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PREFACE

It is customary to summarize in an introduction some of the high-

lights of the work performed over the past year as an appetizer for the

reader. There are two reasons, however, to begin this report differently.

The sudden death of dr. Bob Schutten on March 10th, caused by a

car accident, came as a great shock to all of us. During more than ten

years dr. Schutten has been technical assistent director and technical-

managing director of the former IKO, now part of NIKHEF; the last two years

he was the managing director of the entire NIKHEF. He has been greatly in-

volved in guiding the construction of the linear accelerator MEA. His tech-

nical and managing capabilities have to a large extent contributed to the

successful completion of MEA. In the past few years he has managed to shape

NIKHEF to what it presently is. We owe him a lot and we miss him badly.

In January 1983, professor dr. Aaldert H. Wapstra handed over the

reigns to me. Since 1970 he has been the director and as of 1975 the scien-

tific director of IKO, later section Nuclear Physics of NIKHEF. Until the

mid-seventies he has supervised the physics and chemistry research programme

at the cyclotron and the 85 MeV linac EVA. Under the directorate of profes-

sor Wapstra the plans for a new 500 Mev electron linac took shape, resulting

in the construction and completion of an up-to-date facility for intermedia-

te-energy physics and radiochemicai research. He has guided the institute

through a number of difficult years of building new apparatus and reshaping

the scientific programme.

The past year (July 1982 - June 1983) may be characterized as that

in which the originally planned facility for intermediate-energy physics was

completed. In November 1982 the first pions and muons from two dedicated

magnetic channels, designed and constructed as a joint effort of the former

IKO and of the Free University at Amsterdam (now partners of NIKHEF), were

detected. Since then not only a number of tests but also some experiments,

notably on pionic atoms, have been performed. From these measurements the

strong-interaction shifts and widths of the 3d state in pionic Pt and Au

have been found to differ by almost a factor of two from those calculated

with the standard optical potential. The pion-muon facility is equipped

with a number of multiple detector systems.

The number of electron-scattering experiments being carried out

has been greatly increased. The single-arm work was focussed on ground-state



magnetization density measurements ( F9 Ti) with the dedicated 180°

scattering set-up for incident energies Oess than 140: MeV, and on extensive

tests of nuclear models, certain aspects of M1 transitions and high-spin

stretched configurations in the 500 MeV end station. For the even Pd iso-

topes, for instance, it was found that the IBA boson-structure functions

deduced from the measured transition densities to first-excited 2 states

correctly describe those for other 2 states. The study of an 1-forbidden
39Ml transition in K revealed effects of core polarization and meson-ex-

208
change currents. Measurements on Pb yielded evidence for the 5.85 MeV M1

transition in Pb to be of isoscalar nature. Coincidence experiments,

which benefit from the high missing-mass resolution, were performed on

several nuclei throughout the periodic table to explore deep-hole states,
3 h

and on few-nucleon systems with a ' He liquid target. This target has

been designed and constructed at the University of Technology at Delft.

It is also worth mentioning that (y,ir ) experiments have become feasible

after the installation of an electron-background suppression system in the

hadron spectrometer.

The theory group, strengthened by three guests from abroad, has

among others concentrated its work on photonuclear reactions and pion-

nucleus interactions in the framework of A-hole excitations, on RPA calcu-

lations of transition charge and current densities and on relativistic

effects in Coulomb sum rules.

The study of hot-atom reactions has also this year been one of

the main topics of the radiochemistry work. The attention has been shifted

from reactions with monovalent towards those with polyvalent atoms, al-
3

though muonium-addition has also been studied in connection with H-reac-

tion work. Radiation-chemistry research, which is tied in with hot-atom

work has been performed on some carbon-chlorine compounds and ethylene

diamine tetra acetate, the latter in connection with previous pulse-

radiolysis experiments. We also mention the successful operation of a

Ne gas target at the Free University cyclotron for routine production of
1 g

F for medical applications.

The accelerator MEA has produced beam for about 4800 hours in

the past year. About 15 % was used for accelerator development, che rest

for experiments. The actual data-taking efficiency, however, has only been

45 %. At present MEA can deliver beams of electrons with a maximum energy

of 400 MeV at a 2 % duty factor with target currents of up to 100 yA.
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Still six out of the twelve modulator-klystron stations have to be up-

graded from 2 to k MW r.f. power. Technical progress has been substantial.

Not only has the reliability of MEA operation been improved, but also the

use of beam-line systems, experimental equipment and computers has been

facilitated considerably.

An important contriubtion has been made to the Dutch photon

beam line for synchrotron radiation at Daresbury (UK) and other work for

third parties.

We are very pleased with the national and international colla-

borations that have been effectuated. Physicists and technicians from the

Free University at Amsterdam, the University of Technology at Delft and

the state universities at Utrecht and Groningen prepare and perform their

experiments at our institute. Guest groups from Canada, France, the FRG,

the UK and the USA work at MEA together with their Dutch colleagues, while

also NIKHEF staff is involved in experiments elsewhere.

Amsterdam, October 1983 Ger van Middelkoop

(scientific director)
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ELECTRON SCATTERING

(Groupleader: C. de Vries)

1.1 Introduction

Over the past year the number of electron scattering experiments

being performed has greatly increased. Although in Itself a good omen, it

has also imposed some problems. The overall available time for data taking

has so far been around 50 % of the scheduled time. The reliability of the

facility is steadily being improved to reach some 70 % (or more) efficien-

cy.

In preceding annual reports the instrumentation available for nu-

clear physics experiments in the intermediate 140 MeV station (dedicated to

180 scattering measurements) and the 500 MeV end station with the high-re-

solution QDD and QDQ. spectrometers, was extensively described. The present

report is focussed on experiments and their (preliminary) results.

The 180 scattering experiments to determine the ground-state
19 *»9magnetization densities for F and Ti are almost completed. In the 500

MeV end station a large variety of experiments has been carried out. A

couple of them concern Ph.D.-work,the others are based on proposals re-

viewed by the Program Advisory Commission and accepted in the programme

(see section 1.7)- Although the emphasis is still on single-arm (e,e') ex-

periments, considering the number of subjects, there is an increasing at-

tention for coincidence work. Among the single-arm work, which has been

performed with a resolution of better than 3 x 10 and sometimes better

-k

than 10 , we mention extensive tests of nuclear models, the study of cer-

tain aspects of M1 transitions and high-spin states. The coincidence work
3 kwas directed towards on the one hand few nucleon systems with the He

Hquid target and on the other hand an exploratory study of deep-hole

states throughout the periodic table. A start has been made with (Y,TT) ex-

periments after the successful implementation of an electron-background

suppression system involving a Cerenkov aerogel counter in the detector

array of the QDQ spectrometer.

The usefulness of the facility for high precision (e,e') and

(e.e'p) work attracted world-wide interest resulting in a variety of pro-

posals and in triggering work to further upgrade the facility for chal-

lenging experiments such as (e,e'iT ' ) .

The collaboration with other Dutch institutes has increased.
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Cryogenic targets design and construction have been carried out by the

University of Technology at Delft, several scientists from Groningen (KVI)

and Delft have participated in the experimental programme and theoretical

collaboration with KVI, Groningen, the University of Utrecht and the Free

University at Amsterdam steadily grows.

During the past year several publications describing the design,

construction and performance of the instrumentation have been submitted

for publication. Scientific results have been reported at several confe-

rences and are being prepared for publication.

1.2 Single-arm electron scattering experiments

A variety of experiments has been carried out. Nuclear-structure

studies with emphasis on model tests were performed on Mg, Ni and Ti

(shell model and collective aspects) and on Pd and Pt (interact-

ing-boson model). Magnetization distributions were obtained for the ground
19 49 o

states of F and Ti from 180 electron scattering. Magnetic dipole tran-
OQ DO

sitions were investigated in K (1-forbidden M1), Sr (A contribution ?)
?(l8

and Pb (influence of the tensor force). High-spin stretched configura-

tions in Cr and Sn were studied in conjunction with ( He,d) and other

hadron-react ion work. A first attempt to detect two-step processes in 0

(0 -> 0 transition) was made.

1.2.1 Nuclear structure and models

(i) States in 2 6Mg and 58Ni

(H. de Vries; H. Blok, H.P. Blok, J.F.A. van Hienen and G. van

der Steenhoven (VU) in collaboration with Northwestern Universi-

ty and MIT)

26
The primary purpose of the Mg experiment is to provide high-

precison data which can be used in conjunction with proton scattering data

to obtain proton and neutron transition densities for the 0 , 2 and 4

states. Furthermore there is special interest in the 3 levels and the i-

dentification of the 2 and h members of the beta-vibrational band.

Twelve spectra have been obtained at forward angles in the mo-

mentum-transfer range q = 0.36 - 1.86 fm with a resolution of better

than 1.2 x 10 . A typical spectrum is shown in fig. 1.1. The resulting

+ + +
form factors for the 0 , 2 and k levels up to an excitation energy of
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26
F ig . 1.1 Spectrum fo r Mg at E = 266 MeV and 6 = 76°.

6 MeV are compared with shell-model calculations . The 2 and k states

are reasonably well reproduced (see fig. 1.2), but the 0 states cannot be

described by the present calculations. Since still higher values of q are

necessary to obtain reliable transition densities, so far only reduced

transition probabilities B(EL) were extracted by means of a DWBA-fit with

the Tassie Model. The results were combined with those obtained from pro-

ton scattering to obtain values for the proton and neutron reduced matrix

elements. The shell model predicts an inversion of the isovector characte-

ristics for the two 2 as well as the k states. The reduced matrix ele-

ments only show such an inversion for the 2 states.

Fig. 1.2 Shell model cal-

culations for the 4_ state

at 4.9003 MeV compared with

the data.

Harmonic oscillator

wave functions

Woods-Saxon wave

function



58For the investigation of excited states in Ni in this period

three forward angle and three ^5ko spectra were taken. Form factors for

levels up to 6 MeV excitation energy and q between 0.55 and 1.88 fm were

extracted. The good resolution (12 - 30 keV, FWHM) allows to resolve several

multipi ets and opens perspectives for the study of many unknown levels.

At backward angles the known 3 states were observed but not the
+ 58

1 states. This may be explained by strong pairing correlations in the Ni

ground state. The first-excited 0 state seems to exhibit single-particle

character, whereas the second one can be qualitatively described in terms

of a collective surface vibration; see fig. 1.3. Shell-model and broken-

pair calculations are in progress.

Fig. 1.3 Form factors for the first
+ 58and second excited 0 states of Ni.

Fits with single particle (s.p.) and

collective surface vibration (coll.)

wave functions are also shown.

The suggestion from high energy (p,p') scattering results, that

the 5-39 MeV level is the tsovector counterpart of the isoscalar 5.128 MeV

6 state is not confirmed by the data: the expected strong transverse

contribution was not observed (i.e. is at least an order of magnitude too

low).
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(ii) Inelastic electron scattering from Ti

(A.M. Selig, P.K.A. de Witt Huberts)

The aim of the Ti experiment is mainly to study correlations

between (E2,M3), (E4,M5) operator pairs. A systematic survey of excited mag-
2

netic strength is being performed. The excitation of the (1f7._) multiplet

J = 0 ,2 ,4 (6 ) has been investigated. Combining electric and magnetic

strengths as observed in the spectra enables one to test correlations be-

tween EL and M(L+1) excitation strenghts as predicted in schematic models

In addition shell-model calculations are in progress (by Glaudemans et al.,

Utrecht) with 1p-1h and 2p-2h configurations, to provide the basis wave

functions. Calculations are also carried out in the framework of core-pola-

rization theory (by Suzuki et al., Tokyo).

Electric excitations. High-resolution (= 25 keV FWHM) spectra at

forward scattering angles were taken in the range of effective momentum
" I TT

transfer q ,, = 0.5 - 1-9 fm . Form factors were determined for the J =

0., 2 , 4-, (6.) states (0f 7/ 2) multiplet). These are being compared with

the results of shell-model calculations in the (1f,2p) valence space with

one and two particles outside the 1 f7 ,~ orbit.

Magnetic excitations. At E = 8.56 MeV a J = 1 level has been

identified from low-energy (E < 58 MeV) electron scattering work . The

experimental form factor is known up to q ff = 0.68 fm (just beyond the
ett «

first maximum); it yields an M1 strength of B(M1) = 0.9 yN» From 1p-1h con-

figuration shell-model calculations the Ml strength is predicted between 7
2

and 8 MeV excitation energy with B(M1) = 2.6 y,,. For 2p-2h configurations
2

one finds a strength of B(M1) = 1.2 yM between E = 8.5 and 8.7 MeV. This

shows the importance of including 2p-2h configurations in the calculation.

To further study the form factor behaviour of this level, data at q

1.15 and 1.37 fm were taken. From these data the transverse strength was

found at E = 8.56 ± 0.01 MeV. The Ml character has still to be proven.

By Rosenbluth separation, transverse strength was also observed

at E = 4.892 ± 0.006 MeV for six q ff-values between 0.80 and 1.55 fm" .

The present experimental form factor has a shape corresponding to a single-
Aq rn

particle (if-,» -»• 2p,.„) M5 transition. From the Ti(n,y) Ti reaction

a level with J* - 5 + has been identified at 4.895 ± 0.002 MeV 5^. We ten-

tatively conclude that this 5 level is the same one as presently observed

in the (e,e') reaction.



H (iii) Electron scattering off 1 0 ^ ' 1 1 0 p d and
 19i*pt

(A.J.C. Burghardt, C.W. de Jager. J.B. van der Laan, H. de Vries

in collaboration with KVI, Groningen)

In the framework of an. extensive test of the interacting boson

approximation (IBA) the experiment on the even Pd was continued.

Spectra with a resolution of 8 x 10 were-taken at 3^5 and 368 MeV, ex-
-1 12

panding the covered momentum range up to 2.5 fm . Calibration runs on C

were done for the normalization of the elastic charge scattering.

Transition densities were determined model-independently for

several low-lying 2 and k states of all isotopes. By utilizing IBA-matrix

elements, boson structure functions a(r) and 3(r) were extracted from these

densities. Their radial behaviour is qualitatively as expected. Form-factor

predictions from these structure functions, moreover, are in agreement with

the experimental results for another 2 state (see fig. 1.4). The observed

two k states in each isotope have the same form-factor behaviour, also in

agreement with IBA predictions.

r l I i I I I I I I I I I I I I I I I I I I I I T ^

10
-2

i. /
I

i
I

«V,
oo

E 10 =

£ F'
•i

i o 5 1

10-
6

\i
\

1 1 1 1 1 1 1 1 1

110

2+ (U7MeV)

\
\ i

\ :

i i i i i i i

1 2
°ieff

\/\ n

Fig. 1 .A Form-factor data for the 2 state at 1.*»7 MeV in Pd compared to

the IBA predict ion, extracted from the 2. , data.

•I?1



The densities of the first two 2 states were also used to fit the ;•'•".

parameters a„ and 8 2 of the anharmonic vibrator model. The result demon- ;:

strates the failure of the model in describing dynamical properties of nu- y '.,
b—

clei over a large q-range, at least for the Pd isotopes. Values for a* and :-

B„ from literature give a fairly accurate description of the form factor f ;

at the first maximum, but fail dramatically above the first diffraction mi-

nimum.

Longitudinal form-factor data for Pt are now available in a -;

range of q = 0.4 - 2.5 fm . Although approximately 20 levels were observed

up to an excitation energy of 3 MeV, the analysis is initially concentrated

on the 2J (at 0.356 MeV) and the first three 4 + states (at 0.877, 1.293 and

1.384 MeV). The excitation of the 2„ state (at 0.689 MeV) appears too weak r.

to be observed even at large q-values. Transition-charge densities have been •

extracted from the form-factor data with the use of a Fourier-Bessel ana- j.'l

+ I
lysis. In the IBA the excitation of different 4 states should be identical. |

Although the shapes of the transition-charge densities of the 4 states are ^

only slightly different, the B(E4) values scatter quite strongly. ;;-
19 49

1.2.2 Magnetic scattering from the ground states of F and Ti

(L. Lapikas, G. van Middelkoop, A.M. Seiig and P.K.A. de Witt

Huberts; A.J.H. Donné and L. de Vries (VU))

19 49Measurements on the ground states of F and Ti were performed

in the low-energy station (E 5 140 MeV), presently exclusively dedicated

to 180 scattering experiments. For F also some data were taken at higher <

energies in the 500 MeV end station. >.;••'••'

The magnetic elastic cross section of F was measured at 180 |«?

in the energy range 40 - 120 MeV. The targets used were crystalline LiF with
2

thicknesses of about 100 mg/cm . The effective scattering angle was deter-

mined from the simultaneously measured ground-state charge scattering from r£-
1 2 2 4 '''•'

C and Mg. By means of a peak-fitting procedure it was possible to un-

fold the elastic peak from the nearby inelastic peak due to the 5/2 level
19 7

at 197 keV in F. Scattering from the ground-state doublet of Li (sepa-
1 q

rated by recoil from F) was used for calibration pruposes. Shell-model

predictions are in reasonably good agreement with our preliminary mag- :

netic ground-state cross sections (see fig..1.5). The results for the 5/2 in-

state agree nicely with preliminary data from Williamson et al. (MIT).
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Fig. 1.5 The magnetic ground-state
19

form factor of F is displayed to-

gether with the full sd-shell model

calculation by Brown et al. .Also

given are some unpublished data

points measured by C.F. Williamson

(MIT). The background level is indi-

cated-

As an extension to the 180 meas'Jrements, we have performed slas-
19

tic magnetic scattering measurements on F Jn the 500 MeV station at ener-

gies of 180, 200 and 230 MeV. The targets used here were CF_ (teflon) with
o

thicknesses of about kO mg/cm . The purpose of these 'high'-energy measure-
19 -1

ments is to extend tha magnetic form factor of F up to 2.5 - 3 fm to
allow a model-indepenaent Fourier-Bessel analysis.

Preliminary cross section data have been determined for magnetic
ir 49

scattering from the J = 7/2 ground state of Ti. The deduced form factor

is shown in fig. 1.6. The strength is considerably lower than that calcula-

ted for a single 1f7/2 neutron configuration.

Calculations including core polarization (CP) and effects of

meson exchange currents', have'been performed recently by Suzuki (Tokyo).

Two different types of p-h residual interactions have been used: the Rosen-

feld mixture (RM) and the Michigan 3-range Yukawa (M3Y). Neither of the cal-

culations are able to reproduce the data. Since the M3 and M5 multipoles

contribute dominantly to our data, apparently the M3 component is too

strongly quenched in the calculations.
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Fig. 1.6 Experimental data (pre-

sent work and those from S.K.

Platchkov et al., Phys. Rev. £25

(1982) 2318) compared with the

If.,,- S-P- prediction(dashed curve)

and c.p. calculations with the RM

interaction (dotted curve) as well

as with the M3Y interaction (heavy

solid curve). The separate multi-

poles for the M3Y interaction are

also shown (thin solid curves).

1.2.3 Magnetic dipole transitions

Three M1 transitions have been investigated in detail with dif-

ferent objectives. Effects of core polarization and meson exchange currents
39

were studied for the 1-forbidden 1d,/2 " ̂
si/2 t r a n s'tion in K. Additional

form-factor measurements were performed on the 3.^8 MeV Ml excitation in
88

Sr in connection with possible A-hole contributions. Finally, experiments

have begun on the M1 excitation to a level at 5.85 MeV in Pb to check the

influence of the tensor force.

(I)

-1

39
An 1-forbidden M1-transition in K

(C.W. de Jager, P.H.M. Keizer, E.A.J.M. Offermann)

The experiment was completed with transverse data for q = 0.7 -

1.5 fin '• In fig. 1.7 a comparison of the complete set of transverse form-

factor data with the result of a recent calculation by Suzuki

The effect of the inclusion of core polarization and meson-exchange-current

corrections is indicated. The full calculation is in reasonable agreement

with the form-factor data, although in the second maximum it overestimates



10

1 d 3 / - 2 s ^ (2.527 MeV)

0 1 2 3
qeff(fm-1)

Fig. 1.7 Four different calculations

(PWBA) of the M1+E2 form factor are

shown. Each consists of a single par-

ticle model with harmonic oscillator

wave functions (\i-1 .$ fm) , including

different contributions from core po-

larization and meson exchange

currents effects.

a

'en

8
LJ.

O , -

39 K

1d 3 / 2 -2s 1 / 2 (2.527 MeV).

0 1 2
qeff (fm"

1)

Fig. 1«8- The three curves are C2 form

factors given by the single-particle

model with harmonic oscillator wave

functions including different kinds

of core polarization. The oscillator

parameter b is fixed at 1.9 fm.

those by about 25 %. In fig. 1.8 the longitudinal data are compared to older

calculations . In this case the calculation fails severely in the second

form-factor maximum.

(ii) Electro-excitation of 1 state» in and 2 0 8Pb

(P.K.A. de Witt Huberts; H. Blok, H.P. Blok, R. Ent and L.T. van

der Bijl (VU) in collaboration with Technische Hochschule Darm-

stadt and University of New Hampshire)

Magnetic transitions in nuclei, especially M1 transitions, have

recently received great attention because of a possible contribution of the

A(1232)-isobar to the observed reduction of the strengths of such transi-

tions . The 1 state at 3.*»8 MeV excitation energy in Sr is an excellent

case, as it is well isolated from other states and its nuclear structure is

rather simple (an almost pure proton 2p , ,_ 2p, ._ state). Data have been

obtained at Darmstadt and at MIT.

At NIKHEF-K four measurements were performed at 6 = °



11

E = 70, 81.5, 93.5 and 106 MeV, covering the important region q = 0.7 -
- 1 '•

1.1 fm , where large discrepancies between measured and calculated form •,

f a c t o r s w e r e s u g g e s t e d by the Darmstadt and (low s t a t i s t i c s ) M I T da t a . A l - '{

though the form factor turns out to be rather small in this region, data \

with acceptable error bars could be determined by collecting a large number

of counts in the radiation tail and by stepping the detector position to

average variations in channel efficiencies of the detector. The new data

points combined with the other data suggest a small secondary maximum in the

form factor near q = 0.8 fm , which as yet can not be explained by even ad-

vanced model calculations (including nucleon-hole core polarization and A-

hole polarization).

The occurrence of a 1 state =3t an energy as low as 5.8^5 MeV in '

Pb has been a great surprise as all calculations before 1980 predicted

all 1 states to lie above 7 MeV excitation energy. Calculations by Wambach

et al. , which include a tensor force, were the first to predict a low-

lying 1 state, which subsequently has been observed both in gamma-ray fluo-

rescence measurements at Giessen and in low q (e,e') scattering at •

Darmstadt. As this state is of vital importance for model calculations, es-

pecially with respect to the influence of the tensor force, the form factor

of this state should be investigated. So far two spectra at E = 7 7 and 99

MeV and at 6 = 15̂ * with about half the required statistics have been ob-

tained. The resolution was about 23 keV (FWHM), which together with a low

background level should make the determination of the 1 form factor feasi-

ble.

1.2.^ High-spin stretched configurations V.-

(C.W. de Jager and H. de Vries; R. Ent and J.F.A. van Hienen (VU)

in collaboration with Argonne National Laboratory, University of 3;

Birmingham, Catholic University, National Bureau of Standards, ;

University of Massachusetts and KVI, Groningen)

In connection with the study of 8 states by ir~ scattering at
51 "i 52 -

LAMPF, proton transfer via the V( He,d) Cr reaction to 8 states at the

Free University (Amsterdam) and a Cr(d, He) V experiment at E, = 23 MeV,

electron scattering experiments were started to investigate in detail the r

- 52 '"
form factors for 8 stretched configurations in Cr. This experiment should
yield a unique identification of the 8 states.
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In recent years several studies of high-spin stretched configura-

tions have been performed with both electrons and hadrons. These magnetic

transitions involve p-h excitations in which a nucleon is promoted from the

maximum j-state in a certain shell to the highest j-state in the next shell

with the angular momentum coupled to the maximum value, e.g. (1f~} ,
i99/2^8~' A l t n o u9h the data are qualitatively well described by theoretical

models, there is a consistent discrepancy in the strength of the excita-

tions; the experimental strength is always weaker than predicted.

So far two spectra have been taken for electrons scattered

through 15^ from a natural Cr target, together with one calibration run on

Fe (for which the 8 states are known).In fig. 1.9 a spectrum taken at

200 MeV is shown. The corresponding q-value of 2 fm is close to the ex-

pected form factor maximum for an M8 excitation. Several candidates for the

8" states are visible (9.8 MeV, 14.2 MeV, H.7 and 15.7 MeV).

¥-

10 15 20
Exitation Energy (MeV)

Fig. 1.9 Energy spectrum of 199.6 MeV electrons scattered

off 52Cr through 152»0.

A coordinated search for stretched spin states in Sn is in

progress. A Sn(p,p') Sn experiments was performed at Indiana with

135 MeV polarized protons. At the KVI (Groningen) the reactions
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115ln(ct,t)1i6Sn and l15ln(3He,d)1i6Sn were studied at 65 and 50 MeV,respec-

tively. A proposal for a Sn(e,e') study was approved at NIKHEF.

One spectrum has been measured at 260 MeV and 15^ • We clearly

observe the candidates for stretched excitations observed in the other three

reactions studied. Neutron excitations are expected at 2.909 (7 ), 3-228 (8 ),

3-552 (9~) and 2.5^7 MeV (10+). The three candidates for proton excitations

at *t.90, 5.90 and 6.32 MeV were also clearly observed.

1.2.5 Dispersive effects in electron scattering

(C.W. de Jager and H„ de Vries in collaboration with Institut für

Kernphysik, Mainz)

The search for two-step processes in the 0 -• 0 transition in

0 was continued by taking three spectra at 250 MeV and 90°, 112° and

\k0°. So far a resolution of only 90 keV (FWHM) was obtained, roughly twice

the expected value. In search of an explanation for this effect, it was

found that the thickness of the waterfall target as seen by the vertically

dispersed beam was not constant and the angular resolution A<J> turned out

to be only 8 mrad instead of 5 mrad.

1.3 Coincident (e,e'X) experiments

The study of few nucleon systems with the emphasis on high-

momentum components (up to p„ = 500 MeV/c) has been started after the liquid

helium target had been completed by the cryogenic group at the University of

Technology, Delft (see section 5). Coincident (e,e'p) and (e,e'd) experiments

have begun.

The experiments on valence and deep-hole states by coincident

(e,e'p) work were continued.

1.3-1 Study of high-momentum components in He ground state with the

(e,e'p) and (e,e'd) reactions

(E. Jans, P.H.M. Keizer, L. Prins, E. Quint, P.K.A. de Witt

Huberts in collaboration with TH-Delft)

It is generally believed that the presence of high-momentum

components plays an important role in the description of the electromagnetic

properties of He. Recently two experiments were performed to probe these
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properties: a single-arm (e,e1) experiment at h!gh-momentum transfer and

small energy transfer and a quasi-elastic proton knockout experiment

in the He(e,e'p)d and He(e,e'p)pn reactions at recoil momenta ranging

from pR = 0 to 300 MeV/c. The results of these experiments are contradic-

tory, with increasing deviation towards larger recoil momenta. While at low

recoil momenta the coincidence data are fairly well reproduced by the cal-

culations , they are overestimated at higher recoil momenta. In the in-

clusive experiment an excess cross section with respect to theory is seen

ranging from a factor of two at 300 MeV/c to a factor of five at 500 MeV/c.

The present coincidence experiment is designed to focus on these problems.

It aims at a study of proton momentum components up to pR = 500 MeV/c. The

difficulty of an unfavourable real to random ratio at the highest recoil

momenta in the case of the (e,e'p) reaction will be largely avoided by de-

tecting the recoiling deuteron (resulting from proton knockout) in coinci-

dence with the scattered electron. Deuteron detection also allows a study

of the role of cluster knockout in the breakup process, which might be im-

portant in order to explain the problems mentioned above.

Data sofar taken include extensive tests of the cryogenic tar-

get (see section 5) both with (e,e') and (e,e'p) reactions. Coincidence

data were taken at small recoil momenta (ranging from pR = 0 to pR =

100 MeV/c) at different momentum transfers (|q| = 360, 435 MeV/c) in order

to obtain an overlap with the existing data. Throughout these experiments

parallel kinematics were chosen (i.e. p'//q). In these kinematics deuterons

due to recoil are strongly suppressed. Deuterons can be clearly distinguish-

ed from protons by combining time of flight and pulse-height measurements.

In fig. 1.10 the time of flight spectra are shown for protons and deuterons

taken at the same momentum of ^35 MeV/c.

1000

100-500

50

PROTONS 3 .

l\— 3He (e,ep)
!\\

3 He(e ,ed)k\
T=96MeV 7 7 / 79

T=50MeV

DEUTERONS

m/ tfe

78 115
time of flight [ns]

Fig. 1.10 Time of f1ight spectrum

for the reactions He(e,e'p) and

He(e,e'd). Resolutions are AT =

1.1ns (protons) and AT = 1.5 ns

(deuterons).
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1.3.2 Study of valence and deep-hole states by the (e,e'p) reaction

(P.C. Dunn, J.W.A. den Herder, E. Jans, P.H.M. Keizer, L. lapikas,

L. Prins, E.M.N. Quint and P.K.A. de Witt Huberts; H.P. Blok (VU))

In this experiments the spectral function in the excitation ener-

gy range E = 0 - 20 MeV for recoil momenta pR between 0 and 200 MeV/c is
ri Qfl lie ?08

studied. We have chosen V, Zr, Sn and Pb as target nuclei in or-

der to cover a number of nuclear shells. To study the effect of increasing

nuclear mass on the distortion and absorption of the knocked-out proton,

reaction mechanism tests are carried out. A first set of data for V was

obtained with an energy resolution of 250 keV at p R = 20 - 60 MeV/c. At.

these recoil momenta the knock-out of protons from the 1f shell - corres-

ponding to levels in the residual nucleus Ti below E - 5 MeV - is highly

suppressed. In the range E = 5 ~ 7 MeV we find a number of levels that re-

present proton knockout from the 2s1d shell (see fig. 1.11).

200

100

t
in
"c
oo

51.., , .50-.
V(e.ep) Ti
Pm = 38 MeV/c

t
2* 4+ 6+ 3 '

1.56 2.68 3.21 4 . 4 2 N 5.44 5.85 V 6.46 6.64 2

V V V Tv' V V i V V v

10 12

EmtMeV] •

16

T

51, 50.,Fig. 1.11 Missing energy (E ) spectrum for the reaction V(e,e'p) Ti at
m

38 MeV/c recoil momentum. Spin-parity J ( i f known) and exci tat ion energies

(in MeV) are indicated for the f ina l states in Ti ident i f ied in the
5 1V(d, t ) 5 0Ti reaction.



16

^ 1.4 Pion-productïon experiments
'j /

d (P.C. Dunn, A. Kaarsgaren, J.H. Koch, P.K.A. de Witt Huberts in ;•':

collaboration with University of Mainz and Rensselaer Polytechnic

< Institute) r';

,',. The present experience with the electron noise suppression system '*
;. in the QDQ detector assembly indicates that cross sections up to a pion ener-

; gy of 200 MeV can be measured at angles as small as kS . The differential

photoproduction cross section for the reactions C(Y,IT ) N (g.s.) and ;..

B(Y,T ) C(g.s.) are measured. Part of the experiment was to determine

the angular distribution of the pion production cross section at 50 MeV pion ;

kinetic energy to investigate the unexpectedly small cross section found -
o v

elsewhere at a production angle 0 - 90 . The present data confirm that \'

the cross section is low; they also show that the angular distribution is I

rather flat in the angular range 9 = 65° - 125°. !

The main interest of the experiment is to study the role of the

A resonance in the nuclear photoprocess. A value for momentum transfer of ;:=

q = 1.25 fm is chosen to emphasize the resonant part of the Tr-production ,

process. By keeping q constant the outgoing pion kinetic energy is varied

across the resonance region. Data points have been taken at a pion kinetic

energy of 50 and 130 MeV for both the C(Y,ir~) 3N (g.s.) and the

B(Y,T ) C (g.s.) reaction. For the C -> N (g.s.) transition one ex-

pects that the cross section should rise with increasing pion energy due to •'-:.

the increased role of the A resonance in the reaction. In contrast, the j
11 11 '!

B -> C (g.s.) transition is dominated by non-resonant processes and one ,.;

therefore expects a slowly varying cross section with increasing pion ener- fe

gy. These effects are indeed observed in our data. ; .
1.5 Experiments at other facilities 1;.

The participation of the NIKHEF staff in the experimental program- •/

me at other facilities is declining due to the increasing activities with

MEA. The following reports are limited to those which reflect participation ,

in the experimental programme with the CEN (Saclay) accelerator. Most of
the work has been completed and the results have been published or sub-

e-
mitted for publication. t-

'Ü
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The quasifree (e,e'p) reaction on He

(E. Jans)

The proton momentum distribution of He has been determined up

to momenta of 310 MeV/c by the use of the reaction He(e,e'p). The experi-

mental missing-energy resolution SE = 1 . 2 MeV, was sufficient to separate

the two and three body breakup channels. Results for the three-body disin-

tegration have been obtained up to missing energy values of 80 MeV. The

resulting spectral function is compared to the production of Faddeev and
1*t) £

variational calculations. The results of this work have been published ; r

they also appeared in a PhD-thesis (E. Jcjns, Amsterdam, 1982). <f."'

5 1 ^
The magnetic form factor of V at very high momentum transfer

(L. Lapikas, P.K.A. de Witt Huberts)

The magnetic form factor of the V nucleus has been measured

between 3 and k fm . These new data show a clear evidence for the dif-

fraction structure of the M7 magnetic multipole. The data are compared to

Hartree-Fock results including meson-exchange currents and core-polariza-

tion effects. A Saclay-Basel-Amsterdam collaboration manuscript has been

accepted for publication in Physics Letters.

The magnetic form factor of He

(P.K.A. de Witt Huberts)

The elastic magnetic form factor of He has been measured up to
2 -2

q = 32 fm . Few-body theory fails to explain the location of the diffrac-

tion minimum unless nonnucleonic degrees of freedom are explicitly intro-

duced.

P
Deep inelastic electron scattering from carbon
(E. Jans)

Deep-inelastic electron scattering from carbon up to and includ-

ing the A-region at 36 , 60 , 90 and 1*»5 has been measured. The syste-

matic decomposition of the transverse and longitudinal response functions

has been obtained by means of a Rosenbluth-type analysis of the data in

the momentum transfer interval q = 200 - 600 MeV/c. The results are com-

pared with theoretical calculations which extend over the quasieiastic and

S '

t
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A-peak regions. A reduction of the differences between our data and theory

seems obtainable through the introduction of meson-exchange currents, re-

sonant and non-resonant meson production. Our experimental Coulomb sum-rule

estimates at higher |qj agree with independent particle-model predictions.

We compare our results in the vicinity of the A-peak with the total absorp-

tion cross section for real photons.

1.6 Instrumentation; test results

In this section some improvements of the low-energy station for

18O scattering experiments together with the results of test experiments,

and progress in the data handling for the 500 MeV-station equipment with

the results of various calibrations and test measurements are briefly des-

cribed.

1.6.1 The low-energy station

(L. Jansen, L. Lapikas and J. Noomen; A.J.H. Donnê and L. de

Vries (VU))

The background level was further reduced by installing a strong

dipole magnet just before the Faraday cup in order to prevent backscatter-

ing of electrons. The background now amounts to an equivalent cross section
2 12

of only 5 pb/sr for a 50 mg/cm C target.

The spectrometer calibration and the primary electron energy have

been determined for a range of energies from the measured positions of
12

electrons scattered (in)elastically off the C ground state, 15.110 and

16.1067 MeV states. The extracted primary energies agree within (0.22 ±

0.17) % with those obtained from dipole field measurements by means of ESR-

probes. The cross sections for inelastic scattering to the 15-110 and
12

16.1067 MeV states in C were used to determine the absolute calibration

factor of the 180 set-up. The obtained cross sections agree within (k±2) %

with those measured ten years ago at the former IKO (EVA) 180° scattering

facility. The overall absolute calibration factor of the set-up determined

from a comparison of the present data with literature values amounts to

0.90 ± 0.06. An additional systematic error may arise from uncertainties

in the radiative corrections at 180 .

I
V j
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1.6.2 Data handling in the 500 MeV end station

A number of computer programmes is now available for initial

data handling. A brief review of the available software and of the imple-

mented improvements is given below for (e,e') and (e,e'p) experiments.

(i) Data handling for (e,e') experiments

(J.E.P. de Bie and C.W. de Jager; H. Blok (VU))

The measurement-control programme MEJAZ has functioned satis-

factorily. The only addition worth mentioning is the facility to step the

detector automatically over a fine-channel width during a measurement.

In this way the fine-channel response is smoothed. The analysis of (e,e')

data can be performed in four steps. List-mode data are first corrected for

kinematic broadening and spectrometer optical aberrations by the programme

KRAKER. The optimum aberration corrections can then be determined with the

programme TESTKRAK through the visualization of electron trajectories in

the vicinity of the focal plane. The programme BINSOR performes all neces-

sary instrumental corrections, such as those for detector response and

dead time, and histograms the measured spectra into equally spaced bins.

Finally, the programme NITWIT extracts the experimental cross-section data

from the bin-sorted spectra.

(ii) Data handling for (e.e'p) experiments

(J.W.A. den Herder, E. Jans, P.H.M. Keizer, L. Lapikas, L. Prins,

E.M.N. Quint)

The analysis of (e,e'p) data is presently being performed in four

stages. The first programme, REDUCER, checks on the validity of event

tracks in the electron and proton spectrometer and corrects the raw coin-

cidence timing data for flight-time differences. It also builds a two-

dimensional spectrum (Tp,p ) from the deduced particle momenta by weighing

with the appropriate off-shell electron-proton cross section. The second

programme, PHASPA, makes use of a Monte Carlo technique to calculate the

phase-space acceptance V(E ,p ) in the (E ,p ) plane from the experimental
r r m rm m m

angular and momentum acceptances of both spectrometers. It further creates

a spectrum of accidental coincidences A(E ,p ) from the simultaneously

measured singles momentum spectra in each spectrometer. In the third stage

of the analysis the programme, COINSORT, combines these data to form the
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spectral functions S according to S(E ,p ) = (T-A)/V. This programme also
mm r

accounts for the normalization and combination of data sets measured at

different kinematical conditions. In the final step, the programme RADCOR

corrects the spectral function for radiative effects by an unfolding proce-

dure. Therein the ionization losses for electrons and protons are accounted

for. Various plot programmes allow visual inspection of intermediate and

final results. Throughout the chain of programmes error analysis deals

with statistical as well as systematic errors from various sources.

1.6.3 Test results

Various test measurements were performed with the 500 MeV end

station equipment. The results are given below.

12
(i) Cross-section calibration for C. The absolute calibration for

single-arm electron scattering experiments was determined from a comparison
12

of the C elastic scattering cross section o with known literature val-
exp

ues a , . In fig. 1.12 the ratio R = (o - o .)/a , for the effectiveth exp _.th th

momentum transfer range q ,., = O.h - 2.5 fm is shown. From the average

value R = - 8.1 ± 3-2 % we obtain an absolute efficiency for electron de-

tection e = 91'3 ± 3-2 % in qood agreement with the value t . . =
e " det

9^.4 ± 0.7 % determined for the detection system from the measured effi-

ciencies of wire chambers, trigger detectors and read-out electronics.
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(ii) Primary-energy calibration. The energy E D U C for which the magnets

in the beam-handling system (BHS) are tuned has been compared to the prima-
i ; ;

ry electron energy E obtained in three different ways. Firstly E was de- §*•=•

termined from the measured positions of a large number of inelastic peaks

in BN(e,e') spectra taken with the QDD spectrometer. From this a deviation
of 8 = (E D U C/E -1) = - 0.8 ± 0.2 % was found. The second calibration wasDrib o -_
obtained from a comparison of the experimental location q . of the C

elastic form-factor diffraction minimum with the known value q . =
. mi n

1.841 fm" . This yielded 6 = - 0.80 ± 0.15 %. In the third method the

- simultaneously measured - missing energy spectrum, kinematically cor-

rected electron spectrum (in the QDD spectrometer) and kinematically cor-

rected proton spectrum (in the QDQ spectrometer) were used to determine

E and the central channel numbers for both spectrometers. In this case we

found 6 = - 0.6 ± 0.2 %. A further investigation of the observed average

deviation 6 = - 0.7 ± 0.1 % awaits installation of NMR apparatus in the

dipole magnets of the BHS. In the data analysis the energy calibration ob-

tained with the spectrometers is used.

(iii) Resolution of the QDQ spectrometer. The settings B Q of the en-

trance and exit quadrupole fields of the QDQ spectrometer were varied to

determine the optimum resolution. With a small solid angle of 1.2 msr a

resolution of 1.2 x 10 was obtained. For the maximum solid angle of
-A

17 msr this quantity deteriorates to 5 x 10 , but after correction for
-kaberrations improves to 3 x 10 . The obtained optimum relative settings

BQ/B_ were found constant within 0.6 % for dipole fields BD between 0.2

and 0.6 T.

(iv) Timing aspects. The dead time of the detector system consists of

two parts; a trigger delay of 100 ns to cover the drift time for ionization

events to the sense wires and an encoding time of 180 ns. Because of the

organization of the priority encoding system the dead time depends on the

spectrum form and differs from sector to sector (each sector spans one

fifth of the focal plane length). Therefore the dead-time effects have

been determined experimentally by varying the event rate in the range of

0.1 - 1 hit per ys. The effective beam current profile was monitored by

sampling the event-arrival-time distribution with a 50 ns time resolution.
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The measurements confirmed the description given above. Effectively this

amounts to a dead time of approximately 300 ns per event, leading to a

10 % dead-time loss for one hit every 3 vs.

(v) Test results for (e,e'p) coincidence experiments. For these ex-

periments various parameters of the complete system have been further op-

timized. The best resolution of 122 keV (FWHM) in the missing energy va-

riable has been obtained for the H(e,e'p) reaction by a variation of the

beam dispersion D R at the target. In fig. 1.13 it is illustrated that the

optimum is indeed reached at the value expected from the dispersion match-

ing technique. For heavier target nuclei the resolution is slightly worse

(see fig. 1.14) due to the still imperfect knowledge of the spectrometer

dispersion functions and straggling effects in the targets.

500

8 122 keV r
I V

N*

resolution

DB [cm/%]

200 0 200 600

E m [keV] — •

Fig. 1.13 Missing-energy (E )
1 m

spectrum of the reaction H(e,e'p)

at the optimum beam dispersion

D = 72 mm %. The inset shows the
D

missing-energy resolution AE as

a function of DD. For a normalb

mode beam (D_ = 0) the resolution
b

equals the beam spread transmitted

by the energy-defining slits (in-

dicated by an asterisk).

The resolution in missing momentum has reached the theoretical limit of

6 MeV/c by optimizing the matrix elements that are used for the calcula-

tion of particle trajectories in the spectrometers. The obtained best

coincidence timing resolution of 0.75 ns also agrees with the limit set

by the intrinsic time resolution of the trigger detectors and by the un-

certainty in path-length reconstruction due to multiple scattering in

the detector system.

In the analysis of the coincidence data (see section 1.6.2 for

the software aspects) we presently pay attention to the complex problem of

(the order of) rejection criteria, dead-time effects and the setting of
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var ious windows. An absolute c a l i b r a t i o n is a lso being ca r r i ed out by a
12 11

comparison o f data taken fo r the react ion C(e,e 'p) B (see f i g . 1 .
w i th data measured a t Saclay

200

to
z
oo

100

12C (e.e'p) B

e = 295 MeV/c
e = 173 MeV/c
p = U5 MeVc

0 = 79/.°
6 = 32.7°

drE m keV

1/2
2.125 MeV 5021MeV

16 18 20 22 2U 26 28

Em [MeV] -

12 11
Fig. \.\k Missing energy (E^) spectrum for the reaction C(e,e'p) B.

Spin-parity J ï ï and excitation energies ( in MeV) are indicated for the

final states in B.

I

1.7 Approved proposals for electron scattering experiments

82-E3 High resolution electron scattering from Mercury isotopes,

R. Altemus et al.

82-E4 High-spin (stretched) particle-hole states in Sn,

N. Blasi et al.

82-E5 Search for the 1+ isovector collective band in the Pt-region

N. Blasi et <al.
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82-E8 Study of high-momentum components in He with the (e,e'd) and

(e,e'p) reactions,

P.C. Dunn et al.

82-E9 Measurements of the reactions C(Y,TT ) and B(Y,IT ),

P. Stoler et al.

82-E10 Measurement of the reaction C(Y,TT ) N (g.s.) at intermediate

energies,

P.C. Dunn et al.
2682-E11 A study of the nuclear structure of Mg by inelastic electron

scattering,

H. de Vries et al.

82-E12 High resolution (e,e'p) experiments leading to discrete final

states,

L. Lap ikes et al.

and 3 6 A r ,

I.
1 g

83-E2 Elastic magnetic scattering from F at high momentum transfer,

83-EI Electro-excitation of low-multipolarity magnetic transitions in

Ar and Ar,

L.W. Fagg et al.

Elastic magnetic

A.J.H. Donnë et al.
52

83-E3 Excitation of 8 states in Cr,

.> f L.W. Fagg et al.

83-E4 Study of valence and deep-hole states in (medium) heavy nualei,

H.P. Blok et al.

83~E5 Investigation of the first diffraction minimum in elastic elec-
12tron scattering from C,

C.W. de Jager et al.
1 r\ n O

83-E6 Electro-excitation of the 1 state at 5.845 MeV in Pb,

A. Richter,H.P. Blok

83-E7 Measurement of 0 -0 transitions in 0 excited by inelastic

electron scattering,

N. Voegler et al.

83-E8 Measurement of (e,e') cross sections for N,

R.P. Singhal, C.W. de Jager
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2 PHYSICS WITH PIONS, MUONS AND BARYONS

(Groupleader: J.M. Barley (up to January 1, 1983), R. van Dantzig)

i
'','. 2.1 Introduction

During the past year pion and muon physics at MEA has become an

actual branch of the NIKHEF scientific programme. In November last year for

; the first time an electron beam of low intensity was sent into the tunnel

'', towards the pion-production target. After some initial tests the pion and

muon beam channels were tuned for optimum transmission and spotsize. The

beam composition for various channel settings was determined with time-of-

flight and range measurements.

After the successful initial operation the facility was gradually

completed. This included installation of a large electron beam dump and

additional concrete shielding. At the pion channel, designed and built by

the Free University, data taking started for a pionic atom experiment in

Spring. In effectively two weeks of beamtime - still at modest intensity -

pionic X-ray measurements could be completed for two heavy nuclei. The aim

of these experiments is to determine strong interaction effects in parti-

cular for the deeply bound 3d pionic orbits for Z around 80.

First beam tests were performed with the 1 m diameter scattering

* *;> chamber at the exit of the pion channel. The set-up is intended for low-

energy pion-scattering and pion-absorption measurements. The experimental

'7~ programme at the pion channel has profited much from the collaboration with

the University of Technology at Delft.

At the muon channel the superconducting solenoid, which provides

a confined decay path for pions into muons and which was built according to

a design of the Schweizerïsches Institut für Nuklearforschung (SIN), works

according to specifications. We are thankful to the SIN-staff who has en-

abled NIKHEF to adopt this frontline design and to complete it successfully.

Forward and backward muons were obtained from a provisional extraction sys-

tem. The first successful tests of a large aperture neutron detector and

a zero-field Muon Spin Rotation set-up were performed. Pilot studies on

Muon Spin Rotation have begun as part of a collaboration programme with the

French 'Centre d'Etudes de'Chimie Métallurgique'at Vitry.

... At ailow level of involvement part of the group has participated

in experiments at the Low Energy Anti-proton Ring (LEAR) at CERN and in an

experiment at SIN. Collaboration with the Institute for Theoretical Physics
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of the Utrecht University on three nucleon studies has enabled a new ana-

lysis of proton-induced deuteron breakup over the f u n four-dimensional

final state phase space.

2.2 The pion-muon facility

(H. Arnold, F. Bekkers, R. van Dantzig, W. Duinker, P. Koldewijn,

J. Konijn, C.T.A.M, de Laat, Y. Lefevere, E.W.A. Lingeman, G. van

Middelkoop, C. Schiebaan and T. Sluijk; J.B.R. Berkhout, W.H.A.

Hesselink, T. Jansen and T. Prins (VU); W.C.J. Okx (TH-Delft))

Most parts of the facility have been described in earlier re-

ports. Therefore only a concise description is given here together with"some
test results.

The electron beam from MEA can be directed through an 80 m long

tunnel to the pion-production target (1 cm thick Cu). An achromatic focus
2

of 0.8 x 5 mm on target has been obtained. The tuning is relatively insen-

sitive to small changes in the accelerator parameters due to the ± 2 % mo- i

mentum acceptance of the transport system. Beam losses were found to be

negligibly small. The primary beam is dumped in a 100 cm diameter beam stop, •?'.'

capable of taking 250 kW power (see also section 5). '

Two beam lines serve for the transport of secondary particles

to the experimental areas. These lines take off at angles of about 120°

with the primary electron beam. The pion channel has a symmetric S-shape -

2QD 3Q D2Q configuration. It has a length of 10.7 m and provides an achro- £.

matic image of the pion source on the experimental target. The muon channel r

consists of a 5QD pion-injection line, a horizontal superconducting solenoid t

(B = 5T, 5 m long and 12 cm diameter) providing a decay path for the con- L^

version into muons, and a dispersive muon extraction line for momentum |f

band selection. The extraction permits tuning to 'backward' and 'forward' [?

decay muons as well as left-over pions.

Some parameters of the channels are given in tables 2.1 and 2.2.

Table 2.1 Pion channel

Angular acceptance

Momentum acceptance

Momentum resolution

Beam spot dimensions

Maximum flux at p =

(at 200 yA, *t00 MeV

Ap/p

dp/p

(h x w)

1^0 MeV/c

primary beam)

35 msr
± k

± 1

20 x

1 x

%

%

ko
106

mm

s"1
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"A
Table 2.2 Muon beams

Injection

Maximum p

Max. flux

Max. flux

Beam spot

momentum

ion flux (ait p =

'forward' muons

'backward'

dimensions

muons

(h x

HO MeV/c)

(145+8 MeV/c)

{Jk±3 MeV/c)

w)

H0±5

0.5x1

2x1 0 5

1x105

50x60

MeV/c

0 b s " 1

-1

s"1

2
mm

* • / ;

In addition there is a simple vertical 'fountain' beam of para-

sitic oppositely-charged pions from the double-output dipole magnet of

the pion-inject ion line. This beam is intended as a test facility.

The pion channel naturally has one target location only, which

necessitates movable experimental equipment. At the muon channel beams can

be focussed at present onto two experimental target locations.

The channels are operational since the end of 1982. All basic

equipment has been installed; it operates satisfactorily. The design of a

new two-step pion-production target has been initiated; see section 5-

Beam tests have shown that the electron contamination can be suppressed by

a factor of four.

A brief review of the test results is given below.

(i) Pion channel

The optics of the pion channel has been investigated with a thin

'Am alpha-particle source placed at the position of the pion-production

target. The alpha-particles of 5.5 MeV kinetic energy have the same magne-

tic rigidity as 100 MeV/c pions. They were used to test and tune the channel

already before any pion was available. The quality of the obtained tuning

turned out to be good enough to perform all tests and experiments with beam

as well. Nevertheless there are still some differences with second-order

beam-optics calculations (TRANSPORT, TURTLE) which require a more detailed

investigation. The pion yield as a function of pion momentum, measured in

one of the early testruns with primary electrons of 320 MeV/c, is shown in

fig. 2.1. The results compare well with the Saclay numbers. Electronic se-

paration between pions and electrons (the main contaminating component of

the beam) is easily obtained by using a time-of-f1ight technique over the

last 3 metres of the pion channel; see fig. 2.2.

.1
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Fig. 2.2 Time-of-f1ight spectrum for p = 1^0 MeV/c

particles in the pion channel. The length of the

f1ight path is 3.0 m.

Muon channel

(V-

1

This channel has been in operation for several runs since Decem-

ber last year. Apart from some secondary problems with power supplies and

control units the system has worked satisfactorily. The tuning of the pion

injection line requires still further optimization. Nevertheless the muon

flux was roughly as expected, 10 backward y/s at a 10 kW primary electron

beam; see also fig. 2.3.

^ \
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Fig. 2.3 The time-of-f1ight

spectrum for particles from

the muon-channel; flight-path

5 m. The pions injected into

the superconducting solenoid

have a momentum of 1̂ 0 MeV/c.

The extraction magnets are

tuned for

(a) backward decaying muons,

u
('A

Ft

10 15 20
Time of flight (ns)

\ .,-

10

2.3

15 20
Time of flight (ns)

Experiments

(b) forward decaying muons.

14

2.3.1 Pionic atoms

(F. Bekkers, W. Duinker, J.H. Koch, J. Konijn, C.T.A.M, de Laat,

G. van Middelkoop, W. Poeser and A.H. Wapstra; J.B.R. Berkhout,

W.H.A. Hesselink, T.J. Ketel und M. Thies (VU); H. d'Achard van

Enschut, C.W.E. van Eijk and W. Lourens (TH-Delft))

At the pion channel a programme on pionic atom studies has been

inititated. The principle aim is to measure the hadronic shifts and widths
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for the more deeply bound TT-atomic orbits in a series of nuclei over the

periodic table. Observed deeply bound 3d states have shifts and widths that

differ by a factor of about two from the predictions

Pions of 140 MeV/c were stopped in a gold and natural platinum

target, each consisting of two plates with a total thickness of about

k g/cm . The pionic X-ray spectra have been measured with two independent

Compton-suppression Ge-spectrometers, as a function of time with respect to

the pion-stop signal. Neutron-induced background in these spectra is removed

by careful analysis of the time-of-f1ight from the target to the Ge-

spectrometers placed at distances of 0.5 m. In fig. 2.k the background sup-

pressed spectre for Pt and Au are shown. Pionic X-ray transitions are

clearly visible, even the weaker ones. The analysis of the presently observed

4f~3d transition in these nuclei yields shifts and widths that differ also by

a factor of two from theoretical predictions; see table 2.3

I OOOOl 1 1 1 < 1 1 1 1 1 r

i
6h

6h-5g

PIONIC X-RAYS
5g-4f

6g-4f

Pt

2 0 0 6 0 0 1000 1400 1800

»- ENERGY (ktV)

Fig. 2,k Background subtracted X-ray spectrum with pionic

transi t ions in platinum (Pt) and gold (Au).

' \
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Table 2.3 Strong-interact ion monopole shifts e_ and widths Tn for pionic

3d levels. The shifts are with respect to the theoretical point-

nucleus value (preliminary results)(without vacuum polarization)

Nucleus

Pt

Au

experiment

20.4 ± 1.3

21.2 ± 1.5

1

29

30

£f) (keV)

theory

II

.7 38.1

.6 39.6

a)

1

26

26

II

.0

.5

exper

36

39

iment

± 4

± 6

(keV)

theory

1 II

62 73

67 80

a)

1 II

55

60

a' See J.H. Koch and F. Scheck, Nucl. Phys. A340 (198O) 221.

Preparations have been made to perform double charge exchange

(DCX) reactions in pionic atoms. These experiments will be undertaken to

study the poorly understood isotensor part of the pion-nucleus interaction.

This part describes those processes in which the DCX takes place, e.g.

Ca(ir ,TT ) Ar. There is no analogon to the DCX reaction in conventional

nuclear physics and the pionic DCX provides a unique possibility to study

AT - 2 nuclear transitions. Furthermore, since the DCX reaction necessarily

involves two nucleons this experiment can help to study the pion-absorption

process at low energies, about which we have very little information.

2.3.2 Low-energy pion scattering and pion absorption

(G. van Middelkoop; J.B.R. Berkhout, H. van Groen, R. Hamers,

W.H.A. Hesselink, W. Heubers, T. Jansen, E. Kappert, T.J. Ketel,

T. Prins and M. de Vries (VU); C.W.E. van Eijk, R. Hollander

and W.C.J. Okx (TH-Delft))

The available pion flux from the pion channel has been steadily

increasing from the first 100 ir/s in November last year up to a 10 ir/s

during the last run this summer. In contrast to pionic atom experiments

(2.3.I)» where the acceptance rate is limited by the high resolution gamma-

ray detectors, pion scattering and pion absorption (TT ,2p) experiments do

need higher pion fluxes. We have been preparing low-energy (E £ 60 MeV)

IT" elastic scattering experiments for a range of selected nuclei, including

3 4 4

He and He. A study of elastic scattering on He for pion energies below

20 MeV is particularly attractive since - apart from the elastic channel -

only the pion absorption channel is open.
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Pion absorption (ir ,2p) experiments on some light nuclei are also

planned in order to perform a detailed study of the pion absorption mecha-

nism at low pion energies.
+

A 1 m diameter scattering chamber for 77 scattering and absorption

experiments has been installed. It houses telescopes of intrinsic germanium

solid state detectors produced by Lawrence Berkeley Laboratory; see Annual

Report 1981-1982. With these telescopes a resolution of 1 MeV (FWHM) for

the typically 70 MeV protons from (IT ,2p) reactions is aimed at. For pions

the resolution is determined by that of the pion channel (typically = 1 MeV).

The efficiency and the resolution of low pressure (200 Torr) multi-wire and

drift chambers in this scattering chamber have been determined and found to

be promising. The chambers are used to determine accurately the scattering

angle for any particle detected in each of the Ge-telescopes. The telescope

detectors at liquid nitrogen temperature and the electronics have been test-

ed as wel 1.

For scattering experiments with negative pions a scintillator

range telescope has been obtained on loan from CEN-Saclay. This detector

has been tested successfully in the MEA pion beam. Pions, muons and elec-

trons could be clearly separated. The energy resolution was determined by

the full momentum acceptance of the pion channel.

On-line data of the test experiments were written on magnetic

tape, where each event contains full information on timing and amplitude

of all detectors involved, including the scintillation and ferenkov

counters upstream. The real-time data-taking programme operating under UNIX

on a PDP 11/3^ can cope with a variety of experimental conditions.

2.3.3 Muonic atoms

(W.Duinker, J. Konijn, C.T.A.M, de Laat and W. Poeser; J.B.R.

Berkhout and T.J. Ketel (VU); H. d'Achard van Enschut, C.W.E. van

Eijk and W. Lourens (TH-Delft))

A search for nuclear excitations, other than those leading to

fission, induced by the beta decay of a muon orbiting in the innermost

shell, will be performed. For a heavy atom the muon binding energy in the

1s orbit is about 10 MeV. In a beta decay the remaining 95 MeV is shared

between the outgoing leptons and possibly the excitation of the nucleus.

The process may be thought of as the inverse of shake-up of atomic electrons

by nuclear beta decay.



For the detection of outgoing beta particles an electron detector

was constructed by the scintillator workshop of NIKHEF-H. This detector con-

sists of two cylindrical plastic scintillation counters with Cerenkov coun-

ters outside these plastic cylinders. The plastic cylinders are each made of

two semi-cylindrical scinti1lators (10 mm thick, 300 mm long). The inner

diameters are 170 and 210 mm, respectively. The surrounding Cerenkov coun-

ter is made of four separate semi-cylindrical plexiglass counters (25 mm

thick, 150 mm long) with an inner diameter of 250 mm. This electron detector

is intended to provide a signal for the beta decay of a muon. Together with

the beam telescope it also serves as a kit detection system for charged par-

ticles from the target.

Muonic atoms will also be studied to determine quadrupole moments

of heavy deformed nuclei (see e.g. ref. ) . In heavy nuclei the muonic

fine structure splitting of ths two 2p states becomes comparable to the

energy differences in the ground-state rotational band. The resulting

coupling between muonic and nuclear degrees of freedom leads to nuclear ex-
2)

citation. Hence also excited states may be studied .

2.3.^ Nuclear muon capture

(W.A. Beugel ing, R. van Dantzig, J. van Goudoever, P.U. ten Kate,

E. Kok, C.T.A.M, de Laat, E.W.A. Lingeman and H. Veerman;

W. Heubers (VU); C.W.E. van Eijk and W. Lourens (TH-Delft))

A large solid angle neutron time-of-f1ight detector for measuring

muon capture neutrons has been set up in the muon area. A total of 20 plas-

tic rods measuring 1.0 x 0.18 x 0.18 m with each a photomultiplier at

both ends has been installed on a movable rack for variable flight path.

The counters equipped with new electronics have been tested with cosmic

rays. A parasitic beam test has been performed with stopped TT induced

neutrons and gamma-rays.

A Bira PDP 11/23 CAMAC system has been installed and data-acquisi-

tion and analysis programmes have been developed. First experiments planned

for the detector will be combined with other IT and y experiments in the

muon hall, in particular those that make use of the cylindrical ^frr-detector

around the target (see section 2.3-3). This detector allows one to distin-

guish y-capture events from y-decay events with and without charged parti-

cle (mainly proton) emission.
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2.3.5 Muon Spin Rotation (y+SR)

(W.A. Beugel ing, R. van Dantzig, J. van Goudoever, E. Kok,

P.U. ten Kate, E.W.A. Lingeman and H. Veerman in collaboration

with R.I. Grynszpan (Centre d'Etudes de Chimie Metal 1urgique,

Vitry-sur-Seine, France))

A simple y SR test measurement has been performed during the

1983 June run by using a standard longitudinal ySR set-up. Backward muons

were stopped in nickel samples at room temperature and without magnetic

field. In spite of the low duty cycle (1.6 X) an event rate of typically

100 counts per second was achieved. A dipole magnet (60 cm diameter, 12 cm

gap) has been installed for transverse-field measurements. The field is

horizontal to facilitate vertical mounting of a sample cryostat. This cry-

ostat, designed at Vitry, has been delivered and is being tested in France.

l.h International collaborations

2.4.1 Muon induced fission ''c_

(J. Konijn and C.T.A.M. de Laat; P. David, J. Hartfield. H. Jans- 7"

sen and T. Mayer-Kuckuck (Institut für Strahlen- und Kernphysik, .<-.

Univ. of Bonn); T. Johansson and G. Tibell (The Gustaf Werner

Institute, Uppsala); T. Krogulski (Institute for Nuclear Re-

search, Swierk); C. Petitjean and H.W. Reist (SIN, Villigen),

S. Polikanov (CERN, Geneva and GSI, Darmstadt)) :•

In this experiment the fission of heavy actinides induced by muons ;:';

is investigated. When negative muons are stopped in e.g. uranium, muonic xj

atoms are formed with the y in an orbit around the nucleus. Experimentally g|

one can distinguish two different decay modes, a prompt and a delayed one. X

In the prompt part the muon influences important fission parameters, opening T

new possibilities to understand the fission process. |«
— o o 0 *?*•

The prompt y -induced fission of U was shown to be dominantly V

caused by the radiationless 3d->1s quadrupole transition in the muonic £

cascade. The probability for this radiationless transition was measured to jj>

be (14 ± 5) % in agreement with crude theoretical estimates. By using two |

silicon fission detectors (see fig. 2.5) the mass and total kinetic distri- |,

but ions (TKE) have been measured at SIN with a mass resolution of about ;

5 m.u. and a resolution of 1.2 ns in the y-stop-fission time distribution %

(see fig. 2.6). 1
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Fig. 2.5 Experimental set-up consisting

of two (S..,S„) seint i 1 lators (muon te-

lescope) and the silicon fission detec-

tors (F.,F„). The target is denoted by T.

Fig. 2.6 Time spectrum for

signals from the muon teles-

cope and detector F.. The

time resolution is 1.2 ns

(FWHM).
5 10 15 tins)

. > '4'

The ratios of prompt to delayed fission yields obtained from these time

spectra are (12.4 ± 0.4) %, (8.8 ± 0.3) % and (28.3 ± 0.2) % for 2 3 5U,

U and Np, respectively. A larger difference is observed in the amount

of symmetric fission events, which are much more frequent in the case of

delayed fission; see fig. 2.7- The low yield of symmetric events for prompt
k)

fission is in agreement with the results obtained for photofission

(mainly dipole absorption) as well as for the fission induced by hadronic

probes at excitation energies around 10 MeV. Thus the particular

entrance channel and the presence of the muon do not drastically change the

mass distribution.

The TKE distributions (fig. 2.8.a) show for mass ratios in the

region 0.75 up to the symmetric case, large differences between prompt and

delayed fission . This is caused by a combination of effects from the

difference in the average excitation energy of the fissioning nucleus or,

in the case of prompt fission, the dominance of quadrupole excitation and
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Fig. 2.8 (a) Total kinetic energy of prompt (squares) and delayed fission

versus A|_/AM, the mass ratio of light and heavy fragments,

(b) The coincidence fission fragment mass distribution from TT

induced fission.

the presence of the y •

In the mass distributions obtained from our pion induced fission

data no valley is observed (see fig. 2.8.b). These mass distributions com-

pare well with those of 150 MeV proton induced fission.

I
if
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2.4.2 Low-energy pion scattering in few nucleon systems

(E.A.W. Lingeman with CEN Saclay, Universitë de Clermont-Ferrand,

North Western University)

± 2 3

The differential elastic ir scattering experiments on H, He and

He at kinetic energies between 25 and 65 MeV have been completed. Most of

the materia] has presently been analyzed. Absolute cross sections were ob-

tained with an accuracy of 5 %• In fig. 2.9 the measured cross section for

He(ir ,TT ) at T = 6 5 MeV is shown together with previous less accurate

data. Some of the results have been presented at the Int. Conf. on Nuclear

Structure (Amsterdam, 1982).

'OmL.

I _ baclcty

T . fl. ShcheritoAovfi]

* /?.//Lanabt/feJ

Fig. 2.9 Di f ferent ia l cross

tions for ir + He

T ( i a b ) = 65 MeV.

sections for ir + He-nr + He

a t

c.m.

2.4.3 Experiments with antiprotons at LEAR (CERN)

The group is involved in three experiments at the Low-Energy

Antiproton Ring (LEAR) at CERN. These experiments concern a precision sur-

vey of X-rays from pH and pHe atoms (experiment PS174), reactions of anti-

protons with protons (experiment PS172) and a search for heavy hypernuclei

through pN annihilation (experiment PS177)- The (modest) contributions have

so far been largely instrumental. The activities are briefly reviewed below.
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(i) Study of pH and pHe X-rays

(E.W.A. Lingeman and R. Moddemeijer with University of Birmingham,

Rutherford and Appleton Laboratories and College of William and

Mary)

The hydrogen (or helium) target, contained in a metal flask at a

pressure of 100 kPa, is viewed by a Si(Li) X-ray detector through a Be win-

dow.. This detector is surrounded by 8 Nal(Tl) Compton-suppression detectors.

The flask is surrounded by a 4TT scintillation-counter telescope. The target-

gas temperature can be varied between 20 and 300 K. For p-beam monitoring a

two-dimensional checker-board detector has been installed. With this detec-
2

tor the p beam, with a cross section of typically 4 mm , could be detected

in the two-dimensional grid with a resolution of 1.4 mm. The first run with

antiprotons on He yielded, in 15 min exposure time, a nice spectrum in which

the 5 -*• 3> 4 ~*" 3 and 3 -*• 2 pHe X-ray transitions are clearly standing out.

(i i) pp Scattering

(R. van Dantzig, J. Konijn and H. Veerman; K. Bos and J.C. Kluyver .i.

(section High-Energy Physics))

For this experiment a mini hodoscope to be mounted in a strong

magnetic field near the polarized hydrogen target has been built and test-

ed. The hodoscope consists of twenty scinti1lators, 6 mm long with a cross
2

section of 1 mm , which are viewed by photomultipliers via light-fibres

at both ends. The hodoscope has been tested with 20 MeV protons from the

Free University cyclotron at Amsterdam. The results were satisfactory, al-

though the light-collection efficiency could still be improved. V
* i$

( i i i ) A search for heavy hypernuclei

I-
(J. Konijn with CERN, Uppsala University, CEN Grenoble, CEN Saclay, X,

CSNSM Orsay and Institute of Nuclear Research Swierk) ?;'

The aim of this experiment is to produce heavy hypernuclei by pN ;r

annihilation and to measure their lifetimes. Kaons emitted in this decay i|
process of antiprotonic atoms could possibly interact with the residual •
nucleus and undergo a strangeness-exchange reaction, K + N ->• A + TT. The A F

t
hyperon will than be attached to the nucleus forming a hypernucleus. The ;

probability for this is estimated to be 10 per antiprotonic atom. £•-;

• ti mi J i n
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Recently the experimental set-up (delayed fission detection through a

'recoil-distance method1), constructed at Grenoble was successfully tested

with protons.

2.4.4 Few nucleon systems

(i) The reaction p + d + p + p + n at E =50 MeV

(R. van Dantzig and R. Moddemeijer; W.M. Kloet (Rochester Univer-

sity; C. Stolk, J.A. Tjon (Utrecht University))

The full phase-space study on proton-induced deuteron breakup at

50 MeV with the BOL multi-detector array by Blommestijn et al. (Nucl. Phys.

A365 (1981) 202) has triggered a new theoretical analysis in terms of a

Faddeev calculation with the Reid Soft Core nucleon-nucleon potential as

an input.

(ii) Search for bound states of neutrons and ir 's (pineuts)

(R. van Dantzig with ETH at Zurich and University of Zurich)

A search has been performed for bound states of neutrons and

negative pions Z N with Z = - 1, - 2 and N = 2 - 6, which might be emitted

following energetic proton-nucleus collisions. No candidates have been

found. Upper limits for the production cross sections have been derived as

a function of lifetime. A paper has been submitted to Phys. Lett.

J. Konijn et al., Nucl. Phys. A36O (1981) 187

M.V. Hoehn ét al., Phys. Rev. _C24 (1981) 1667
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THEORY

(Groupleader: J.H. Koch) I;

3.1 Coulomb sum rules

(T. de Forest, Jr.)

The problems associated with including relativistic effects in

the non-energy-weighted Coulomb sum rule for electron scattering are dis-

cussed. A new formulation of the sum rule is proposed and this sum rule

is calculated under a variety of conditions within the framework of the

independent particle model. A comparison with the experimentally deter-

mined sum rule and other theoretical calculations is shown in fig. 3.1

(T. de Forest, Jr.: The relativistic Coulomb sum rule for electron scatter-

ing in the independent particle model; accepted by Nuclear Physics.

400
q (MeV/c)

Fig. 3.1 Comparison of theoretical calculations of
12Coulomb sum rule for C with the data from Saclay.

Solid curve: shell model calculation; dashed: Fermi

gas model; dash-dotted: Fermi gas model results of

Van Orden; dotted: shell model calculation by Laget.

i

3.2 Applications of the RPA approach

(H. Sagawa, with Nguyen van Giai (Orsay))

The microscopic RPA approach is used to study transition charge

and current densities. Results are discussed for isoscalar quadrupole ex-
o no

citations in Pb and compared to the predictions of macroscopic models,



such as the Steinwedel-Jensen and Goldhaber-Teller model (Nguyen van Glai

and H. Sagawa: Transition charge and current densities in the RPA approach;

submitted to Nuclear Physics).

3.3 Photonuclear reactions at intermediate energies

(J.H. Koch, N. Ohtsuka, with E.J. Moniz (MIT))

The dominant feature of the intermediate energy photon- and

pion-nucleon interactions is A-excitat ion. Consequently, photon- and

pion-induced nuclear reactions in this energy region depend directly upon

the dynamics of A-propagation through the nucleus. Detailed studies of pion-

nucleus scattering in the A-hole approach have shown that A-propagation

is modified significantly in the medium. For example, the many-body decay

mode corresponding to AN «* NN damps the propagation appreciably. Clearly,

these effects must also play an important role in determining photonuclear

cross sections. We have carried out a detailed study of coherent ir° photo-

production from nuclei in the A-hole framework. In our calculations, we

have examined the sensitivity to various aspects of the A-dynamics, such

as recoil and the A-spreadlng potential. Important background production

terms are included and a comparison with data is presented. An example is

shown in fig. 3.2 (J.H. Koch, E.J. Moniz, Coherent TT° photoproduction at

intermediate energy, Phys. Rev. £27 (1983) 751).

J
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Fig. 3.2 Differential cross section for coherent TT° photoproduction
1 o

on C at k, = 240 MeV. Solid line: full calculation; dashed: impulse

approximation; dash-dotted: calculation with no spreading potential.

Data from Bonn (dots) and MIT-Bates (crosses).
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As a further application of the A-hole approach, we have studied inter-

mediate energy nuclear photoabaorption and elastic Compton scattering.

Again, we include both resonant-channel and nonresonant backgrounds in

addition to A-excitation. A doorway state expansion allows us to discuss

quantitatively the role of various contributions to the A-hole Hamiltonian,

thereby clarifying the level of sensitivity to the structure of the A-

spreading potential.We discuss the reactive content of the total photo-

absorption cross section and compare our results with available photo-

absorption data for He, C and 0. Our calculations and the data for

"C are shown in fig. 3«3.

" [mb]

Total

I -

Fig. 3.3 Total photoabsorption
12cross section on C. The observed

charged pion(iT~) and charged ha-

dron (h~) cross section from Bonn

are compared to our estimates

(dashed curves). The extrapolated

data for the total cross section

are compared to our full calcula-

tion (sol id curve).

200 300 400
kt[MeV]

(J.H. Koch, E.J. Moniz, N. Ohtsuka: Nuclear photoabsorption and Compton

scattering at intermediate energy, Annals of Physics, to be published).

The above work is now being extended to the interaction of virtual photons

with nuclei. A first step is the calculation of the inclusive (e,e') cross

section in the energy transfer region around the A-resonance.

3-^ The proton density of He

(N. Ohtsuka with S. Azam and Y. Nogami (McMaster University))

In addition to the familiar two-pi on-exchange three-body force

we consider an ad hoc short-range repulsive three-body force of the form
2 2 2 2

of exp{-(x +y +z )/Rn> where x, y and z are interparticle distances and
3r- | 1 fm, and examine its effect on the point proton density of He



kk

around the center. We conclude that, no matter how strong the additional f'.
' -„

three-body force is, its effect on the density is insignificant (S. Azam, I»

Y. Nogami, N. Ohtsuka: Can a short-range repulsive force produce a central V,

depression in the point-proton density of He?; submitted to Nuovo Cimento). ':'.:

3.5 A-nucJeus interactions in the Betz-Lee model ^

(K. Ohta, H. Sagawa with M. Thies (VU, Amsterdam) and T.S.H. Lee ';

(Argonne)) V

Recently, Betz and Lee have constructed a phenomenological model

of the interactions between pions, nucleons and A isobars. Subsequent cal- ;

culations by Lee and Ohta have shown that fine details of the pion absorp- ^

tion mechanism on He can be described by the AN « NN t-matrix obtained \]

from the Betz-Lee phenomenological model. This approach is now extended to ;

He, C and 0 to examine to what extent one can explain absorption on !

heavier nuclei by the two-body mechanism. ;,

In a second application, the Betz-Lee model is used to calculate

the NN « NN and AN <=» NN Brueckner g-matrix. From this g-matrix the Landau

parameters and the M1 quenching will be obtained consistently.

Finally, the model for the ir, N and A system is used for a cal-

culation of photoabsorption. As a first application, the photo-disintegra-

tion of the deuteron is studied.

3.6 Atomic Masses

(G. Audi, K. Bos, R. Hoekstra, A.H. Wapstra)

But for the part necessary for the production of published output |'

tables we completed the rewriting of tne computer programme, to allow :

the inclusion of data on atoms with their nuclei not in the ground-state,

or on mixtures of atoms with nuclei in different states. The reason for ...;

doing this is the availability of beautiful mass spectrometric data from

the Paris-Isolde group on alkali atoms, in which for several mass numbers ";

the measurements are concerned with mixtures of isomers. Many other cases

were also found where the introduction of data on isomers helps to improve

the calculation and to clarify its presentation. In the case of alpha-

decay of several neutron-deficient Bi isotopes, the ground-rtate transition

energies are not known; they can, however, be estimated very dependably i;

from known data on Bi- Tl and Bi- Tl transitions and on isomeric



excitation energies. Furthermore in the alpha-decay of several nuclides
1*»6near the doubly magic nucleus Gd, both parent and daughter have two .-'••

isomeric states but it is not known with certainty which are the ground £;

states. This is especially troublesome if the opinion on this point varies :A

in time, as indeed occurs. For these reason we decided to include in our „-,.,

input files, among other isomeric data, all known data on alpha-decay ['';•

between not very short lived states. •-•

Many analyses were performed in order to check the validity of :

experimental data and to obtain estimated values for unknown reaction and ;

decay energies. A valuable new way of obtaining such information was intro-

duced by Blomqvist et al. . Their point of departure is the existence

of a set of well-tested 'spectroscopie' relations between the excitation

energies of specific (mostly high spin-) states and atomic masses of :
I

ground-state in the region of the crossing of the magic numbers N = 126 and

Z = 82. They postulate the existence of similar relations in the region

N = 82 and Z = bk (the closing of the lg7/2
 + 2d5/? s u b s h e ll)» and use

those in a least-squares calculation to derive ground-state masses not yet

experimentally determined. Since the nuclides involved are end points of •;-

long alpha-decay chains with well known decay energies, their results are

of considerable importance. Their mass values, though, deviate in some ~

cases considerably from our estimates. We could show that this is mainly

due to an, in our opinion, somewhat unfavorable choice of the set of

ground-state masses used as input data. We repeated their calculation with

a better set and obtained satisfactory agreement.

It is now expected that the final calculation will be performed

within a few months. v,

3-7 Modification of the FORKS programme for the calculation of

nuclear formfactors i'--

(W.C. Hermans, L.H. Zybert-Zastawniak) ;:v

The programme FORKS by Chow and Rowe (University of Toronto) cal-

culates nuclear formfactors for electron-nucleus scattering cross sections. ;

The code was modified to use the nuclear wave functions of the Glaudemans ;

s.

group (Utrecht University) as input. Extensive user documentation was pre- ;

pa red. it

1* Blomqvist et al., Z. Phys. 312 (I983) 27 '



k RADIO- AND NUCLEAR CHEMISTRY

4.1 Introduction

The study of reactions of energetic radioactive atoms (hot atom

chemistry), produced through nuclear reactions or nuclear decay, is the main

research subject of the chemistry department. Over the last years this work

has been concentrated on reactions of monovalent atoms (T, F, Cl, Br) with

gaseous and liquid halomethanes, liquid haloethylenes and substituted ben-

zenes. In close connection with the work on T reactions, muonion addition

reactions have also been investigated. Presently, the attention is shifting

towards the study of polyvalent-atom reactions. In such reactions the role

of atomic excited states (of the hot atom), insertion in C-C and C-H bonds

and reactions of labeled radicals (formed during the slowing down of the hot

atom) may be investigated. These aspects do not appear in reactions of mono-

valent atoms.

The high-energy bremsstrahlung beam available in the chemical irra-

ditation facility at MEA is well suited for the photo-nuclear production of

isotopes. The cross sections for (y»n) reactions are one or two orders of

magnitude larger than those for competing reactions. Not only photo-nuclear
32 32

reactions but also radioactive decays (e.g. Si ->• P) and sometimes

neutron-induced reactions are used.

Quite often reactions of recoil atoms with radioiytically produced

compounds form an accompanying effect of hot-atom chemistry. This is parti-

cularly true for irradiations with bremsstrahlung beams, for which the

amounts of energy absorbed per produced radioactive atom are rather high.

Therefore,radiation chemistry studies form quite naturally the seond research

subject, in particular on compounds that 3re also studied in hot-atom chemis-

try. Radiation chemistry is performed with a strong Co source and with the

pulsed electron and bremsstrahlung beams from MEA.

Since the knowledge of production yields of radioactive atoms is

essential for the programme outlined above, also dosimetric and isotope

production studies are performed. These in turn have found a useful appli-
18 67

cation in the production of isotopes ( F, Cu) for medical and'biomedical

research.

•I



4.2 Hot-atom chemistry t—

The main part of this work was focussed on reactions of fast tri- F,v*,{

t i u m , m u o n i u m , c h l o r i n e a nd c a r b o n a t o m s w i t h l i q u i d o r g a n i c s y s t e m s , in $$':

particular with substituted benzenes. The reactions of T, mCl and Cl I

with chloroani1ines were investigated to obtain information about the role |T;

of anilines as scavengers in halogen hot-atom chemistry. Addition reactions ,^

of muonium (Mu) on unsaturated compounds and the subsequent reactions of ;„*

muonic radicals were studied at SIN in cooperation with the University of '(._

Zurich. Part of the T-work was initiated in order to solve questions that ;';?

arose from the Mu-work, such as hot versus thermal reaction yields and the >

high diamagnetic yield in CC1 • - A start was made with the study of reactions ?.
11

with polyvalent atoms, i.e. the reaction of C with halobenzenes. Finally, ,~
32 32 ^

some chemical characteristics of the Si -> P beta-decay were determined.
32This is interesting in view of the low recoil energy (= 2 eV) with which P

is formed.

4.2.1 Reactions of recoil T( H) and Cl atoms -J\
-•p.

(G.A. Brinkman, B.S.M. Rao (Univ. of Poona), J.Th. Veenboer) ';

The Li(n,a)T reaction was used to produce fast T atoms. For this

purpose glass powder containing 7 ° natural Li was irradiated in the high-

flux reactor (HFR) of ECN at Petten. The diameter of the grains was smaller '•'••

than 40 ym, the range of 2.7 MeV T atoms.

For the reactions with Cl atoms both Cl and Cl was used. The

latter was produced through the Cl(n,y) Cl reaction on chlorine contain- ;•'..'

ing compounds by irradiation in the HFR at Petten. Isomeric Cl was pro-

duced by

facility.

35 34m
duced by the photonuclear Cl(y>n) Cl reaction at the MEA irradiation

Reactions of T and Cl atoms with chloroani1ines and mCl-for-Cl &

exchange reactions for substituted chlorobenzenes were investigated. J

(i) Reactions of recoil T and Cl atoms with chloroani1ines. v.

Reactions of recoil mCl and Cl atoms with ortho and meta C^H.CINH»

result under high dose conditions in a total organic yield of about 15 %. '

This is much lower than that reported for all other substituted ben- ;

zenes. The Cl-for-Cl substitution yield is about 5 %, which means that >

t
thermal ipso addition - a major reaction channel for other chloroben-

zenes - does not take place. The yield of polymers is about 3 %t almost $r>



a factor of ten lower than that for other arenes. It is supposed that

H abstraction by epithermal Cl atoms from the NH2 group or the forma-

tion of a IT complex followed by HC1 elimination are the major proces-

ses. In the case of recoil T atoms, the organic yields are about 85 %.

The low T yields (l %) indicate that Cl or NH» abstraction and H sub-

stitution in the NHL group does hardly take place. The yields of HT

are about 15 O/°, but it could not be concluded to which extent H ab-

straction from NhL contributed to these yields. The T-for-H substitu-

tion (about 30 %) and the polymer yields (50 %) are not much different

from those found for other disubstituted benzenes.

Two papers, one on T and one on Cl, have been submitted to Radio-

chimica Acta.

(ii) Selectivity in Cl-for-Cl exchange reactions for substituted chloro-

benzenes.

Lead by the earlier observation of selectivity in thermal Cl-for-Cl

exchange reactions in equimolar mixtures of ortho, meta and para

C^HrC^ (see table 4.1), similar experiments on several mixtures of

CgH,-Cl and C^H.C^ w e re performed. Thermal yields were obtained from

the differences between individual product yields of unscavenged and

scavenged (with 2 mol % l2) mixtures. Relative hot and thermal substi-

tution yields for o-, m- and P-C,HLC1 7 were calculated for four types

of experiments (mixtures); see table U.\.

n
V'J

Table 4.1 Realtive ortho-meta-para yields for Cl-for-Cl exchange

Reaction

3 7C.(n, Y)
3 8C,

35Cl(n,2n)3/t\l

35Cl(Y,n)
3H,

M

11

It

Cl (1), o-C6H/)Cl2(2), m-C

Equimolar

mixture

2+3+4 a)

2+3+4 b)

1+2, 1+3, 1+4

2+3, 2+4, 3+4

2+3+4

1+2+3+4

6 H4 C I2

Unscavenged

o

39+2

39±1

43+6

49+6

33±1

40±l

m

12±2

19±1

14+3

22+5

22±3

25±2

(3) and

yields

P

49±1

42±1

43±7

29±5

45±2

35+11

p-Wl

Hot

0

35±1

30+1

33+4

39±2

37±2

38±2

2(4)

n equimolar mixtures

yields (l2)

m

25+1

27±1

25+1

33±2

30+2

32±4

P

40+1

43+1

42+2

28±2

33±6

30+2

Thermal

o

42±2

52±19

62±13

28+1

42±2

m

2+2

6±4

12+6

14+6

20±6

of

yields

P i

56±2

42+13

26+9

57±7

38+23

a) B.W. van Halteren, J.Th. Veenboer, G.A. Brinkman, Radiochem. Radioana). Lett. 5]_ (1982) 373.

b) G.A. Brinkman, J.Th. Veenboer, J. Visser, F.M. Kaspersen, L. Lindner, Radiochimica Acta 26

(1979) 85.
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Clearly, the hot yields are close to statistically distributed,

whereas the thermal yields for the meta isomer are all significantly

lower than those for the other isomers. Since thermal substitution pro-

ceeds through the initial formation of a t complex, followed by the

selective formation of an intermediate ipso a complex, the observations

show that the energy content of the meta-ipso complex is higher than [/.

that of the other complexes. f.,;

Additional work was performed on equivalent mixtures of ortho and ?*

meta substituted chlorobenzenes C^H.CIX, in which X is Cl, F, CH,

or CFo. From this it was concluded that the reaction rates for ther-

mal Cl-for-Cl exchange are affected by the substituent in the sequence

CH, > Cl > F > CF_. This sequence is similar to that of the a para-

meters in the Hammet equation. This indicates that the exchange reac-

tion is slightly electrophi1ic.

4.2.2 Muoniurn chemistry

(G.A. Brinkman and P.W.F. Louwrier with E. Roduner (Univ. of

Zurich)

The ySR experiments were carried out at a muon beam line of SIN

at Villigen. The time evolution of the muon-spin polarization was followed

by counting decay positrons in a given direction as a function of time

spent by the muon in the sample; see ref.

The formation of muonic radicals, reactions of such radicals

and reactions of Mu in mixtures of benzene and dimethylbutadiene with CC1•

were investigated.

(i) Relative rate constants for the formation of muonic radicals in

liquid aromatic systems.

The distribution of muon polarization between different radicals

observed in neat p-difluorobenzene, aniline and bromobenzene and

their binary mixtures with benzene has been measured and is inter- £

preted in terms of relative rate constants for Mu addition. Mu shows >

the same intramolecular and intermolecular selectivity pattern as the f-

heavier hydrogen isotopes, but its selectivity is smaller. The results f
L

have been reported at the ySR 83 Conference, Shimoda, Japan. ^

(ii) Reactions of muonic cyclohexadienyl radicals. P-

Muon-spin rotation radical spectra for anisole and anisole with I

2.5 mM benzoquinone are shown in fig. 4.1. The muonic cyclohexadienyl
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radicals become oxidized by benzoquinone through the reaction

•C^H-MuOCH, + O=C6H^=O -> -C^HrMuOCH +0=0^=0 . For a pseudo first-

order reaction the depolarization rate X is given by

X = X + k[S],o

in which X is the depolarization rate in free anisole, k the reac-

tion rate and S the concentration of benzoquinone. Depolarization

rates X for different concentrations of benzoquinone S = 0.01 M

are shown in fig. k.2 for ortho and meta radicals at a temperature

of 238 K. From these rates one finds (at T = 293 K) reaction rates

of k = (10.5 ± 1.8) x 10ö and (4.2 ± 0.5) x 108 M~1s~1 for ortho and

meta isomers, respectively. Further experiments were performed at

T = 293 and 361 K and also with duroquinone as the oxidant.

1 o 1

Fig, k.1 Top: ySR spectrum

showing the three isomers of

the methoxy substituted cycio-

hexadienyl radicals observed

in neat anisole. Bottom:

corresponding spectrum obtain-

ed with 2.5 TIM benzoquinone in

anisole. At this concentration

the para (p) isomer reacts so

fast that it is not observed.

m

1 I
__Jl 1JL_. A 1

0.0 mM

2.5 mM

200 250 300 MHz

\(10V)

The ortho (o) isomer reacts

faster than the meta (m).

Fig, k.2 Depolarization X for

the reactions of ortho (filled

symbols) and meta (open sym-

bols) muonic cyciohexadienyl

radicals (from anisole) with

benzoquinone at 238 K„

0,005 0.01 M
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(Mi) Reactions of Mu in C C K mixtures.

In order to elucidate the behaviour of y + stopped in C C K (Pn = 1),

experiments were performed on mixtures of CCl^ with benzene and di-

methyl butadiene (DMBD). For the case of benzene, small amounts of

CCl^ (< 1 M) interfere strongly in the radical formation process by

Mu. As CCl^ does not react with Mu and -CgH^Mu, it seems to inhibit

Mu formation by scavenging spur electrons before they react with y+:

CCl^ + e" -> CC13 + Cl".

Fig. ^.3 gives the results for mixtures of CCl^ with DMBD

Fig. k.J, The diamagnetic

fraction PD (circles) and

the radical fraction PD

(squares) for the reactions

of muonium with DMBD-CC1.

mixtures.

DMBD

4.2.3 Reactions of recoil C atoms

(G.A. Brinkman, P. Kuipers, J.Th. Veenboer)

11.An exploratory study was made of reactions of C with aromatic

compounds. Out of a series of possible polyvalent atoms ( 0, S, N,

P and C) the tetravalent C was chosen since its reactivity is known

to be very high. This is important because during the irradiations with

the photon beam at the LECH facility the radiation doses are high. This

means that radiation-induced reactions may interfere with hot-atom reac-

tions in an unknown fashion.

So far C-induced polimerization for a number of hydrocarbons
u
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and reactions of C with benzenes were investigated.

Gel filtration separation techniques were used for the determina-

tion of the yields of monomers, dimers, trimers and higher polymers, formed

in reactions of recoil C atoms with a series of hydrocarbons; see table

k. 2.

Table 4.2 Product yields (%) for the reactions of recoil C atoms

with hydrocarbons

Compound

n-Hexane

Cyclohexane

1-Hexene

1-Hexyne

2,3-Diniethylbutene-2

Cyclohexene

! 1,3-Cyclohexadiene

1,4-Cyclohexadiene

Cycloheptatriene

Benzene

Cyclohexane + 2 % l2

Benzene + 2 % l2

n-C6HlJt

C"C6H12

1-C6H12

1"C6H10

C6H12

C"C6H1O

C" C6 H8

C" C6 H8

c-C7Hg

C6H6

> T

4

2.

11

16

2

5

8

5

8

33

8

17

T

7

5

6

10

8

11

9

13

18

D

20

21

25

21

27

32

37

35

36

25

15

34

M

54

45

51

43

58

47

35

43

21

13

61

42

< M

15

9

7

10

9

8

9

8

11

11

16

7

a)

b)

Excluding HT; M: monomers, D: dimers, T: trimers, > T: activities

eluting before T (high boiling components), < M: activities eluting

after M (low boiling components).

For this case 11 % of the activity elutes between M and D.

In the case of saturated compounds ("""CgH-r and c-C,H12) the yields of high-

boiling products are explained by reactions of labeled fragments and label-

ed C7 radicals with unlabeled radicals, which are formed at the end of the

recoil- C-atom trajectory. In. fig. k.k radiogelfi1tration chromatograms

are given for and + 2 mol % l2- The nature of the monomeric com-

pounds in the ^"scavenged experiments is not known at present
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m
cc

8

10c

T D M

II
100 200

ELUTION VOLUME (ml)
300

\ t:\

Fig, k.b Radio gel filtration chromatogram

for C/ C6 H£ (a) and C/ CA H6 + 2 mo' °/o l2 ̂ '*
M: monomers, D: dimers, C:trimers.

In table 4.3 some individual product yields are given for the reactions of

C, produced by C(y,n) C at MEA, with benzene. The yields are considera-

bly lower than those reported in the literature. To which extent radiation

damage is responsible for this effect is not yet known. On addition of

2 mol % I-» three other compounds labeled with

(0.3 ± 0.1) %, CH„I9: (0.3 ± 0.1) % and C.HCI:

11C were detected; CH,I:

(2.7 ± 0.3)

—L..



T a b l e 4.3 Product y i e l d s (?) for the reactions of C atoms with liquid

" c labeled

compound

C6H6

C 6H 5CH 3

C H *>
C7H8
C6H5C=CH

(n,2n)

(1958)

4.6

2.3

n.m.

n.m.

(Y.n) 2)

(1967)

2.0

2.3

2.6

n.m.

(Y.n) 3 )

(1969)

3-5

2.6

3.6

1.9

(n,2n) k

(1978)

4.9

2.3

2.6

2.2

} (Y.n)

(this work)

1

1

1

0

6±0.1

5+0.1

8±0.1

9±0.1

(Y,n)+2 mol% \^

(this work)

1.5±0.1

0.5+0.1

0.9±0.1

0.2+0.1

«)

2)

3)

4)

Cycloheptatriene.

B. Suryanarayama, A.P. Wolf. J. Phys. Chem. 62 (1958) 1369.

T. Rose, C. Mackay, R. Wolfgang, J. Am. Chem. Soc. _8_9 (1967) 1530.

R.L. Williams, A.F. Voigt, J. Phys. Chem. T3 (1969) 2538.

G.A. Brinkman, G.A.V. Gerritsen, J. Visser, Radiochem. Radioanal.

Lett. 41 (1979) 383-

I
k.l.h

on p"

Decay chemistry of the transition Si ̂

(L. Lindner, P. Polak)

32 c :A (cyclotron-produced) source of Si was used to investigate
32some the chemical characteristics of the decay into radioactive P. The

special feature of this particular transformation is the very low mechani-

cal recoil energy (E < 2 eV) of this pure and weak(E™ax = 222 keV)
16C "3

beta transition.

32

32The isotope Si in silicate dissolved in aqueous systems, gives

rise to P primarily (£ 95 %) in the form of orthophosphate. This is some-
32what surprising since P resulting from nuclear reactions - though with

higher recoil energy - under similar conditions yields only about 50 X

orthophosphate (and 50 % lower oxidation states).
32If the Si is present as the hexafluorosi1icate

32

..,-2-) an ion,
32part of the P is found as hexaf1uorophosphate. The amount depends on the

surroundings, i.e. whether one has liquid or solid aqueous solutions. The
32latter yields up to 85 % PF,. Both observations are attributed to the low

recoil energy, which is even below the energy of the Si-0 or Si-F bond.

f
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k.3 Radiation chemistry

The work performed over the past year was connected to a large

extent to hot chemistry and previous pulse radiolysis experiments. The

study on reactions of hydrated electrons with metal complexes by means of

radiolysis was terminated. The results reported below were obtained from

samples irradiated with gamma-rays from a Co source.

A.3.1 Irradiation of CCl^ and ^ C l ^

(C.N.M. Bakker, P.W.F. Louwrïer)

The main problem to be solved first was the lack of purity of

commercially available CCl^. This CCl^ always contains traces of H20,

CH2C12, C2HC15 and C2C16. After intital purification (distillation) and

irradiation with the Co source, still H20 showed up in the product ana-

lysis with a gaschromatograph mass spectrometer (GCMS). In addition C,H_C1

and C/H.CL (from the vacuum line) and degradation products (from vacuum

seals) were found. Extended distillation with a spinning band during one week

and improvements of the target handling lead to the desired purity.

Photon irradiation of purified CCl^ yielded only traces of C_C1.

(since initially formed C2C1^ largely disappears by reacting with Cl 2).

The main product formed was C2C1, with G = O.65 (the number of moles

formed per 100 eV absorbed energy). Some C-Clg (with G = 3.5 x 10 ) was

also formed.

Irradiation of C2C1. lead to the following products (G-values):

C 2C1 6 (0.78 ± 0.02), C^Clg (1.1*8 ± 0.03) and C^Clg (0.^7 ± 0.03). After

the addition of 0.5 mol of CCl^ to the sample also C-Cl, (G - 0.38 ± 0.03)

was formed.

A.3.2 Irradiation of aqueous EDTA solutions

(J. Korsse, G.A.J. Leurs)

In connection with the pulse radiolysis of aqueous solutions of

EDTA (Ethylene diamine tetra acetate) - metal complexes (see previous re-

ports) the decomposition of aqueous EDTA solutions under photon irradiation

was studied. For this purpose Sephadex G25 gelfiltration experiments were

performed. The individual products were detected either by spectro-photo-

metrical detection in the range 250 - 260 nm, or by measuring the activity
1Afor experiments on C-labeled EDTA.
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In table k.k the measured G-values are given along with litera-

ture values. The latter were suspected to be too low since they were ob-

tained from measuring the decrease in the absorption of the complex EDTA +

Fe . This generally yields too low values since the degradation products

can also form complexes with Fe which absorb at the same wave lengths.

Table 4.4 Decomposition of EDTA in aqueous solutions measured by

gelfiltration (Sephadex G25)

PH

3-5

6.0

7.0

7.0

10.0

10.0

11

7.5

Condi tions

U2 free

with 0 2

0 2 free

with 0 2

02 free

with 0 2

0 2 free

Cu(EDTA)2", 0.

Detection

Method

UV

UV

lkc

UV

UV

"•c

free lAC

G(-EOTA)

2.8 + 0.4

4.0 ± 0.8

3.5 ± 0.3

2.6 + 0.2

4.3 ± 0.4

3.5 ± 0.5

2.3 ± 0.2

2.3 ± 0.2

3

3

1

1

2

2

Ref.

.0 ± 0

.6 ± 0

• 7 ± 0

.9 + 0

.4 + 0

.0 ± 0

(Ref.

1

• 3

• 3

• 3

.3

• 3

.2

3)

Ref. 2

4.0

3-6

1)

2)

3)

.N. Bhattacharyya, K.P. Kundu, Int. J. Rad. Phys. Chem. ̂  (1972) 31.

. Matsuura, Bull. Chem. Soc. Japan j}0_ (1967) 2042.

.N. Bhattacharyya, K.P. Kundu, Int. J. Rad. Phys. Chem. _5 (1973) 183.

k.k Isotope production

Isotope production is of importance not only for hot-atom and

radiation chemistry but also for practical applications. Although the pro-
18 32

duction of both F and Si serve the present chemistry programme, the
18

F formation was also studied in view of its medical applications (e.g.
positron-emission tomography).

18
**.*•• 1 The production of F

(G.A. Brinkman, B.W. van Halteren and M. van der Leij;

G.W.M. Visser (Radio-Nuclide Centre VU))

18
Photoproduction of F was studied at MEA. For this purpose

targets of LiF, SF^, CF^, Ne and Na were irradiated with bremsstrahiung

ft?

i
v5
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beams produced by 78 - 115 MeV electrons. The resulting cross sections per

equivalent quantum a are listed in table ^.5.

Table k.5 Cross sections a for the production of F

EQ(MeV)

78

113

125

3

3

.0

.6

L i F

+ 0 .

± 0 .

1

1

H

SF6

1.9 ±

2.9

0.1

a) 3.0 a>

0.

0.

0.

Ne

2<4 ±

23 ±

41 ±

0

0

0

.01

.03

.02

0

0

Na

.19 ± 0.

.32 ± 0.

02

01

a)
From one experiment only.

* *

The a values found for LiF and Na targets are in good agreement

with known cross sections. The Na target is of interest since on dissolu-
18

tion in absolute alcohol, water-free (C2H,-)/.N F can be obtained by stirr-

ing with 2.5 g of Dowex 50 WXY in the presence of 10 mg of ( C 2 H C ) L N F car-

rier.
18

A nucleophilic substititon reaction of (C?H,-)iN F with18CH2BrC00C2Hr, dissolved in acetonitri ie, was used to obtain CH2 FC00C2Hr.
The radiochemical yield was found to be 51 %- This demonstrates the useful-

ness of the technique to produce labeled compounds.

18

The possibility for routine production of F for medical ap-

plications was investigated with a high-pressure monel target, constructed

for the irradiation of Ne gas (with 0.03 % of F2 mixed in) at a pressure of
1p on |O

2.2 MPa with deuterons. The F is formed by the Ne(d,a) F reaction.

Tests with a deuteron beam from the VU cyclotron (E . = 16 MeV, I = 3.5 ViA)

were successfully performed. During irradiation,the Ne pressure increased

to 2.5 MPa due to heat dissipation by the beam.
18The yield of F F, to be used for the labeling of organic com-

18

pounds, was found to be 80 % of the total F production. When the irra-

diated Ne/F2 mixture is lead through acetic acid containing traces of

CH,COONH., the compound CH,COO F is formed with a yield of US I. From
18this.C^H ' F could be obtained with a yield of 26 % with respect to the

18 18
original amount of F F by the reaction between CH-COO F and CgH,. - Hg -
00CoHc. If, however, the Ne/F, mixture is directly fed through a solution

18
of CH3C00H + C 6H 5 - Hg - O O C ^ , the yield of Z^H^ F is only 8 %.
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f{.

In absolute measures, one obtains in a 7 min irradiation at i;
1 g '(.('

3-5 yA a F F activity of 185 MBq (80 * of the theoretical value). Extra- tl
\\.

polation to a 1 h irradiation at 10 yA and a processing time of 2 h (the ^

F half-life) one can produce 0.6 GBq of C,H_ F. This is sufficient for h

tomography on three patients. tr'
,i *

3 2 '•''

4.4.2 The production of Si and its beta decay fi(L. Lindner and P. Polak with Los Alamos National Laboratory)

34r

32
Carrier-free Si has been produced previously with the

S(p,3p) reaction (see Annual Report 1981 - 1982) in small quantities. We
32

now report on the production of Si in much larger quantities by using a

spal lation reaction on vanadium with high-energy protons. This work is di-
32 32

recly connected to the use of P (from beta decay of Si) in hot-atom

chemistry (see section 4.2.4).

In collaboration with the Los Alamos National Laboratory (group

INC-3) four vanadium metal discs (each weighing 79 g) that had been i rra-

diated with 600 - 800 MeV protons during the period 1977 - 1979, were
32treated such that Si was separated. Ths discs were dissolved in a mixture

of sulfuric acid and nitric acid. Next the solution was treated with molyb-
die acid and contacted with 1-butanol. Essentially,Si is then extracted in

44
the form of si 1icovanadimolybdic acid, whereas Ti (which was also pro-

duced during irradiation) stays in the water layer. After contacting the

organic phase (with the Si) with a dilute NaOH solution the silicomolyb-

dates are decomposed and the Si is back extracted into the water phase.

In the clean up, anion exchange on Dowex-1 in hydroxide form was
applied. After repeating this procedure, in particular to remove Ge, clean
32

Si was obtained in a 0.*» - 0.6 M NaOH solution. The yield per target disc
32

was found to be 0.35 mCi of Si.

32
A small sample of_ Si has been used to measure the beta end-

32 8 32
point energy for the Si ^ P ground-state transition. For this purpose

liquid scintillation counting has been applied at NIKHEF. The end-point

energy was found to be EQ = 221.4 ± 1.2 keV. A new value of E Q = 248.3 ±

1.3 keV was also found for the end-point energy of the P beta spectrum.

Present-day commercial scintillation counting equipment appears to be an

attractive tool for such measurements. A report of this work has been sub-

mitted for publication in Radiochimica Acta.

1' E. Roduner, H. Fischer, Chem. Phys. 54 (1981) 261
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5.1

TECHNICAL DEVELOPMENTS

(Groupleaders: H. Arnold, P.J.T. Bruinsma, M. van Gelderen, A.P.

Kaan, E. Kwakkel, G. Luijckx, T.W. van der Raay)

Introduction

With the completion of the two magnetic channels for pions and

muons the entire facility for intermediate-energy physics with electron and

secondary-particle beams (pions, muons and photons) has become operational.

Over the past year, a total of J»800 beam hours has been scheduled,

including some 600 h for accelerator studies and energy and duty factor up-

grading activities. The weekly efficiencies for accelerator performance

during the first half of 1983 are displayed in fig. 5.1.a. The average ef-

ficiency amounts to 66 %. Without failures of the beam-handling system

(AFBU) and the injector the efficiency would have been 75 %. Data taking ef-

ficiencies for the experiments are shown in fig. 5.1-b. The main reasons for

these numbers to be lower than those of fig. 5.1.a are some failures of ex-

perimental equipment, e.g. the He target, and the time-consuming tuning

for the (mostly) high-resolution measurements. Apart from those weeks that

show major failures of the injector and beam-handling system, the average

data-taking efficiency is about 50 % for the period considered. Work is go-

ing on to increase this figure.
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Fig. 5.1.a Accelerator efficiencies

(period Jan. 1 - July 1, 1983).

Fig. 5.1•b Data taking efficien-

cies (period Jan. 1 - July 1, 1983)
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The following equipment is available for the physics and chemistry

experiments.

(i) The medium-energy accelerator (MEA) which, through elaborate beam-

handling systems (LEBU and AFBU), delivers beams of 50 - 400 MeV

electrons with a duty factor of up to 2 % to the experimental areas,

(ii) Electron scattering facilities in the 140 MeV substation (LEF, ex-

clusively for 180 scattering experiments) and in the 500 MeV end

station (EMIN) with the large QDD and QDQ magnetic spectrometers,

(iii) Set-ups for pionic and muonic atom work, low-energy pion scattering

and absorption measurements and pSR experiments in the PIMU hall,

(iv) A photon-irradiation facility for radiochemical experiments in the

H O MeV substation (LECH).

Most of the technical activities are presently directed towards

improving, upgrading, running and maintaining the instrumentation (see

sections 5.2 - 5-4). It is worth mentioning that design work related to

plans for increasing the duty factor from the present few percent to a

value close to 100 % is in progress (see section 5.5)- The technical staff

is to some extent also involved in work for third parties (see section 5.6),

notably in the construction of the Dutch photon beam line at the Daresbury

(England) synchrotron radiation ring. This work clearly profits from the

experience obtained during the construction of MEA and the experimental

faci1i ties.

This chapter concludes with a brief description of some general

activities wiich serve to keep the know-how up to date (see section 5-7).

5.2 The accelerator MEA and its beam lines

5.2.1 Operations

Due to the severe load of MEA for the scientific programme the

design specifications have not yet been fully met. In table 5.1 the speci-

fications which were readily available to the experimentalists in the past

year are given along with the design values. The maximum energy of 500 MeV

will be reached after the replacement of all klystron filament transformers

which is necessary for increasing the r.f. power output from 2 MW to k MW

for each station. This upgrading has already been carried out successfully

for 6 out of the 12 modulator-klystron stations. Only after this operation,

the duty factor for energies below 250 MeV will be further increased to 10 %.
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The delay will not hamper the scientific programme severely because most

duty-factor sensitive experiments are performed at energies beyond 350 MeV.

Table 5.1 Beam specifications of MEA

Maximum energy (MeV)

Duty factor at 500 MeV {%)

Duty factor for < 250 MeV (%)

Energy spectrum {%)

Target current (JJA)

Des ign

50 -

2.

10

0.

200

value

100

5

5

Present

50

50

iy

-

2

2

0
-

available

1(00

.2

100

5.2.2 Major accelerator systems

Modulators. All 12 accelerator modulators have now been put into

service. The pulse flatness has been improved to 0.1 % over a pulse length

of ^0 vis. Due to high voltage flash-overs in the original klystron fila-

ment transformers, high power operation at h MW was limited. The transfor-

mers are being replaced by improved versions. Upgrading of the various sub-

systems and components for increasing the reliability is in progress. All

local timing systems for instance are now provided with a redesigned coupl-

ing unit between the r.f. system and the local electronics, which contains

an error detecting/correcting mechanism.

Klystrons. The high duty factor klystrons perform well: 15 klys-

trons have been on a circulation scheme in the 13 sockets (12 at the acce-

lerator and 1 in the test facility). The accumulated high voltage hours per

klystrons are displayed in fig. 5.2. In total over 90.000 high voltage

hours have been accumulated. A body current monitor to be added into the

modulator interlock chain has been developed. It will provide additional

protection required at high duty factor and/or high power operation.

R.f. windows. All windows responded well to the increased duty

factor and r.f. power operation. The planned replacement of the remaining

original rectangular windows by circular klystron-type units has therefore

been suspended.

Cooling systems. After succesful tests of a new cooling system

using vapour instead of liquid freon, work has begun to modify all 12 modu-

lator-cooling systems accordingly. This will allow full-power linac
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Fig. 5-2 Accumulated high-voltage hours per klystron.

operation even during hot-weather periods.

Injector. The fiber-optics system, providing the on-off pulses to

the electron gun, was found unable to cope with prolonged operation at high

pulse-repetition rates. Replacement had been anticipated in the summer of

1983, but several time-consuming failures requested interruption of the

scientific programme (see fig. 5.1.a). The light links, designed in the

early days of fiber optics, have now been replaced by modern fibers and

electron-optics transducers. A new gun pulser system has been added. On-

off control and pulse width adjustments are now obtained by shifting the

timing of the gun pulse with respect to the pulse. This circuitry effecti-

vely reduces fluctuations of the average gun cathode current and consequent-

ly improves the electron-beam stability. A line current stabilizer (15 kW)

has been installed. Fluctuations in beam current and energy loss have been

reduced to less than 0.1 mA and 0.1 %, respectively.

Ï
\ *'•

5.2.3 Accelerator research

Beam optics. As a n t of new calculations and their experimen-

tal verification a beam with a diameter of less than 5 nim can now be ob-

tained for energies ranging from 70 - ^00 MeV by using a set of energy-

independent quadrupole current settings.



Tuning procedures. The loss of experimental beam time due to tuning

procedures of MEA, the beam switch yard and the experimental equipment must

be further reduced. Effort is undertaken to develop procedures, which quick-

ly restore the required beam parameters 'n case of equipment failures.

These procedures involve beam spot size, position and direction, energy

spectrum, klystron r.f. power and phase and the mutual exchange of modula-

tors without hampering the experiment. Sufficient monitors and instruments

are availablein the high-energy beam switch yard for studies of beam proper-

ties. Optimum tuning for energies smaller than 70 MeV, however, requires

additional beam position and energy spectrum monitors. They will shortly be

inserted in the low-energy beam lines to facilitate beam studies with the

1inac front-end.

5-2.J* Upgrading programme

Klystrons. With the dedicated test facilities attempts are being

made to increase the r.f. power output of a 'standard' MEA klystron beyond

k MW. So far, 5.8 MW has been obtained at reduced average power. This work ,

is undertaken in view of the project 'UPDATE' (see section 5 - 5 ) , which re-

quires klystrons with increased peak power. This is necessary to compensate

for beam loading due to the required increased peak currents in the accele-

rator. In the same spirit, tests of an old 25 MW r.f. power, low duty fac-

tor (0.1 %) modulator have been successfully terminated. An energy gain of

more than 100 MeV has been obtained, by using two of the present 7*3 m long "•

MEA accelerating structures.

Kicker magnet and power supply. The power supply for the low-ener- ;

gy kicker magnet has been upgraded to enable beam sharing between the low- |f

energy and the high-energy stations. ji

Local computers. In order to reduce the down time caused by mal-

functioning of the various components of the complex local control hard- -

ware, a mobile spare control column has been put into service. The 8 year ;,•

old control computers are due for replacement. Therefore a new concept for

control equipment is under study. ^

Accelerator operator facilities. Operator control facilities for "

the MEA accelerator have been improved with the introduction of a new

touch-panel interface and a facility for saving and restoring complete ac- I,

celerator settings (SARAS). In addition, the complete AFBU switch yard can

now be remotely controlled from the central console. Local control :



facilities in the neighbourhood of the switch yard have also been improved.

Preparations were made to extend the console function by MIK-11/2 based con-

soles (replacing the obsolete Alpha LSI/2 mini computers).

5.2.5 Beam switch yard system

A new beam line for the pion-muon experimental area (see section

5.3-1) has been put into operation. The beam power in this line has been

limited so far to 20 kW in order to test various components like col limators,

production targets and the exit-window. This exit-window is made of 0.1 mm

thick aluminium (see. fig. 5-3)- Related v/ith the high power density of the

electron beam a secundary emission monitor (installed in front of the win-

dow) checks beam position and spotsize, which information is interlocked

into the beam turn-off system. In addition a T.V. target, placed 10 m up-

stream provides additional monitoring of the (10 x 1 mm ) electron beam.

PION CHANNEL
PION
CONVERTOR AL WINDOW

RFAM

T.V. TARGET.

Fig. 5-3 Exit-window construction including monitor for

protection purposes.

In the LEF and EM IN beam lines toroidal absolute beam-current

monitors have been installed. The primary beam-protection system, which is

based on Compton batteries that inhibit injector pulses whenever the elec-

tron beam hits one of the many protection col limators, is performing

extremely well in the accelerator but still needs adjustments in the

beam switch yard. High beam power, related with 'filling-time electrons 1,
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{•^ has caused some vacuum failures (see fig. 5.1). Mechanical constructions

i have now been improved (e.g. vacuum flanges have been avoided to a large "f:\
• ••'- V'

extent by welding pipes together wherever possible). The protection system }.<;]

has now beentested for beam powers up to 35 kW.

The beam switch yard (AFBU) is now controlled by a new operating

system which eases considerably the manipulation of all components (magnets,

•: diagnostic and monitoring equipment). Past experience showed it to also be ^

•;, desirable to monitor the electron energy continuously when threading the V

beam through AFBU towards the EM IN hall, since small energy drifts during

this procedure make the interpretation of certain monitor signals ambigu-

ous. The use of the energy monitor is therefore expected to decrease the <

tuning time. It is a retractable SEM (secundary emission monitor) - con-

sisting of five thin (50 ym) W wires - installed in front of the energy- f
i

defining slit system.

5.3 Experimental equipment

A detailed description of the equipment in the different experi-

mental halls can be found in earlier annual reports. In this report we only

emphasize the important improvements made in the past year.

5.3.1 The EMIN hall

The EMIN experimental facility consists mainly of two magnetic

spectrometers with appropriate detector systems and data-handling equip-

ment allowing single-arm and coincidence measurements. A detailed descrip-

tion of the facility has been submitted for publication in Nucl. Instr.

In the past year about 3000 h have been scheduled for electron-scattering

experiments with a data-taking efficiency of about 50 % (see introduction).

The main addition to the experimental facility has been a cryo-
3 kgenie He target designed and built by the Physics Department of the

University of Technology at Delft. A full description of the system is

given in the thesis of Boogaard (Delft, January 1983)» it is also submitted

for publication. The target, operating at temperatures between 1.2 and 2.2 K,

can take a dissipation of electron beam power of 1 W. For He in the super-

fluid state an effective target thickness nearly independent of beam dissi-

pation was observed. In the case of He the effective target thickness was

found to change modestly with dissipation. These changes, however, can be

reliably corrected for. With this cryostat the resolution attainable in
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3 2
the He(e,e'p) H coincidence reaction and the electron and hadron spectro- f~

meters was shown to be 600 keV (FWHM). The target has been used for experi- :

ments during three two-week cycles; it has performed well most of the time. ^

Only during the last cycle the thin stainless steel target window was des- '"

troyed due to overpressure. The He recovery system works according to the •<

expectations. V

The main extension of the detection system has been the imple- )

mentation of an electron-rejection device in the trigger of the QDQ detec-

tor containing an aerogel Cerenkov radiator (refractive index 1.05) used

as a veto for electron events. A large electron rejection (10 - 10 ) has

been obtained. A paper has been submitted for publication in Nucl. Instr.

Other important extensions took place in the event-processing :

electronics of the wi re-chamber detectors. The following modules were ;"i

added. \'

(i) Hitpattern module. This unit checks events on track integrity. It j

records hit-multiplicity on the wire chambers and may therefore be

used to reject illegal events. It also labels events with hit-pattern :

information in 1 i st-mode data storage. yr

(ii) Flash encoder ADC. In order to match to 300 ns cycle of event encod-

ing, fast (50 ns) 6-bit flash encoder type ADC's have been imple-

mented. These are used to register pulse-height information from the

seinti1lators incorporated in the trigger system of the wire-chamber

detectors. This device enables simultaneous detection of deuterons

and protons from the He(e,e'd)p reaction. ^

(iii) Data compressor. This is a bit-slice preprocessor which applies

transformations on the event-descriptor with the goal "z, improve ~

momentum resolution in single-arm electron scattering experiments. '̂

The heart of the module is a large look-up table (6^K DRAM). The :

table contains the information needed to correct for imaging aber-

rations of the spectrometer. ,1-

A paper entitled 'A fast and flexible focal-plane detection sys-

tem for electron-scattering experiments', has been submitted for publica-

tion in Nucl. Instr.

The Tol lowing improvements were introduced,

(i) The spectrometer exit window construction has been modified (see

fig. S.h) in order to avoid rupture, causing also damage to the adja-

cent detector system: this occurred once with the original construe- '*

tion.
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Focal plane

Spectrometer
.vacuum

10 Pa

Wire chambers

Gas volume
wire chamber

nr_ .]_ - A T gap 10 Pa

JJI

F'9> 5-1* Spectrometer exit-window construction applying diffe-

rential pumping between two foils (one Kapton and one Kevlar-

kapton combination).

(ii) A second absolute beam-current monitor has been implemented in

the beam line to back up the already existing current transformer.

The monitor has been calibrated with the LEF Faraday cup.

(iii) In order to avoid too poor a vacuum in the upstream beam line due

to frequent target changes in the scattering chamber,two ion-getter

pumpswere replaced by turbo-molecular ones. They pump each side of

a long piece of beam pipe and therefore act as an effective-diffe-

rential pumping section between the target area and the switch-

yard.

(iv) Sliding foils of stainless steel isolate the target chamber vacuum

from the outside world. The chamber was originally fit with quad

0-ring seals, but these seals caused frequent leaks. They have been

replaced by well embedded standard Viton 0-rings. Related with the

requirement that the spectrometers should rotate synchronuously with

the sliding foils (which are driven by separate motors) rubber bel-

lows form the connection between the target chamber vacuum and the

S
7*"
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vacuum of the QDD and the QDQ spectrometers (see fig. 5-5). During

two years they have proven to remain very flexible even in a radia-

tion environment.

TARGET

CHAMBER

SLIDING FOIL

FLEXIBLE

BELLOWS

SPECTROMETER

VACUUM CHAMBER

Fig. 5.5 Rubber bellow construction connecting the target'

chamber sliding foils with the spectrometers.

(v) Polarity switches for conversion of the QDQ spectrometer from hadron

to electron detection or vice versa have been installed. The angle

positioning of the spectrometers has been computerized such that re-

mote control according to a standard procedure will become possible

shortly. Finally, a protecting device that measures gas pressure

and composition of the argon-isobutane mixture in the wire chambers

has been installed; high voltage is switched off automatically if

the conditions are unfavourable.

5.3-2 The LEF hall

About 500 h have been spent on the experimental programme at the

18O electron scattering equipment. The system hss hardly undergone any

changes since last year; it works quite reliably (see section 1.2.2).
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An interface has been designed to adapt the NRL (USA) refrigerat-

ed gas target (Nuci. Instr. ]J_ (1970) 136) to the LEF target box. The gas

target (maximum pressure 500 kPa) will be used for approved experiments on

gaseous Ar and Ar. For improving the total instrumental resolution of

the system a multiwire proportional chamber (MWPC) has been constructed.

It will replace the 19-channel overlapping scintillator detector. Its in-

trinsic resolution is 0.15 mm which will improve the total instrumental re-
-ksolution of the system to 7 x 10 . Further improvement of the resolution

-hto = 5 x 10 requires the energy-loss technique to be implemented in the

beam-handling system.

5.3.3 The PIMU hall

During the summer of 1982 the magnets (received in parts from

the manufacturer and completed in our workshop) for the pion and muon

channels and the air cooling units for the power supplies have been in-

stalled; see also section 2.2. A provisionary muon extraction system (bey-

ond the solenoid) has been built. With the use of the copper pion-produc-

tion target (made by CEN, Saclay) the first pion and muon beams have been

realized in November 1982. Since the originally installed beam dump was

not capable to accept high dissipation, only a low-intensity electron

beam could be used. Altogether 500 h of beam time was received in this

station during the past year.

A new beam dump - based on the SLAC design of a vessel filled

with small aluminium spheres, immersed in cooling water - has been de-

veloped. This dump has 250 KW cooling capacity and a 1 m front-end dia-

meter, large enough to catch a 500 MeV e beam, which is diverged due to

mutiple scattering in the thick (l cm Cu) electron-pion conversion target.

The installation of this dump has been completed early 1983.

In the experimental arear a number of set-ups has been installed

and tested, such as plastic scintillator pion and muon telescopes, Compton-

suppression Ge spectrometers, a large scattering chamber with Ge telesco-

pes and multi-wire counters, a plastic scintillator range telescope (on

loan from Saclay) and a set of 20 neutron scintillation detectors (see

also section 2.3). Provisions have been made for the neutron detector to

obtain an on-line gamma-neutron discrimination. For the available two PDP-

11/3*4 computers and LSI 11-23 microprocessor (BIRA system) software has

been implemented that runs under the UNIX operating system. High data
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rates (10 - 10 s ) can be accommodated for pionic and muonic atom expe-

Further improvements and extension of the facility are listed

below.

Electron-pion conversion target. A feasibility study has been

made of a two-step production target (high-Z photon radiator, low-Z pion

production). A model consisting of a 1.5 mm thick Ta radiator and a ma-

ximum of five plates each of 1 cm thick C and/or Cu has been made. The

first results show that a combination of the radiator and 2 cm of C yields

the same pion production as a 1 cm Cu target. The electron back-ground,

however, is a factor of four lower than that for the present Cu converter.

Chiller. All water-cooling circuits around the accelerator and

experimental halls are closed-loop circuits (T % A0 °C). The helium liqui-

fier and compressor, however, have to be cooled with 15 °C water. Since

running water from the tap is expensive (the consumption amounts to 16 m

per hour) a chiller of which the condensor has been especially adapted to -

withstand the demi water of the cooling system, has been installed. j-

Magnets. A new bending magnet (0.9 T, 25 cm gap, 60 cm pole dia-

meter) has been designed to be positioned downstream of the superconducting

solenoid. The maximum bending angle of this magnet is 55 • The magnet will

be equiped with relatively cheap coils wound from Al£0, insulated alumi- ~'

nium band instead of the normally used hollow square copper conductor (see

also 5-7). To enable ySR experiments a H-type (1.3 T) magnet with a pole ë

diameter of 60 cm and an air gap of 12 cm has been installed. -•

5.3.4 The LECH hall j|

As a rule beam is acquired four days a week for a period of 2 h :'

per day. In order to have more flexibi 1 i ty and to avoid unduly beam-time T_s

losses due to switching from the physics programme to the radiochemistry '%

programme and vice versa, pulse to pulse operation of the kicker magnet

at the 140 MeV point is being installed. The first tests have been carried ;•'

out. f

S.k Computer facilities I

The two major tasks of the Computer Systems Group have been the L

integration, stabilization and extension of the IKOnet accelerator and
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experiment control network, and the management of the network and of the

central computing facility.

5.A.1 IKOnet accelerator and experiment control computer network

Hardware improvements. Both general service machines (GSMs) have

been replaced by PDP-11AA ones, each with 1.5 Mb of memory. An Ampex 330

Mb Capricorn disc drive (with Winchester technology) is connected to the

message switching machine (MSM). Both upgrades resulted in smaller and

more predictable response times and larger capacity, especially for the |;

dumping and analyzing of experimental data. jp
i "\

Accelerator operator facilities. Operator control facilities for :-

MEA were improved (see section 5.2). "§;

Network improvements. The reliability of IKOnet was significantly

improved by some changes in the basic network communication protocol. The

introduction of an automatic deadlock detection and resolution mechanism in

local machines also made the network perform more reliably. A communication V-?

'watchdog' process in the MSM machine helped to signal potential deadlock- <

prone situations. Finally, boot procedures were greatly simplified, giving r

the operator the possibility to boot every ECM from the central machine

simply by typing: boot <machine-name>. u

New facilities. A general purpose command interpreter CMD was im- v

plemented to facilitate the construction of interactive software. A terminal "

handling facility TERMINET was implemented in such a way that every user now £&.

initially c o m m u n i c a t e s w i t h this facility s p e c i f y i n g o n t o w h i c h m a c h i n e he ^

wants to login. T E R M I N E T then connects his terminal to the (possibly remote) -i.

UNIX m a c h i n e in a transparent m a n n e r via the IKOnet c o m m u n i c a t i o n f a c i l i t i e s . $k

T h e UUCP (UNIX UNIX Copy) s o f t w a r e w a s installed, w h i c h gives the p o s s i b i l i - |̂

ty to link IKOnet to the European UNIX n e t w o r k via the VAX node at the M a - JL

thematical C e n t r e . T h e RAND e d i t o r w a s installed and greatly improved, giving R.

- for the first time - a true u s e r f r i e n d l y inter-active screen editing f a c i - 'f'

1ity on the machines of IKOnet. Finally, a new low cost type of experiment j

control machine (ECM) based on a LSI 11/23 cpu with two 3Mb Rodim disc units

and running the FENIX and UNIX operating systems, was introduced in close

cooperation with the Digital Electronics Group.
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": 5.^.2 Management of IKOnet and of the central computing facility

-«. Management of computers in the open-shop fashion as currently

', practised at NIKHEF-K, centres around fool-proof backup procedures and

c simple boot procedures. Both seem to have developed in the past few years

up to a satisfactory level of usability also by non-experts.

A system for downloading 'maindecs' (DEC maintenance software)

into any machine in the network was installed, much to the relief of main-

tenance engineers.

5.^.3 Replacement of the central computing facility

A joint NIKHEF committee reported to the Board of Directors

their view of future computer needs in the NIKHEF environment. As, however,

the current computing facility of section K, a DEC-System-10 with Kl pro-

cessor, is becoming old fashioned (that is: expensive in maintenance) and

highly overloaded, replacement of that machine with a more modern time-

sharing system for interactive use became 'mminent. Therefore the commit-

tee has advised the Board of Directors to acquire a UNIX based 32 bit

super mini system (possibly with more than one cpu). A NIKHEF-K committee

started preparations in cooperation with the 'Rijks Kantoor Machine Cen-

trale' for the selection and acquisition of such a system.

5.5 Project UPDATE

During the past year design studies have been made of a possible

upgrading of the duty factor from the present 2 % to a value close to

100 %. Constraints for this update study have been that the extension of

the facility should to a large extent fit withing the present buildings

and that detection equipment, notably the beam-handling systems and mag-

netic spectrometers, are not to be replaced. The latter requirement im-

plies that an increase of the maximum energy is not considered.

The present idea is to increase the duty factor by means of

a pulse-stretcher device for which MEA then serves as a low duty-factor

(0.1 %) injector. The layout of the stretcher ring is shown in fig. 5.6.

This set-up would only require a minor extension of the injector hall.

The investigations so far have been concerned with the magneto-

optics of the system (almost completed) and the required adaption of the

accelerator to the low duty-factor mode of operation, while maintaining
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the present mode (see subsection 5.2.k). This requirement is important for

duty-factor insensitive experiments that require high average beam cur-

rents. The reduction of the present duty factor to 0.1 % will considerably

lower the electricity bill.

The studies are carried out in close contact with several insti-

tutes abroad. Contacts are pursued among others with engineers at Saclay,

CERN, Saskatoon and Charlottesvilie. At the last two places pulse-stretcher

proposals have recently been approved for maximum energies of 300 and 4000

MeV, respectively.

EXTENSION INJECTOR HALL

EXISTING BENDING SYSTEM

INJECTION KICKER MAGNET EXTRACTION

INJECTOR

200 MTR. LONG ACCELERATOR

PULSE STRETCHER DEVICE

BEAMDIRECTION

TO
EXPERIMENT

Fig. 5.6 Lay-out of proposed pulse-stretcher.

5.6 Work for third parties

The know-how obtained during the construction of MEA and its ad-

jacent instrumentation could be put to use also for other parties. We re-

port here in particular on the design and construction of beam-handling



equipment and multi-wire chambers for particle-detection purposes.

5.6.1 Synchrotron radiation beam line at Daresbury (England)

Fall 1980 the Dutch Government turned down the proposal for a

Dutch dedicated Synchrotron Radiation Source. Instead Dutch scientists

were encouraged to obtain beam time at already existing synchrotron radia-

tion (s.r.) sources. Last year the Netherlands Organisation for the Advan-

cement of Pure Research (ZWO) signed an agreement with its British counter-

part (SERC), which assured beam time for Dutch users on the SRS at Dares-

bury, in exchange for the construction of two experimental stations in-

cluding the required X-ray optics and the beam transport. It is NIKHEF's

responsibility, on behalf of ZWO, to design, build and test this equip-

ment; see fig. 5.7. For this purpose there is a close collaboration between

NIKHEF and several other institutes. Daresbury Laboratory is involved in

specifications and design work; it is responsible for installation, vacuum

control, radiation safety and data acquisition. The TPD (Technisch Physi-

sche Dienst) at Delft designs and manufacturers a high-resolution X-ray

monochromator, while the Laboratory of Anorganic Chemistry of the Univer-

sity of Technology at Eindhoven acts as a coordinator for the Dutch users.

'r

I

SAD/SAS
/ • SAMPLE

SAD/SAS
EXPERIMENTAL AREA

CENTRAL
EXPERIMENTAL

LINE
AREA

STAGE ^. . i l L DiNO

HUTCH WALL

SINGlF CRYSTAL

E.XAFS SAMPLE STAGE M I R I

EXAFS EXPERIMENTAL AREA

HUTCH WAU

WIGGLE»

STORAGE RING

LINE 8

Fig. 5.7 Lay-out showing the main parts of the Dutch synchrotron radiation

1 ine.
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Synchrotron radiation, emitted by electrons in the bending sec-

tions of a storage ring, is transferred through ports in the vacuum enve-

lope of the machine. A port is connected to the experiment beam lines by

a front-end. At Daresbury this front-end is located inside the machine ra-

diation shielding. It contains among others a synchrotron radiation absor-

ber, isolating vacuum valves, a fast flap and differential pumping sec-

tions that isolate the machine vacuum from the beam line vacuum. The line-

8 front-end is able to transmit 40 mrad of s.r. To be able to operate se-

veral experimental stations simutaneously, the synchrotron light beam is

split up. The presently available beam-line optics can only handle 5 mrad,

depending on the distance from the source. Through focussing and mono-

chromatoring optics the s.r. beam is brought onto the sample.

Two beam lines are financed by ZWO. One for EXAFS (extended X-

ray absorption fine structure) experiments and one for SAS/SAD (small angle

scattering/diffraction) experiments. Each line has its own typical set-up

for X-ray optics, detection and data acquisition. The EXAFS line optics
-k

will incorporate a AE/E = 10 double-crystal monochromator able to accept

almost the full 5 mrad beam. The SAD line operates with a single crystal

monochromator. A wide range of detection systems will be available; ion

chambers and fluorescence detectors for EXAFS, high-flux high speed and

high resolution wire chambers for SAS/SAD.

Besides the project management responsibility, NIKHEF is involved

in all the mechanical and vacuum engineering of the front-end, beam lines

and experimental stations. Although many of the required components are

bought still quite a number of items are partly or fully manufactured in-

house; e.g. differential pumping sections, synchrotron-radiation absor-

bers and complex vacuum vessels for monochromators and the beam splitter.

All components are cleaned to UHV standards and subsequently baked and

vacuum-tested at NIKHEF. The full front-end (7 m length) was assembled and

tested at NIKHEF. After this procedure it was shipped in two integral

parts to Daresbury where it has been installed successfully. Beam lines

with optics and the experimental stations are in the manufacturing process

and will all be completed before the end of 1983.

Although NIKHEF acquired quite some experience on high-vacuum

technology because of the construction of MEA and its experimental areas,

its level had to be improved to meet the Daresbury specifications. The

pressure in the storage ring has to be in the order of 10 torr to allow

?
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for a reasonable lifetime of the stored electrons. Outgassing, desorption

or small vacuum leaks in the front-end or in the beam lines should there-

fore be avoided. To be able to achieve these requirements, the existiing <de-

greasing and cleaning facility has been upgraded. Also, several areas were

converted to 'clean rooms' to allow manufacturing and testing under appro-

priate conditions. A fully automatic microprocessor controlled set-up was

made for bake-out and residual gas analysis of the system. And last but

not least technicians and engineers had to be educated and trained to work

in an extremely disciplined way.

5.6.2 Wire chambers for ECN (Petten)

Two wire-chamber assemblies have been designed and constructed

for positrot annihilation experiments (called PANDA) at ECN (Energy Re-

search Centre the Netherlands), Petten. The complete detector unit con-

sists of 2k lead foils (0.1 mm thick) in which the annihilation radiation

is converted into electrons followed by a wire chamber. The foils are iso-

lated from each other by epoxy layers (0.1 mm thick). Each frame contains

150 tungsten-gold wires of 20 ym (anodes) and 150 ym (cathodes). They are po-

sitioned with an accuracy of 5 ym by machining grooves (pitch 2 mm) into

lucite bars. Lucite was chosen because otherwise tool wearing would cause

too much deviation during fabrication of those groove strips. The com-

plete detector has been delivered and is under tests at ECN.

5.7 General technical activities

The technical departments are to a large extent involved with

the work described in sections 5.2 through 5.6. A small part of their

activities, however, is related with research requested to keep up to

date with the latest technical developments. Some aspects of these ac-

tivities are described below.

Low-cost magnets have been designed on the basis of tape-wound

aluminium coils. This technique is especially favourable for solenoid

magnets. A bending magnet of such type for the PIMU hall has been de-

signed. Studies are made to also apply these coils for bending magnets

requested for the project UPDATE (see section 5-5).

The magnetic-field mapping device has been improved by implementing IEEE

488 instruments, controlled by a CBM microcomputer. Magnetic field volumes

as large as 90 x 90 x 30 cm can now be measured with an accuracy of 0.1 %.
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A device based on the condensation of freon vapour on a cold sur-

face has been constructed for the cleaning of various mechanical components.

"\3' Commercially available systems usually operate with electrical heaters,

producing vapours, combined with watercooled traps to prevent the escape

*" of these vapours from the vessel. To improve the energy efficiency by an

\. r order of magnitude, a system has been designed based on heat-pump princi-

'J pies. As a result of the successful tests also industrial interest has been

•r; attracted.

' A microcomputer is introduced in the mechanical workshop and the

vacuum department for several purposes. It is used in conjunction with es-

pecially developed software for interpreting residual gas spectra in mass-

spectrometry. Procedures for toolwearing detection and fatigue tests of

bellows have been improved considerably. Temperature control during bake-

out processes can now also be carried out more easily and fail-safely with

this microcomputer.

To improve design capabilities a computer aided design (CAD) sys-

tem has been installed. First experiences show it to be a valuable tool•

A personal computer workstation based on a MC 68000 cpu, meeting

the LABBUS definition on a single width Eurocard, was acquired for evalua-

tion purposes. It runs with the UNIX version 7 software as ported by ACE,

Amsterdam.

To facilitate the application of programmable-array logic (PAL) for re-

ducing random logic circuitry, a PAL has been built. In close cooperation

with the designers (Physics Laboratory, University of Groningen) hardware

and software (running on the SARA-CDC computer) has been installed. The

microprocessor-based hardware can be directly downloaded by using a tele-

phone line. The software package consists of two main parts; the PAL as-

sembler and a PAL simulation programme. Microprocessor development made it

necessary to split the work in two parts:

(i) Application as a built-in part of hardware design,

(ii) Computer applications.

For the first application one concentrates on the single-chip microcompu-

ter (Intel 8051). For the second one especially system architecture and

software require attention. The electronics department has organized a

seminar with other potential users in June 1983 to study the 32-bits mi-

croprocessor (N.S. 16032). As a result a cooperation between NIKHEF (both

sections) and the AMOLF Laboratory was initiated in order to acquire
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hardware and software experience.

A fast time digitizer has been developed applicable to different

types of physics experiments. The basic principle is a time-latch mecha-

nism, resulting in independent channels (no common start/stop). The de-

sign has been finished. The main specifications are: resolution of 0.5 ns,

8 input channels, double-pulse resolution of 2k ± 8 ns and a time range of

< 2 s.

One is now facing the problem of printed-circuit-board (p.c.b.) lay-out

especially for high-speed-logic circuitry (100 k ECL) requiring a multi-

layer approach with controlled impedance. Aspects concerning the manufac-

turing of this type of p.c.b. are also being studied.

Logic design computer simulation. The difficulty of realizing

complicated p.c.b.'s, already mentioned in connection with the fast time

digitizer, will probably be a standard problem in the near future. To fa-

cilitate hardware design checks before prototype manufacturing, especially

in case of expensive multilayer p.c.b.'s, a logic simulation software

package has been developed. The (PASCAL) programme takes into account the

actual gate delay times and distinguishes six logical levels (high, low,

rising, falling, undefined and high impedance) and has a fixed time scale

(e.g. 500 ps stepsize). Up to 200 IC's and about 3000 connections can be

simulated in a single run. In addition to timing diagrams, the programme

also generates a wiring and components list. The possibility of using the

output file as CAD input is being studied. The simulator has been tested

and used during the fast-time-digitizer design stage.
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