of the calculations was performed with the injection

path tuned to pions in a momentum band around 140 MeV/c -

the optimal value for it-production.

Typical figures of merit (i.e. the particle flux per

second, per millisteradean and per Ap/p = + 1%) are given

in table 2.2.2, for backward muons. The (horizontal) sole-

noid delivers twice as many backward muons at the experi-

mental target as the compact quadrupole channel in a

specified momentum band, and approximately four times as

many as the "normal" quadrupole channel.

Table 2.2.2.

horizontal solenoid

"compact" q-pole

"normal" -q-pole

FM

1.3

0.6

0.3

Ap/p

+ 9%

+ 12%

+ 13%

Figures of merit for backward muons delivered onto a

5 cm x 5 cm target, with a momentum spread of + 5%.

Consideration of the results of the calculations and the

technical aspects related to the different types of channels

has led to the conclusion that for an electron machine like
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MEA, - having its maximum ir-output per unit of Ap/p in the

150 MeV/c region. - a horizontal solenoid is the best solution.

It should be mentioned here that the tilted solenoid design -

yielding even slightly higher \i -fluxes- will not be

considered because of technical difficulties. Moreover,

discussions with magnet experts at CERN and SIN resulted in

the conclusion that a "compact" guadrupole design is on the

limit of technical feasability. The horizontal solenoid

for the IKO ir/y facility should be installed in the southern

experimental hall situated at a level of 3 m above the TT-

production area. The ir-injection part consists of five

guadrupole magnets grouped in a triplet (fully radiation

resistant) and a doublet, followed by one 45° sector type

bending magnet with a 1 cm thick copper n-production

target. The system will produce a beam of approximately

2.3 x 10^ backward muons per second at 75 MeV/c in a + 8%
2

wide momentum band on a 25 cm target. A schematic lay out

of the system is shown in fig. 2.2.2.

The assistance and advise of Drs. N. Doble ,(CERN),

C. Petitjean (SIN) and G. Vecsey (SIN) during the design

period and the discussions of the relative merits of the

different types of y-channels are greatly acknowledged.

2.3. Drift chambers.

(E. Kok, J.ff- van Dijk, R. van Dantzig)

Experiments with low energy pions often require the

use of very thin detectors. This is especially the case

when the detectors are used for track determination of

charged particles in a magnetic field (e.g. OMICRON).

The use of one detector for simultaneous determination of

two coordinates in such cases means a significant improve-

ment.

In drift chambers one coordinate of the passing particle

is determined by measurement of the drift time.
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Simultaneous measurement of two coordinates should, in

principle, be possible by measuring in addition the

propagation of the change induced in a secondary (resis-

tance) wire.

To test the merit of such a construction a (80 cm long)

test chamber was constructed. The chamber was operated with

a argonne/isobuthane/methylal mixture and triggered with
90

electrons from a Sr source equipped with a collimator.

In a first attempt the high resistance wire was used for

the sense wire itself (600 Q/cm carbon filament). A

resolution of 8 mm F.W.H.M. was determined for the position

of the electrons along the length of the wire. After

correction for the finite dimension of the electron beam

and the inaccuracies in the S.C.A. measuring system an

intrinsic resolution of 2 mm (0.25%) was deduced. With a

43 í2/cm nichrome wire an intrinsic resolution of 1% was

found; the difference being caused by the increasing

influence of noise with decreasing resistance.

During a first attempt to use the induced pulse in a

secondary resistance wire a resolution of 'v- 1 cm was

obtained.

2.4. Collaboration with external groups

(R. van Dantaig, E. Kok)

2.4.1 O MIC RON

During 1976 IKO physicists and technicians along

with physicists from the Technical university, Delft, have

collaborated in a series of test measurements of the CERN

OMICRON system.
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2.4.2 ir -capture in Bi and Ta

(R. Beetz, F.W.N, de Boer, J. Konijn in collaboration

with I. Bergström and K. Fransson (Forskning-

institutet för Atomfysik, Stockholm), L. Tauseher

and G. Bazkenstoss (University of Basel), G. Tibell

and K. Zioutas (CERN) and H. Koch, P. Blüm and

L. Simons (University of Karlsruhe),

In collaboration with an international group of

physicists from Basel, Karlsruhe, Stockholm and CERN a
— 209

test experiment has been performed on ir -capture in Bi
181

and Ta. The major aim of the experiment is n study of

the capture process by means of the determination of the

population of (high-spin) states in the residual nuclei.

Prompt and delayed y~ray spectra were measured on-line

at a low-energy pion beam of the CERN SG. For this experi-

ment the Compton suppression spectrometer developed at IKO

for on-line measurements (see Annual Report 1975) was used.

Individual excited states in the residual nuclei - mainly
209 - 181 —

Pb and Hf-isotopes from Bi(ir ,xn) and Ta(ir ,xn) -

were identified from their characteristic y-ray decay.

Background measurements with y -beams and without a beam

on the targets have been performed.

The analysis of the experimental data is carried out to a

large extend at IKO.

181
2.4.3 The quadrupole moment of Ta.

(J.K. Panman, R. Beetz, J. Konijn)

Data obtained in the collaboration with the Basel,

Karlsruhe, Stockholm, CERN group (section 2.4.2) have been

used for an analysis of the hyperfine splitting of pionic

levels in l 8 2Ta.
181

The quadrupole moments of Ta has been determined from the

hyperfine splitting of the 5g-4f transition in the pionic
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atom.

Two spectra were available in which the splitting of the

5g-4f transition was directly visible. From both spectra

the model independent value of the effective quadrupole

moment, Q f f , was calculated by determining the energy

difference, AE, between the two most intense transitions

of the 5g-4f complex.

The main part of the hyperfine splitting is caused by

the static electric quadrupole interaction. Correcting

for the strong quadrupole interaction, magnetic dipole

interaction, vacuum polarization and finite size effects,

the value of the spectroscopie quadrupole moment, Q, and

the intrinsic quadrupole moment, Q Q , were evaluated.

Quantity

Q ff

Q

Q0
AE

Value

3 .

3 .

7 .

2 .

58(3)

32(7)

13(15)

60(3)

b

b

b

keV

2.4.4 ]x -capture in Li

(F.W.N. de Boert P.F.A. Goudsmit, J. Konijn, a

collaboration with the v/Vi-phusics group of the

University of Louvain-la-Neuve) (J.P, Deutsch et al.)

Test measurements have been performed on the absolute

intensity calibration of a plastic scintillator for

measurements of the ß-decay of He following ^""-capture in

Li. An absolute calibration was obtained from a measurement

of coincidences between the ß-rays and the 1.8 MeV y-rays
7 ft 0 ft

in the decay of Al (measured in equilibrium with Mg).

Furthermore the possibility was investigated of an accurate

determination of the number of negative muons stopped in

a Li target by detection of the muonic KX-rays with an

absolutely calibrated X-ray detector.
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3. THEORX

(Groupleader: A.E.L, Bieperink until Nov. 1,. 1976;

thereafter T. de Forest, Jr.)

3.1. Spectroscopie amplitudes from angular correlations.

W.C, Hermana, M,A,A. Sonnemans, J.C. Waal,

R. van Dantzig, B.J. Verhaar (TH, Eindhoven).

Experimental data of the reaction Be (d,t) Be (2*,

16.9 KaV) -*• a + a are analyzed. The experiment yields a full

angular correlation pattern W(0. »6 * ) for (t,a) coincidences
0 0

in the range 18 < 6. < 69 and a grid of values for

6 <f> . This experimental material is compactly represented

by the functions c J M

expansion.

(9.) in a least squares fit to the

w ( e t; - = cjM(8t>

Various symmetries restrict the possible c„. to the real

functions c
00 220 40 functions c_2

c.„ and cAA.4e 44

A DWBA analysis of the angular dependence on 9. of

these functions allows a determination of the spectroscopie

amplitude for various possible transferred angular momenta.

Although the results depends on the optical potential param-

eters, the conclusion is that there is an overwhelming

spectroscopie strength for the j = 3/2 transfer, very little

- though not zero - j = 1/2 transfer and possibly a sizable

amount of j = 7/2 and even j = 5/2 transfer. The determina-

tion of the j = 7/2 and j = 5/2 is, however, rather uncertain

owing to the statistical errors.

An analogüous analysis is in progress on the reaction

Be(p,d) Be(2 , 16.9 MeV) •*• a + a. The preliminary results

point to the same conclusion as mentioned above for the

relative spectroscopie strength.

The question remains why the transferred neutron shows
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such a pure j-j shell model behaviour, as it is known
Q

that Be is a heavily deformed nucleus.

S.S. Knock-out reactions.

3.2.1 Convergence of the binding energy sum rule

A.E.L. Dieperink, T, de Forest, Jr.t I. Sick

(Univ. of Basel)

Many recent (e,e'p) experiments have been analyzed

in terms of Koltun's binding energy sum rule. Oftern large

discrepancies have been found: the experimental sum rule

sometimes given only one-half of the known binding energy.

One source of this discrepancy may simply be that the

experimental measurements have been too limited to exhaust

the sum rule. The cross section for large missing energies

and momenta is very small, and thus difficult to measure,

but it can give a significant contribution to the sum rule.

Jn order to investigate this effect a hypothetical experi-

ment was carried out on He, for which the corresponding

theoretical results can be calculated essentially exactly.

It was found that as the 'experimental' measurements were

improved the sum rule converged to the exact result very

rapidly. This convergence however, was due to a delicate

cancellation of the separate components of the sum rule

- such as the sum rule for the Kinetic energy - which in

themselves convergen quite slowly. This suggests that for

heavier nuclei, where such a strong cancellation apparantly

does not take place, the convergence of the binding energy

sum rule may also be quite slow.

3.2.2 Corrections to the impulse approximation

T. de Forest, Jr.

Most (e,e'p) experiments are analyzed in the impulse

approximation which allows a direct interpretation of the
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data in terms of nuclear structure. It is known, however,

that the existence of internucleon correlations gives use

to processes which niolate this approximation, for example

those in which the detected proton was not struck by the

electron. Using the hard core Fermi gas model these effects

have been estimated with the aim of determining the best

kinematical conditions for performing 'standard' (e,e'p)

experiments. The most serious corrections were found to be

at high missing energies and momenta. The corrections can

be minimized by choosing the momentum transfer and the

momentum of the detected proton as large as possible.

3.2.3 The (e,e'd) reaction

T. de Forest^ Jr.

In addition to the standard quasi-elastic description

of (e,e'd) it has been found that quasi-inelastic pro-

cesses - in which the deutron is deexcitedas it is knocked

out - can play an important role, especially at large

momentum transfers (in the plane wave Born approximation).

The kinematic invariance of the reaction mechanism allows

one to separate these effects and thus probe new aspects

of nuclear structure.

3.3. Electron scattering (e,e')

3.3.1 Quasi-elastic electron scattering on He.

A.E.L. Dieperink, T. de Forest, Jr., I. Sick (Univ.

of Basel), R. Brandenburg (Univ. of Hannover)

Ph/s Lett. 6JB (1976) 261.

Z-.3.Z Exchange effects in inelastic scattering

W.F.G. Kuiper, T. de Forest, Jr.

Using a method for estimating exchange current effects
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based on current conservation (see Annual Report 19 75,

section 3.3.3) form factors have been calculated for

small momentum transfers. For electric transitions the

results differ strongly from calculations made with

pionic currents.

3.3.3 Exchange effects in quasi-elastic scattering.

W.Gt Hermans, T. de Forest^ Jr.

An interesting phenomenon which has been observed in

electron scattering on many nuclei is the existence of an

excess cross section above the quasi-elastic peak which so

far has not been explained theoretically. For kinematical

reasons exchange currents can be expected to play an

important role in this region. A preliminary investigation

has shown that pionic currents are not strong enough to

explain this effect. The currents arising from the virtual

excitation of the (3,3) resonance, however, appear to give

approximately the experimental cross section.

3.3.4 Elastic electron scattering on high magnetic multipoles

(A.E.L. Dieperink)

Elastic magnetic electron scattering experiments have

provided information about magnetic multipole distributions

of the ground states of several odd-even nuclei.

In contrast to the charge scattering which receives contri-

butions from all nucleons in the nucleus the magnetic

scattering is mainly determined by the contribution of one

(or a few) valence nucleons, and is thus sensitive to the

normalization and radial extension of the single-particle

wave function of the last filled shell model orbit. For a

target nucleus will spin J?*0 the elastic magnetic cross section

is an incoherent form of various multipoles L=1,3....2J.

Although these multipole distributions as a function of the

momentum transfer q in general peak at different values of q
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they cannot be separated model independently except the

highest multipole that contributes in the region where the

lower ones are small. Analysis of recent experiments on
5 1V, 5 9Co f

 93Nb indicates that the highest multipole can

be determined with a better than 10% accuracy,

If one restricts one self to a major harmonic

oscillater shell the electron scattering data can then be

interpreted in terms of a one-body density matrixelement

Px • < H H (at a x ) 4 'I *x >!

These quantities can be compared to the predictions

of microscopic shell model theories. By making a inter-

mediate state expansion the p, can also be expressed in

terms of a form of spectroscopie factors weighted with

(2Jf+l) { {Hi }.
A comparison with the available data yields a very

good agreement between the experimental and theoretical

values of p,. This indicates that the combined effect of

core polarization and two-body exchange currents is small

(< 10%) .
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4. RADIO- AND NUCLEAR CHEMISTRY
(Scientific Director: Dr. L. Lindnev)

4,1 General

I

The year X976 was characterized by both the shut-down

of the 85 MeV linear e~-accelerator as of the beginning of the

year and the strenuous efforts to finish research with the

synchrocyclotron prior to its shut-down scheduled for 1977.

At the same time efforts to build up equipment for use

with the new 500 MeV e"-accelerator under construction, were

stepped-up considerably. Experiments were designed and readied

to begin as soon as beams become available.

The chemistry department of the Institute for Nuclear

Physics Research, Amsterdam, The Netherlands

(L. Lindner, J. Radioanal. Chem. (Lab. issue; accepted

for publication)

Abstract: A review is given of the past, the present

and the developments to be expected in the future.

4.2 Radio chemistry

4.2.1 Production of Radionuclides

(J.S.A.M. de Boer, G.A. Brinkman, E.L. Diemer, H. Haringa,

D. de Jong, J.C. Kapteig'n, F.M. Kaspersen, F. Schimmel,

J.Th. Veenboer)

These studies have the aim to develop techniques for

the production of - primarily short-lived - radionuclides

for both fundamental and applied research.
18 F

The technique described earlier to use the O(a,d) F
1 R

reaction on SiC^ (silicagel) was reinvestigated. The p

formed could be recovered as fluoride by extraction with water.
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However, the use of this F-preparation in nucleophilic

reactions was somewhat restricted because of the

considerable amounts of water-soluble silicates,

due to radiation damage in the target material.

28Mg

The following thick target yields have been measured

at 50 MeV : 0.12 viCi/pAh (1.7 cale)

at 50 MeV : 0.06 yCi/yAh (0.1 cale)

Radiosilicon produced by P(n,p) Si and by

fi
B
f?1

ï, ¿.

26Mg«x,

3 0 S i ( p ,

2p)

3P)

si,

28Mg

28Mg

32Si

34S(p,3p)32Si has

ether-pentanol,

38A

been extracted as molybdo-siliclcacid with

in 97% yield.

The cyclotron production by the reaction Ar(p,3p) S

was futher investigated with respect to the simultaneous for-
32 33

mation of pure beta-emitters, such as P, P and more par-

ticularly 35S as a radionuclidic contamination.

52,Preparation of " Fe for use in nuclear medicine (in Dutch)

(L. Lindner, E.L. Diemer, J.C. Kapteijn, Ned. T. Genees-

kunde 119 (1975) 1743)

52 55 52

Abstract: Fe was produced by the reaction Mn(p,4n) Fe

with 55 MeV protons on Mn-Cu as well as on Mn-Ni alloys. Yields

of 50 pCi/yAh (4% 55Fe) were obtained.
fí 7

Cu for metabolic studies in milk cows

(W.T. BinnertSf J.C. Kaptei¿ns L. Lindner, Neth. J.

Agrie. Sei. 2£ (1976) 187)

Abstract: Primarily because of its half-life, the longest-

lived radionuclide of copper, 67Cu (t, = 61.7 h) is often the

isotope of choice for application in metabolic studies. However,

large scale production of 67Cu is cumbersome. The 6 7Cu used

in this study was produced in a cyclotron by exposing a zinc
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target to a beam of accelerated protons. Radiochemical puri-

fication was achieved by solvent extraction, electroplating

and ion-exchange, in that order. The resulting dilute acidic

solution contained no measurable activity apart from Cu

and Cu. After the injection in cows, the Cu component of

the preparation of radiocopper could be used during the first-

days of the experiment for external radioassay of the liver.

The Cu could be followed in metabolic products for over
en

three weeks. It is concluded that the isotope Cu in batches

of ahout 100 vci can be very well used for metabolic excretion

studies even on large animals.

In a later stage the Cu was also separated carrier-

free, by extraction with diethylamminum-diethyldithiocarbamate

in chloroform (see 4.2.2.).
81Rb(->81mXv)

Production was carried out with the reactions

'9Br(ct,2n)81Rb and 8lBr (a,4n) 81Rb with 51 MeV alpha-particles

on Cu-B^. It appeared that, contrary tc recommendations by

others, there is no particular need to carefully protect

the Cu2Br2 once prepared, against oxidation by treatment

in a Nj-atmosphere. Yields were 1 mCi/pAh next to equal

amounts of 8 2 mRb from 8lRb(a,3n)82mRb (see also 4.2.2)..

The reactions 83Kr(p,3n)8lRb and 84Kr(p,4n)81Rb with

51 MeV protons on 12 cm long gas targets yielded

280 yCi 8lRb/uAh at 400 torr Kr and 750 yCi 8lRb/uAh at
82m.700 torr, in both cases together with about 250 uCiUfiiURb/yAh.

For production, the reaction 79Br(p,3n)77Kr and

Br(p,4n) Kr on solid KBr was preferred over irradiations

of liquid CHBr3. Thick target yields observed are in the

order of 100 yCi 76Kr/pAh, 1500 yCi 77Kr/yAh and 135 yCi 7 9Kr/

uAh, for protons of 51 MeV (see also 4.2.4.2).
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Status Report on the Production of I at

(L. Lindner, Proceedings Panel Disc, KFA-Jüliah

Cohf, 20 (1976) 139)

and

(L. Lindner, A, Schimmel, J.A. Bijl and F.M, Kas-

persen, 1st Int. Symp, Radiopharmaceutical Chem.

Brookhaven National Laboratory, 1976)
1 O-J

Abstract; I is produced at ÏKO via
127I(p,5n)123Xe ft . fEC> 1 2 3I with the internal proton beam

of the synchrocyclotron. The basic conception is a dynamic

loop/generator system described previously, in which the
123

target material is a circulating fluid from which Xe is

stripped continuously. At first experience was gained using

an aqueous solution of Lil + I 2 as the target fluid. The main

difficulty appeared to be the corrosive nature of this solu-

tion. In a different approach the possibility of di-iodo-

methane earlier proposed as a target material, was further

pursued. The use of this organic liquid required a number of

alterations in the original lay-out of the system, whereas

at the same time a number of improvements was built in. These

modifications, including safety devices are reviewed. One

problem associated with CH 2I 2 is deterioration due to radia-

tion. This tends to increase the viscosity probably due to

the formation of polymers. At the same time the formation of

low-boiling organic radiation-degradation products is a

potential source of interference in the further use of
123 123

if not removed from the Xe from which the I is gene-

rated. Measures to overcome these difficulties are discussed.

It is concluded that the main difficulty is a materials pro-

blem with respect to the construction of the target flow-cell,

rather than the flow-system itself.

123,

227
Xe

Using the dynamic loop/generator system for production

of liJXe from CH 2I 2 as target material for proton bombardments,
123

r
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127Xe has been produced by the reaction I(d,2n) Xe
127wi thdeü tè rons of 26 MeV yie ld ing about 50-60 yCi Xe/yAh,

212 At

The technique for making bismuth targets for the

on 2 0 9Bi(a,2n) 2 1 ]

ing on a copper target,

reaction 2i*9Bi(a,2n)211At was improved by controlled melt-

4.2.2 Activation analysis

(K.G. Bueno de Mesquita, E.L. Diemer)

[••-'•

Measurements with on-line cyclotron beams have yielded

an extensive body of experimental data throughout the periodic

table, with regard to reaction gamma-rays from charged particle

reactions. Apart from detection limits for analytical appli-

cations the compilations of gamma-rays have given new in-

formation on relative intensities of gamma-rays as well as on

relative cross-sectiohs for the nuclear processes in question.

Using the same on-line technique, charged particle

induced X K _-ray fluorescence has been measured with protons,

deuterons and alpha-particles impinging on a number of ele-

ments throughout the periodic table. Thus information has been

obtained about the influence of the experimental circum-

stances - such as energy and mass of the bombarding particle -

on the analytical use.

4.2.3 Astatine chemistry

(J.S.A.M. de Boer3 A. Faraq* F.M. Kaspersen, P. Polak)

In continuation of previously published work a more

detailed investigation into the properties of amino-acids and

proteins labelled with astatine (-211) was started. Analytical

techniques for the separation of the labelled species involved

were developed.
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4.2.4 Hot atom chemistry

Accelerators and nuclear reactions as tools in hot

atom chemistry (L. Lindner, Proc. of a panel "Hot

atom chemistry status report", IAEA-PL-G1S/K197S)

IAEA, Vienna)

Abstract: The characteristics of accelerators and of

nuclear reactors - the latter to a lesser extent - are

discussed in view of their present and future use in hot

atom chemistry research and its applications.

4.2.4.1 Inorganic systems

(J. Boersma, K.G. Bueno de Mesquita, J.A. Bijl,

E.L. Diemer, J.M.L. Martens, M.T.A. Teeling,

J, Visser)

38Cl

The experimental work dealing with the chemical fate
3ft 3ft

of radioactive Cl produced by beta-decay of S in different

sulfates as the host lattice has been terminated. The general

conclusion that the probability for complete preservation of
3ft — ~ 3ft •-

existing bonds in the parent ion SO. - leading to CIO, -
is low (a few percent) are not at variance with theoretical
expectations. This finding has triggered a re-investigation

83 83
of the analogous system SeO. •*• BrO„ for which relatively

high (20 - 30%) yields of perbromate have been reported by

others.

°0: Formation of 0- 0 by nuclear recoil from
16 7 5

0(n,2n) 0, in inorganic salts (K.G. Bueno de

Mesquita, J. Boersma, J.A. Bijl, L. Lindner, Radio-

ohem. Radioanal. Letters (submitted)

Abstract: The distribution of O from nuclear recoil

among three different fractions has been investigated in



- 39 -

íi

f ••

salts of various oxyanions. A correlation has been observed

between radiation chemical properties and the yield of mole-

cular 0 - 0 , compounds with high G(00) values showing a
15tendency to high 0- 0 yields (see table 4.2.4.1)

i-.:1

Table 4.2.4.1 150-distribution (%) from i60(n,2n)l50

Target 0-150 ligand-15O G(O2)

Li2SO4 anh. 2

Li2SO4.lH2O ^2

K2SO4 2

KC104 45

CsC104 53

KC103 40

NaNO, 31

38

98

98

55

47

60

69

small

small

2.7

.5.3

2.6

1.4

x Litt, values

This preliminary work on O recoils (vide infra)

has led to further investigations. The new data confirm the

earlier findings. It seems that ligand replacement ( O-for-

0 displacement) is favoured over the O being trapped

interstially,-the latter on dissolution exchanging with water.

The experimental work dealing with the formation of
32 32

P-N bonds by recoiling P in host-lattices containing

bonded nitrogen, was terminated. Firm evidence was obtained

for the formation of mono- and di-amidophosphate- P, the

former product generally with a higher radiochemical yield

(up to 30%). A notable exception is (HONH2)2.H2SO4 as the

host-lattice: here only 32P(V) and 32P(III) are observed.

Other nitrogen-groups studied, such as (NH,) + , (N_H,) and
32=S-NH2, all give rise to the formation of P-N bonds.
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Annealing

Thermal annealing of 54'56Mn was studied in KMnO4,

alone and in mixed crystals with KC1O4

of simultaneously produced

under different conditions.

76As,

In KBrO- retentions
ft! "* 89

Se and Br were studied

4,2.4.2 Ovganio systems

CG.A. Brinkman, D. de Jong, J,C. Kapteyn, K.D. v.d.

Linde, P.W.F. Louwviev, F.M. Kaspersen, S.C.M. Spoel-

stva-van Balen, J.Th. Veenboev)

18,

18TThe study of 1 UF recoils in gaseous fluoroethane at
19 18

different pressures, using the P(p,pn) P reaction was

terminated from an experimental point of view. The experi-

mental data are now placed in the framework of unimolecular

reaction theories. In the course of this investigation

a more detailed understanding of perfluoropropene as a

scavenger for such systems, was obtained. C^F, appears to be a

very efficient scavenger for F atoms; ultimately this leads to

a rather complex spectrum of labelled products of which three

isomers of hexafluoroethanes constitute the major fraction

(2.2-dimethylbutane is notably absent).

S8g

Efforts to make (C. , C9 and C7) mercaptans by reac-
38 ?0 38

tions of nucleogenic S from Ar(p,3p) E were successful

only after the addition of sufficient H-S to the RH + Ar sys-

tem. At 1 atmosphere pressure yields are still only in the

order of several percent.

7Q>?7BV

An investigation on the chemical processes associated

with the radioactive decay of 6Kr and 7 7Kr respectively lead-
76 7?

ing to the radioactive daughters Br and Br, was started.

In principle the attention will be focussed on systems in the

gasphase.
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4.2.5 Radiation chemistry; pulse radiolysis

(C.N.M. Bakker, R. Buitenhuis, H. Kooiman,

P.Í/.F. Louwrier, J\fl, Stook)

Because of the shut-down of the e~-accelerator, work

has been restricted to the analysis of experimental

data. Pulse raäiolysis of Cu(lI)-EDTA and Cu(II)-CDTA com-

plexes in the presence of alcohols (RH) yields a product

initially growing in with t, = 10 - 100 ysec and then decay-

ing with t^ > several msec. The optical absorption of the

product has a maximum around 440 nm depending on the type

of alcohol used and the complexing agent. It is believed

that the absorbing species contains a copper-carbon bond

and is formed according to the reaction
3- 3-(Cu(I).[complex])J + R- -»• (Cu(II) . [complex! -R J with a

g
rate constant k < 6 x 10 . Suchlike products have been described

in the literature. They disappear on hydrolysis of the Cu-R

bond.

4.3 Nuclear chemistry

4.3.1 Photo-nuclear reaction yields

(L. Lindner. G.A. Brinkman, J. Visser, 1st Int.

Conf. Radiopharm. Chem., Sept. 1976, BNL-USA)

Abstract: A powerful electron-linac ('MEA' = Medium

Energy Accelerator) is under construction at a site adjacent

to the existing one of IKO. The characteristics of interest

of this machine are: E(max) = 500 MeV; beam power = 250 kW

max, and a duty factor of several percent. There is a low

energy station (< 140 MeV) with a facility for physics and

one for chemistry. There are three high-energy facilities

for' e~-scattering, chemistry and ir/y-physics respectively.

The high intensity# high energy Bremsstrahlung to be produced

either in special conversion targets or in (or near) beam

dumps, represent a potential source for the production of many



Table 4,.3.1

Cl (Y
4V(Y
Fe (Y

58Ni(Y

683n(Y

8 8Sr( Y

,2pyn)

,2p)

,xn)

,p2n)

,P)

,p6n)

"3^¡i
3 8S

52Fe

55Co

67Cu

81Rb

(28

(2.

(8.

Oy)

8h)

3h)

U8h)

(61

(4.

.7h)

7h)

¡

¡

í
i

i

•

•i

o fpbarn) ; Y

o (300McV);

(35)

20

(32)

100

141

700 (850)

Y(30ürifl

1.1X10

420

182

173

>155

4.5x10

(yCi/lOOpAh x

V)^a (500MeV) ;

~3¡ (60)
!
; 25

(50)

140

146

3 1250(1500)

g ; lmm Pt)

; Y(500MeV) '

2xlO"3
i
)

590

285

240

>16O

(7.8xlO3) ¡

133Cs<Y,p9n) 123Xe(2.1h)

175Lu(Y,2p6n)167Tm(9.3d) ; 330(2700)

950(1200) (12x10°) ' 1650(2100) (23xlOJ)

(180) í 460(3700) (240)

t cumulative yields in brackets

a averaged element o in brackets

3 5

5 5
Fe

-3%
56, ,57

lOOmCi

Co

123
Xe->llirCi I

0.1% 1 2 5I

to



- 43 -

fei

I
F:

tí

radionuclides of interest, both short-lived and long-lived

ones. Next to photons, fast neutrons can be produced in high

abundance. Information on production capacities of linear

e™-accelerators is given for two energy ranges:

1) E < 100 MeV. The data presented are based upon li-

terature values and our own experience with a 85 MeV

linac ('EVA', now shut down),

2) E = 200 - 500 MeV. Predictions are given, largely

based upon semi-empirical estimates of other for

cross-sections of photo-spallation processes.

Specific factors which exert influence on the yield (type

of conversion target; angular distribution of photons, etc.)

are reviewed. Special attention is given to 'parasitic'

(rather 'symbiotic') production of radionuclides simulta-

neously with physics experiments. Estimated spallation

yields for typical radionuclides are listed in Table 4.3.1.
123 123Fig. 4.3.1 shows the energy dependence for Xe(->- I) as

a product from spallation of different target nuclei.

4.3.2 Fission yields

(P. Polak3 Ph.D. thesis, University of Amsterdam,1976)

237 2 38The mass yield curve was determined for (p+ Np-*-) Pu

by gamma spectroscopie and chemical separation techniques.

Experimental results, analyzed according to the theory of

unchanged charge distribution, show a practically constant

ratio between symmetric and asymmetric yield modes for pure

first-chance fission between 23 and 32 MeV excitation ener-

gy. Besides, for excitation energies between 18 and 32 MeV,

symmetric and asymmetric products follow the same rules for

division and dispersion of charge, in contrast to fission

systems of lower energies.
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p9n)123Xe

3p13nj23X<2

(T.3P lln)125Xe

200 400
MeV

Fig. 4.3.1 Calculated photo nuclear spallation cross-

sections (a ) for the formation of various

radioxenones, as a function of energy.



L
? -V

I
y
fel
Sj
&

B
I!

- 45 -

4.3.3 Calibrations

(G.A. Brinkman, J. Reimer, J*Th. Veenboer)

Wickel and copper foils as monitors for cyclotron

beam intensities (G.A. Brinkman, J, Helmer, L. Lindner,

Radioohem, Radioanal, Letters 2£ (1977) 9

§3
1}

f

f';

fj;.

Abstract: Activation of nickel as well as of copper

foils by p, d, He and He-particles deflected from the IKO

synchrocyclotron has been investigated with regard to their

usefulness for monitoring beam intensites. Calibration values

for different radionuclides formed, have been determined for

the maximum energies of the deflected beams. In addition,

for protons differential cross-section curves have been

measured, using stacked-foil techniques. Ni-foils are
4

recommended, for monitoring both protons and He of 50 MeV
57 55

measuring Ni. For deuterons of 25 MeV the Co activity

induced in Ni-foils is preferred and for He of 70 MeV the

Zn activity produced in Cu-foils.
123

Sumpeak calibration of I

G.A. Brinkman, L. Lindner, J.Th. Veenboer, Int.

J. Appl. Radiation and Isotopes¡ in press)

Abstract: The absolute activity N of sources of

measured in a high-efficiency gamma-ray detector can be

derived from the equation:

,2

123n

N = T +

*XY
A x Y

and A

is the area under the total spectrum,

the areas under the 30 keV X-ray, resp. the
i

159 keV gamma-ray photopeak,

and Ay the areas under the X-X sumpeak, resp. the X-y

sumpeak
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4.4 Applications

Because of the continuing interest cq needs in other

disciplines for accelerator-produced radionuclides, the

efforts connected with the production of potentially interest-

ing radionuclides (cf section 4.2.1, 4.3.1) and their in-

corporation into compounds of bio-medical and industrial

relevance, was carried on. Several research problems ac-

tually were triggered by a request for assistance by

outside users.

4.4,1 Medical applications

(C.N.M. Bakker, J.A. Bijl, D. de Jong, F.M. Kas-

persen, A. Sahimmel)

Short-lived radionuclides for bio-medical applica-

tions (in Dutch) (L. Lindner, Natuurk. Voordrachten

N.R. S3 - 1975, Mij. voor Natuurk. Diligentia, The

Hague)

Abstract: A survey is given of the processes of the

selection and production of, and the labeling with - prima-

rily accelerator-produced - radionuclides with short half-

life. Possibilities and restrictions as well as the need for

interdisciplinary cooperation are discussed.

Preparation of carrier-free iodide-123; kit prepa-

ration and quality control

(L. Lindner, J.A. Bijlt F.M. Kaspersen, A. Schimmel,

Int. J. Appl. Radiation and Isotopes 27_ (1976) 653)

Abstract: The radiochemical composition of i-
12T

iodine as a consequence of the decay of Xe under various

circumstances was investigated. It was shown that the addi-

tion of H2S resulted in an iodide-percentage of 99.6±0.02%.

The iodide could be isolated by pumping off the remainder of
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the xenon and the H2S. This could be achieved without losses

of radio-iodine.

223
Hippuran- I; preparation and quality control

(J.A. Bijl; F.M. Kaapevsen, L. Lindner, J. Radioanal,

Chem. ¿5 (19??) S5)

A kit-like procedure is described for labeling of

Hippuran by exchange in a melt with carrier-free iodine-123
123

directly formed from decay of Xe. Decay and subsequent

melting for 15 min at 180° C are performed in one and the
123

same ampoule. This results in a transfer of 95% of the I-
123

activity into Hippuran with a residual I-content of

< 1,0%. Quality control is based on thin-layer chromato-

graphy. Contaminants are discussed and a comparison is made

with commercial preparations of Hippuran- I.

IPS
Synthesis of ' 1-4-(Z-dimethylaminopropylamino)-

?-iodoquinoline

(J.A. Bijl, F.M. Kaspersent L. Lindners -7. Labelled

Comp. and Radiopkarm.; in press)

123
Abstract: 1-4-(3-dimethylaminopropylamino)-7-

iodoquinoline (IAQ), a potential localizing agent for mela-
123

noma, was prepared by isotopic exchange between I-iodide

and the phosphate or sulphate of IAQ. Yields up to 96% were

obtained. The total time for preparations is restricted to

30 minutes.

The cooperation with the Inter-University Institute

for Ophthalmology concerning development of labelled chino-

lines for diagnosis of melanoma was continued.

18
For the purpose of general labelling with F the

application of the crownether (13-crown-6) was not very

successful: only with relatively large amounts of fluoride

carrier and for small molecules a radiochemical yield of
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30 - 50% was achieved.

A 81Pb-81mKr generator (ca. 6 mCi) was developped

and on several occasions supplied to the Institute for

Nuclear Medicine of the.University Hospital of Utrecht,

123
Preparations of I, l 2 3Te, 1 8F and 28Mg were

supplied to other institutions.

4.4.2 Biochemical applications

(J.C. Kapteyn)

On regular occasions Cu was supplied to the

Agricultural University of Wageningen (see 4.2.1) and to

the Inter-university Reactor Institute at Delft for various

bio-medical studies.

4,4.3 Industrial applications

(J, Visser)

To study the wear of tungsten-carbide' dies used in

wire-drawing machines, rods of this material were activated

on the surface with alpha-particles of 52 MeV using the

reaction 184W(a,3n)185Os (t, = 94 d ) . After subsequent

removal of layers of 5 - 25 ym thick, the remainder of

the Os activity (up to 200 um deep) could readily be

measured , thus pointing at the usefulness of this technique

for on-line monitoring of wear.

4.S Project MEA

(G.A. Brinkman, A. Kaan, J.C. Kapteyn, P.W.F. Louw-

riev, A. Schimmel, F.R. Stock, J. Visser, J. Wisse)

In cooperation with the mechanical work-shop, the

accelerator development group and the digital, software and

electronics department,a great deal of work was accomplished

with the aim to be ready for the first beam-test experiments
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expected at the low energy statior in the course of 1977.

4,5.1 Low energy chemistry (LECH) facility

Beam lines

The coordinates for the three beam trajectories have

been determined. The supports for two of them (for pulse-

radiolysis resp. photo-nuclear activation) have been in-

stalled. The components for the magnetic deflection and

beam transport system were ordered. The deflection magnet

and the switch-magnet have been put up; the other magnets

follow early 1977. All parts for the vacuum system are

available already. The main cooling system has been com-

pleted, the automatic control is in a testphase-. The spe-

cifications for beam-monitors were determined, the components

ordered. The system for the overall control of the e -beams

was laid out; the hardware parts - computer, digital con-

trols, power supplies - were ordered and are largely avail-

able already; the software is under development.

Irradiation facilities

The development of the various parts of the experi-

mental stations - Bremsstrahlungs convertors, sweep-magnet,

beam dumps, rabbit systems - is in progress. The specifi-

cations for the data acquisition apparatus were determined,

the computer and digital components ordered.

Laboratory facility

Work benches have been placed,

Experimental program

fume hoods are ordered.

Future experiments were further detailed in keeping

with the proposals.
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5.4.2 High energy ohem-istry (HECH)

Of necessity and for the time being the efforts put

into the end station were subservient to those described

above. A feasibility study was completed, the components for

the magnetic beam-transport system - with power supplies

and control units - were ordered. Proposals have been sub-

mitted to expand the limited laboratory facility already

planned at the HECH-facility to such an extent that it can

house the chemistry department as a whole, so that the

present location can be vacated altogether.
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TECHNICAL DEPARTMENT

5.1 Introduction

'W:
M
Sri

For IKO, 1976 was a turning point in its 30 years1

history. EVA, the 85 MeV linear electron accelerator, was

shut down in January: The operation of the cyclotron was

reduced to one shift. Soon (April 1977) the oldest cyclotron

in Holland, still going strong, will also be shut down

completely. On the other hand, the construction of the new

300 MeV electron accelerator and the instrumentation of

the experimental halls are in progress.

The new buildings: the accelerator vault, modulator hall,

beam switch yard, low-energy experimental halls, electron

scattering hall, pion-muon hall and chemistry hall were

delivered in November. Meanwhile, the injector and the first

two out of twelve modulator stations were installed. In

September, a 20 MeV electron beam was produced by the

injector and the first section of the accelerator. The

operation was reliable and the pulse length of 45 ys

approached the design value of 50 ys rather closely.

Gradually the efforts of the technical teams shift to

the design, construction and installation of the instrumen-

tation for the experimental halls. The EVA-spectrometer was

transferred to the low energy (100 MeV) station. A 5.5 Mf-

contract for the construction of the two 200 tons spectro-

metersystems, to be installed in the electron scattering

hall, was concluded in December. After careful discussions,

a decision was made in favour of the copying of the SIN-

designed muonchannel.

The efforts of the IKO engineers and technicians,

reinforced by the patient and skillful expertise of scientists,

engineers and technicians of other laboratories like CERN,

SLAC, SIN, Saclay and MIT leads to the gradually accepted

conviction that, even with the severe restriction in budgets,
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and manpower, a new challenging era is disclosed with new

possibilities for scientific and technical cooperation,

both on national and international level.

IKO has taken the first and decisive steps on the way

to its conversion into a National Institute for Intermediate

Energy Physics.

5.2 Information processing

The software department has expanded considerably

this year. The activities at the accelerator are reported

elsewhere.

The central computer installations

The greatly increased degree of usage caused very low

response times. Upgrading the memory in the course of 1976

with 128 K words has reduced these times to acceptable

values. The DEC 10/LAB 60 - PDP 11/45 connection becoming

operational has made a lineprinter available in the new

building, which solved one of the problems of the software

department accomodated there.
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S, 3 Cyclotron

(Groupleader: G.

In 1976 only four technicians were involved i n opera-

tion and maintenance of the IKO synchro-cyclotron. No

particular improvements were made to the accelerator .because no

manpower was available for this purpose and also because

the definite shut-down of the cyclotron is planned for

April 1st of 1977.

Apart from one serious RF breakdown the machine operated

reliably in 1976.

The machine-time distribution is listed below

Beta-gamma

Chemical department

Nuclear Physics

Cyclotron development

maintenance

unscheduled shut-down

Total of machine hours

Total of beam hours

Number of irradiated tarqeï

1975

17.4

34.8

1.5

3.7

33.9

8.7

100

2326 h

not recorded

bs 642

1976

1

63.4

0

0.9

25.7

9

100

2173 h

965 h

1093

So 4 Electronics department

(Groupleader: From August 1/9/76 E. Kwakkel)

5.4,1 General electronics

{Group leader: until August 1976 E. Kok)

The greater part of the available manpower (productive

hours) was allocated to the construction of accelerator

equipment. We continued to reduce the activities around the

experimental set-ups. The following table represents an

approximate subdivision of production time:
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2

3

4

5

6

7

8

Subdivision of

production times

modulators 21%

power supplies 10%

control 9%

installation activities

around the accelerator 5%

miscellaneous accelerator

projects 7%

general activities 12%

maintenance 22%

. store keeping 9%

9. experimentation equipment 5%

Mass-production activities at the IKO were reduced during

1976, so that a greater part of the available manpower

could be allocated to the construction of special equipment

and prototypes. In particular the entries 1 and 2 in the

time subdivision table are to be reduced. Negotiations with

several firms will be completed before long. These changes

in resource allocation are expected to result in a greater

involvement of the department in the development of inte-

grating systems such as the "video highway" and timing

systems.

In the years to come we will aspire to pay more attention to

and spend more time on the design and realisation of various

experimental set-ups (table entry 9).

Beside the production activities, maintenance will also

require much attention. Although the required maintenance

has been reduced to a minimum for some time now (in some

instances below an acceptable level), the percentage of time

spent on maintenance is too large if we consider the fact that

only little attention is paid to experimentation equipment

and that only a small part of the accelerator has been

completed. Possibilities to put out to contract maintenance

of standard equipment with outside firms will be investigated.

Even in the case of external production, most of the materials
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will be supplied by IKO, resulting in a strong pressure

on store keeping activities. As a consequence, an increase

of the corresponding entry in the time allocation table

(entry 8) is to be expected.

Closer cooperation with project managers and the

accelerator group resulted in a greater uniformity in e.g.

control devxces for magnet power supplies and a joint

testing programme for the first three months of the coming

year. At the beginning of next year more attention will be

paid to better coordinated long term planning of the

various departments.

The following tables show a survey of equipment produced

by the department:

Miscellaneous

Type of device

PPN, pulse forming network

TSC, transformer shorting

circuit

DMC, digital to modulator

coupler

DMC/TSC, interface

PPS, protecting power

switch

PSU/I, protecting and

switching unit

in behalf of

modulator

pulse transformer

control

control

klystron

power supply

injector control

quantity

60

80

4

4

12

1
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Power supplies

Produced by the department:

Type quantity in behalf of

SLS

PFN

power

bias

supply

1 kV, 1

24V,

A

2A 4

1

stabilising and

leveling systems (PFNs)

starting condition .PFNs

Modified by the department;

Type Type no quantity

Trafo bias

Klystrib foe.

power supply

Filament power

supply

15 litres vac.

pump power

supply

30 litres vac.

pump power

supply

180 litres

vac. pump

power supply

Pressure relay

unit

Solenoid

power supply

Steering coil

power supply

Q. pole power

supply

Solenoid power

supply

nature of modification

HP 6274 B

EMCC 250-10

CAL 1001 T

Varian

529-0062

Varian

929-0062

Varian

929-0066

Varian

929-0047

EMCC

250-10

BOP 36-5M

MST 060-5

E 030-3

15

5

19

6

external control, out-

put current safeguard

3.f. safeguard output

current safeguard

adaptation to P.P.S.

ext. control, status.

ext. control, status,

output current safeguard

ext. control, status,

output current safeguard

safeguard, adaptation

connectors, status,

external control, status

external control, status

external control, status

status.
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Systems.

In aid of the first experiments the first part of the

accelerator is being equipped with a temporary timing

system. The various parts have been completed and will

be installed early next year. The measurements and control

of analogue values near the accelerator are not being

performed yet using the control system. A Camac compatible

system (AMASS) has been developed for this purpose and

the greater part of its realization has been completed.

Installation at the accelerator will take place in the

course of next year.

Testing equipment

The following testing devices were constructed:

TSC device for checking of TSC prints.

BH curve-measuring device for measurements on ferrites.

"Wavo" measurer for measurements on liquid systems.

'í,\'

5.4.2 Digital eleotvonios

(E. Kwakkel until August 1976)

Most of the available time was spent on the control

system of the accelerator and the beam deflection system,

i.e. 80% and 6% respectively.

With regard to "old" equipment hardly any or no maintenance

was performed of digital equipment (unless covered by

maintenance contracts and/or where maintenance could be put

out to contract with manufacturers). Only 4% of the time

was spent on maintenance by the group itself. In reality this

percentage will be higher since a part of the maintenance

has been entered in the books under the heading 'installation'

and the actual operative stage did not begin till much later.

Some time was spent on several experimental set-ups,

particularly during the last three months (10% of the total

available time); this work mainly concerned the experimentation

equipment at the low-energy station for LEF and LECH.
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Equipment produced

For the realization of the control system a number of

standard devices are being used, viz.

an Alpha LSI-2 control computer .

an adaptation unit between the computer and peripheral

devices

a Camac controller, interface between the computer and

the Camac system (via the adaptation unit)

a Dig II processor, interface between the computer and the

modulator (also via the adaptation unit).

The local control computers will be connected to a central

computer via a star-shaped network. The local transmission

units have been developed and a number of these have been

constructed and installed for testing purposes. Up till

now the following systems have been completed to a large extent.

1. A temporary accelerator control system consisting of:

two local computers provided with a Camac system

and a Dig II processor; these are coupled via Camac

modules to a console computer which is provided with a

colour display that had been developed earlier and an

operator console.

2. A system consisting of 3 mini-computers, these are linked

via the (local) transmission units which are to be tested.

Beside the use for testing of the transmission system two

of these machines will in the course of next year be used

for the control of the low-energy beam deflection system and

the storage of experimental data.

3. A control system for the test modulator, consisting of

equipment used in a standard modulator station of the

accelerator.

In addition to the delivery of the afore mentioned standard

components for the control system, a lot of attention will be

paid, particularly early next year, to the central part of the

transmission system and the installation of the central computer

system. Preparatory work for this has started this year.
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A testing device for the adaptation unit and a modulator

simulator were completed for the use in testing and

future maintenance.

5.5. Mechanical department

(Groupleader: H, Akkerman)

In the past period the most important activities of

the group were focused on the design and construction of

MEA and the experimental set-ups.

An illustration of this can ue given by a survey of the

division of worktime:

MEA and the experimental set-ups 84%

Philips Research group 14%

Remaining departments 4%

For a specification of the work we refer to the descriptions

of the different projects.

Generally, it can be noticed that all work was performed in

accordance with the planning. However, to obtain this result,

it was necessary to distribute a part of the work (equivalent

to 20% of our own capacity) over a number of sub-contractors.

For the different kinds of work 7 permanent firms are at our

disposal.

In relation with available space of the department plans were

developed for enlargement and renovation with the. aim to make

it suitable to aspected developments of applied techniques and

demands of the Institute in future.

6.5. Accelerator technology group (GVT)

Because most of the available manpower (20 man) was

involved in MEA installation (65%) only 22% could be devoted

to developments. Operations required 8% and only 5% could be

used for klystron and section testing. (A summary of subjects,

related to several projects is now presented).
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Beam intensity monitors

Toroid monitors have been developed for several beam pipe

diameters, using standardired electronics. Sensitivities

to less then 10 pA peak current and less then 50 ysec rise

time have been obtained and verified by beam tests.

Beam profile monitors

Secundary emission type monitors using thin scanning wires

have been fully developed. Position resolutions of approx.

0,1 mm have been demonstrated.

Position monitors

A travelling-wave type monitor has been developed which is

capable of locating the position of the electron beam within the

range of 0.1 - lmm.' Beam movements of 0.1 mm can be recorded

with peak beam currents as low as 10 yA.

Magnetic field measurements

NMR systems have been repaired and radiation resistant probes

have been fabricated. The development of the EPR system

resulted in an increase is signal output of several orders

of magnitude.

Pulsed magnets

Steering magnets have been completed with a rise time of

100 ysec, using regular electric motor laminations. Pulsed

kicker magnets have been designed for the low and high

energy stations. A prototype is under construction.

Acoustics

Severe acoustical noise of the first modulator oil tank

initiated a continuity program to eliminate audio noise,

where ever possible. Quantities of absorbing materials have

been bought to be used in quick trial set-ups.

Freon

Research on freon resistant materials is continuing. Sealants

and related constructions needed extra attention.
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Water systems

h sump system has been developed and installed for radio-

active water coming from the experimental halls and the

accelerator tunnel. Investigation into reliable, general

purpose flow switches is continuing.

Radiation damage

A continuing market research provided us with radiation

resistant material, e.g. cable and microswitches.

Miovo wave activities

Apart from some section testing very little development

work has been done. The development of the klystron input

phase-shifter is delayed due to excessive power dissipation

in the semi conductor components.
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6. MEA

ff.2. Introduction

K

The MEA activities were mainly concentrated on the

injector beam test program. This involved the successful

completion of the 20 MeV injector linac, consisting of the

HRC injector, one short accelerator section, one modulator

and all the associated equipment and controls. The beam

tests took place in September and October. During the last

months the test equipment was dismantled and preparations

were started for the next mile stone: beam in the low

energy station. Approximately 60 people of the

technical staff were involved in the construction of MEA.

The completion of the buildings and the increasing installa-

tion and testing activities initiated a variety of work for

the operations group.

6.Ü. Design Construction

6.2.1 Agreements with other parties

6.2.1.1 Injector

Although the injector had been tested at the factory

previously, full beam test could only be performed at IKO

in September. At that time a complete modulator became

available to provide r.f. power for the prebuncher and

bunching section. In section 6.3.1. the results will be

discussed. The stability and reproducibility of the injector

beam proved exceptionally good. This will no doubt contribute

to stable linac operations in the future.

6.2.1.2 Accelerators sections and rectangular wave guides

Twenty out of twentyfive sections have been received at

IKO, three of which have now been installed in.the beam center line

following low power r.f. tests and final installation of the
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water manifolds. The first short section successfully

passed beam tests during the injector test period, injection

energies of 19 and 13 MeV can be obtained with 2 MW resp.

1 MW r.f. power. The manufacturer is delivering the sections

on schedule with one exception; the airfreight shipment of

the sections was satisfactory. Comprehensive r.f. low power

measurements showed a slight detuning of the very last

cavity. However, IKO decided to accept this section on the

same terms as all the others. The rectangular wave guide

systems of the first 4 accelerating stations (including

injector) have been installed, leak checked and partly

connected to the cooling water systems.

6.2.1.3 Klystrons

The three klystrons which have been in operation as a

power source for various high power and modulator measure-

ments, could not be tested to demonstrate full power

performance. The test facility was not available for the

required test. As a result shipment of the second batch

of 3 klystrons was postponed.

6.2.1.4 High power r.f. components

The delivery of high r.f. components is continuing

according to the contracts. Up to now IKO has received 12

section terminations, 12 four-port couplers, 11 high power

windows and 10 low power loads. All these components will

need acceptance tests. IKO does have complaints (i.e. about

the surface finish) but in most cases a mutually agreed

solution could be reached with the manufacturer. IKO

required tight specifications which were not always met by

the manufacturers.

6.2.1.5 Power supplies

Modulator power supplies (100 V, 3600 A ) . The power for

the 12 modulators is supplied by two 12 pulse rectifiers. Each
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modulator is buffered by a local filter. Both rectifiers have

now been accepted by IKO,

One rectifier + filter unit has been in operation during the

injector test program. Because 20% of all filtercapacitors

showed oil leakage only 4 filter units have been accepted.

The other 8 units will be reassembled after repair of the

capacitors. The reliability of power supplies required for

beam centre line lenses and for modulator 1 has been proven

during the injector beam test period.

Only the klystron filament supply failed a few times due to

deteriorated transformer oil and an insufficient insulation

of the filament transformer high voltage deck. Because of the

satisfactory operation most of the power supplies for the

last 8 modulatorstations have been ordered.

6.2.2 Made under direct IKO supervision

6.2.2.1 Cooling systems

The cooling systems of the first and third station have

been installed completely, including all the electronics. The

majority of the piping for the second and fourth station has

been completed. Specifications for the remaining stations

have been frozen, therefore'a good delivery schedule could

be negotiated for the delivery of the coolers. Other

components are being ordered. Extensive measurements have

shown:

1. The delicate r.f. components are sufficiently protected

against thermal expansion.

2. After some minor modifications fluid flow could be

adjusted sufficiently.

3. Except for the noise from the pump the acoustic level is

acceptable.

4. Specifications concerning flow and pressure drop given by

manufacturers can seldom be relied upon.

During the injector beam test program the temperature control

system performed very well. The temperature stability of the

water was better than 0.1°C and of the freon the temperature
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stability was better than 1°C. Because of frequent failures

of some integrated circuits a redesign of the electronic

protection system is being considered.

Water systems

Dissolved air is a major cause of unreliable flow

switch performance. Apart from looking for a better flow

indicator, a system to remove the dissolved air has been

installed. It consists of a throttled valve located at a

high temperature point, to create a low pressure spot

where the dissolved air is released, followed by a cyclone

separating the air from the water.

Brazing residues were another cause of the problems. They

could not be removed by chemical cleaning procedures.

Experiments with a backing gas are promising. Brazed joints

in the pipe diameters larger than 2 inches needed other

brazing materials. Fluid packing for pipe diameters larger

than 1^ inches was unsatisfactory.

Freon systems

Freon leakage was caused by the rubber O-ring joints.

Experiments showed that freon dissolved the softener of the

rubber rings. A solution is being discussed. A similar process

was responsible for the failures in the spray-nozzle system.

A different way of construction successfully circumvented

this problem.

Oil systems

Contamination of the oil in the klystron tank was

responsible for several modulator shut downs. Dissolved air

could be reduced to an acceptable level by filling the system

under vacuum. Several precautions are now taken to prevent

contamination by dust and water.
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6*2.2.2 Vaauum

The installation of the accelerator stations 1 and 3

have been completed. Especially the vacuum test of the beam

centerline was time consuming. During the injector beam test

program several vacuum components and constructions were

tested. The flexible couplings with commercially available

aluminium rings showed very good performance.

6.2.2.S Modulator

The construction of the injector modulator was completed

in September. This modulator has been used extensively during

the injector beam test. Although most of the electrical noise

and grounding problems with the prototype modulator has been

solved, similar problems had to be solved because of the

different environment. A major problem was arc-over in the

oil tank, which could finally be traced to a dirty klystron

insulator, caused by a mechanical deficiency in the focussing

coils. The filament current rectifier could not withstand the

high voltage and had to be reconstructed. No time was available

for pulse shape improvements and other component tests.

The station 3 modulator was completed. It includes the changes

resulting from tests with the modulators in the test facility

and station 1. The transformer shorting circuit is being

investigated in order to reduced noise problems. Installation

of the station 4 modulator, partly completed, is delayc-d

because of component shortage. Moreover it was decided to

wait for the results of high power modulator tests on the

other modulators.

6.2.2.4 Mechanical aonstruotions

The major activity was the construction of the injector

beam test system. Several of the installed components were

prototypes. Improved vacuum systems were tested as well as

new mechanical positioning systems. Because pressurized air

is not available all movements are electro-mechanical. The
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following list of items should not be considered complete.

- Construction of 4 modulator cabinets.

- Design and construction of alignment systems.

- Construction and installation of cooling systems.

- Design and construction of beam center line components

such as vacuum parts, beam monitors and pulsed steering

coils.

- A dummy klystron has been constructed to be used during

the installation of the cooling systems.

6.2.2.5 Computer control system

Looal computers.

25 Minicomputers (Alpha-LSI-2) have been selected as local

computers. Depending upon the application they will be

provided with 8 to 32 k memory, one or more CAMAC crates and

controllers and network-coupling interface. The based soft-

ware has been developed. It consists of a real time multi-

task operating system (MTSR), a COLAN interpreter, the alpha

tracer and a collection of control and user routines. Special

attention has been paid to a high interrupt-service rate.

Netwox'k structure.

A star network has been selected. All local machines will be

connected with one central computer. All inter-computer

communication is handled by this central machine. Communication

is based on the transmission of messages of variable length.

To increase the flexibility a virtual addressing system has

been selected.

h'ealisa tion.

Three systems have been realised.

1. Three coupled alpha's as a testing system for communication

hardware.

2. An accelerator control system with 3 alpha's coupled with

40 k Band CAMAC modules.

3. A stand alone system for local control of a modulator

station.
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6.2.2.6 Integration sub systems

Due to modest requirements, only temporary solutions

have been installed during the injector beam test periode.

Most of the final systems are still in the design stage.

A closed circuit television system has been ordered. The

27 MHz intercom system has been installed in the first part

of the building.

Final tests have been performed on a machine protection

system. Unpowered Compton batteries will be mounted near

copper protection collimators. Whenever the beam strikes

a collimator the induced voltage will shut off the electron

gun in less than 5 psec.

6.2.2.7 Alignment

Due to variations in refraction indices of the air,

temperature differences along the accelerator tunnel cause

instabilities in the reference line. Therefore the overall

accuracy of the alignment will be one order of magnitude

lower than had been expected. However, partial accuracy

(from section to section) can be maintained.

The fiducial balls could hardly be used as reference to the

section center line. Due to various mechanical obstructions

the attachment of 'zone-plate' holders to the fiducial

balls was very difficult. A major construction change is

being considered. The low energy kicker-point has been

defined and a coordinate system for the secundary beam lines

has been installed.

The alignment procedures for the drift sections during

construction and installation performed satisfactorily.

6.2.2.8 Safety work

During the injector beam test a temporary safety system

has been in operation. This system worked very satisfactorily

in the previous linac (EVA). It is based on the use of one

key for the concrete filled coors and the operator control
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panel both. The injector hall had been separated from the

accelerator tunnel by a thick wall of concrete blocks.

The radiation level in and around the injector has been

measured with TLD monitors during the testing period. The

levels were very low and outside the protection walls no

increase of the natural background could be measured.

The door-handling system and the personal safety system for

the experimental rooms (LEF, LEBU and LECH) are in a

developmental stage.

The ventilation system of the labs belonging to LECH has been

installed.

A draining system for possible contaminated waste-water is

under construction.

G.3. Opuvationa

6.3.1 Beam operations

In the month of September the tandem combination of the

BUNCHER section and the first accelerator section AOBB was

taken into operation as an electron acelerator. The 400 kV

electron gun was activated and taken into operation by the

designer, manufacturer dr. J. Haimson.

The processing procedure of the 400 kV injector voltage power

supply and the filament proceeded smoothly once the high

voltage Insulated Core Transformer was repaired.

The machine initially ran at 10 Hz and later on at 50 Hz. The

modulator pulse length amounted 50 \isec at 90% of the top value

due to the modulator pulse forming networks. These pulse

forming networks still have a slight voltage discontinuity,

resulting in two areas of about 15 ysec with a fairly good phase

performance (A<j> < + 1.5°). The deflected beam width amounts to

15 ysec whilst the straight ahead beam has a pulse width of

45 ysec at 20 itiA peak.

The operation condition were as follows:
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1
10

50

13

MW

itiA

Hz

MeV

2
10

10

19

MW
mA

Hz
MeV

R,F. peak power

ibeam p e a k

Pulse Rep Rate

Energy

Spectrum better than 1%

beam cross section FWHM 0 0,2 mm

The accumulated beam hours: 175.

The reproducibility and the stability were striking. This

operation period generated a huge list of maintenance

activities in order to improve the equipment e.g. a more

sophisticated procedure for the oil cooling system, removing

the minor parts of iron in the area of the beam center line.

The micro wave equipment of the injector station operated

satisfactorily. Only the high power window in front of

evacuated rectangular wave guide system was affected by

multipactoring effects. Several tests were performed with

peak currents <100yA showing good performance of machine

and monitors at expected operating levels. Various beam

monitors were used: toroid and cavity current monitors,

Faraday cups, TV screens, SEM and cavity position monitors, a

deflection system with slits, protection collimators with

compton detectors. All showed good performance to a large

extent obtained, thanks to extensive tests with the EVA

facility.

6.3.2 Test faoitity for sub-systems

Interference with the injector beam test program caused

serious delay in the reconstruction phase 3. By the end of

the year the facility became available for test purposes.

Several parts for the freon cooling system were tested.

6.3.3 EVA test facility

After termination of experimental operations in 1975 EVA

became available as a test facility. Several micro wave beam

monitors were tested: a travelling wave type position monitor,

a sensitive toroid current monitor for long pulses, SEM beam



--i

- 71 -

position monitors and others.

Radiation damage was studied on components such as micro

switchers, cables, special NMR probes etc. Considerable

time was given to tests for a machine protection system based

on compton batteries mounted close to protection collimators.
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?. NUCLEAR REACTIONS (BOL)

(Groupleader: R. van Dantsig)

7.1. Analysis of nualeav reaction measurements obtained

with the BOL-multideteotor system.

(G.J.F. Blommestijn, R. van üantzig, J.A. Joosten,

J.C. ¡Vaal, Y. Haitsma)

The measurements being analyzed at present have been

obtained with the BOI-system during the period 1970-1973.

system consisted of a spherical scattering chamber with (up

to 64) detection telescopes placed around the target at

fixed positions. Although the acceptance was not more than

10% of 4nf because of rotation symmetry the phase space

acceptance for nuclear reaction products was, ̂ 90% for

singles and T» 60% for two- fold coincidences (main investi-

gations) . So far as the sensitive area of the detection

telescopes (with 1-2° angular resolution and 10° acceptance)

takes a representative sample of the entire 4-dimensional

final state phase space for three-body reactions,the data

can be considered as "4TT"-measurements.

The analysis of these data has to follow unconventional

pathways, some of these have been presented several years

ago (R. van Dantzig et al.)(Analysis of Multidimensional

Nuclear Data (BOL) I; Nucl. Instr. & Meth. 92(1971) 205).

Since then a number of procedures have been developed,

especially designed for dealing with the "4ir"-type event

- ordered as well as the array-structured data representa-

tions. Especially during 1976, several technigues have been

completed or improved and were tested in actual applications

for reactions measured with the BOL-system.

These may be summarized as follows:

- Monte Carlo method for simulating BOL-experiments

according to theoretical predictions (e.g. Faddeev-theory

for three-nucleon reactions).

- Four-dimensional representations of oross-section data

and comparisons between experiment and theory.

- Expansion of event-ordered 4-dimensional data representa-

tions in terms of sets of orthogonal polynomials.
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A publication on these technigues will be submitted to

Nucí. Instr, & Meth. (R. van Dantzig, J,A. Joosten,

G.J.F. Blommestijn, J.C. Waal, Y. Haitsma, R. Mooi?

Analysis (BOL) II),

7.2. Three-nueleon breakup

The data obtained by Wielinga et al. on "a 4-TT type

study of the reaction p(d,pp)n at E d = 26.5 MeV" (Nucl. Phys.

A 261 (1976) 13) at E p = 13,25 MeV and some preliminary

data by Blommestijn et al. have been subjected to further

study. (Internal IKO report: Y, Haitsma, G.J.F. Blommestijn

and R. van Dantzig, KE2, Dec. 1976). The main efforts here

have been:

1) Further investigation of an observed discrepancy for the

13.5 MeV case between the local-potentiai Faddeev calcu-

lations and our experimental data; in particular, the two

dimensional analysis has been extended to a 4-dimensional

one. The largest discrepancy (W 160%) was observed in the

kinematical region: 6* = 45° + 5°,

° °
= 14° + 5°

A<() = 180° + 10°, T 3 = 5.5 + 0.5 MeV.

(G.J.F. Blommestijn et al., to be submitted to Physics

Letters)

2) Comparison in detail of various theoretical predictions

using Faddeev amplitudes calculated by dr. J.A. Tjon

(Utrecht University) in the main discrepancy-region,

both at 13.25 MeV and at 50 MeV. Besides, overall-

comparions have been made in terms of so-called "difference-

spectra" for the theoretical cross-sections, calculated

using a variety of internucleon potentials {Y. Haitsma

et al., to be submitted to Nuovo Cim. Letters).

3) An overall-comparison in 4-dimensional phase-space

(15x15x15x15 grid) after integration over the grid inter-

vals.
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7.3. 3He-induaed reactions on 9Be, 12C, 27Al, 60Nis
 19?Au.

(J.A. Joosten, R. van Dantzig)

An attempt was made to interpret several of the

reactions that have been observed, like ( He, p-d)

dissociation, (3He, p 2 ) , (3He, d), (3He, pt), (3He, dd)

on the basis of a peripheral interaction with the tail of

single-nucleon wave function. This was done using D.W.B.A,

and assuming that the three-body final state may be

approximated by a two-body state during the interactions

with the final nucleus.

?.4. Proton induced reactions on Be.

(J.C. Waal, W.C. Hermans, R. van Dantzig)

As an extension of our earlier work on deuteron induced

reactions (e.g. M.A.A. Sonnemans, J.C. Waal and R. van

Dantzig, Energy Correlations in the Reaction Be(d,tct)4He

at 26.3 MeV, Phys. Rev. Letters 31 (1973) 1359, Lett.

Nuovo Cim. 12 (1975) 597, M.A.A. Sonnemans Ph.D. thesis,

University of Amsterdam) we studied several proton induced
9 8 is

reactions. An extensive analysis of Be(p,d) Be (16.9 MeV)

in terms of D.W.B.A. is in progress.
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8. NUCLEAR SPECTROSCOPE.

(Groupleader; Dr, Ir. J. Konijn)

8.1. Introduction

The activities of the nuclear spectroscopy group have

come nearer to an end in the past year. No new investigations

were started. The existing experimental data have been

evaluated. Regarding theoretical interpretations the group

has very much appreciated a close collaboration with

Prof. L.K. Peter (VU). Other collaborations have been continued

with Drs. M.A.J, de Voigt and J.W.F. Jansen of the K.V.I.

(Groningen) and Prof. J. Vervier and Dr. R. Janssens

(Louvain-la-Neuve).

8.2. Instrumentation

The multiparameter coincidence system coupled to a

PDP-81 (16 k) was completed with the installation of

three identical 8 k ADC's. It has successfully been tested

with experiments on known radioactive sources and the on-

line 93Nb (p,4nY) reaction (see 8.3).

For this experiment the protons were produced with a stochastic

extraction system which enlarged the duty cycle of the

cyclotron from 10% to 50%. This extraction system enabled us

to perform coincidence experiments with five times higher

counting rates than before. Together with the advanced fast

coincidence system it became possible - using a 30 year old

cyclotron just before its shut-down - still to compete with

other groups f having modern types of accelerators available.

The on-line Compton suppression arrangement has been used

for several singles (prompt and delayed) experiments using

normal extraction techniques. The system has been used at
209 —

CERN for on-line experiments using the Bi (ir , xny) . The

off-line Compton suppression arrangement is presently used

by the gamma-ray spectroscopy group at the KVI (Groningen).



- 76 -

H
i''j

íí
90 88

8.3 Level structure of Mo and Mo

(R. Beetz, W.L. Posthumus, J.L. Maarleveld, J.H, van

Dijk, F.W.N, de Boer and J. Konijn)

f'Si Only a few investigations (M. Ishihara, H. Kawakami,

N. Yoshikawa and M. Sakai, Phys. Lett. J35B (1971) 398;

D.H. Youngblood and R.L. Kozub, Nucl. Phys. A192 (1972) 442;

E.J. Kaptein, H.P. Blok, L. Hulstman and J. Bloki Nucl. Phys.

A26Q (1976) 141;.R. Fafigliola, S.C. Gujrathi, B.L. Tracy and

J.K.P. Lea, Can. J. Phys. §2_ (1974) 96) have been performed on
50 8fi

the level structure of Mo. No levels in Mo' have been re-

ported so far. At IKO singles experiments have been continued
Q O

on the prompt -y-ray spectrum following the Nb(p,xnv) and
92

Mo(p,p'xnY) reactions using the Compton suppression spectro-

meter. With a 55 MeV proton beam of the KVI (Groningen) we

have performed y-y-time coincidence measurements of y-rays
92

for the Mo(p,p'xny) reaction. For this experiment two 9% and

15% Ge(Li) detectors were used. The analysis of the data is in

progress.

8.4. Level structure of 70Ge, 84Sr and 96Zr

(W.L. Posthumus, J. Konijn)

84
The analysis of the decay data of As and Y and the

Sr (ct,2n) on-line work has been continued.

8.5. Properties of levels in 156,

•j r f\

8.5.1 Multipolarities of prompt transitions in Uy

and spin parities of the upper band levels

(F.ii/.N. de Boer, P. Koldewijn, R. Beetz,

J.L. Maarleveld, J. Konijn in collaboration with

R. Janssens and J. Vervier (Inst, de Phys.

Corpusculaive, Louvain-la-Neuve)

Abstract: The prompt gamma-ray and conversion-electron

spectra following the 1 5 9Tb (p,4n)156Dy and 156Gd(a,4n)156Dy
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reactions have been measured with respectively a Ge(Li)-

Nal(Tl) Compton suppression device and a mini-orange

spectrometer. The deduced level scheme of the nucleus J Dy

includes: the members of the yrast and yrare bands up to

20 +; of the gamma-band up to 11 or maybe 12 ; of a negative-

parity band up to 11 or maybe 13 ; and of a positive-

parity band with spins 4+, 6 , 8 , 10 and maybe 2 with

tentative K=0 character. The latter two bands are compared

with the predictions of the currently-considered nuclear

models: the negative parity-band is described as an aligned-

octupole band while the positive parity-band may possibly

represent the low spin extension of the superband responsible

for backbending in the beta- and groundstate bands in this

nucleus.

8.5.2 Evidence for crossing of negative parity bands

in even-even nuclei around A - 150

(F.W.N. de Boer, P. Koldewijn, R. Beetz and J. Konijn

in collaboration with L.K. Peker (Free University 3

Amsterdam))

Level energies of negative parity yrast bands (NPB)

have been studied with a recently proposed, sensitive method.

The irregular behaviour of the NPB's in the N=88 nuclei

around spin 9-11 and the smooth behaviour in Dy (up to
_ 2 38 —

13 ) and U (up to 19 ) support calculations by Vogel,

where NPB's are described as aligned octupole bands up to a

critical spin where intersection with two-quasiparticle

bands takes place.
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8.5.3 Aligned rotation of ootupole vibrational states in

deformed nuclei

(J. Konijn, F.W.N, de Boer, P. Koldewijn in collaboration

with L.K. Peker (Free University, Amsterdam))

Analysis of level energies in aligned octupole bands

in even-even deformed nuclei using the VMI-model expressed

in terms of the rotational angular momentum R, shows that

almost complete alignment is reached at low spin values.

It is shown that the alignment is almost spin independent.

Using the groundstate band VMI-parameters only, a renormali-

zation of the alignment parameter <J > is enough to repro-

duce the level energies of the NPB's,

8.5.4 An anomalous behaviour of the y-vibrational band

in Dy

(F.W.N, de Boer, R. Beetz, J.L. Maarleveld and

J. Konijn in collaboration with L.K. Pekr.r (Free

University, Amsterdam))

Analysis of an anomalous behaviour of the gamma-band

in Dy gives evidence for the interference of Coriolis

(AK=1) and rotation-vibration (AK=2) coupling. The demonstra-

tion of such a new type of Coriolis coupling effect is impor-

tant for the explanation of the non-adiabaticity of all

gamma-vibrational bands.

8.5.5 On the nature of the snperbands in 166Dy

(F.W.N. de Boer and J. Konijn in collaboration with

L.K. Peker (Free University, Amsterdam))

Abstract: We have found arguments indicating that the

superbands responsible for the backbending in 156Dy and other

N = 80 and N = 88 nuclei have the same internal structure; i.e.

they are aligned nf1 13/2)2 bands. In contradiction to earlier

suggestions (Y. El-Masri et. al., Z. Physik A274 (1974) 1;

Y. El-Masri et al., Nucí. Phys. A278 (1976) 133) we propose
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that the recently established positive parity band (F.W.N. de

Boer et al., to be published) with 2 + up to 1O+ level does not

constitute the low spin extension of the superband but origi-

nates from a second minimum in the deformation energy surface

or from pairing vibration.

8.6 Ml admixtures in aolleotive E2 transitions; a uniform

rule for the sign and magnitude of &(E2/M1) and

X(E0/E2)

(P. KolJewijn)

The applicability of rotational relationships to B(E2)

ratios of transitions depopulating K = 2 (y) and 0 (ß) bands

in even-even deformed nuclei has been questioned, since in-

clusion of mixing between ground state-, y- and ß-bands in

first order perturbation theory did not yield consistent re-

sults, whereas an alternative suggestion - large Ml admixtures

in AI = 0 transitions - was contradicted by experiments which

showed that these admixtures are mostly small (J.H. Hamilton,

Izv. AN SSSR _36. (1972) 17) . At the same time a very systematic

behaviour was observed for Lhe phase of the mixing ratio

6(E2/M1), negative for y~bands, positive for ß-bands with a

few noted exceptions (K.S. Krane, Phys. Rev. Cíí (1973) 1494).

It hadn't been recognized so far that this points to a unique

sign rule for the reduced Ml (emission-) matrix elements.

These Ml transitions are in first order forbidden but may

arise from band mixing. Using an "exact" parametrization of

the admixed wave functions we could show that the AK = 0,2

interaction itself only gives one (minor) contribution to the

B(M1) - in contradiction to Krane 's assumption - and mainly

causes a redistribution of the total B(M1) of which the true

origin may lie in dmall K = 1 admixtures in initial and final

states. From a simultaneous analysis of B(E2), B(M1) and B(E0)

values we obtained the following conclusions for the lowest

excited bands:

i) The "unperturbed" Ml matrix elements are inversely propor-
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tional to the intrinsic <0|M'(E2,-K|K> ones and have as

a rule an opposite sign,

ii) A similar comparison of E0- and E2-matrix elements reveals

a clear linear relationship, which seems to be valid for

all K = 0 bands.

In addition to the above mentioned "exact" parametrization,

these uniform rules bear significance on previous assumptions

concerning the phenomenoiogical analysis of empirical branch-

ing ratios, but also on the theoretical calculations which

- if successful - should reproduce the trends.

8. ? 236 UThe odd~parity level at 687.59 keV in

(Aaoepted for publication in Z. Physik)

(y.L. Posthumus, J.L. Maarleveld, H.P. Geerke,

J. Konijn, in collaboration with K.E.G. Löbner

(Universität München))

Abstract: The spin-parity of the 687.59 keV level in

U populated in the decay of Np is determined to be 2

in disagreement with recent 1 assignments from reaction

data, but in accordance with previous radioactive 236 Np decay

studies. The 6 87 keV ground state transition is shown to have

a pure M2 character. The 642 keV 2~ •+ 2 + transition has

E1:M2:E3 mixing ratios of 64:30:6. The half-life of the 2~

state is 3.78 ± 0.09 ns, The hindrance factor of the El-part

fits an El transition with AK = 2, the M2-part has the same

transition rate as the M2 transitions in the neighbouring

Np nucleus and the E3-part is enhanced by two orders of

magnitude relative to the Weisskopf estimate. The data are

compared to analogous transitions in the rare earth region.
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