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INTRODUCTION

Otherwise than announced in the introduction to last

•years Annual Report, IKO is still IKO and not yet section K of

the NIKHEF (National Institute for Nuclear and High Energy

Physics); The delay, which will probably not extend beyond one

more year, was caused only by organizational problems which

affected neither the work within the Institute, nor the

collaboration with our future partners at the Free University

(VU) in Amsterdam. The group at this University planning

experimentation in Intermediate Energy Nuclear Physics worked

with admirable determination and efficiency both on building a

pion channel at the pion-muon end station and on a 180 electron

scattering line in the low (140 MeV) energy station LEF.

The collaboration between the VU and IKO groups in

the field of preparations for experimentation with pions and

unions proved beneficial to both groups. Some unexpected

developments arose, such as the necessity to make changes in

already built shielding walls in order to obtain better pion

beams. The part of the superconducting muon channel arrived

and its assembly has begun. The Helium liquefactor has been

installed.

Contacts with the future section H of NIKHEF existed

in the region of organization but not (yet) in scientific

matters. This may change in future now that the quark bag model

is starting to play a role in nuclear theory. Also, IKO theorists

are now including effects due to the existence of the A-resonance

in their calculations.

The nuclear physics group in Delft, also collaborating

at the CERN OMICRON experiment, developed among others a MWPC beam

scanner for checking pion and muon beams. Our collaboration with

groups at the University of Technology in Delft was extended by

contacts with their cryogenic group which obtained funds for

building a liquid He-target planned to be used in electron

scattering experiments.

The electron scattering group had to devote much time

to the construction of their beam line and, especially, to that

of the spectrometer pair. They had the satisfaction that the first

spectrometer magnet could be set in place before then end of
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year. A small international workshop was held in preparation of

future coincidence experiments.

Last years introduction mentioned solved financial

worries. Unfortunately, new such worries arose due to rather

general outside conditions. We expect still to be able to

finish the accelerator at the agreed time. Also, a sufficient

part of the associated equipment will then be ready to enable

the start of a decent research program. Yet, part of the

building program we had in mind will not be executed at that

time, and in past year all beam periods planned with the

already finished parts of the accelerator have been skipped.

Progress with the accelerator was somewhat slower than

hoped, though this did not affect the first target date

(July .1, 1980: beam on target in the electron scattering spectro-

meters set up, though with limited energy). Yet, the beam was

this year carried beyond the end of the accelerator into a

testing beam liie, for the first time on July 1, 1979. The

maximum available energy was not increased, partly because of

some further difficulties with the injector.

The accelerator building program nearing its ending,

considerable attention was paid by all experimental groups to

preparation of an updated research program. This program,

"Research Lines 1982-1986" will soon be available. Formulating

the proposals in this program was helped very much by the

experience gained by our scientists in collaborating in

experiments made abroad.

Especially in radiocheinistry,an uncommonly large

number of research papers have been completed, most of them

based on experimental data obtained at IKO a few years ago.

Many of them were initiated by our late colleague Professor Aten,

and they form a fitting memorial to him. This group had the

satisfaction that permission was granted to prepare final plans

for a new radiochemistry laboratory near the high energy chemistry

beam hall HECH. Also, first steps were taken in developing

expertise in muon chemistry, using facilities at SIN.

Several IKO-collaborators ha\'e given contributions

to the project, called PAMPUS, for building a 1.5 GeV electron

storage ring for synchrotron radiation production. This ring

will be fed by beams from MEA which explains our interest in
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the project. The radiations will be applied for research in

several branches of science. The neighbouring FOM laboratory

AMOLP will use this facility for research in atomic and

molecular physics.

Past year has been a period of strenuous work for

all IKO-collaborators, perhaps more so than expected at its

beginning. But for unexpected developments, 1980 will now bring

the first opportunities for experimentation with the beam in

the end stations.

A.H. Wapstra
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1 ELECTRON SCATTERING

(Scientific Vivectov: C. de Vries)

1.1 Introduction

The most important advance in the past year was in the

construction of the two spectrometers (QDD and QDQ) for the full

energy (EMIN) hall. The stringent design specifications for their

magnetic field maps over large areas for a dynamic range from

0.1 to 1.5 Tesla have been fulfilled. This is by no means a

trivial achievement because many aspects like material quality,

computer controlled machining, mechanical tolerances and construc-

tion methods had to satisfy very severe tests.

The complex detectorsystem (3 MWPC chambers, a scintil-

lator and a Cerenkov in a telescopic array) to be installed in

the QDD focal plane has been designed to a large extent. The

mechanical lay-out as well as the electronic circuitry have

been developed in-house. First table-tests show good performance

of the 288 wire drift chambers. Mass production of the many

electronic components could therefore be started. The detector

system for the QDQ is being designed.

All other endstation instrumentation like the heavy

focal plane shielding, scattering chamber, beam dump area

equipment is under construction.A grant from FOM to Prof.

Postma (Delft) allowed to make a start with the development

of a cryogenic He target. Several rather fundamental experiments

which require such very low-Z targets are foreseen in the near

future.

Due to a strenuous construction and testing program

around the accelerator no beam has been put at the disposal of

the physicists for work in the 140 MeV substation. Plans were

started by the Free University (VU; prof. G. van Middelkoop)

to rebuild this station such that an interesting 180° scattering

program can be executed. This University also decided to assign

graduate student activities in the 500 MeV hall.

Collaboration with Saclay, M.I.T., Mainz, Darmstadt

has been continued, although at somewhat lower scale. Successful

coincidence experiments (e, e'p on He) have been performed in

collaboration between Saclay and IKO. This collaboration and
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a small workshop on "Coincidence experiments" at IKO were in

preparation for performing such experiments in the EMIN hall.

Thus, although a heavy installation program still has to take

place, the efforts of the group have already been shifting

significantly from designing instrumentation to scheduling

the experimental program.
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1.2 Electron scattering with EVA

1.2.1 Elastic scattering at 180 from Cu and Cu

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

Cross sections have been determined for electron

scattering from the 3/2 groundstate of Cu and Cu.

The experiments have been performed with the former 100 MeV

linear electron scattering facility (EVA) including the 180

scattering set-up. The cross sections have been corrected for

the dominant charge part with the help of simultaneously measured

charge scattering cross sections from neighbouring even-even nuclei.

For the interpretation of the magnetic form factors

Harmonic Oscillator (H.O.) model calculations in DWBA have

been performed with the static magnetic dipole moment kept

fixed to the experimental spectroscopic value. The value of

the static octupole moment has been extracted from the fit to

the data while constraining the H.O.-parameter b within a range

of values found from charge scattering experiments and Hartree-

Fock model calculations. The fit results in a stronger quenching

of the octupole moment than found by Schwentker (Dissertation

1977) from an analysis of high-q (2.0 < q < 2.2 fnf1)

magnetic electron scattering data of the Mainz University group,

as is clear from the following comparison

a3,(IKO) a3,(Mainz)
63Cu 0.24(4) 0.51(2)
65Cu 0.32(4) 0.59(2)

Evidently the quenching of the octupole moments is not

q-independent over the entire q-range.

131.2.2 Inelustic electron scattering from C

(L. Lapikds)

Transverse form factors for excitation of natural

parity states in C have been deduced from spectra measured

at 180° and at initial energies between 45 and 90 MeV.

The results are included in a combined analysis with longitudinal

and transverse data obtained at Bates at higher energies and at

different scattering angles• A comparison will be made with shell-

model predictions.
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1,3 Experiments at- other facilities

39 115
1.3.1 Electron scattering from K and In

(C.W. de Jager, P.H.M. Keizer in collaboration with

the MIT electron scattering group)

Additional data were taken at the MIT-Bates facility

at 160° scattering angle at energies 230, 255 and 270 MeV and

90 scattering angle at nine energies between 100 and 300 MeV.
39

The data for magnetic elastic scattering from K are

in excellent agreement with the recent calculations by Suzuki,

which include core polarization and meson exchange current

effects. The inelastic form factor data for the 2.53 MeV level

have been compared with the calculations of Horii:.awa. In the

region of the diffraction dip and the second maximum the

calculations do not represent the data well, indicating

a need for further refinement in the calculation. No calculations

exist for the transverse form factor data which should be an

excellent test for the single-particle model. The data for the

so-called weak-coupling quadruplet at 3.02, 3.60, 3.88 and

4.12 MeV cannot be explained in a simple weak-coupling model.

However, the form factor ratios are represented very well

by predictions including 2p-lh excitations (Hamamoto).

1.3.2 Proton knoek-out coincidence reactions on He

(E. Jans, L. Lapikds, P.K.A. de Witt Huberts in

collaboration with Saalay, Basel, Rome, Illinois)

Single-arm calibration measurements with the liquid
3 4 o

He target (cooled down with superfluid He to 2.1 oK) have

demonstrated that the target density is stable for beam currents

;V up to 1.5y/A (heat deposit 0.9 W ) .
J

The spectral fuction has been measured in the region

25 < E < 90 MeV, 0 < p R < 200 MeV/c, in the missing energy>

recoil momentum plane. A second run aiming at an extension

to pR 2i 350 MeV/c was nearly completely lost due to target

problems and wire chamber malfunctioning.
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The results obtained sofar for the two-body break-

up channel ( without' corrections for radiative processes and

proton absorption) are in good agreement with an earlier, less

precise and less complete experiment at Stanford (1964), and

reproduce well the momentum dependence predicted by a Fadeev

3-body calculation using a R.S.C. potential (Dieperink et al).

For the 3-body break-up channel the dependence on the

integration boundaries of the missing energy variable is being

investigated and good agreement is found for the shape of

the momentum distribution. A comparison will also be made with

continuum 3-body calculations (Laverne and Gignoux), available

for the kinematical conditions of this experiment. At IKO

we have started a project to develop a software package on the

PDP-10, to enable further analysis of the data from this

Saclay coincidence experiment. Care is being taken to make this

software package applicable for analysis of future IKO

coincidence experiments also.

1.3.3 Deep inelastic electron scattering on C, Li, Li,
40Ca, 48Ca

(E. Jans in collaboration with Saclay, Rome, Illinois

Louisiana, Clermont-Ferrand)

For C we observed at 60° and especially at 130° an

excess cross section in the region between the quasi-elastic

peak and the (3,3)-resonance. Separation of the cross section

in longitudinal and transverse components shows that in this

region the cross section is predominantly transverse.

Theoretical calculations indicate that meson exchange currents

and possible A-nucleus "bound-state"resonances may play an

important role in this region. Also measurements were performed

on C at 90° in order to extend the region in which one can

obtain a longitudinal and transverse separation.

Quasi-elastic electron scattering experiments at

Stanford on He and He seem to indicate that there is a corre-

lation between the number of nucleons and this excess cross

section. Therefore measurements were started-on the isotope

pairs 6Li, 7Li and 40Ca, 48Ca to investigate this effect.
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1.3.4 Inelastic electron scattering from Sr

( L.T. van derr Bijl (VU), H.P. Blok (VU), R. Frey

(Darmstadt), A. Richter (Darmstadt), P.K.A. de Witt

Huberts (IKO))

88
Several measurements have been performed on Sr

with the high resolution Darmstadt linear accelerator in the

momentum range 0.3 to 0.6 fm . The measured excitation energy

range is 2.5 to 6.8 MeV. The analysis of the spectra has

been finished.

The form factor of the E3-transition (at 2.74 MeV)

shows good agreement with earlier data of Fivozinsky. The

shape of the form factor for the Ml-transition (at 3.49 MeV)

is considerably different from the theoretical one. Presently

we are investigating the influence of the giant dipole state

corresponding to the neutron spin-flip configuration

{(g ) , g } and of ground state correlations. Two M2-
9/2 37/6 a

transitions were found at 5.12 and 6.20 MeV. One of these is

expected to be due to the proton {(f . ) , g } configuration

(this state is calculated in the BCS-model (K. Allaart,

Free University) and the RPA-model (W. Knupfer, Erlangen)) •

The results of the model calculations! will also be used to

calculate (p,p') cross sections for comparison with the high

resolution proton scattering data measured at the Free Uni-

versity.

1.4 Electron scattering instrumentation

1.4.1 The 140 MeV station

(L. Lapikds, J.G. Noomen in cooperation with G. van

Middelkoop (VU)).

No shifts were received; further testing of MEA beam

quality, detector system adjustment and calibration measurements

had to be postponed. A computer-control of magnetic elements

of the beam handling system has been installed and tested

(without the beam).
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In cooperation with, the Free University a 180 scattering

system will be built in this hall. A detailed design study

has been started, involving two extra magnets and a minor

rearrangement of existing apparatus -

1.4.2 The 500 MeV beam handling system

(j.H.M. Bigleveld, A. ' Hurkmans, G. Luijekx,

R. Maas, J.B. Spelt, A.G.C. Vcgel)

A detailed description of the design was given in the

1977 Annual Report. The installation of the beam line to the

electron scattering area in the EMIN hall is now nearly

completed. A large slit system has been built by SLAC. Preparations

have been made to replace present manual control of all magnetic

elements (5 dipoles, 16 guadrupoles , 2 sextupoles and steering

elements) by computer control.

1.4.3 The QDD and QDQ spectrometers

(H. Boer Rookhuizen, C.W. de Jager, G. Luiiokx,

P.H.M. Reiser, A.H.Kruyer, H. de Vries)

All magnetic field measurements of the dipole magnets

have been completed. The homogeneity as well as the shape of the

fringing field is within the limits of the specifications,

provided that rather stringent cycling procedures are used.

The first dipole of the QDD spectrometer has been

installed on the support frame. The second dipole will arrive

soon.

All three quadrupoles have been assembled; the measuring

device for the magnetic field has been constructed. First

test measurements have been started. The field distribution

in the multipole - which will be installed between the two

dipoles of the QDD - has been measured for different excitation

currents.

All power supplies for the dipoles have been assembled?

initial acceptance tests showed that a number of modifications

have to be made in order to obtain the maximum current. The

stability of the power supplies is within specifications.



Part of the 500 MeV beam handling system (AFBU). The beam goes from left to right where it

enters through the 3 m thick concrete shielding wall into the electron scattering area.



First dipole of the QDD spectrometer in the EMIN

' hall installed just before Christmas 1979
Both dipoles of the QDD spectrometer (the second

dipole has La^n installed in the first week of

1980)
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The multilayered - iron-loaded concrete, boron-loaded poly-

ethylene and lead - shielding blocks for the detector arrays

are in an advanced stage of construction.

A control system for the rotation and levelling of

both spectrometers is under construction. These operations

can be controlled either manually or through a stand-alone

C AMAC-sy s tem.

1.4.4 Detectors

(H. Blok, H. Boer Rookhuisen, S.W. Brain, J. Distel-

brink, C.W. de Jager, E. Kok, J. M. Verheijen, P.K.A. de

Witt Huberts)

The first multiwire drift chamber (MWDC) produced

in-house has been successfully tested. Stable and uniform

response of 50 wires, a sample of a total of 288, has been

obtained. Pulse-height spectra from each of these samples

indicate a wire pitch accuracy of ^ 12 microns. The anode -

cathode gap of 4 mm was measured to be constant within ^

70 microns. This high-quality chamber has been manufactured

with the help of an automatic wire mounting device developed

in the mechanical workshop.

The thrae wire chambers of the QDD detector are

positioned in a spring-supported frame mounted in a cart to be

positioned in the QDD focal-plane shielding. Positioning of the

chambers relative to the spectrometer is ensured by dowel pins.

A step-motor drive allows the array to be moved in

steps of 20 micron in the direction of the momentum coordinate.

Scintillators coupled to bent adiabatic lightguides and a

Cerenkov radiator serve as the trigger system of the detector.

The electronics (front-end print, time latches and priority

encoder system) have . been tested with a computer controlled

system. A system with 8 wires read out is in principle operational.

The front-end print design has been finalized and the mass-

production of 250 prints has been started in industry. A method

has been worked out for computer assisted adjustment, testing

and diagnosis of the various functions of the detector system.

Software implementation of the data collection system has just
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been started. A basic system has been designed which will

permit the tune-up of the high-resolution electron scattering

facility.

The manufacturing of the four wirechambers for the

QDQ spectrometer detection system, basically the same as those

for the QDD is in progress. In first instance these QDQ

detectors will be tested with single-arm hadron production

reactions. The trigger system concept allows the measurement

of high-energy protons. Extensions to enable separations of

hadrons of larger mass (charge) are being developed. The

implementation of an aerogel (n = 1.06) Cerenkov detector

which will enable to separate p.lons from electrons is foreseen.

The inter-spectrometer coincidence aspects of the electronics

have been worked out. Because of the spread in time-of-flight

in the spectrometers special electronics have to be used to

select inter-spectrometer coincidences on the basis of

particle type and momentum. For each type of particle and

spectrometer setting the arrival times scatter around a specific

value (< 400 ns) with a spread of (2 - 20) ns.

The coincidence detection system will be able to

identify two different kinds of particles and to process two

coincidences per burst. To minimize timing drifts of the

processing electronics, an on-line calibration will be performed

between accelerator bursts by simulating events in both

spectrometer arms by means of light flashers. Software corrections

will result in an effective time resolution of less than one ns.: ;,

The tests on a 64 wire testchamber with a 3~ source

and a software controlled particle trajectory selector are in

their final stages. The program processes and displays drift

time information from the time latch system by comparison

with information from a time-to-digital convertor. These tests

allow to optimize the operation parameters of the large wire

chamber.

In order to estimate the effect of multiple scattering

in the wire chambers, a program has been written to calculate

the efficiency of the scintillator counters as a function of

their size and position. The results, both for light (e~) and

heavy (p, ir, d,.a') particles, have been used in the scintillator

design.
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1.4.5 Software for detector tests

(S.W. Brain)

A wide variety of measurements has been carried out

by the detector group on a small version of the wire chambers

that will be used on the electron and hadron spectrometers.

A suit of programs was written on a PDP8 (in machine code) to

carry out these measurements via CAMAC modules. The ones most

often used are listed below:

Eight-channel TDC/ADC integral spectra, :collects, histograms

and displays up to 8 time- and pulseheight spectra simultaneously

using time- and analogue-to-digital converters,

Latch decoder, simulates the action of the hardware converter

modules, produces a channel number, which it histograms and

displays,

Track selector/latch decoder, determines the angle of the

trajectory of the primary electron by timing the drifting

: secondaries with a TDC, selects a small ('v- 5 ) bite out off

| the angular spectrum, and for these acceptable tracks, carries

out the just mentioned latch simulation.

In the above routines the histograms are accumulated

in a CAMAC 4k word store. The display is a "line", particle-by-

particle picture on a storage scope, also accessed via CAMAC

display modules, with the display mode and the scale dynamically

selectable by the computer front panel switches..

A set of FOCAL support routines was written to control

the measurements.

i A number of programs has been written in C on a PDP 11/34

jj for the acceptance tests of the large chambers:

Wire chamber test program, rewritten version of two previously

f existing programs, the track selector/latch decoder on the PDP8

y. and a digital converter read-out test in the Alpha/LSI. The basic

i CAMAC histogramming and display procedures will form the basis

of future test routines.

Printer/plotter driver, will allow printer/plotters like the

Versatek and Printonix to be used as a Calcomp-like device.

The driver accepts (x, y, ipen) sets and organizes the resulting

collection of vectors into raster scans for the plotter.
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Optionally, it will do- scaling and rotating of the final

picture. In order to produce annotated plots on the printer/

plotter, an ASCII character set has been designed on a

4 x 8 matrix.

1.4.6 Other end station equipment

(H. Boer Rookhuizen, A.W. Brinkhorst, J.W.A. den Herder,

A. Hurkmans, C.W. de Jager, W. Kegel, L. Lapikds, R. Maas,

G. Luijckx, L. Veerman, P.K.A. de Witt Huberts)

The construction of the target chamber provided with

two sliding foils and of the slit-valve units for the spectro-

meters is in an advanced stage.

The support construction for the dump quadrupoles

- for refocussing the beam after passing through the target -

has been installed. This construction also allows.the guadrupoles

to be slid along the beampipe to prevent interference with the

spectrometers at forward angles.

The construction of the beam dump area including a

SLAC 100 kW beam stopper, a switching construction (for provision

of a 10 kW Faraday cup) radioactive cooling water system,

end-foil, etc. was nearly completed.

A lay-out of the 500 MeV control room and instrument

panel has been made. Most of the mechanical and electronic

equipment has been bought or ordered. To avoid mechanical

interference, actual construction of the control room has

been postponed until spectrometer supplies have been installed.

Computer control of the experiment will be performed

with our standard Experiment Control Machine, a PDP 11/34

coupled to the minicomputer network around the accelerator

through a fast serial datalink. In addition a control console

will be used similar to that used by the accelerator operator.

All necessary components have been delivered or ordered.

A toroid charge monitor is designed to measure the

total charge hitting the target with an initial accuracy

of < 1%. The monitor contains four main parts. The toroid

transformer around the beam pipe has one ferrite, and two

p-metal cores. The sensitive preamplifier is situated nearby
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the transformer. This -amplifier, triggered by a beam gate, uses

an l.f. noise suppressing system. (This circuit was developed

at MIT by P.C. Dunn) .The accurate current integrator was developed

by the Philips-Nat. Lab. The calibration system consists of

an accurate charge pulser fed into a one turn primary(Q-loop)

in the transformer.

Tests have been started on the first three; the

calibration system is still under construction.
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2. MUON AND HADRON PHYSICS

(J.M. Bailey and G. van Middelkoop (Free University

(VU)): scien'tifie group leadersj R. van Dantzig:

coordinator)

2.1 Introduction

The MEA electron beam will be used to generate secon-

dary beams of low and intermediate energy pions and muons, the

latter being almost fully polarized. These beams will enable

research in the fields of nuclear physics, radiation chemistry,

atomic and molecular physics, solid state physics as well as

of fundamental interactions.

The pion-muon facility will have two independent beam

systems. The pion-channel, to deliver pions and very low energy

(surface or cloud) muons is being constructed by the Free

University (VO) of Amsterdam. The muon-channel will deliver

muons of intermeidate energy (backward and forward decay).

The main activities of the VU and IKO groups were con-

centrated on the buildup of the pion-muon facility. An important

contribution to these facilities were some large-aperture bend-

ing magnets and quadrupole magnets from the SREL (Virginia,

USA) cyclotron, closed down recently, which we gratefully re-

ceived from our American colleagues. Except for one of the bend-

ing magnets, these will be installed as a part of the muon beam

line.

2.2 Pion-muon area

(H. Arnolds M. Dickhoff, R.D. Fortune, E.W.A. Lingeman,

CD. van Rooden (VU), C. Sahiebaan, T. Sluyk)

Full preparations have been made for the installation

of the following equipment: a 10 mm thick copper rotating disk

target to produce pions (Saclay design), a water cooled (100

kW) aluminium electron-beam dump, iron and concrete shielding,

a pion channel, a pion injection line to muon channel, a super-

conducting solenoid as muon collector, a provisional extraction

beam line for backward decay muons and a data taking system.
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Feasibility studies have been performed for several

extensions. A vertical-upward-going (fountain) beam could

exploit the pion-injection line to the solenoid to deliver a

beam of opposite charge. Such a channel could be used either

in parasytic or main-user mode. By splitting of the muon beam

extracted from the solenoid two simultaneous backward muon

beams could be delivered. The intensities obtained could be in-

creased by upgrading of the electron beam dump to 250 kW depos-

ited power. In addition, the pion yield could be increased by

modification of the pion-production target, Finally, various

electronic and detection techniques (100 MHz clock, ultra thin

detectors, longitudinal read out of wire chambers) have been

studied as preparations for the experimental program.

2.2.1 The superconducting muon channel (SMK) project

(R.D. Fortune, M. Dickhoff, C. Schiebaan, T. Sluyk

This project comprises the following main sub-projects:

the superconducting solenoid system, the central pion-muon pro-

duction zone including shielding, the cooling system, and the

'conventional' magnets forming the injection beam line for the

solenoid.

The basic design specifications were decided. Final

specifications were made on each sub-project in turn. All sub-

projects are now in the actual execution phase.

Superconducting solenoid

(Y. Lefevere, D. Spruit, C. Sehiebaan, T. Sluyk)

The superconducting coils, the iron tube magnet return

yoke and the compressor for the Helium system were delivered.

The refrigerator was installed. The compressor has been placed

on a foundation with a temporary building over it. Acceptance

tests of the complete refrigeration system were successfully

passed. The cryostat assembly was completed.

Work has been completed on tendering for the control

and power units for the solenoid, and on the design of the sole-

noid trolley and handling apparatus. Both are on order and under
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construction. Apart from these items, all major equipment for

the solenoid system has been delivered and is ready for assembly.

Within the framework of the SIN-IKO collaboration

agreement, one of the IKO-technicians stayed several weeks at

SIN to contribute to the work on the biomedical channel. In

return, SIN technicians will assist in the coil-assembly of the

IKO solenoid.

Central yrod.uoti.on target zone and shielding

(H. Arnold^ M. Diekhoff, E.W.A. Lingeman, J. Rethmeier

(VU), C. Sahiebaan, T. Sluyk)

Discussions between IKO and the VU led to a signifi-

cant reorientation of the secondary beam trajectories from the

production target, as well as relocation of the position of

target, dump and iron shield. This in turn led to construction

of a one metre local recess in the concrete wall behind of the

beam dump.

At the VU a model has been made of the components near

the target interaction point: target disk, quadrupole vacuum

chamber flanges, electron beam window, for studying the orienta-

tion and proximity of these components.

Sketches for the full six-metre depth of the central

zone shield have been made. The installation of the electron

beam bunker has been finished, as necessary, to match up with

the general electron beam installation and testing program.

Conventional magnets

(M. Diekhoff, CD. van Rooden (VU), C. Sohiebaan,

T. Sluyk)

Unforeseen design problems on the part of the contract-

ing company have caused delays in the execution of the contract.

The magnet main structure drawings have now been approved.

Alignment

(H. Arnold, M. Diakhoff, K. Heemskerk)

Work was continued on the design of the alignment system
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for the muon channel, as well as on the location of the alignment

devices on the beam elements. The reference system for pion-

production target and Secondary beams has been fixed with respect

to the pimu-building.

Cooling

(N. Geusebroek, C. Sohi&baan)

The basic design of the cooling system for the conven-

tional magnets and for the target and dump systems has been out-

lined and estimates of overall costs and manpower requirements

have been made.

Pion-produetion target transport mechanism

(H. Akkerman3 W. Daam (VU), J. Rethmeier(VU))

The pion production target will be mounted on a rail-

system to move it to a shielded position when access to the target

area is required. From the shielded position it will also be pos-

sible to lift the target through.a vertical shaft. Design and

construction is done by the technical staff of the Free University.

2.2.2 Pion channel

(Free University: E. Kappert, G.J. van Middelkoop,

F.A. Mulj J.A.N. van der Pluym, J. Rethmeier,

CD. van Rooden)

The design of a pion channel for experiments with low-

energy pions has been completed and construction has begun.

Optics calculations together with the constraints of the build-

ing have led to an S-shaped channel in a vertical plane. The

designed channel (see table 1) has seven quadrupole magnets and

two 45° wedge-shaped dipole magnets in a QQD QQQ DQQ configura-

tion. Pions are accepted at an angle of 117° to the direction of

the electron beam from a pion production target by a quadrupole

doublet in the horizontal plane. The first dipole bends the beam

through 45° upward. The second dipole bends the beam back into

zontal plane in the North Hall of the pipn-muon building. The

channel provides a beam with two intermediate foci between the
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two bending magnets. The first focus (in the bending plane only)

is situated upstream of the quadrupole triplet. It can be used

for a reduction of the momentum acceptance of the channel by

means of a slit system. Downstream from this focus an electro-

static separator may be mounted to reduce the electron and posi-

tron contamination of the pion beam. The second focus (a double

focus) is situated downstream of the quadrupole triplet. It may

be used for particle separation by means of a slit system if an

electrostatic separator is installed. A beam degrader may also

be placed here, to obtain a low-energy pion beam without exces-

sive loss due to pion decay and as an alternative to the electro-

static separator. Calculations have shown that a good pion elec-

tron separation can be obtained for pion momenta below 100 MeV/c.

The magnets and power supplies have been ordered. The

quadrupoles, vacuum chambers and other beam handling/shaping

components in the ascending part of the channel will be mounted

on movable supports that are rolled into position on rails. This

allows the components to be serviced without removing the concrete

shielding of the pion production zone. The design of the magnet

supports and the rails system is completed. A vacuum system

has been designed which allows the future use of an electro-

static separator and the use of cooled detectors in a scat-

tering chamber. The entrance window of the channel has been de-

signed and constructed so as to allow remote handling. Extensive

tests were performed to determine the safe minimum thickness of

the entrance foil. A PDP 11/34 computer system and interface

for data handling have been ordered.

\Jf

Table 1 - Pion channel design characteristics

Channel length

Max. pion momentum

Momentum acceptance

Angular acceptance

Momentum resolution

Pion flux*

Beam spot at exp. target

10
220

9

30

1

2

1

.7

X

X

106

2

m
MeV/c

% (FWHM)

msr

%

s"1

cm2 (FWHM)

For a 1 cm thick Cu target and 400 MeV, 0.5 mA electron beam.
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2.2.3 Pion-muon instrumentation (PIMU) project

(H. Arnold, G.J.F. Blommestijn, E.W.A. Lingeman)

The PIMU-project comprises the muon extraction system

behind the solenoid, the external shielding, the zone-arrangement,

control room installation, and basic equipment for experiments.

It will also provide general services in the pion-muon area. A

plan has been made for the first part of the installation phase of

the project. This phase deals with a single main extraction beam

line (Mu-1) for backward decay muons with a 60° initial bend and

a weak parasitic (forward decay) muon (or pion) beam with 30° ini-

tial bend. The extraction system will initially be unsophisticated.

A proposal to build further complementary muon beams and detection

equipment is being prepared.

2.2.4 Optical design studies

The primary (electron) beam

(G.J.F. Blommestign, P.F.A. Goudsmit, R. Eoekstra,

J. Konijn, J.M. van der Velden)

In collaboration with the technical staff the optical

design of the 300 line (electron beam between accelerator and ir-

production target) has been finished and laid down in mechanical

design drawings. Construction of the beam line as part of the

AFBU-project has begun.

Secondary beam lines

(G.J.F. Blommestijn, P.F.A. Goudsmitt J. Konijn)

The following beam lines have been the subject of beam

transport calculations.

Main user line (Mu-1)

large bending angle, maximal stop-rate,

configuration: triplet, bend (+60°), doublet

optional double bend with clean-up possiblities;

configuration: triplet, bend(+60°), triplet, bend(+60°), triplet*

In order to economize, existing quadrupole magnets with 10 cm

diameter will be used for this part of the channels .
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Parasitic line (Mu-3):

about twice the momentum of Mu-1 (pions, forward muons);

configuration: triplet," bend (+30°) triplet*

Main user line (Mu-2) (as alternative to Mu-1 + Mu-3)

small bending angle, maximal flux, same magnets as for Mu-1;

configuration: triplet, bend(-30°), doublet.

2.3 Preparation of experimental research and international

collaborations

2.3.1 Muonio and hadronic atoms

(P.F.A. Goudsmit, J. Konijn, J.M. van der Velden)

As first and simple experiments with negative pions and

muons X-rays will be measured with Ge(Li) detectors and an anti-

compton shield, to deduce nuclear properties such as groundstate

quadrupole moments, charge- and magnetisation distributions and

the electric polarizability of nuclei. As experimental prepara-

tion for this program, participation in research at CERN and at

SIN was continued.

Measurement of the quadrupole moment in Re and
1 ft 7

Re from pionic and muonic X-rays

(J. Konio'n, with W. van Doesburg, T. Johansson,

G. Tibell, G.T. Ewan, K. Fransson)
i o c 1 ft7

The quadrupole moment in Re and Re was determined

by studying the hyperfine structure in mesonic X-rays from a nat-

ural rhenium target. Nuclear quadrupole moments can be measured

to a rather high precision (1 to 2%) from the hyperfine splitting

of the 5g •*• 4f and the 6g •*• 4f pionic X-rays. An additional model-

independent determination of the spectroscopic quadrupole moment

can be obtained by measuring the 5g •* 4f and 4f ->- 3d muonic X-ray

transitions. A combination of the two measurements makes it possi-

ble to determine the strong interaction quadrupole constant more

accurately.

See the previous page



- 22 -

The guadrupole moments of the rhenium isotopes (Q = 2.4 b) have

not yet been determined very accurately, but the ratio of the
ioc 1 ft 7

nuclear guadrupole moments has been determined to be Q /Q =

1.0565 + 0.0003 (Soviet J. Nuclear Phys. 7 (1968) 797 English

transl.) by measuring NQR frequencies. Knowledge of this ratio

allows the interpretation of data from the natural target used in

this experiment.

Anomalous interactions in muonic atoms

(P.F.A. Goudsmit, J.M. van der Velden, with B. Aas,

I. Beltrami, K. Bongardt, fh.N. Ledebur, B.J. Leisi,

W. Ruakstuhl, G. Strassner, A. Vaechi, J.C. Dousse,

J. Kern, U. Kiebele, R. Weber)

Precision energy measurements are being performed on

2p-ls transitions in muonic l 2C, 13C and 7Li with the SIN bent-

crystal spectrometer (SIN proposal R-78-09.1). The aim of these

measurements is to obtain new upper limits for possible anomalous

u-nuclear interactions. The measurements on C and C - probing

a scalar or vector type interaction - have been completed. A pre- .

liminary measurement on the h.f. splitting in Li - probing an

axial vector or tensor interaction - has been carried out success-

fully. The analysis of the data is in progress. Special attention

has been given to possible effects on the line shape caused by the

non-uniform stopping distribution of muons in the lithium target.

2.3.2 Nualear muon capture

(J.M. Bailey3 R. van Dantzig, K. van Digk} G. Everts,

P.F.A. Goudsmit, B.W.A. Lingeman, J.C.M.N. de Ronde,

E. Kokj J. Kozyczkowski, A.A.M. Kuyk, K. Oostveen,

H. Peek)

Feasibility studies have been initiated for muon capture

experiments at IKO particularly on hydrogen and helium isotopes

in a high-pressure gas target. Various small technical projects

have been active to test and develop detection techniques and elec-

tronics for these experiments.

Test measurements using a wire chamber with 30 u carbon

,1
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fibres as resistive induction wires have been completed. The data

have been analysed and reported in a doctoral thesis. The method

can be used in a high pressure gas-target-detector, giving a

typical resolution of 1.5 mm.

Scintillator and photomultiplier tests using LEDs also

at extremely low light output conditions have been started. The

collection of light from very thin scintillators is being opti-

mized.

Fast pulse-handling electronics as part of a CAMAC in-

terface for checkerboard detectors have been taken up again con-

tinuing the work of Kozyczkowski. Checkerboard detectors are

planned both in beam muon detectors just in front of stopping

targets and as part of detector telescopes for charged particles

emitted following muon capture.

A 1 ns resolution feasibility study for a multi channel

digital clock operating in gray-code has been started.

Measurements of the partial muon capture rate

hi -> Re (g.s.)

(P.F.A. Goudsmit and J. Konijn, with J. Deutsah,

D. Favart, M. Lebrun, P. Lipnik3 P. Maaq and R. Prieels)

The measurements have been completed. The analysis of

the data is in the final phase. Preliminary results have been pre-

sented at the 8th conference on High Energy Physics and Nuclear

Structure, August 1979, Vancouver.

2.3.3 Muon induced fission of heavy nuclei

(J. Konijn3 with P.G. Hansen, T. Johansson, B. Jonson3
S.M. Polikanov, T. Krogulskit G. Tibell, L. Westgaard)

After preliminary experiments at Dubna on muon-induced

fission,this program, is being continued at the CERN-Synchro-

cyclotron and at SIN (Villigen). It is hoped that the study of the

fission of muonic atoms will shed light on questions related to

the existence of shape isomeric states and the way in which the

binding energy of a muon in its Is orbit changes with the nuclear

deformation.

T:
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The essential parts of the experimental equipment are: a conven-

tional muon beam telescope; a fast multi-plate ionization chamber
238containing about 25 g of U, for the detection of the fission

fragments produced; and an electron detector consisting of a

cylindrical scintillator and a Cerenkov counter.

Three time distributions are measured in the experiment,

namely: between y-stop and fission event, between y-stop event and

electron appearance and, finally, between the fission event and

electron appearance. All three of these are measured with and

out the presence of the third event.

2.3.4 Pion scattering

Pion scattering on few body systems

(E.W.A. Lingeman, with B. Balestri, P.Y. Bertin3

B. Coupat, G. Fournier3 A. Girard, L. Gueohi, J. Miller,

J. Horgenstern, J. Pieard, B. Saghai, K.K. Seth,

C. Tz-zra, P. Vevnin)

The measurements of the elastic scattering differential

cross section of both Tr and ir on deuterium at energies of 25, 35,

47 and 65 MeV have been finished. The experiments were performed

with a range telescope, which allowed pions of both signs to be

measured with the same equipment. Preliminary data were presented

at the conferences at Gent and Houston.

The spectrometer and its calibration is described in the

thesis of L. GuSchi (thSme 3^me cycle, Univ. Paris VII, 1979). A
3 4proposal to measure the differential cross sections of He and He

with the same instrument has been accepted. The liquid helium

target is under construction. The first experiments are planned

for mid-1980 at Saclay.

Photograph on opposite page

The superconducting solenoid in construction.

The solenoid will be used in the muon channel as a magnetically

confined path on which pions decay into muons, to deliver muon

beams with optimally small phase space volume.
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Backward pion scattering on Carbon and Oxygen (OMICRON)

(H. Arnold, G.J.F. Blommestig'n and R. van Dantzig

with B.W. Allardyce, K. Bos, T. Bressani, E. Chiavassa,

S. Costa, J.D. Davies, G. Dellacasa, C.W.E. van Eijk,

M. Gallio, J.V. Jovanovich, G. Kernel, D. Korbar,

W. Lourens, J. Lowe, E.G. Michaelis, A. Musso,

A. Stanovnik, N.W. Tanner, W. van Doesburg, H. Verheul,

A.G. Zephat)

With the OMICRON spectrometer data have been taken on

the elastic and inelastic scattering of pions on carbon and oxy-

gen in the backward hemisphere/ at pion energies of 114, 148, 161,

226, 240 MeV. A first analysis, aiming at separation of the elas-

tic and inelastic scattering contributions in Carbon-12 at 148 MeV

pion energy has given promising results. Data taking has been

concluded for the moment and the analysis of the data is in

progress.

2.3.5 Muon spin rotation ( \iSR)

(J.M. Bailey, R. van Dantzig, A.A.M. Kuyk, J.C.M.N. de .

Ronde, with P. Burkhard, FI. Fischer, J. Hochmann,

E. Roduner, W. Strub (SIN) and the CERN ]iSR collaboration)

Preparations for uSR-experiments at IKO have been con-

tinued. Together with the CERN iiSR group feasibility tests have

been performed regarding y polarisation measurements in the neu-

tron-hall of the SC.

The results were positive enough to start and plan ex-

periments at that place. Experiments are in preparation to study

the behaviour of muons near palladium surfaces in vacuum over a

broad temperature range with the aims both of producing and

detecting muonium in vacuum and of studying the behaviour of

muonium in the palladium-vacuum interface ragion. A proposal has

been prepared for applied research - with the aim of studying

hydrogen and muonium behaviour in materials of importance for

hydrogen - energy storage and transport systems.

For participation of IKO nuclear chemists in pSR-research

at SIN, see section 4.6.
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Fig. 2.4 Cuts along symmetric constant relative energy loci in

the four dimensional surface of the reduced cross section for

Faddeev factor, defined as cross section per unit of phase space.

(a) Shows the data along the focus for the deep interference mini-

mum in the cross section (M) and the most symmetric point

(6 3 = 5 4 = 65 = 90 , T3 = T4 = T5 = 10.4 MeV) indicated by S.

In (b) the condition corresponding to p-p QFS is chosen. Theore-

tical curves are obtained from Faddeev calculations by Kloet and

Tjon, using local potentials.
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2.4 The reaction p(d,pp)n measured with BOL at E - 50 MeV

(G.J.F. Blommestijn, R. van Dantzig, Y. Haitsma,

R.B.M. Mooy with I. Slaus (Institute "Rudg'er

Boskovia", Zagreb, Yugoslavia)

(submitted to Wualear Physios)

Abstract: We measured proton-deuteron breakup with the

multi-detector system BOL. Protons with an energy of 50 MeV hit a

deuterated polyethylene target. Proton-proton coincidences were

registered with 60 position-sensitive detector telescopes. We

present an outline of the data analysis (beam parameters, calibra-

tions and selections). Faddeev cross section calculations for

some S-wave potentials are compared through the whole phase space

but especially in a deep interference minimum (see fig. 2.4). The

data are compared with the calculations in quasi free scattering

regions, along symmetric constant relative energy loci and at the

collinearity condition.
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3. THEORY

(Groupleader; T. de Forest, Jr.)

3.1 Deep-inelastic Nuclear Electron Scattering

(T. de Forest, Jr. and W.C. Hermans)

The investigation of exchange current effects in deep

inelastic scattering (Annual Reports 1977-1978) has been extended.

The calculations now include processes in which the A (1232 MeV)

resonance is produced in the final state. Together with some of

the previously considered contributions, these terms obey a sum

rule. This provides an important cross check on the calculation.

3.2 Coincidence studies in Deep Inelastic Electron

Scattering on Nuclei.

(T. de Forest, Jr.)

Recent calculations indicate that two nucleon emission

processes due to exchange interactions contribute significantly

to the (e,e'i cross section in the "dip" region above the quasi-

elastic peak. This cross section, however, cannot be taken

directly as a measurement of this process since other processes

can also contribute: for example effects due to correlations, high

nucleon momentum components and modifications of the properties

of the A resonance in nuclear matter. One possible way of

separating these contributions is to measure the coincidence

cross sections (e,e'p) and (e,e'ir). Preliminary calculations

indicate that the (e,e'p) cross section due to exchange current

effects behaves qualitatively quite differently than that due to

correlations.

7 f?

3.3 Isobar-Hole Doorway States and ir- 0 Scattering

(M. Hirata, J.H. Koch, F. Lenz and E.J. Moniz,

Ann. Phys. 120_t 205 (1979))

Abstract; We describe and apply the isobar-hole approach

to intermediate energy pion-nucleus reactions. Pion propagation,

nucleon and isobar binding, Pauli restrictions and A propatation



- 30 -

are calculated explicitly within a shell model framework. Inter-

mediate coupling to multihole channels, for example through pion

absorption, is treated phenomenologically through an isobar

spreading potential. We find strongly collective A-hole states,

leading to a reformulation of the approach in an extend

schematic model. This entails systematic construction of a A-hole

doorway state basis within which the A-hole propagator is

evaluated. We find that this doorway can be truncated at very low

dimensionality while preserving accuracy, thereby simplyfing the

calculations appreciably.

We make a detailed comparison between the theoretical

results and recent data for TT~ - O scattering in the pion

energy range 5Q-340 MeV. Nonresonant irN interactions and the ir-

nucleus Coulomb interaction are included in the calculations.

The data is reproduced quite well both below and in the resonance

region, and we discuss in detail the role of various dynamical

mechanisms. Above the resonance, the calculations are far less

successful. We discuss possible shortcomings, stressing the role

of inclusive p±on—nucleus reactions for revealing the important

dynamics. As a test of the A spreading potential used for

describing elastic scattering, we calculate the total cross

section for pion absorption. The result agrees reasonably well

with the available data.

3.4 Coherent v photoproduction in the isobar-hole formalism

(J.H. Kooh and E.J. Moniz, Phys. Rev. C203 235 (1979))

The isobar-hole formalism for pion-nucleus inter-

actions is applied to coherent IT photoproduction on nuclei. The

unifying features of this approach for elastic scattering and

photoproduction are discussed, and the relationship to distorted-

wave impulse approximation calculations and the yhenomenological

doorway model are examined. The results are presented for

O(Y,TT I 0 and show a large suppression from the impulse

approximation prediction.

1. •. v
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181 209
3.5 Pionic 4f-3d transition in Ta, Re and Bi, and

the strong interaction level shift and width of the

pionic 3d state.

(J. Konijn, J.K. Panman, J.H. Koch et al.,

Nucl. Phys. A326 (1979) 401).

Abstract: Owing to a powerful Compton-suppression

technique it was possible to observe for the first time the

pionic 4f •*• 3d X-ray transition in elements heavier than A = 150.

The strong interaction monopole shifts e_ and widths rQ as well

as the quadrupole splitting of the 3d levels have been measured

in Ta, Re and Bi. Thus in addition to the strongly shifted and

broadened 5g -»• 4f transitions, a second, strongly affected line

is available for these elements. For the pionic 4f levels,

standard optical potentials fit the strong interaction shifts

and broadenings quite well. The now observed, deeper-lying 3d

states in Ta, Re and Bi have shifts and widths that differ by a

factor of 2 or more from the standard optical potential

predictions. From the observed relative X-ray intensities of the

pionic cascade we also extract the strong interaction widths of

the 5g and 4f levels.

3.6 Quadrupole interactions in pionic and kaonia atoms

(J. KocH and F. Seheek, submitted to Nucl. Physics).

Abstract: We discuss the quadrupole hyperfine

structure in mesonic atoms for nuclei with spin I > 1. The

optical potential is expanded in terms of the non-spherical

density contributions. Examples are given for the hyperfines

splitting of peripheral and deeper lying states in pionic and

kaonic atoms.

3.7 Nuclear electroproduation of negative pions below

threshold

(J.H. Koch and A.M. Bernstein (MIT))

We have estimated the electroproduction of TT~ into

bound atomic states. Several targets and kinematics are
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considered to find optimal experimental conditions.

3.8 Nualear Masses

(A.H. Wapstva and K. Bos, University of Zurich and CERN)

Interim mass adjustments were made of all available

data, of which special mention must be made of the mass spectro-

metric data of the Paris' group at ISOLDE (CERN) and of the beta

decay energy energies as measured by the German-French groups

at Grenoble in the neutron-rich Rb and Cs regions. In the first

adjustment, these data disagreed rather much, but in the second

one the agreement was much better due to changes in the reported

decay energies. Analyses based on the last adjustment were

presented at the Sixth International Conference on Atomic Masses

and Fundamental Constants, AMCO VI. We demonstrated that the

masses as derived from the mass spectroscopic data are strongly

correlated and may therefore show progressive systematic

deviations when moving away from beta stability. On the other

hand, new analyses reported there by the authors of the decay

energies mentioned and triggered by comparison with the mass

spectroscopic data led to changes that drastically reduce the

differences. Another major advance reported by the Paris-Isolde
204-228

group were measurements on Fr. Those on the neutron

deficient Fr isotopes can be combined with many known a-decay

energies to yield mass values for several dozens of far beta

unstable nuclides. Preparations were made for a new mass

evaluation, including all new data, especially those mentioned

above. A special effort has been made to reformulate the results

of the Paris-Isolde mass spectroscopic measurements in such a way

that their correlations are taken into account in a correct way.

j
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RADIO- AND NUCLEAR CHEMISTRY

4.1 Introduction

On January 18, 1979, Professor Dr. A.H.W. Aten Jr.,

former director of the Chemistry Department, died at the age

of 70.

Dr. F.M. Kaspersen (The Netherlands Ophthalmic Research

Institute, IOI) was detached on IKO and contributed to a large

extent in the scientific output of the Chemistry Department.

As no beam time was available during 1979, all irra-

diations had to be performed at other institutes.

Near the end of the year funds were made available

for a new radiochemistry laboratory near the high energy irra-

diation facility.

4.2 Hot Atom Chemistry

The main subject was research in organic chemistry

with recoil halogen atoms. Much time was spent in finishing

the last papers on experiments performed with the IKO synchro-

cyclotron (shut down since 1977).

4.Z.I Organic systems

halogens.

Reactions of recoil F- and Cl-atoms with liquid aromatic

compounds and additives

(G.A. Bririkman, F.M. Kaspersens J. Visser, accepted by

Radiochimica Acta)

Abstract: The effect of additives such as elemental

alkyliodides, saturated and unsaturated hydrocarbons,

A

j
V

aniline, and diphenylpicrylhydrazil (DPPH) on the product yields

for the reactions of l8F, 34mCl, and 38C1 recoil atoms with

Cj-Hc? and CgHjjCl w a s investigated. The behaviour of these additives

as scavengers for thermal processes are compared with self-

scavenging properties of aromatic compounds towards halogen atoms.
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•7 O

Recoil chemistry of S in gaseous alkane-systems

(L. Lindner, G.A. Brinkman, J.Th. Veenboer, accepted

by Radiochimi'oa Acta)

in

Abstract: Nucleogenic S atoms produced by the reac-

tion Ar(p,3p) S, react in gaseous alkane/H0S/Ar mixtures to
38yield the corresponding labeled mercaptans as well as H, S.

38
On the average the mercaptans- S yield amounts to 3 - 5%, the

38
H 2 S yield to about 20%. The additive H2S, presumably due to

its hydrogen-donating ability, serves as a necessary protective

agent by scavenging radiation-induced radicals.
38

It is concluded that the mercaptans- S are the product
of insertion in a C-H bond of electronically excited singlet
•jfl -I

S( D) atoms, which possibily-- depending on circumstances -

possess excess translational energy.

Most likely, the precursor of H, S is a H S- radical
38from hydrogen abstraction by hot S atoms from the alkane and

38 1
possibly also from abstraction or insertion reactions of S( D)
atoms with H2S. The

38S activity, deposited on the walls (about

75%) is mainly ascribed to relatively unreactive triplet ground-
3 8

state S atoms.

Reactions of mCl-veaoil atoms with liquid mixtures of

cci4
(G.A. Bvinkman, G.A.V. Gerritsen, J. Visser, accepted by

Radiochem. Radioanal. Letters)

J

Abstract: The addition of several classes of "scaven-

gers" (halogens, alkanes, and aromatic compounds, alkenes, aniline

and DPPH) to liquid CC14 decreases the yield of CCl3
34mCl to

different values, depending on the concentration and the reacti-

vity of the.additives towards caged mCl-recoil atoms.

Depending on the nature of the added scavenger, total

organic yields range from 26 to 89%.
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Reactions of Cl-recoil atoms with chloyomethanes

and chloroethanes

(G.A. Brinkmdn, G.A.V. Gerritsen3 J. Visser, accepted

by Radioehimiea Aata)

Abstract: The sum of the yields of 34m.
Cl labeled

methanes, ethanes and ethylenes is almost constant (23 ± 2)%

for the reactions of mCl atoms with liquid methyl- and ethyl-

chlorides. Direct hot mCl-for-Cl and for-H replacement reac-

tions are supposed to account for about 5% of the total yield,

whereas cage reactions, involving atoms, radicals and excited

species, account for the remaining 20% yield. It is not always

possible to distinguish between the two mechanisms.

Inorganic yields are very similar for the reactions

of 3 4 mCl- and 38C-recoil atoms with all the alkylchlorides

(63 ± 2)%. There is no good explanation for the formation of the

inorganic fraction.

Reactions of m* Cl-recoil atoms with chloroethylenes

(G.A. Brinkman, G.A.V. Gerritsen, J. Visser, accepted

by Radiochimica Acta)

Abstract: The yield of 23% C2Cl3
34mCl measured in

liquid C,C1« is formed by direct hot replacement (5%) and via a
mCl addition/Cl elimination reaction sequence in an excited

cage (18%). In the case of 1,2-C2H2C12 2.6% of the l,2-C2H2Cl
34mCl

yield is formed via a direct hot replacement reaction with reten-

tion of the original configuration and 13.3% by addition-elimina-

tion reactions with full racemisation.

The addition of 3 4 mCl to l,l-C2H2Cl2 in a reaction cage

proceeds mainly at the carbon atom of the CH2 group. Replacement

of H atoms can proceed via a direct hot reaction or via a cage

reaction between a mCl atom and a C2Xo radical. The yield of

high boiling compounds (about 44%) can be due to fragmentation/

addition reactions started by hot mCl atoms, and partly by

more thermal-like addition reactions of C2X5 radicals. No satis-

factory explanation could be given for the formation of in-

organic yield of about 32%.
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Reactions of reooil halogens with aromatic compounds

(G.A. Brinkman, J.Th. Veenboer, accepted by Radio-

chem. Radioan'ai. Letters)

tions of 34roCl,

Abstract: Organic yields are determined for the reac-
38Cl, 82Br and 126I recoil atoms with liquid

aromatic compounds, pure and also in the presence of scavengers.

Reactions of C-veeoil atoms with alkylbenzenes and

aycloalkenes

(G.A. Brinkman, G.A.V. Gerritsen, J. Visser, accepted

by Radiochem. Radioanal. Letters)

Abstract: Product yields of the reactions of C-recoil

atoms with CgHg, CgH5CH3, p-CgH4(CH3)2 are not much different

from reported values. No l,2,3-CgH3(CH3)3 is formed from

m-CgH4(CH3)2 suggesting steric hindrance for a C-H insertion

reaction. In CgHcCjH- insertion proceeds in the C-H bonds of the

a- and 3-atoms leading to CgH5C3H? and CgH,-C3H,-. Many, not yet

identified products are formed in CHT (cycloheptatriene) and in

1,4 c-CgHg, the main fraction of the products (70-90%) consisting

of high boiling species.

Reactions of recoil T-atoms with aromatic compounds

(G.A. Brinkman, A. Cecchi, E. Hutsinga, J. Visser,
accepted by Radioahimica Acta)

Abstract: The yield of inorganic T formed in the reac-

tion of recoil T-atoms with CgHg and some fluorobenzenes and

fluorotoluenes was found to increase with an increasing frac-

tion of F-atoms, but no ready explanation for this behaviour

can be given. Absolute product yields for benzenes can be calcu-

lated on basis of a 95% organic yield. I2 decreases the yield of

polymeric products by scavenging thermal T-atoms and preventing

the formation of -CgHgT radicals. The T-for-F displacement is

almost statistical in l,2,3,5-CgH2F4 and CgHFg. The relative F/H

replacement yield is about 0.3 lower than the earlier reported

values.
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Reaction of recoil— N in organic matrices

(A.H.W. Aten Jr., J.C. Kapteyn, accepted by Radiochem.

Radioanal. Letters}

Abstract: The chemical fate of N atoms recoiling in

organic nitrogen containing compounds is determined.

18Chemistry of nuclear recoil F-atoms in gaseous

fluoroethanes using the F(p,vn) F reaction

(K.D. van der Linde, S. Spoelstra-van Balen, A.H.W.

Aten Jr., L. Lindner, F.M. Kaspersen, submitted to

Radiochimica Aeta)

l ft
Abstract: The F-recoil chemistry in some gaseous

fluoroethanes - CF-,-CF,, CFOH-CF,H, CF0H-CFH0 - has been studied
19 18

with the F(p,pn) F reaction using H_S as scavenger. Radio-

lysis is a serious problem; this is a.o. reflected in the forma-

tion of high yields of gaseous F-activities (probably SiF3 F)

and the occurrence of thermal reactions resulting in organic
18

F-products. Up to 5% HjS is necessary to suppress these radia-

tion induced reactions.
18

The majority of the F ends up as inorganic activi-

ties, while the organic hot yields are in the order of 10%.
18

With H9S as hydrogen donor the products of hot F-for-F,
I Q " -1 O 1 Q

F-for-H, F-for-2F and F-for-alkyl replacement reactions

and the products of subsequent decomposition products, except

carbenes, can be recognized.

GC-retention data of low molecular weight fluoro-

alkanes and fluoroalkenes

(K.D. van der Linde, submitted to J. Gaschrom.)

The retention times of 20 fluoromethanes, fluoroethanes

and fluoroethenes on a column of lH,lH,7H-trihydrododekafluoro-

heptylacrylate are given.
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184.2.1.1 Polymer formation with F

(C.N.M. Bakker, F.M. Kaspersen)

A study of the composition of the polymers formed by

? atoms with flu

Br2 and 02 was completed.

18
recoil F atoms with fluorobenzenes and the influence of added

18Hot atom chemistry of F in liquid fluorobenzene,

Part II

(C.N.M. Bakker, G.A. Brinkman, F.M. Kaspersen,

accepted by Radiochimica Acta)

18

Abstract: The chemical reactions of F-recoil atoms

produced by the F(n,2n) F reaction have been studied in

liquid fluorobenzenes. In agreement with our earlier results

the organic yields increase with the fluorine content in the

benzenes. In the presence of 2 mol % Br_ the organic yields are

enhanced, while in the presence of 0.1-0.2 mol % O2 a decrease

in the organic yields is observed. The effect of Br9 is explained
18by the reaction of intermediate F-radicals with Bro in competi-18tion with H F-formation. The effect of O2 is not understood.

Both hot F- and H-replacement reactions are occurring.

With Br2 the yields of the H-replacement reactions are enhanced

(sometimes with 50%). This thermal reaction is very selective

respect to the substitution pattern. O2 had hardly any effect on

the yields of the F- and H-replacement reactions.

With gel-filtration over sephadex LH-type the polymer
18

fraction was studied. When corrected for the H F formation the

amount of polymers is about the same for all fluorobenzenes

studied, with the exception of CgFg, where higher yields of

polymers are found. In general the chain length of the polymers

is greater for the more fluorinated benzenes with the exception

of CgF5H. The polymerization is a very efficient process because

even in the presence of Br2 polymers corresponding to 3- or 4-

cyclohexadienyl-units are formed.
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4.2.1.2 Polymer formation with Cl

(G.A. Brinkman, F.M. Kaspersen, J.Th. Veenboer)

As a follow-up of the successful investigation of the
18

polymer formation with F, a similar research was started with
38

recoil Cl atoms in liquid chlorobenzenes (CgH5Cl, o-CgH4Cl2,

1,2,4-C6H3C13) and in mixtures of CgH5NO2, CgH5CHO with 10% CC14-

In C6H5C1 high yields of CgH5
38Cl are formed:

5% by a hot displacement reaction

28% by a thermal exchange reaction

19% by a radiation induced reaction.

The latter reaction was only observed at higher radiation doses.

The thermal reactions can be scavenged by I, (yielding inorganic
38 —

Cl ), by unsaturated compounds (such as 2,3-dimethyl 2-butene:

DMB and cycloheptatriene: CHT) and by stable radicals (diphenyl-

picrylhydrazil: DPPH).

Polymers have been investigated by gelfiltration with
38

CHC13 on columns of Sephadex 20. The absolute yield of Cl-
labeled polymers is not strongly influenced by I,, however, the

average polymer chainlength is decreased (Fig. 4.2.1a.). The

polymers observed with added DMB and CHT are different from those
38

in pure CCH,-Cl: these scavengers react with thermal Cl atoms
38 38

yielding Cl-containing radicals. These radicals and the Cl

cyclohexadienyl radicals (from addition to CgH,-Cl) are the

starting compounds for the polymerization, persumably mainly

with the scavenger and not so much with the arene as reaction

partner (Fig. 4.2.1b.). With DPPH as the additive, the main
38

fraction of the Cl activity elutes together with DPPH from
38, the LH 20 column, indicating the formation of Cl-DPPH

(Fig. 4.2.1c). This research has been finished, a publication
1 is in preparation.f
i 4.2.1.3 Polymer formation with T

(G.A. Brinkman, J.Th. Veenboer}

A start was made with the study of polymer formation

in benzene and fluorobenzene by the reaction of recoil T-atoms,

produced by the Li(n,ct)T nuclear reaction in Li containing

glass powder (the dimensions of the glass particles are smaller
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than the range of the recoil T atoms which is about 40 ym). It

seems that I2 decreases the polymer yield in CgHg, but not the

yield of CgH,-T, in contradiction with literature results.

4.2.1.4 Hot atom chemistry of Br and BY recoil atoms

(D. de Jong, B.W. van Halteren, J.Th. Veenboer)

7 fi 77

The experiments on the reactions of hot ' Br,

originating from the decay of ' Kr were continued in gaseous

halomethanes. Most of the experiments were carried out at the

University Catholigue de Louvain in Louvain-la-Neuve (Belgium).

Further experiments on the influence of l^S and related compounds

as additives to the halomethanes were performed and moderator

curves with He in scavenged CH^Cl and CH,F were measured.

/ The influence of propene and of perfluoropropene

> added to CH^Br and CHgCl was studied: a large amount (20-40%)

of labeled polymerization products was formed, whereas hardly

any effect on labeled CH3Br and CH2Br2 and CH^ClBr was observed.

A start was made with the study of the reactions of
7 fi 77

recoil ' Br with cyclopropane.

4.2.2 Inorganic systems

Recoil reactions of S in activated thiocyanate

(A.H.W. Aten Jr., J.C. Kapteyn* accepted by Radio-

chem. Radioanal. Letters)

Abstract: The chemical fate of S atoms recoiling in

NaCNS is determined.

Rot atom chemistry of Mo(CO)„ and W(C0)6
(A.H.W. Aten Jr., D.W. Roffmans, accepted by Radio-

.'( ahem. Radioanal. Letters)
•I 99

'; Abstract: The retentions of Mo in Mo(CO), and of
187

W in W(CO)g after thermal neutron irradiation have been deter-

mined.
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Radiochlorine in potassium peroxide

(A.H.W. Aten Jr., J.C. Kapteyn, accepted by Radio-

ehem. Radioanal. Letters)

38
Abstract: The chemical fate of Cl atoms recoiling

in K2O2 is determined.

Data concerning exchange reactions

(A.H.W. Aten Jr., accepted by Radiochem. Radioanal.

Letters)

Abstract: The rate of exchange of radioactive Cl, S,

Co, As, I and Hg between several compounds in solution and

between Hg and solid mercury compounds have been determined.

Annealing of Mn in KMnO .

(A.H.W. Aten Jr., P.W.F. Louwrier, L.A. Pronk,

M.T.A. Teeling)

Isochronal annealing experiments were performed in

the temperature range of 293-493 K. There are indications that

two annealing steps are involved in the isochronal curve, each

with a different activiation energy. Ionising radiation ( Co

source) lowers the plateau value. This radiation damage can be

partly annealed before the activation. However, at a high dose

(10 Gy) the decomposition of KMnO* predominates the recombina-

tion of the damaged center.

Mixed crystals of KMnO4~KReO4 and of KMnO4-KBF4 were

annealed after activation. A paper about the mixed crystals is

in preparation, as well as a thesis about the KMnO. annealing

studies.

Chemical fate of Cr in neutron activated hexamine-

aobaltchromate

(M.T.A. Teeling, A.H.W. Aten, Jr., accepted by Radio-

chem. Radioanal. Letters)

Abstract: The chemical fate of Cr atoms recoiling

in Co(NH3)gCrO^ is determined.
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Annealing of Radiobromate in RbClO .-crystals

(A.H.W. Aten Jr., M.T.A. Teeling, accepted by Radio-

Chem. Radioanal. Letters)

•

The annealing of the "BrO, activity is quite important

at a temperature at ;which the activity of the c;L03 fraction is

not uet affected.

Annealing of radiomanganese in irradiated potassium

permanganate under different circumstances

(M.T.A. Teeling, J. Boersma, A.H.W. Aten Jr., ac-

cepted by J.I.N.C.)

Abstract: The annealing of Mn, Mn and Mn was

studied in irradiated solid KMnO^. The retention after annealing

was found to be strongly dependent on the pretreatment of the

crystals, on the absorbed dose, but not on the isotope formed.

The retention at room temperature was hardly affected and showed

a rather constant value. It appeared that also gamma irradiation

before activation or after activitation counteracts the anneal-

ing, leaving the unannealed fraction unaffected. Irradiations

with charged particles, followed by neutron irradiation after
56

the decay of the original Mn, showed a different behaviour

for the different radiomanganese nuclides.

4.3 Radiation chemistry and pulse radiolysis

Pulse radiolysis of EDI'A-complexes

(H. Korsse, P.W.F. Louwrier, L.A. Pronk)

The irradiations were performed with the 2 MeV elec-

tron accelerator of the van der Graaff Institute of the Univer-

sity of Utrecht. In order to study the influence of ligands on

the rate constants of transition metal complexes with e~ ,pulse
ag

radiolysis studies were performed on mixed complexes of copper

and nickel. It was found that introduction of a OH -ligand in

the CuEDTA-complex does not significantly change the rate

constant. With NiCDTA it is a different case. It appears that
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the introduction of a CN -ligand increases the rate constant by

a factor of about 20. For these experiments it is necessary to

determine the complex constants for several mixed complexes.
2—

Spectrophotometric studies on the complexes CuEDTA + ethylene-

diamine (at pH = 11.0) and CuEDTA2" + CN~ (pH = 11.0) are in

progress.

An exploratory experiment to detect short-lived trans-

ients in KA1(SO4)2.12H2O curstals gave negative results.

2— 2—

Pulse radiolysis study of CdEDTA and PbEDTA in

alkaline solution in the presence of alcohols

(R. Buitenhuis, C.N.M. Bakker, F.R. Stock, P.W.F.

Louwrier, accepted by Radiochimica Acta)

CdCDTA3-
Abstract: Absorption spectra are reported for CdEDTA3-

PbEDTA

with CdEDTA ~, CdCDTA

and PbCDTA formed by the reaction of e
2- 2- 2- a q

PbEDTA and PbCDTA . Estimates are
given for the stability constants of CdEDTA ~ and CdCDTA ~.

The extinction coefficients at 320 nm for CdEDTA is E

(9.7 ± 0.9) x 103 dm3 mol"1
cm
-1

320 "
The rate constants for the

reactions of e~ with CdCDTA ~ and PbCDTA ~ are 1 x 10 dm
—1 -1 " 9 3 -1-1mol s and 1.9 x 10 dm mol s . The rate constants for

the reactions of H2O2 with CdEDTA
3"

mol~1s~1 and 2.5 x 109 dm3 mol"1s"1,

and PbEDTA3" are 2 x 109 dm3

Some experimental data

are reported concerning thedisappearance of CdEDTA ~ in the

presence of several alcohols. For the reaction CdEDTA ~ + PbEDTA

a rate constant of 4 x 10 dm mol s~ was determined. This

value was compared with a value estimated by means of the Marcus

theory.

J A very small "kinetic salt effect for the reactions of

CuEDTA with the hydrated electron. A pulse radiolysis

study

(H. Korsse, P.W.F. Louwrier, submitted to Inorg.

Bud. Chem. Letters)

The reactivity of CuEDTA towards the hydrated electron

was measured at pH = 7.5-11 and pH = 12-12.6 at different values

for the ionic strength. The influence of the ionic strength is
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considerably less than expected on the basis of the formal

charge of the reacting entities. This indicates that "gegen-ions"

could play a role. The rate constant at n = 0 for both pH

values is the same. This indicates that hydrolysis of the complex

has no influence on the reactivity towards hydrated electrons.

4.4 Labeling of organic compounds

High yields of labeled perhalo-aompounds formed by the
7 R ? R

reactions of F and Cl reeoil atoms with CCl F^_

and C3F6
(G.A. Brinkman, J. Visser, submitted to Int. J. Appl.

Bad. Isot.)

Abstract: Hot reaction of F and Cl recoil atoms with

CCl F. result in low yields of labeled perhalomethanes.
X f!™X ' ~

However, radiolysis can lead to higher yields (80%) of an un-
l Q "I O

known water-soluble F labeled compound (SiF, F?) and to high
38

yields (50%) of Cl labeled perhalomethanes. The addition of
C3F6 leads to high yields (80-90%) of

 18F and 38C1 labeled

saturated higher perhaloalkanes.

4.4.1 Production of CFg Br

(D. de Jong} B.W. van Ealteren, J.Th. Veenboer)

Mixtures of CF3X (X = H, F, Cl, I) and CH3Br have

been irradiated in the IRI reactor. The yield of CF3
80m'82Br

produced by the "hot" synthesis was determined together with the

mass amount of CF3Br produced by radiolysis. Both measurements

allowed an estimate of the specific activity.

Mixture of CH3Br with: % 80mBr in CF3Br Specific activity

mCi/mg

CF3H 4.0 > 5

CF4 4.3 0.6

CF3C1 4.0 0.75

CF3I 10.8 2.9

The best results are with CF3I. A publication is in preparation.
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2114.4.2 Labeling of organic molecules with At

(E.L. Diemer} P.M. Kaspersen, G.W.M. Visser)

211
Proteins can be labeled with At by an electro-

philic astatination. However, the astatine is slowly released

from the proteins especially in vivo. Electrophilic iodination

of proteins results mainly in iodination of the tyrosine-

residues. In their study on the preparation of astatine labeled

proteins, Vaughan and Fremlin assume that astatination proceeds

in a similar way as iodination and that the unstable At-protein

bond finds its origin in an unstable At-tyrosine bond. The

conclusion that the astatine in the protein is bound to tyrosine

residues is in our opinion not justified. Proteins are e.g. as-

tatinated at pH = 7-8 by reaction of astatine with ^2°2
 f o r o n e

hour. The instability of At-tyrosine at these pH-values, espe-

cially under oxidative conditions, makes it highly improbable

that the astatine is introduced into the tyrosine-residues of

the protein during the reaction. In our opinion' this result

can neither be explained by a cleavage of a At-histidine bond

in the protein. It was not possible to introduce At into histi-

dine with HjO-. Moreover, 5-At-histidine was unstable (Ti = 10

minutes) in the presence of H2O_ in the concentration used for

the protein labeling. So the observed instability of the At-

label in the protein towards sulphite is not due to a binding

of At to the histidrne-residues.

One article on the "Preparation and stability of

astatotyrosine and astatoiodotyrosine" was published. Pour

other papers were submitted:

The preparation of aromatic astatine compounds

through aromatic mercury-compounds

(G.W.M. Visserj E.L. Diemer, P.M. Kaspersen, accepted

by J. Lab. Comp. JRadiopharm.)

Abstract: Aromatic astatine compounds can be prepared

under mild conditions in high yields by reaction of astatine

with aromatic mercury-compounds. Compared to direct electro-

philic astatination this procedure is an easy and clean method

for the introduction of astatine in aromatic compounds.
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Acidity constants of some aromatic astatine compounds

(G.W.M. Visser, E.L. Diemer, F.M. Kaspersen, accepted

by Receuil du Trav. Chim. Pays Bas)

211
The acidity constants of At-astatobenzoic acids,

phenols, anilines and 5-astato-uracil have been determined by

measurement of the distribution coefficients between water and

an organic phase as a function of the pH. On basis of the acidi-

ty constants of the phenols and anilines the a and a -constants

for astatine were calculated as + 0.25 and +0.18 respectively.

From these values it can be concluded that the field (F) effect

of astatine is weaker than that of iodine, whereas the resonance

(R) effect is about the same.

211T^e preparation and stability of At-astato-imidasoles

(G.W.M. Visser, E.L. Diemer, F.M. Kaspersen, accepted

by Int. J. Appl. Rad. Isot.)

211

Abstract: Several At-astato-imidazoles (4-At-imida-

zole; 2,4-At,I-imidazole; 5-At-4-methylimidazole; 2,5-At,I-4-

methylimidazole; 5-At-histidine) have been synthesized by reaction
211of At/l2 with the corresponding chloromercury imidazoles.

All compounds investigated are stable under both acidic and

alkaline conditions; they decompose by reaction with sulphite

or hydrogen peroxide.

Electrophilically astatinated proteins

(G.W.M. Visser, E.L. Diemer, F.M. Kaspersen, accepted

(Letter to the Editor) by Int. J. Nucl. Med. Biol.)

The nature of the protein-astatine bond is discussed.

Labeling of organic molecules with radio-iodine

(C.N.M. Bakker} F.M. Kaspersen (The Netherlands

Ophthalmic Research Institute))

4.4.3

The research was mainly concerned with the labeling

with radioactive iodine of quinoline- and uracil-derivatives.

The results obtained with the quinolines are the subject of two

publications.
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5-iodouracil labeled with radioactive iodine can

be prepared in good yields by an electrophilic iodination of

uracil. For Nj-alkyl uracil derivatives next to expected 5-iodo-

derivatives in large amounts, other uracils were formed, possibly

the 5-iodo-6-hydroxy-5,6-dihydrouracils. Conditions for maximal

yields of the 5-iodouracils were determined.

2-alkylthiouracil and derivatives labeled with 1 3 1I

were prepared by an electrophilic isotopic exchange of the 5-

iodo-compounds. Because the sensitivity of these compounds for

oxidation iodogen was used for the generation of the electro-

philic iodine species.

The labeling of 4-alkylamino-iodoquinolines with

radioactive iodine by isotopio exchange

(C.N.M. Bakker, F.M. Kaspersen3 accepted by J. Lab.

Comp. Radiopharm.)

Abstract: 4-alkylamino-iodoquinolines can be labeled

as their phosphate salts in high yields and in a short period of

time by nucleophilic exchange in a melt with radioactive iodide.

The iodide must be free of NaCl and reducing agents.

A study on the eleotrophilie iodination of ohloroquine

(C.N.M. Bakker, F.M. Kaspersen, A. van Langevelde,

J.A. Oosterhuis, E.K.J. Pauwels, accepted by J. Lab.

Comp. Radiopharm.)

Abstract: Chloroquine can be iodinated with radioactive

iodine in radiochemical yields 60-75% with chloramine-T or H-O-/

lactoperoxidase. With both methods a rather complex mixture of

labeled products is formed. The yield and ratios of the labeled

products depend upon the chloroquine-concentration, the amount

of carrier iodide present and in the case of the chloramine-T

method, the chloramine-T concentration. With the chloramine-T

method the main product is 3-iodochloroquine, with H202/lacto-

peroxidase an unidentified iodinated chloroquine-derivative,

probably a dimer, is the main labeled product. With chloramine-

T products such as 3-chloroquine and dethylchloroquine are

formed in mass amounts.
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4.5 Isotope production and activation analysis

Isotopes were produced with the cyclotron of the Free

University (Amsterdam), KVI (Groningen) and UCL (Louvain-la-

Neuve). Use was made of the neutron facilities of the nuclear

reactors of ECN (Petten) and IRI (Delft) and of the 14 McV

neutron generator of the Antoni van Leeuwenhoek Hospital (Am-

sterdam) . Some irradiations were performed with bremsstrahlung-

beams of the 350 MeV electron accelerator in Mainz.

Isotope production with MEA

(G.A. Brinkman, L. Lindner, P. Polak, J. Visser)

The influence of converters and geometrical set-up on

isotope production rates in HECH were further evaluated. Optimal

conditions (e.g. converter and targetthickness, solid angle) are

dependent on the nuclear reaction involved. A research was

started concerning the feasibility of economic isotope production

with MEA. A method foi

targets is developed.

with MEA. A method for separation of Cu from irradiated Zn-

Isotope production with bremsstrahlung beams in

comparison with proton beams

(G.A. Brinkman, Int. J. Appl. Rad. Isotopes Sl_

(1980) 85)

Abstract: Electron accelerators can be used for the

'. production of radioisotopes. via bremsstrahlung beams generated

A' in a suitable converter, mainly of high Z material. The amount

> of radioisotopes produced by {i,n) reactions in the giant reson-

j ance region and by (Y,spallation) reactions in the photomeson

•\' region are a factor of 10 - 100 smaller than the amounts produced

by (p,pn) and (p,spall.) reactions. The results of increasing

the converter thickness, the angle 9 and the target thickness

on the bremsstrahlung production yields are discussed.
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Terms used in the production of radioisotopes with

electron accelerators

(G.A. Brinkman, J. Vissers accepted by Int. J. Appl.

Rad. Isot.)

Abstract: Isotope production with bremsstrahlung

beams can be expressed in terms of a, , a ,monitor response
-l -1 —l ^-l

units and in des. mol .R or des. g .C . The different ex-

pressions are discussed, but none of them seems to be convenient

if thick converters are used and therefore threshold detectors

are recommended.

Production of At and Rn isotopes by photospallation

of 23STh and 238U

(J. Visser, G.A. Brinkman, C.N.M. Bakker3 accepted

by Int. J. Appl. Rad. Isot.)

232

Abstract: Photospallation cross sections of Th

with bremsstrahlung beams of 0.25, 0.30 and 0.35 GeV maximum

ene
211

209
energies have been determined for At (66, 87 and 280 yb) and

Rn (28, 40 and 130 pb). These yields are an order of magni-

tude lower than predicted by the Rudstam CDMD formula, possibly

as a consequence of the rather thick Cu converter that was used.

Irradiation of U3Og at 0.3 GeV resulted in cross sections for
209At: 15.8 nb and for 2 At: 17.9 pb. Cumulative photofission

cross sections have been determined for A = 135 at 0.25 GeV

(1.96 mb) and at 0.35 GeV (2.53 mb) . Half-lives were measured

for 207Po (6.7 h) and 211Rn (14.6 h).

i
determination of magnesium by photon activation analysis

\ (L. Lindner, J. Visser3 M. de Vost accepted by Radio-

•A chem. Radioanal. Letters)

i

Abstract: The photonuclear reaction Mg(Y/P)" Na

(t^ = 60 s) and 26Mg(y,2p)24Ne (t^ = 3.38 m) were tested out

for their use for the determination of magnesium. Irradiations

were performed with the bremsstrahlung generated by a 100 pA

beam of 85 MeV electrons.
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Using a Ge-Li gamma-ray detector an interference-free

detection limit of 5 ug is indicated in the case of 25Na.
24

After rapid separation of Ne from irradiated metallic magne-

sium by means of high-frequency heating, a detection limit of

10 - 100 ppm can be obtained. The latter method is particularly

free from interfering nuclear reactions.

4.6 ir—]i chemistry

(G.A'. Brinkmccn, P.W.F. Louwrier)

In order to get acquainted with muonium chemistry an

experimental run at SIN by the group of the Universitat Zurich

was attended. Insight was sought on the potential of this

research technique, as well as in the effort to be invested when

this technique would be introduced at IKO.

We irradiated liquid samples of CgHg, CgH,-F and p-
C6H4F2 •""n a t r a n s v e r s al magnetic field (3 kG) at room tempera-

ture with p and found three new radicals. In the table the

residual polarisation of the diamagnetic signal PQ (free y
+

or bound in a diamagnetic compound) and of the radical signal

PR are given relative to PD (CC14). About 50% of the muons are

missing. In the table are also given the precession frequencies

(hyperfine coupling constants) A in MHz and they are compared

with reported hydrogen analogs,

moment of the muon: u = 3.183347 y . The frequencies in MHz can
be transferred in Gauss as w _ 2 8

corrected for the magnetic

. The freque

2.80247 MHz/G.

Comoound

(MHz)
*H
(MHz)

C6H6 0.21 ± 0.01

0.24 ± 0.01 {

0.29 ± 0.02 514.43 ± 0.04 426.9

0.11 ± 0.02 485.99 ± 0.12 10.8

0.16 + 0.02 512.00 ± 0.05 n.m.

0.23 ± 0.02 0.27 ± 0.03 477.74 ± 0.04 407.3

It is supposed that the lower signal in CgHgF is due to ortho-

addition and the higher to para-addition. In the H-analogue

mainly ortho-, a little para- and no meta-addition has been ob-

served.



We wish to thank Professor H. Fischer and Dr. E. Ro-

duner of the Physical Chemistry Department of the University of

Zurich for introducing us in y SR experiments.

4.7 Technical progress

4.7.1 Instrumentation

(B. Peelen, A. Schimmel, F.R. Stock, J. Wisse)

A PDP-Laben configuration was replaced by a Canberra

MC 80 system. A combination Scanner-Canberra MC 30 was installed

for radioassay of paper- and thin-layer chromatograms. A MC 30

is installed as a data collector and display system for several

gaschromatographic units. A high pressure liquid chromatograph

became operational.

4.7.2 Low Energy Chemistry (LECH) irradiation facility

(J. Visser, J. Wisse)

The control of the vacuum and cooling system in LECH

by the BCM was completed. The aLSl in the LECH configuration

was replaced by a PDP 11/34.

The low-energy (140 MeV) chemistry facility at the

500 MeV electron accelerator MEA at Amsterdam

(The Chemistry department of IKO, accepted by Nucl.

Instr. Meth.)

'\ Abstract: A description is given of the facilities

installed at the 140 MeV chemistry station which forms part of

I the 500 MeV electron accelerator MEA (Medium Energy Accelerator)

•)/ at Amsterdam.

The facility includes the Low Energy Chemistry (LECH)

hall equipped with a beam-line for pulse radiolysis and a

second one for the production of radioisotopes and for experi-

ments with electron-free photon beams. It includes also the Low

Energy Laboratory (LELAB) containing two chemistry laboratories

and a controlroom. These facilities are also available to outside

research groups.
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Low Energy Laboratory (LELAB)

(J. Visser)

The Telelift sample transport system from LECH to

LELAB was completed by the installation of stopping stations in

each of the fumehoods.

4.7.3 High Energy Chemistry (HECH) irradiation facility

(A.J. Kaan, Chemistry Department)

The irradiation facilities in the high energy station,

according to the last developed plans, will contain an array

consisting of a thin converter with a bending magnet (delivering

a well defined photonbeam without electrons),followed by a

thick converter for isotope production.

New chemistry building (HELAB)

(A. Balkenende, K.E. Ovezall, J.C. Post, A. Sehimmel,

F.R. Stock, J. Visser)

Permission was given for the realisation of the first

phase of a new chemistry laboratory near the HECH facility. The

relevant authorities agreed in principle with the proposed pre-

caution measures regarding the safety of the environment and

the workers in the laboratory.

4.7.4 Old chemistry building

(A. Balkenende, K.E. Ovezall, J.C. Post, J. Visser)

For more safe radiochemical activities in the old

chemistry laboratories, some rebuilding has been planned, among

others a complete new ventilation system and reparations on

floors, walls, fumehoods.
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S.I The accelerator Group (GVT)

(Groupleader; P.J.T. Bruinsma)

Introduction

The group has spent most of its work on the MEA and

AFBU project (table 1). Work relating to more than one project

will be treated in next chapter. Here only the.research

development and construction work will be reported.

MEA projects

A design has been made for the control room and the

control console (first phase). All parts have been ordered and

the construction is in progress.

The first 100 DAC's have been received and put into

operation. An improved 476 MHz carrier amplifier has been

constructed for the timing system.

Table 1; Man power breakdown

Projects

MEA

AFBU

EMIN

SMK

PAMPUS

Internal GVT

Others :

: 27%

: 24%

4%
3%

1,5%

36%

4,5%

100%

Catagories

overhead

res. and dev.

construction

installation

operations

: 26%

: 20%

: 4%

: 27%

; 23%

100%
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AFBU projects

A design has been made for an energy spectrum monitor

in collaboration with the digital electronics group, a prototype

has been tested for a spectrum monitor based on the secondary

emission of electrons from a number of foils.

A beam profile monitor based on secondary emission

foils has been designed in cooperation with the Digital group.

The control units for the TV targets have been ordered.

Toroid current monitors have been produced in several

sizes, the basic sensitivity is 10 viA peak current.

All the traveling wave type beam position monitors

have been produced and installed. The read-out units for the

scanning wire type monitors have been ordered.

All components of the TV and intercom systems have

been ordered. The installation of the systems is being completed.

In cooperation with alpha-engineering the cooling system

has been designed. The system for non-radioactive water has been

installed. The active water system is facing delivery problems,

however, tests are expected to start early 1980. A frost

protection system has been designed.

EMIN projects

Much design effort has been given to the fabrication,

transportation, installation and the testing of the spectrometers,

the supports and the shielding construction. Frequent visits had

to be made to the manufacturers.

In cooperation with the mechanical department the

' specifications have been made for the target area. The order

| has been placed.

•' Designs have been made for the equipment around the
i

' electron beam dump.

: t'MK projects

I

Assistance has been given to the design and

construction of a variety of components and to the general
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project management.

A considerable effort has been put into the construc-

tion of the superconducting channel, the sequence of the

installation work interference with the electron beam line and

the interface with the experimental set-up. The construction of

the magnets needed much supervision and evaluation. The control

units have been specified and a contract has been given out.

The acceptance test for the Helium compressor have been

performed and successfully concluded.

LEF projects

The remote control system for the low energy beam

handling system has been installed and tested successfully.

This system is based on the special HOLEC DAC's which provide

more than 16 hits resolution at better than 10 accuracy when

used in beam handling systems.

Some consideration has been given to the construction

and installation of a 180° electron scattering system.

PAMPIJS projects

A study has been made of the beam transport from

AFBU to the proposed PAMPUS facility. Consideration has been

given to the beam parameters and magnet system in the 600-line

(common the PAMPUS and HECH). The design of the transport line

has been started.

In collaboration with AMOLF a design has been made

for the powersupply system for the approx. 150 main ring

magnetics elements. A budget estimate has been made.

The cooling requirements of PAMPUS have been

evaluated and compared against the IKO cooling systems

specifications. A budget estimate has been made.

A study of the requirements for the septum en

deflection magnets have been started.
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GVT Projects

After the successful operation of a simple Electron

Spin Resonance magnetic field measuring device in the LEF beam

handling system, the design of a final instrument has been

started. The probe will be developed at the TH Delft.

Several instruments with the IEEE-bus option have

now been aquired and are being used in small measurement set-

ups. The controler is a low cost PET- micro computer. A three

dimensional positioning table has been designed to be used in

conjunction with, magnetic field and ESR measurements.

A printer interface has been made which is capable

of printing all graphic characters of the PET controler.

A toroid monitor has been designed for absolute

measurements of the target current. The construction has been

started.

An investigation has been started to employ infrared

radiation for measurements of beam profiles on target windows.

A device (Electronic Blackboard) has been adapted

to display handwritten messages on the inhouse "closed circuit

TV system".

A project has been started to investigate the

possibilities of an increase in energy by means of the use of

high, power low duty factor klystrons. An old EVA-modulator is

being installed in the modulator gallery. A high power micro

wave switching circuit is being designed.

Advice and assistance has been given to the local

electricity supplier (GEB) on matters of detection and

reduction of parasitic magnetic fields.

All pulse steering and quadrupole magnets have been

manufactured and tested. The design of a high energy rapid

switching kicker magnet has been started. In collaboration

with. A.T. Visser (NAL) a power supply has been proposed.

A prototype is being constructed. The LEF kicker system has

been delayed due to manpower shortage.

The ICT Injector voltage (400 kV) needed better

stabilization. A temporary solution has been found which

needed an investigation on the operation of a constant
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voltage transformer with an highly reactive, non linear

load.

Three high power klystrons have been tested in a high

power testing facility together with various high power rf

components•100 new PFN units have been tested and sent to the

MEA modulators. Several modulator modifications have been

made to increase the reliability when running extended periode

at high duty factors; safety measures had to be revised.

Extensive use of a commercial available PLC system

(programmable logic controller)is being made for the control

systems. This system replaces most of the home built relay

control and indication systems at lower cost. All cooling,

most vacuum and the SMK magnet power supplies systems have now

been so equipped.
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5.2 Activities of the computer systems group

(Groupleader (a.i.): C.W. de Jager)

Introduction

The activities of the group were seriously hampered

by the fact that three experienced members (including the

groupleader) left the group early in the year. All available

manpower has been concentrated in the accelerator control

project. This year's activities have been mainly an implementa-

tion of ideas and designs developed in the past two years.

The communication protocol and the distributed data-base

concept, however, were designed and implemented this year.

The group implemented a first version of the accelerator

control system through the network, which was shown in practice

to work satisfactorily. The help of personnel of ACE B.V. is

gratefully acknowledged.

5.2.1 Accelerator Control System

Local Control System

(M. de Lange (ACE), W.F. Wakker (ACE),

J. de Ruiter, E. Bokman)

Two year's experience with the temporary control

network have led to a final design with improved flexibility

and performance. The multitask system was upgraded. New

synchronization primitives were added, interrupt processing

was made more powerfull and message routing was standardized.

The distributed data-base structure and its access mechanism

were implemented. Several processes were developed, tested

and installed for tests of newly installed accelerator

equipment. The data-base design for most of the installed

equipment was completed, allowing access from different nodes

throughout the network. Local stations A00 and A01 were tested

through a direct interconnection. Because the central control

hardware is still not available, a temporary operator interface

was realized using the Virtual Machine (VM) structure:
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a console VM resides on the A01 processor.

After stringent tests, .both hardware and software were accepted.

All installed ACM's (A00-A04, A06, 08, 10 and 12) were

connected to the MSM and integrated in the control network.

Central Control System

(M. de Lange (ACE), C. Daniels (ACE))

Central databases were implemented as the junction

of the distributed local data-bases. A one-to-one mapping

exists from a VM (Virtual Machine) onto a central data-base.

An interpretor approach was chosen in order to allow the

operator to construct groups of coherent variables for inter-

active control. A central prototype process was designed and

implemented. It provides access to a VM data-base and operates

in conjunction with a local control VM. It fully uses the

message/answer network facilities and allows runtime status

monitoring by any process in the network. A continuous update

on disk guarantees a permanently fresh status-save of the

data-base in case of system breakdown.

Communication system

(W.F. Wakker (ACE), W. de Vries, M. de Lange (ACE))

A three-layer data-transfer system was designed.

The first layer defines an error-correcting line-protocol

(X25-type, with improved high-speed data-transfer character-

istics) , the second makes the line block-transparent and allows

simple synchronization through the lines (processor-to-

processor synchronization), the third defines the message routing.

Detail-level addressing was altered to enable implementation

of multi-beam control. The line protocol was implemented on the

ALPHA in ATT under MTSR and was extensively tested on ALPHA-to-

ALPHA links. Failure restart and error-correcting have been

tested as far as possible and work satisfactorily. The line

protocol was then implemented in SAS on the PDP11 FENIX system,

whereafter ALPHA-PDP11 and PDP11-PDP11 tests were done.
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The complete network with all available local processors

connected via the central MSM (PDP11/34 with FENIX) has been

delivered and is operational. Measurements have shown a local-

station to local-station response (including acknowledge

response to originator) of less than 0.1 second.

Control Console

(M. de Lanne (ACE), H. Bokman, W. de Vri.es,

P. Koldewijn)

In cooperation with representatives of future user-

groups a design survey was carried out, giving a general outline

of required equipment such as graphics displays, colour displays,

touch-panels, knobs. Software was designed to make the

Console Control Machine (CCM) fit in the distributed data-base

structure. Waveform digitizers and TV digitizers were investi-

gated to overcome inconsistencies in the chosen video highway

system. A leCroy CAMAC-housed waveform digitizer was tested

with a display syscem. A Sension graphical display driver

(4K*4K resolution) was selected for waveform reproduction.

All equipment for a prototype console was purchased and

installed. Shortage of manpower led to the postponement of the

implementation of the console software. Operator interaction

is now realized by means of a dual VDU system implemented on

A01, allowing direct forward variable setting and interactive

tuning of analogue beam variables (e.g. DAC's).

FEtJIX network operating system

^W. de Vries, R.F. van Wijk)

Tests were carried out using the existing time-

sharing system, adapting the FENIX interrupt-processing

structure.- Interactive software tools for real-time debugging

were/developed. A (macro) compiler was constructed to implement

the SAS high-level* system implementation language and all FENIX

software produced sofar was written in SAS. Two process levels

<an<J systems synchronization facilities were implemented and a

wide range of parallel processes was tested. Integration of
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the line protocol with the message layer was realized. The

FENIX system was delivered and first installed on the MSM.

It has been operational for 3 months continuously.

A standard mechanism was developed to allow the real-time

nucleus to share a PDP11 with any other operating system with

only minor changes to the other operating system. This mechanism

was fully tested and is now used to perform system-to-system

message traffic in order to connect the time-sharing system to

the MEA network.

Pulse-to-Pulse control

(M. de Lange (ACE), W.F. Wakker (ACE), A. Zwart)

• A study of the PP-control mechanism was resulted

in a report and design recommendation. The general scheme is

based on the cyclic operation and the pulsed nature (2500 Hz)

of MEA. The basic idea is to consider each pulse separately and

define for each pulse a vector of equipment settings. By

installing new (vector-) settings on a pulse-to-pulse basis,

pseudo-parallel beams can be created, allowing experiments and

tune-up to be done in parallel, thus increasing efficiency

considerably. The software structure for PP-control was designed

and partly implemented. A micro-processor slave system was

selected to serve as a PP vector-output processor using Mem-Mem

DMA techniques. The coupling with the computer control network

was designed, using CAMAC-multiport memory. The prototype

version was tested, connected to the network via a TTY interface,

and worked satisfactorily. Since the micro-processor should not

be occupied with data-transfer with the network computer, a

direct memory-to-memory coupling is essential.

Timing network

(M. de Lange (ACE), J. de Ruiter

The timing network was redesigned and manufacturers

were consulted for production of hardware components. Part of

the required equipment was purchased and working prototypes were

delivered and tested September 1978. The masterclock interface



- 63 -

was chosen to be a CAMAC module with several system-compatible

features. In-house development of this module was started

April 1978. Software test-processes were developed and tested

together with available equipment. All purchased hardware

was delivered and the integrated system was tested after

delivery of the masterclock module in May 1979. The functional

specs were met but a production delay of the coupling units

sofar prevented testing the complete setup.

Magnet control

(P. Koldewijn, J. de Ruiter)

The LEBU facility was reconfigured to allow computer

control. A complete stand-alone BCM package was developed,

providing on-line interaction and control (e.g. setting, wobble,

tune) of all magnets connected. The system was delivered after

a period of extensive tests, necessary to trace a serious

malfunction of the dual CAMAC-crate configuration. Due to delay

in the accelerator tests the package has not yet been in use

for real beam-control purposes. Yet, it was found to be a

profitable tool for testing newly instelled magnet equipment.

The BCM package for the AFBU facility was finished, but could

not yet be tested in live circumstances because the triple

CAMAC-crate system did not function to date and because a

majority of the actual magnet/PSA equipment was not yet

connected.

System Manager

(D. Singh (Chr. Rovsing), M. de Lange (ACE),

J. de Ruiter, A. Zuij'dendorp (from Nov. 1)

The objective is a unique system function that keeps

track of the network configuration and the VM's active at any

time. Login to the network, protection, dynamic start/kill of

VM-groups, distribution of VM's over different processors,

dialogue with Local Managers and control of TERMINET are tasks

performed by the System Manager. The SM-function was specified

and partly designed. The counterpart function (Local Manager).
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was defined and implemented on the ALPHA'S.

TERMINET

(H. Bokman)

The objective is a network-wide standard approach for

terminal connection, that allows any user, after network login,

to route its terminal I/O to any of the operating systems

connected to the network. Terminals are entities (objects) in

the VM structure and thus are f

routing structure of the networ

System Manager will establish t

the network, via a dialogue wit.

illy integrated in the message-

A special subfunction of the

required data-path through

i the logged-in user.

A survey was started comprising possibilities, standards,

types of terminals and ease of different modes of operation.

5.2.2 The CRM Network

(J.E.P. de Bie, R.F. van Wigk and

W.R. Wigninga (up to February 1st))

Software for a CAMAC Branch Highway was developed,

including fast interrupt handling and Direct Memory Access, in

such a way that the highway extension is transparent to the

user.

Software development for a Serial Highway was completed, but

hardware malfunctions required extensive testing during a

considerable period.

A message handling facility was incorporated into the time-

sharing system running on the PDPll's of the central Accelerator

Control Machines and proved to perform satisfactorily.

A "down-line" loading facility has been implemented, to load

a "child" PDP11 from a "host" PDP11, while permitting the child

to share the mass-storage device of the host via Sension

communication links.

An alternative bufferpool mechanism has been implemented, which

no longer needs buffers in monitor space, thereby providing

the monitor with the reclaimed space for other tasks.

Initial tests with a ISC colour display terminal show that
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colour indeed can provide valuable extra information to

accelerator operators.

A PDP11/34 minicomputer was installed at the central buildings,

including CAMAC, an Ampex DM980 disk drive, a small Printronix

printer/plotter, other plotting facilities, a serial highway

connection for the Electronics Department, and Sension fast

serial data links to the CRM network and the PDP11/34 processor

of the detection group.

Software was developed to manipulate an IEEE bus which was

interfaced to the PDP11/34 processor through a CAMAC module.

i

5.2.3 Management of computer systems

(J.J.E. Tierie (part-time), M. van Gelderen,

E.C. van Dantzig (up to February 1st), CM. Huis

and R.G.K. Bart (from November 15th)).

Considerable effort was put into updating the function

descriptions of recognizable functions in the CSG, to serve as

a frame of reference for a software career advice put forward

by SARA on request by FOM. This advice was accepted by FOM.

In spite of the personnel shortage the service to the users was

kept on a satisfactory level. This success can be traced back

to the consequent automating of as many tasks as possible round

the operation of the computer(s).

Recovery systems like the daily and weekly secondary memory

BACKUP performed well and proved their usefulness in several

cases. A so called "skim-failsave" recovered 32K blocks of

disk storage which were not accessed during the first half of

1979. Only 6K blocks were asked to be restored during the first

week after the skim. The Archiver system had to be suspended

temporarily due to serious lack of (software) protection against

operator mistakes, which actually caused a total collaps of the

system in one case.

To the set of numerical program (or routine) packages the Harwell

numerical routines were added, much to the satisfaction of some

physicists.

Some twenty new "Ann Arbor" video display terminals extended the

range of available terminals and replaced some out of date
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Synelec and DEC ones.

Preliminary investigations went underway as to the possible

succeeding computing facility of the DEC system-lO/Lab-60,

which is more than 5 years of age at the moment.

Three possibilities upgrade the present facility to an

up-to-date mainframe like the KL-10, or obtain a completely

new midi system (with the same computing power) like a VAX

or a DEC-20, or distribute computing power over a network of

mini's scattered around the laboratory site.
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5.3 Digital- and analogue electronics group.

(Groupleaden E. Kwakkel)

5. 3. 1 Introduction

As expected last year, the time devoted to experiments

shows a significant increase: 35% and 9% for EMIN and other

experiments respectively against 9% and 1% in 1978. To the

accelerator MEA and the beam switch yard the percentages were

40% and 16% (87% and 3% in 1978).

5.3.8 Developments on accelerator3 beam switch yard and

general applications.

Pulse to pulse system

A micro processor - based control system has been

j designed and built. The prototype has been installed at one of
1 the accelerator stations for testing. An adapter for pulse to

pulse operation of quadrupole- and steering magnet power

supplies will be designed.

Klystron measuring instrument

This system measures the 100 kV pulse signal (sample

voltmeter), the filament voltage (15-25V) and the body current

(0-5A). A prototype has been tested.

r| Seaundary-emission monitor (SEM II)

\ The prototype was delivered and tested. A few minor

ft modifications were made. Production of four units was started.

Timing system

The prototype system, consisting of a master clock

connected to one of the control computers and three local

coupling units, has been tested. Production of (25) coupling
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units was completed.

Emergency shut-off

The 7 units of this accelerator protection system

based on compton detectors have been delivered.

Slit control

For the positioning of the slit a control unit has been

designed. This unit will be connected to the main control system.

Synchro's and stepmotors are used for interfacing to the

mechanical parts of the system. The internal control test is

carried out by a micro processor. Off-line tests have been

finished; system tests wait for delivery of the slit.

Beam control elements

For positioning / read out of t.v. targets, beam profile

monitors and lead blocks, a modular control system was designed. '

To minimize production effort one standard unit has been

developed suited for all these purposes. The housing (crates)

have already been installed, delivery of the (22) logic-units

has been started.

5.3.3 Development for the Emin-experimental hall

A prototype system for the wire chamber control and

data acquisition was made available to run system tests. The

complete system for each spectrometer consists of two main parts.

Inside the spectrometers will be installed: wire chambers,

pre amplifiers, busplates etc, local memory and cable drivers.

In the experiment control room, connected to the PDP11/34 -

CAMAC system, will be placed: data receivers, data converters

and the system controller.

The various functions are performed by separate modules. A data-

and control bus takes care of the module interconnection in

the system. System tests have been carried out. All necessary
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modifications have been made and the production has been started.

5.3.4 Development for the Pimu physios department

For the experiments by the Pimu physics group a

digital TDC is being designed. The main specifications are:

resolution 1 ns, 8 input channels and max rep. rate 30.10 .

Construction of a (reduced speed) prototype version has been

started. Discussions take place to define the Pimu data-

acquisition electronics for the IKO Pimu facility (in cooperation

with. VU representatives}.

5.3.5 Production

Ahout 75 percent of the sub-systems for MEA and the

beam switch, yard have now been delivered. The delivery schedule

for the remaining items will be brought in line with the MEA

operation plans.
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5.4 Technological groups

5.4.1 Meohanioal department

(Groupleader: H.J. Akkerman)

As expected, the activities connected with the

accelerator MEA were considerably reduced compared with earlier

years. Those for the beam line system AFBU showed a peak, and

the activities for the experimental halls Emin and Pimu an

increase which will continue in the following period. Fig. 5.4.1

shows in a graphical way the distribution of the mechanical-

technical manpower over these projects. Detailed, the following

can be said. 145O/
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Fig. 5.4.1 Manpower as distributed over. MEA, AFBU, EMIN, and

PIMU.
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MEA

(R. Brettsahneider, M. Bron, J. van Veen)

The last drift sections have been delivered, which

finished the contribution to design and construction of MEA.

Two members of this group have been occupied constantly with

modification and with servicing. It has to be expected that

this number will increase with increasing use of accelerator.

AFBU

(A. Boucher, P. Lassing, R. Arink; J. Arendse,

G. Bosman, R. Brett sahneider, M. Bron, R. van Doornik,

H. DrSge, G. Gerritsen, G. Koopman, G. Koehof,

J. Langedijk, R. Wegman)

Lay out and construction drawings for two lines

(numbers 400 and 500) were finished. The mechanical components

for these lines have been delivered. Several modifications had

to be made in the two other lines (300 and 600) which delayed

the delivery of the components for these lines by about two

months; yet, most of them have been finished.

EMIN Beam Line

(A. Boucher, L. Veesman; G. Bosnian, M. Bron,

J. Langedijk)

Design and construction drawings, including the beam

handling apparatus have been finished. Construction has been

started.

EMIN Multiwire Chambers

(H.J. Akkerman, R. Arink, H. Beumer, R. Brettschneider,

P, Daalmeijer, P. Thobe)

After finishing the auxilliary apparatus for mounting

wires and foils, the first chamber was built and delivered.

Testing showed satisfactory behaviour, well within specifications

and tolerances. After making some modifications based on the
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tests and some simplifications in the construction procedures,
building of the final components for both the QDD and QDQ
spectrometer systems were started. Also the housing design
and part of its construction were made.

PIMU
(H.J. Akkerman, M. Diakhoff, P. Lass-ing, D. Spruit)

A start has been made within putting together the
different components of the superconducting muon production
channel (SMK). After obtaining the specifications for pion
production target area, electron beam dump, shielding a.o.,
the major part of the construction drawings could be finished
and the construction started. The mechanical workshop of the
VU has started work on the target construction, in consultation
with IKO.

I Technical Developments, general

A staff member, J. Bijleveld, finished a stay at
the University of Stanford (SLAC). His collaboration with the
PEP project enabled him to learn about the newest techniques
connected with the use of accelerators.

Metal cleaning

(J. v.d. Brandy P. Daalmeijer, P. Faber, A.P. Kaan)

1 A construction for cleaning metals has become

i available. Tests have led to guide lines for its effective use.

i
cf Welding techniques
j (J. v.d. Brand, M. Born, J. Langedijk, D. Spruit)

Experiment have been finished with SLAC-procedures
| for welding of aluminium sheets with thicknesses up to 25 mm.
' Apparatus bought for this purpose now enables us to use this

technique where necessary. Welding thin aluminium sheet for
production of bellows, is in study, as is joining aluminium to



- 73 -

stainless steel.

Rapid coupling

(R. Brettschneider, A.P. Kaan)

A prototype has been developed of a rapid joining and

decoupling system of vacuum systems with a metal sealing. The

whole system is made of aluminium, using the special Al alloy

B79S with brinell hardness 145.

6.4.2 Vacuum and alignment department

(Groupleader: A.P. Kaan)

MEA, AFBU

(H. Bruynej Y. Lefevere, K. Heemskerk, W. Verlegh

and others)

The integration of the vacuum parts in MEA has been

completed but for the system of wave guides to the klystrons.

The coordination and assembly of complete drift sections was

finished. The alignment of the accelerator vacuum alignment

system has been somewhat delayed.

All parts for the beam line system AFBU have been delivered and

the tune up, 400 and 500 lines have been installed. The somewhat

larger than expected instability of the buildings caused some

problems for the alignment. All sub-assembled pumping stations

have been made ready for installation..

Other projects

(H.G. Bruyne, W. Verlegh, K. Heemskerk)

For the superconducting muon channel, the assembly

of the cryostat and the acceptance test of the refrigerator

have been completed. The reference line for alignment of the

beam lines for the PIMU halls have been defined. All parts of

the vacuum systems in the EMIN hall have been received. The

minimum program for the high energy chemistry hall HECH has

been defined.

Support has also been given to the PAMPUS project;
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visits to DESY (Hamburg), Cornell (New York state) Wisconsin

and SLAC (California) have been made for this purpose.

Service

Some leaks in the accelerator, difficulties with power

supplies and some problems with valves have dissipated

approximately 10% of our time apart from the support we have

given on leak detection, buying vacuum parts, sealing problems,

cleaning procedures etc.

Development

The development on the fast mechanical joint is

finished, the prototype is made and will be tested. Research on

cleaning methods and on outgassing have resulted in two internal

reports and a publication. Coupling systems, welding problems

and sealing aspects have been investigated. We have visited

ESTEC, SIN, ECN and Philips for the orientation on cryogenics,

fiberoptics and welding.
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6. MEA
(Working group leader: F.J.T. Bruinsma)

6. 1 Installation of accelerator component

It has been found necessary to temporize the

installation somewhat in favor of installation of experimental

facilities. This did not affect the planning for the first day

for beam-on-target, July 1, 1980, but it will delay somewhat

the attainment of the full design energy.

Electrical systems

The pre-wiring of electrical systems, to the extent

that putting a station into operation will only need the

availability of plug-in components , has been completed.

Central beam line

The assembly of mechanical components (i.e. sections,

drif tsections, RWG, monitors)" has been completed. All components

have been installed on the central beam line. The remaining work

such as: connection of PWG and RF loads to the sections, will be

done when stations are being put into operation.

Cooling systems

i

The unusual cold weather in the winter damaged

several coolers. They have been repaired and additional gasfired

frost protection systems have been installed. All control

systems have been installed and pretested. Final adjustments and

tuning of the temp, regulators will be done when the stations

will be put into operation.

Modulators

All modulator main components have been installed,

except for PFN units, DIG Processors. Production of those

components will last until 1981. Five modulators are now in
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operation.

6.2 Construction of subsystems

All beam monitors (current, position, profile, loss

monitors) have been installed and tested and are operational.

All RF subsystems (phase shifters, attenuators, drive

line) have been constructed. Installation will be completed

Juni 1980.. The drive line is operational.

The TV system has been completed. The system is in

full operation.

Due to the insufficient quality of the original 27 MHz

sets, the intercom system had to be overhauled. New equipment

will soon be installed.

The prototype central clock for the timing system has

been installed. Several local timing units have been installed.

The system has .been put into operation.

The analoge measurements project is accumulating

delays: due to several components not performing according to

specs. Completion is expected medio 1980.

All data analoge control systems have been delivered

and put into operation.

The first phase of the video data highway (a simple

slow-switching system)" has been completed and put into operation.

Local hardware for the control system (a.o. Alpha's,

Camac parts, communication systems) have been installed at nine

stations. Testing and trouble shooting were very time consuming.

The local software is operational. The central computer system

is phased to be used soon for linac control. A somewhat primitive

"man machine" interface has been installed for temporary linac

control. Deadline: September 1979 ;(first phase), July 1980

(final phase).

The central compressed air system has been completed

and is in full operation

6.S Operation of MEA and the experimental faoilities

System and beam tests have been performed with the
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linac, the beam switch yard (AFBU) and the low energy physics

experimental system (LEF), with as objectives investigations

into beam instabilities, improving beam transmission, transport

of low energy beam to AFBU, beam performance in low.energy

experimental stations and system tests.

Table 1; MEA operations 1979

Beam exp.

Processing

Breakdown

Total

494 hours

299 hours

198 hours

991 hours

Table 2; Beam experiments

Accelerator : 391 hours

Low En. Exp. Systems: 103 hours

Total : 494 hours

Table 3; Klystron performance

Number of klystrons in use: 5

Accumulated fi hours 1979 : 2075

Accumulated HV hours 1979 : 1164

Table 4: Accelerator performance

Energy max

(Energy max at 10% d.c.

Energy Low En. Station

Beam current peak

Pulse width max

Rep. Rate max

Energy spectrum

Beam loss

500

250

140

20

50

2000

< 0

< 0

Design

MeV

MeV)

MeV

mA

lisec

Hz

.5%

. 1%

Obtained

85

-

85

20

30

200

0.
<

MeV

MeV

mA

psec

Hz

5%

1%
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Table 5; Injector performance

Energy

Energy Spectrum

Beam current peak

Beam current stability

Table 6: Modulator

Design

20 MeV

<1%

>20 mA

0.1 mA

performance

Obtained

20 MeV

1%

35 mA

0.03 mA

RF pulse width ps

Video pulse width jis

Time between pulses ps

Rep-rate at 80 KV (lMW-10%)

100 KV (2MW- 5%)

120 KV (4MW-2.5%)

Duty cycle max

Flat top

Design
50

55

400

2000

1000

500

10%

0.1%

Obtained
50

55

400

2000

1000

450

10%

0.1%

The beam current and energy drifts detected during

previous experiments in LEF have been investigated. Several beam

shifts were used to cure the problems. Some magnet power supplies

did not perform according to specs and were subsequently replaced.

The injector ICT prove to cause the main instabilities. The

installation of a line voltage stabilizer reduced the beam

current instabilities from 150 to 30 pA. A further reduction

will be necessary.

A transmission of the electron beam between the 20 MeV

injector and the kickermagnet at the low energy take off could

not be obtained in the preceeding year. After several

measurements a set of magnet parameters could be found which

resulted in 100% beam transmission into LEF with good energy

spectra (Q.5-1%) and a stabil spot on the target, however, with

several restrictions: current is lost in the 20 MeV injector,

the axial magnetic field shape has an unusual pattern and 100%

transmission can only be obtained after a time consuming "tuning"
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procedure. There are indications that the beam phase spacer from

the injector does not meet the 4 mm x mrad design objective.

Therefore a program has been started to measure this phase space.

An important miltitone was that we succeeded to

transport a low energy beam through 18 unexited accelerator

sections into the tune up beam line beyond the end of the

accelerator. A beam transmission of 100% can be obtained

between the LE kicker and the faraday cup at the end of the tune-

up line. MEA systems proved to be very reproducable.

As to the beam performance in LEF the following can be

said. Test on the beam handling system and the monitors were

started. The program was postponed because the reproducability

was insufficient. This was caused partly by the temporary manual

magnet control and partly by the extreme sensitivity of the

traveling wave position monitors. The computer magnet control

system has now been installed and the monitors have been

modified; therefore testing will resume soon.

Processing sections has been a major activity.

Tuning the cooling temperature control systems improved the

beam stability to a great extent.

6.4 Maintenanee

V

Breakdowns in some system caused loss of experimental

time. Among them were the following. Eighty hours were spent

finding a vacuum leak and a loose electrical contact in the

injector. Both problems disappeared before they could be

located. A new cathode has been installed. Forty hours were

spent on repair of several small leaks (bellows, r.f. loads).

A short circuit occurred in both 1000 V - 3000 A dc powersupplies

for the modulators (50 hours).

Numerous software crashes, inflicted by hardware

failures caused loss of control.

Other preventive maintenance included a complete

overhaul of the cooling system in station 1, scheduled

maintenance on the modulators of stations 3 and 4 and

installation of a frost protection system.
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Petten, 26 oktober; A.H. Wapstra:

Atoommassa's voor ver-onstabiele nucliden.

Vangst van pionen in kernen onder uitzending

van gammastraling.

P.K.A. de Witt Huberts:

Elastic magnetic electron scattering and the radial

distributions of valence nucleons. Invited talk.

Bijeenkomst van de Nederlandse Vacuum vereniging,

23 december; A. Vogel:

Mechanieke aspekten van de lineaire elektronen versneller.

Conference on future possibilities for electron accelerators,

Charlottesville (U.S.A.), 8 januari; P.J.T. Bruinsma:

Status report 500 MeV 10% df linear accelerator

under construction at Amsterdam. Part I the accelerator.

Bijeenkomst Radio- en Stralenchemie der KNCV,

E.C.N., 17 mei; M.T.A. Teeling:

Thermische annealing in bestraald KMnO,.

G.A. Brinkman:

Hot atom chemie van organische chloorverbindingen.

L. Lindner:

Fotonen aktiveringsanalyse van meteorieten.
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Bijeenkomst Radio- en Stralenchemie,

Arnhem, KEMA, 18 oktober;

H. Korsse, P.W.F. Louwrier:

Invloed van pH op reaktie snelheid tussen e en Cu(II)EDTA.

J. Visser, G.A. Brinkman, C.N.M. Bakker:
232

Produktie van At en Rn isotopen door foto spallatie van Th.

P. Polak, A.H.W. Aten, Jr.:

Splijtingsprodukten bij splijting van Np door protonen.

M.T.A. Teeling, J. Boersma, A.H.W. Aten, Jr.:

Annealing in KBrO, matrix.

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

Recoil chemie van S in gasvormige alkaansystemen.

C.N.M. Bakker, G.A. Brinkman, F.M. Kaspersen:

Vorming van polymeren door de reaktie van recoil atomen

met vloeibare fluor benzenen.

D. de Jong, J.Th. Veenboer, B. van Halteren:
P Ci m

Produktie van CF., Br met hoge specifieke aktiviteit.

G.N.M. Visser, E.L. Diemer, F.M. Kaspersen:

Organische Astatiumchemie.

10th International Hot Atom Chemistry Symposium,

Loughborough, 2-7 september;

M.T.A. Teeling, J. Boersma, A.H.W. Aten, Jr.:

Annealing of Radiomanganese in Irradiated KMnOy.

L. Lindner, G.A. Brinkman, J.Th. Veenboer:
38

Recoil Chemistry of S in gaseous Alkane systems.

C.J. Leurs, J. Boersma, L. Lindner:
38Anion effects in the chemistry of Cl

Recoiling in crystalline salts.

Proceedings of the 4th Seminar Electromagnetic interactions

of nuclei at low and medium energies,

Moscow, December 13-15. Izdatelbctbo "Nauka", Mockba, 1979;

T. de Forest, Jr.:
Contemporary and perspective problems in nuclear structure

investigations by electron scattering,

p. 237 (852).
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Karlsruhe International Discussion Meeting on What do we

know about the radial shape of nuclei in the Ca-region?

Kernforschungszentrum Karlsruhe, 2-4 mei. Proceedings, eds. H. Rebel,

H.J. Gils, G. Schatz. KFK, Karlsruhe, 1979;

C.W. de Jager, P. Keizer, L. Lapikas, H. de Vries, S. Kowalski:

Backward-angli

p. 349 (859).

39Backward-angle elastic electron scattering from K.

International Conference on Nuclear Physics with Electro-

magnetic interactions;

Mainz, 5-9 juni;

Lecture Notes in Physics 108. eds. H. Arenhovel & D. JDrechsel.

L. Lapikas:

Nuclear magnetization density from electron scattering.

p. 41 (860).

C. de Vries:

Status report on the 500 MeV, high duty factor electron

scattering facility under construction at Amsterdam.

p 213 (861).

Abstracts of contributed papers.

L. Lapikas, A.M. Selig, P.K.A. de Witt Huberts:

Elastic magnetic electron scattering from Cu and Cu.

p. 2.4 (863).

S.K. Platchkov, J.B. Bellicard, J.M. Cavedon, B. Frois,

D. Goutte, M. Huet, P. Leconte, Phan Xuan Ho, I. Sick,

P.K.A. de Witt Huberts, L. Lapikas:

Radial distributions of the If. ,, neutron orbit.

p. 2.5 (864).

H. Rothhaas, H. Miessen, 0. Schwnetker, C.W. de Jager,

H. de Vries, J.B. Flanz, R.S. Hicks, R.A. Lindgren, B. Parker,

G.A. Peterson, R. Singhal:

Core polarization, shell structure, and higher electric
27multipoles from elastic electron scattering, e.g. Al.

p. 2.6 (865).

P.K.A. de Witt Huberts, L. Lapikas, J.B. Bellicard,

J.M. Cavedon, B. Frois, M. Huet, P.. Leconte, A. Nakada,

Phan Xuan Ho, S. Platchkov, I. Sick:
9 209
2 -pole component of nuclear magnetism in Bi.
p. 2.10 (866).
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R.S. Hicks, A. Hotta, H. de Vries, J.B. Flanz, K. Itoh,

G.A. Peterson:
27Electroexcitation of negative-parity states in Al.

p. 3.17 (867).

J. Koch:

Coherent IT photoproduction in the isobar-hole formalism.

Spring meeting of the Nuclear Physics section of the DPG, NNV,

DFS & BVN-SBP;

Gent, 26-30 maart; Verhandlungen der deutschen physikalishen

Gesellschaft, 3/1979.

C.W. de Jager, L. Lapikás, H. de Vries, R. Hicks, G.A. Peterson,

H. Miessen, H. Rothaas, O. Schwentker:

Electron scattering from the multipole density distributions

of the ground state of Al.

p. 730 (868).

C.W. de Jager, P. Keizer:
39

Inelastic electron scattering from Kr.

p. 731 (869).

G. Box, C.W. de Jager, P. Keizer, L. Lapikás, H. de Vries,

S. Kowalski:

Magnetic elastic electron scattering from K and In.

p. 731 (870.) .

L. Lapikás, H. de Waard:

Elastic magnetic electron scattering from the boron isotopes.

p. 731 (871).

L.T. van der Bijl, H.P. Blok, E.J. Kaptein, P.K.A. De Witt Huberts,

R. Frey, E. Spamer, A. Richter:
88

Investigations of Sr by (e,e') and (p,p') reactions.

p. 732 (872).

P.K.A. de Witt Huberts, L. Lapikâs, H. de Vries:

The radial distributions of protons and neutrons at the

nuclear surface.

p. 750 (873).

C. Boland, J. Distelbrink, C.W. de Jager, E. Kok,

P.K.A. de Witt Huberts:

A NWPC detection set up for electron scattering coincidence

experiments.

p. 782 (874).
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G. Box, J. Distelbrink, A. Hurkmans, C.W. de Jager, L. Lapikás,

G. Luijckx, R. Maas, J¡ Noomen, H. de Boer Rookhuizen,

C. de Vries, H. de Vries, P.K.A. de Witt Huberts:

Electron scattering facilities at IKO - Amsterdam.

p. 834 (875).

P.J.T. Bruinsma, L.H. Kuijer, J. Spelt, A.G.C. Vogel:

Status report MEA (300 MeV) electron accelerator.

p. 834 (876).

J.M. Bailey, R. van Dantzig, P.P.A. Goudsmit, J. Konijn,

E.W.A. Lingeman, B.J. Meijer:

Low energy pion and muon experiments.

p. 778.

J. Deutsch, 'D. Favart, M. Lebrun, P. Lipnik, P. Macq,

R. Prieels (Inst. Phys. Corp., Louvain-la-Neuve, Belgium),

P. Goudsmit, J. Konijn:
— 6 6Measurement of the muon capture rate p + Li •* \> + He (g.s.).

p. 798.

J. Konijn:

A new pionic 4f •+ 3d X-ray transition in Ta, Re and Bi and

the strong interaction level shifts, e,, and e_, and widths,

F«, of the pionic 4f and 3d states.

p. 800.

J. Konijn:

Measurements of the guadrupole moment in Re and Ta from

pionic and muonic X-rays.

p. 800.

B. Balestri, J.Y. Bertin, B. Coupât, G. Fournier, A. Gerard,

L. Guechi, E.W.A. Lingeman, J. Miller, J. Morgenstern,

G. Saghai, K.K. Seth, C. Tzara, P. Vernin:

Pion scattering on deuterium at low energies.

p. 779.
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2nd International Topical Conference on Meson-Nuclear Physics,

Houston, U.S.A., maart.

J. Konijn, J.K, Panman, J.H. Koch, W. van Doesburg, G.T. Ewan,

T. Johansson, G. Tibell, K. Fransson, L. Tauscher:

Shift and width of the pionic 3d state in Ta, Re and Bi.

(IKO-CERN-Kingston-Stockholm collaboration).

8th International Conf. on High Energy Physics and Nuclear

Structure,

Vancouver, Canada, 13-17 augustus;

J.P. Deutsch, D. Pavart, M. Lebrun, P. Lipnik, P. Macq,

JR. Prieels (Université Catholique de Louvain, Belgium),

P. Goudsmit, J. Konijn:

Measurement of the muon capture rate u + Li -* v + He (g.s.)

Vosbergen conferentie,

Vosbergen, 16-17 mei,

J. Koch:

Pion-kernverstrooiing in het isobar formalisme.

T. de Forest:

Exchange current effects in deep inelastic scattering from

nuclei.

IAEA conferentie,

Wenen, 6-9 februari,

L. Lindner:

Research coordination meeting on production of radio-

phar^iaceuticals from accelerated-produced isotopes.
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Spring Meeting American Physical Society,

Washington D.C., 23-26 'april,

Bull. Amer. Phys. Soc. 2± (1979)

C.J. Martoff, J.A. Bisterlich, K.M. Crowe, J.P. Miller,

S.S. Rosenblum, W.A. Zajc, H.W. Baer, G. Strassner, P. Truol,

A.H. Wapstra:

Study of isobar analogs of C GDR by radiative IT capture.

p. 647.

J.P. Miller, J.A. Bisterlich, K.M. Crowe, C.J. Martoff,

S.S. Rosenblum, W.A. Zajc, H.W. Bear, G. Strassner, P. Truol,

A.H. Wapstra:

Structure in hard y spectra from TT radiative capture in Ne,

F, Zr and In-flight TT radiative capture in C.

p. 647.

j


