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INTRODUCTION

As foreseen in previous Annual Report, the first

electron beams of the new accelerator MEA to the low energy

experimental stations have been delivered in April 1977 to the

physics hall, in September to the chemistry one. The design and

construction of the accelerator and of the large experimental

equipment for all experimental halls proceeded also according

to schedule, a great tribute for the scientific and technical

staff involved.

Some nervousness was caused by discussions about the

consequences of inflation. Without adequate compensation,

financing the large equipment just mentioned would not be

possible. No decision had been taken yet at the end of 1977,

but the prospects for an acceptable solution looked favourable.

The experimental work with the old cyclotron was

terminated in April 1977, according to plan. The cyclotron has

been in use for 28^ years. Building and using this instrument

were the tasks for which IKO was founded, and IKO got its

international status because of the experimental work done

with it.

The nuclear spectroscopy group, which performed many

electron and gamma ray measurements both on line with the

cyclotron or with radioactive targets, was discontinued

January 1, 1977. The nuclear reaction group, which built and

operated the ambitious BOL-project, was disbanded half a year

later. Some members of these groups still used a (dimishing)

part of their time in finishing reports on their earlier

experiments.

The same is true for the radiochemistry group.

Several of its members also worked in other laboratories in

Holland and abroad, partly to finish work on their theses and

partly to gain experience in future work with MEA. The

chemistry low energy hall became operational. Its use will

be severely limited in the near future due to the high

priority given to finishing the construction of MEA. An

important though unexpected new aspect for this group was that

the old chemistry building was declared unsafe for work with



MEA. Discussions were started about how to improve this

situation, in some phases. Funds were obtained for the first

phase, involving moving the library and the cafetaria out of

this building. The next phase will probably be building a new

laboratory near the high energy chemistry station of MEA.

The electron scattering group made its low energy

hall operational too, using equipment earlier connected with

the old EVA accelerator. Much progress was made with the design

and construction of the beam handling system and spectrometers

for the high energy electron hall. In addition, several

members of this group were involved in interesting experiments

in France, Germany and the U.S.A., also with an eye on future

possibilities with MEA.

This was also done by members of the pion-muon group,

this time in France and Switzerland, both SIN and CERN. This

group has considerably been strengthened by the appointment

of dr. J.M. Bailey as group leader. The design work on a

superconducting channel progressed to the stage that several

orders could be made.

An important development was the increasing

collaboration with the Nuclear Physics Group of the Free

University in Amsterdam. The basis was laid for a provisional

contract between this University and IKO for the period in

which IKO has not yet merged in a National Institute for

Nuclear and High Energy Physics, NIKHEF, which presumably

will happen January 1, 1980.

Summarizing, 1977 has been a year of arduous work,

with some frustrations and some new hopes, and yielding as

much progress as could be expected.

A.H. Wapstra

General Scientific Director
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1. ELECTRON SCATTERING AREAS

(Scientific diveatov: C. de Vvies)

1.1 Introduction

Early in 1977, the first beams from MEA (̂  40 MeV) have

been used for testing the instrumentation in the low-energy

physics area. During three 2-week periods spread over the year

most of the deflecting system and electron scattering equipment,

transferred from the earlier 85 MeV electron accelerator, has

been tested. The instrumentation, including a multiwire

proportional counter which serves as a prototype for the larger

systems required in the 300 MeV end station, has shown to be

adequate to start the actual experimental program.

Large progress has been made with the design and construction

of the elaborate beam handling system (AFBU) beyond the end

point of the accelerator. Most dipole, quadrupole and sextupole

magnets are nearing completion and were planned to be installed

during the first half of 1978. A contract has been signed with

SLAC for the fabrication of components like slits, collimators,

stoppers and dumps, of which the construction requires the

special know-how of handling 100 kW electron beams.

The construction of the two-spectrometer (QDD and QDQ)

arrangement continued according to schedule. Contracts have

been signed for the rather special rotatable frames needed to

support the spectrometers as well as for the heavy shielding

arrangements around the focal plane areas of both spectrometers.

1.2 The 100 MeV station

(G. Box3 E. JanSj P. Keizer3 L. Lapikas^ J. Noomen)

Before April 1977 installation in this station of the

main part of the electron scattering facility, previously at

EVA, had been completed. Calibration, alignment and cabling of

the apparatus was finished, together with installation and

cabling of the control panel and connection of the PDP-8

computer to the scintillator system.
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In total 16 shifts of 8 hours were available during 1977 in

the 100 MeV station for testing the apparatus. For a general

lay-out of the system see fig. 1.2. Much experience was

gathered with the 140 MeV (max) beam handling system (BHS).

Generally a beam could be steared through the system with all

quadrupoles close (+ 5%) to their calculated (TRANSPORT)

values, yielding a beam spot of FWHM = 2 mm. As designed the

beam handling system also proved to be capable of accepting

a 5°/oo beam, yielding a 3 cm diameter beam spot without any

quadrupole powered. Beam handling was facilitated largely by

the use of non-interfering traveling wave monitors and a

toroid monitor. The old NMR system for registration of the

bending magnet fields is being replaced by an in-house built

ESR system. Due to problems with the PDP-8 and with some

electronic systems, the scintillator system could only be

partially tested. Nevertheless a first elastic peak has been

observed.

The 100 MeV station was planned to give an early opportunity

to test apparatus which will be installed later in the 300 MeV

facility. This goal had been partially reached. A successful

test of a prototype multiwire drift chamber was performed

(see 1.5). First experiments with a non-interfering beam

profile monitor have been initiated.

1.3 The 500 MeV (max) beam-handling system (BHS)

(LINO 693 A. Hurkmans, R. Maas; High-power

(^ 100 kW) slit systems).

The optical design of the BHS has been described in

the previous annual report (1976, p. 13-14). Last year much

effort was devoted to the design of "hardware" for the BHS.

Energy defining slits (C4043 fig. 2.3)

These slits control the momentum bite (Ap/p)

transmitted through the BHS. When the BHS operates in Normal

Mode (that is, no dispersion exists on the target) the final
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resolution is determined by the slit-setting. In Energy Loss

Mode (dispersion on target equals spectrometer dispersion -

overall resolution not dependent on Ap/p! -) the slit setting

ensures that Ap/p < (Ap/p)
IudX

For Ap/p > (Ap/p) chromatic

terms blow up the beam dimensions to unacceptable high levels;

(AP/P}max * ± '2%-

The slits have been designed such that they can

withstand 100 kW beam power. Each of the two slit modules

consists of a hollow aluminium cylinder (0 = 30 cm, 1 = 75 cm),

filled with aluminium spheres ( 0 ^ 1 cm) cooled by a forced

flow of water. The beam runs in the direction of the length-axis

of the cylinder. Inside the sphere-filled cylinder the electron-

induced shower develops. About 85% of the beam power is

dissipated inside the aluminium module. Each of the modules

is locked up by a copper module (1 = 15 cm) which absorps ^ 10%

of the incident beam power. Finally, a few centimeters of

tungsten, brazed onto the copper module, remove long-energy

components of the shower.

The slit assembly is contained inside an aluminium

vacuumtank. The two slit modules can be activated individually.

Details of the slit assembly are given in an internal report.

Protection aollimators (indicated by Cxxx^ fig- 1.3)

These collimators serve two purposes: a) to protect

equipment from a wandering beam, b) to remove unwanted components

from the beam (background reduction). There are two classes of

collimators: cooled ones (C001/2, C401-3, C405-6, C501)

uncooled ones (C502-6).

A cooled collimator consists of a cylindrical copper

body (1 ̂ 2 0 cm) with a fixed aperture. Cooling water runs in a

thread-like channel, milled in the circumference of the

collimator.

The water channel is sealed by a cylindrical shell,

brazed onto the main body of the collimator. Bellows sections

(either on one end or both ends) allow thermal expansion,

C401 and C501 are collimators with 3 and 2 apertures

respectively. They are cooled by vertical cooling channels
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around the apertures. The connection between those collimators

and the preceding kicker magnets (K002 and K401 respectively)

consists of a single large-diameter beam pipe. The construction

of C405 is similar to that of C401 and C501, i.e. vertical

cooling channels around (only one, rectangular) aperture;

C405 should remove slit scattering induced components from the

beam.

The source collimator(s), C001/2, should act as the

object for the point-to-point optics of the BHS. If the

accelerator beam turns out to be very stable in position, one

does not really need such a device. Since the expected power

levels for such a collimator are very high (beam diameter is

still small), the construction of such a device would resemble

that of the energy-defining slit. These facts together have led

to the decision to postpone to construction. A normal, water

cooled, collimator will be installed at the position of COO 1/2.

Time will show whether this suffices or not. The power level

of the cooled collimators is roughly 15 kW. Uncooled

collimators are copper cylinders with a fairly large aperture.

Beam stoppers

Beam stoppers are safety devices. They consist of a

long (^60 cm) solid copper cylinder (0 ̂  10 cm) that under

normal conditions is moved away from the beam trajectory.

In case of an emergency it rolls to a position where it

intercepts the beam. It can also be brought into the beam path

on purpose when downstream of its positron people have to work

while in another part of the Beam Switch Yard a beam is present

(beam stoppers are planned both between B402-B501 and B501-502;

activating both beam stoppers in conjunction with shutting off

electrically B501 and B502 makes it safe to work in the e -

hall while a beam is fired into the Chemical Line). The

energy defining slit can also act as a beam stopper.



Beam dumps

(W.A. Gillespie, A. Hurkmans, G. Luijckx,

R. Maas, H. de Vries)

The construction of a beam dump is similar to that of

the aluminium module of the slit assembly; an aluminium shell

(1 'v. 100 cm) , filled with aluminium spheres, and watercooled.

The beam enters the dump axially through a thin (̂  1.5 mm)

aluminium window. A copper block at the back of the dump,

thermally coupled to the aluminium part, absorps the last

fraction of the beam. The power rating is 100 kW.

1.4 The QDD and QDQ spectrometers

(H. Boer Rookhuizen, G. Box, R.S. Hicks, C.W. de Jager3

G. Luijckx, H. de Vries)

The construction of the two spectrometers (see Annual

Reports 75 and 76) proceeds almost on schedule. A large piece

of forged low-carbon steel, from which the poles of the first

dipole of the QDD will be fabricated, has been checked on

homogeneity. The ultrasonic tests yielded good results.

According to the present scheme the QDD should be delivered

at the end of 1978, the QDQ in the beginning of 1979.

The support construction for the two spectrometers

and for the focal plane shielding has been designed by Alpha

Engineering B.V. (Beverwijk), and is planned to be installed

before summer 1978. The structure allows accurate leveling and

angular setting of the spectrometers (read-out accuracy 0.01 )

in spite of the heavy weights involved (total weight of

spectrometer including shielding amounts to 240 tons and

230 tons for the QDD and QDQ, respectively). The shielding will

consist of Chemtree 1-20-26, an iron-loaded heavy concrete

(s.d. of 3.5 g/cm ) with layers of lead on boronloaded

polyethylene at the inside.

The design of the target" equipment also proceeds

satisfactory. In order to allow a fast variation of scattering

angle while minimizing the amount of material between target and

detectors, both spectrometers will be connected to the
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scattering chamber with a sliding seal construction. Each

spectrometer must be provided with a solid angle defining slit

system and a vacuum valve. Due to the limited amount of space

available because of the entrance quadrupoles of both

spectrometers a special design of a 10 cm thin combined slit-

valve system is underway.

1.5 Detection systems

(S. Brain, J. 0'Bvien, J. Distelbrink, E. Jans,

P. de Witt Huberts)

A prototype of a 64-wire, small gap, multiwire

driftchamber, including front-end electronics, a one one-per-

wire timing system, an ECL event-encoder system and data-

transmission logic has been constructed. Extensive table-top

tests with radioactive sources have substantially aided in

system debugging and tune-up. An in-beam test was successfully

carried out with the system installed in the focal plane of the

spectrometer in the low-energy station of MEA. The experiment

control and data-handling was performed by software written

in the interpretor language COLAN, running on an Alpha-LSI

minicomputer with 32k memory. Data buffering, display- and

control functions were implemented for the major part with

standard Camac modules.

The following performance of the detector has been

assessed:

1) Each of the active wires shows a response identical to

within (2 + 1)%. The response was stable over a period of

several hours within the 2% statistics.

2) The intrinsic spatial resolution (FWHM) was found from the

timing functional f (t) = t.. = 2t~ - t, (where t. is the

arrival time in wire (j) of an event that triggers 3 wires)

to be 190 vim in the sense wire plane.

3) The timing encoder system functioned to specification.

Relative efficiencies of the 3 ns wide time channels show

a scatter of + 10%. It is expected that this figure still

can be improved.

With these results the final specification for the electronics
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of the detection systems can now be formulated for the two-arms

spectrometer setup in the electron-scattering hall. The

mechanical specifications of the chambers have also been

defined and engineering work was started recently.

1.6 Construction of the 180 scattering facility at Bates

(H. de VrieSj in collaboration with the Nuclear Physics

Group at University of Massachusetts3 Amherst).

A four-magnet system for 180 scattering experiments

has been constructed and installed as part of the equipment of

the electron scattering facility at Bates. The first test

results show that 180° experiments are feasible with this

equipment at a resolution of better than 0.1%.

1.7 Feasibility study of a photon beam facility at MEA

(R.S. Hicksj A. Hurkmans, R. Maas)

Three internal reports, 1) R.S. Hicks, InterIKO 76/4

"An investigation into possibilities and utility of an IKO gamma-

ray facility", part I. 2) R.S. Hicks, InterIKO 77/5 part II

"Production of monochromatic photons using bremsstrahlung

tagging", 3) R.S. Hicks, InterIKO part III "Suggestions for

experiments", have been written on the subject of photon beams

to be used at MEA. Special emphasis has been given to the

application of the "tagging" technique to "monochromatize"

the bremsstrahlung spectrum. It appears that with the

relatively high duty factor of MEA experiments like (y,n) and

(Y,fT~p) are very promising using this technique. Further work

continues to study and to design the actual photon beam

facilities both at the low (140 MeV max.) and at the high energy

(500 MeV max.) station. In view of this study a collaboration

has been initiated with the Glasgow group, which has

considerable experience in this field.
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2.

2. 1

PION-MUON AREA

(Groupleader: R. van Dantzig until September 1977,

J.M. Bailey from September 1977)

Introduction

The IKO electron accelerator is planned to be used for

production of secondary beams of low-energy pions and muons.

The pion-muon facility is planned to contain two separate beam

transport systems, one optimized for muons and the other for

low energy pions. A project group was formed to undertake the

construction of the rauon channel, according to the basic design

specifications decided upon during 1976 (section 2.2.1). The

main activities of the pion-muon group have been concentrated

on the continuation of optical design calculations for the pion-

muon facility (section 2.2.2), on development of instrumentation

for pion-muon physics experiments (section 2.3) and on

collaboration with experimental groups at other laboratories,

such as CERN, SIN and Saclay (section 2.4).

A plan view of the projected pion-muon facility is

shown in figure 2.1. The muon channel, similar to those in

operation at SIN, consists of a large-acceptance pion beam line

collecting low-energy pions from the production target and

injecting them into a 5 metre long superconducting solenoid,

followed by a momentum-selecting extraction system delivering

the decay muons to a target and detectors in the muon

experimental hall. The muons incident on the experimental

target will have ^ 90% polarized spin, a short and narrow

range distribution, and will be well suited as probes for

experiments in the fields of nuclear- atomic- and molecular

physics.

Physicists from the Free University in Amsterdam (VU)

are collaborating with IKO in planning and designing a low-

energy (20-80 MeV) pion channel, to be installed on the other

side of the pion production target.
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Fig. 2.1 Plan view of pion and muon facility. The e beam is

below the floor level in the experimental halls,

the beginning of both pion beams is upwards inclined.
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2.2 Beam Channels

2.2.1 The Muon Channel Construction Project

(H. Arnold, R.D. Fortune, J.W. Maas) •

Early in 1977, construction of the muon channel was

begun following the signing of a Collaboration Agreement

between SIN and IKO which permitted the adoption by IKO of the

superconducting solenoid design developed by SIN. Its

pr^porties are given in Table 2.2.1. The production target is

built by CEN-Saclay and the conventional magnets

- quadrupoles and bending magnets - are based on the design

of beam elements at present in operation at SIN.

A close collaboration was established during the year,

with the SIN Cryogenics Group under Dr. G. Vgcsey, to whom we

are greatly indebted for the smooth transfer of the vast amount

of technical expertise necessary to launch the IKO project.

Major items such as superconducting coils, helium refrigerator,

iron magnetic yoke, vacuum tank, heat shield transfer line,

cryostat sub-assemblies, were put out to general tender, after

individual technical specifications had been redefined on the

basis of discussions on improvements and simplifications with

the SIN Cryogenics Group. Orders for all of these items were

placed before the end of the year and delivery times are such

as to allow the assembly testing and putting into operation

of the solenoid to be completed by late 1979 early 1980.

The high power electron beam from the accelerator will

be guided through a 70 m long tunnel and focussed onto a

rotating 1 cm thick copper target in the pion production area

(fig. 2.2) before terminating on an electron beam dump of

standard SLAC design. The target will be manufactured for IKO

by CEN Saclay, and will be positioned to permit maximum

proximity of the first quadrupoles of the muon and pion channels,

Tenders have been requested for the supply of the conventional

quadrupoles and bending magnets which form the beam transport

system of the muon channel before and after the superconducting

solenoid - as well as for the initial magnetic elements of the

pion channel. Work proceeded on the establishment of the
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Table 2.2.1

Basic parameters of the superconducting solenoid

Length

Free internal diameter

Axial field strength

Superconductor

Current at 5 T

Cooling method, ceils

heat shields

current leads

Refrigerator power

5 m

11. 5 cm

5 T

Ni-Ti

870 A

Helium at 4.5 °K, 9 at

Helium at 90 °K, 9 at

Helium vapour 0.2 gm/sec, 1.2 at

100 watt equivalent at 4.5 °K
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technical specifications of the beam vacuum pipes, the magnet

mountinj system, power supplies and control circuits. The

target and the dump have been ordered and are due to be

delivered by the end of 1978.

General facilities (water, electricity etc.) have

been installed in the pion and muon halls. A 4-ton overhead

crane was installed in the muon experimental area and part of

this area was covered over to provide a dust-free assembly

zone for vacuum and cryogenic apparatus.

The pion production area and the first part of the

pion beam lines are planned to be shielded primarily by

concrete to a thickness of approximately 5 m. Blocks of

dimensions lxlxl m will be employed wherever possible. A

preliminary shielding design including access tunnel has been

worked out.

A two-stage closed loop cooling system for the muon

hall has been designed, in which the second circuit is reserved

for elements in the high-radiation area. The specified total

cooling capacity is 1.6 MW at 20°C air temperature.

2.2.2 Beam Optical Design Studies for the Pion-Muon facility

(B.J. Meijer^ P.F.A. Goudsmit)

The IKO-muon beams will originate from pions decaying

in flight while traversing a 5 m long superconductive solenoid.

The solenoid has an inner diameter of 12 cm and an axial field

of 5 T. It will be positioned horizontally in the south hall,

3 m above the pion production target.

An injection system has been designed to collect a

considerable fraction of the pions emitted by the production

target and to inject them into the solenoid. It consists of a

triplet of radiation-resistive quadrupoles, the first one at

only 25 cm from the target. This triplet and the following

doublet point upwards with a 45 degree angle. A sector-bending-

magnet then deflects the pions into the horizontal solenoid.

The acceptance curve has a maximum of 87 msr at the central

momentum and a width of dp/p = 24% FWHM: Figure 2.2.2.a shows

beam envelopes of the injection system.
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Fig. 2.2.2.a Beam envelopes of solenoid injection system (QQQ

QQD) calculated in first order TRANSPORT.' The

calculated points are connected by straight lines,

The input values of the inital phase space

(x,x*,y,y',dp/p) are (0.9, 300, 1.4, 70, 10) in

units cm, mrad, cm, mrad, %. The envelope for the

x (bend) plane is shown at left.

Fig. 2.2.2.b Beam envelope of QQD QQQ muon extraction system,

calculated in first order TRANSPORT. The input

phase space is (2,300, 2, 70,5) in units

(cm, mrad, cm, mrad, % ) .
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The acceptance of a system with a conventional,

parallelsided bending magnet has been calculated to be lower

by about 8%. In the solenoid the poins and their decay muons

move in spiral orbits. The fraction of the injected pions that

decay in the solenoid is 45% at 150 MeV/c momentum and 70% at

75 MeV/c.

An extraction system, consisting of quadrupole

magnets and one or more bending magnets will be used to collect

the emerging muons and focus them onto the experimental target.

With the bending magnet, muons from backward decaying pions can

be selected and separated from pions and electrons. "Backward

muons" have a short range width and they are therefore

favoured for most stopped muon experiments.

Several extraction systems have been considered. A

compact QQD QQQ system (Interiko 77/1) was found to transmit the

largest flux. The muon flux at the target position will in this

case be 8.7 x 10 v~/s and 2.8 x 10 y~/s at 145 MeV/c and at

75 MeV/c respectively, for a Ap/p = + 8% FWHM at an incident

electron energy of 400 MeV on a 1 cm thick Cu target and an

average beam current of 0.5 mA. The pion flux is then

2.3 x 106 TT/S at 140 MeV/ c and a Ap/p = + 5%. The beam

envelope of the system is shown in figure 2.2.2.b.

For stopped muon experiments with thick targets, this

system produces the highest count rate. Other, longer systems,

with two bends for improved momentum resolution and better

shielding have been calculated too. They are more adequate

when using thin targets. A septum magnet is planned to obtain

simultaneously a second muon beam, of lower intensity. Since

the second part of the extraction system need not be buried

in thick concrete shielding, the set-up there can be changed

relatively easily. It should remain flexible, in order to

meet the requirements of various experiments. The design of the

floorplan for the various (phase 2) muon-beam lines is in

progress.

An initial study has been made to investigate the

feasibility of a pion channel sharing production target with

the muon channel. The optics of a simple channel, not

interfering with the muon channel, the dump etc., have been
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designed. The central ray of the system remains in a vertical

plane at 120 degrees with respect to the electron beam and

passes through the centre of the north hall. Pions are

extracted horizontally from the pion production target by a

radiation-resistive quadrupole doublet. A 45-degree sector

bending magnet bends the pions (and other equally charged

particles) upwards. After this bend, a i meter long

electrostatic (crossed field) separator is proposed to

reduce the electron contamination. The plates of this

separator would be in vertical planes. At pion energies below

60 MeV a field strength of 6 MV/m would be sufficient. The

separator is followed by a quadrupole doublet, a bending magnet

and another doublet.

The wedge-shaped uniform-field bending magnets used in

this study are of the same type as used in the injection part

of the muon channel and focussed in the x(bend) plane. The large

ratio of gap width to bending radius causes strong defocussing

in the y (non bend) plane. The requirements of a large

acceptance then determines the first quadrupoles Ql and Q2 to

focus on the x and y planes respectively.

Between the bending magnets, the system has two foci

in the x plane and one y focus. The calculated beam envelopes

are shown in figure 2.2.2.C. Particle-separating slits must be

positioned at the y focus, 2 m after Q4. Slits at the second x

focus can reduce the momentum acceptance to approximately 3%

FWHM. The fraction of pions that survive decay after the 11 m

long channel is 0.25 for 60 MeV and 0.13 for 30 MeV kinetic

energy. Contaminating muons are spread over an area much

larger than the pion spot. With the channel set for 60 MeV

pions, the ratio of muon to pion flux is 0.2. Ninety percent
2

of the pions pass through a 24 cm area, whereas only half

the muons are in a ten times larger area. The maximum

momentum acceptance is about 12% FWHM and the angular

acceptance is 46 msr. When the 1 cm thick copper production

target is irradiated with 0.5 mA 400 MeV electrons, the flux

at the experimental target will be 8.2 x 10 pions per second

at a pion energy of 60 MeV.

Between the second x-focus and the y-focus, a
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Fig. 2.2.2.C Beam envelopes for a pion channel calculated in

first order TRANSPORT. The input phase space

(x,x',y,y',dp/p) is defined by (0.5, 300, 0.75,

80, 3) in the units cm, mrad and %. The

envelope in the x (bend) plane is shown at left.
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degrader may be used to obtain a low-momentum pion beam. As an
2

example, a 2.4 g/cm carbon degrader reduces the energy of a

32 MeV pion beam to 20 MeV. The multiple scattering angle is
1/eabout 8 = 7 5 mrad, comparable to the width of the angular

spread of the pions at this position.

The Free University in Amsterdam, in cooperation

with IKO, started continuation of the design study.

2.3 Particle detectors and interfacing

2.S.I Checkerboard detector

(J. Kozyczkowski)

A CAMAC unit interfacing to a checkerboard (two-

dimensional position-sensitive AE) detector Nucl. Instr.

Meth. 9_2 (19 71) 173, has been designed and partly constructed.

The unit contains a circular memory to speed up the information

flow; previous data being read while new data are stored.

Double pulse resolution is 3 MHz. The energy resolution is

better than 100 keV and the position resolution 1.4 mm. The

detectors can be used both in stopping ir/y beams to locate

individual incoming IT'S or y's (electrons remaining

undetected because of their low AE) and in E-AE telescopes to

detect charged particles emitted after nuclear ir- or y-capture.

2.3.2 Drift chamber with read out of second coordinate

(K. van Dij'k, E. Kok3 R. van Dantzig)

Test measurements have been performed in reading out

the avalanche position along the sense (anode) wire of a drift

chamber using a 30 ym carbon fibre as resistive wire. Various

geometrical arrangements have been tested, the latest one

consisting of two 80 cm long 20 ym diameter sense wires placed

at a distance of 0.5 mm to differentiate between left and right

half cells and with in between them a carbon fibre. The wire

triplet was glued every 8 cm with small araldite droplets and

has been shown to withstand normal use of the chamber. The

signals appearing at both ends of the carbon fibre are
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amplified using simple charge amplifiers, shaped (ys-range)

and digitized. The ratio of the two signals is determined in

a PDP8 processor. Position resolution is better than 2 mm.

Alinearities of several % due to wire-inhomogeneity have been

observed and these are subject to further improvement.
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3. THE CHEMISTRY AREAS

3.1 Introduction

(A.P. Kaan3 Projeetleadev)

The year 1977 brought the first test experiments in the

low (140 MeV max.) energy chemistry area, LECH, in the beam

period of September.

The cooling system was first installed. The magnets

(quadrupole, "dump magnet" and bending magnets) were placed and

aligned, the monitors (current, position, T.V.) were mounted and

finally the vacuum system for both the gamma irradiation line and

the pulsradiolysis beam line was installed. A computer system

for steering the magnets (unique for IKO) was developed and put

into use.

Much care has been taken to avoid a high radiation level

in the hall: the beam has been dumped inside the vacuum system, a

special dump has been mounted in a pitch in the concrete floor

and the gamma beam from the converter has been dumped behind the

target into a movable graphite block. Similar preliminary

constructions have been made in order to transport the targets

during the irradiation. The old "EVA" pulsradiolysis detection

system was updated and used for the first test experiments.

In preparation are two automatic target transport systems to the

laboratory, a rabbit system and an electric car one.

The beam tests showed that in principle all parts

function as they should and much experience is gained in

handling the beam. Irradiation of monitor foils with the gamma

beam showed a reasonable performance while the signals

measured in the pulsline indicated that there were no serious

problems.
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3.2 T.V. monitors for the LECH electron and Bremsstrahlung

(B. Peelen, J. Visser)

For monitoring the position and the dimension of the

electron beam, three monitors were constructed. The first one

is a small ZnS screen divided into segments with a copper cross-

circle and fixed on a polished stainless steel mirror. It is in

use for the pulseradiolysis experiments. The second one

consists of a Al^O., layer doped with Cr and was mounted in the

converter holder. The third one is a little more complicated.

A polished stainless steel plate was bended under 45 and on

the inside of ZnS screen, divided into several segments by a

stainless steel cross-circle, was fixed. On the outside of a

5 mm thick Pb screen was mounted. In this Pb screen several

holes were drilled forming configuration of a cross. This

monitor was mounted on the target transport "Telelift". With

this monitor it is possible to scan the e -beam (white screen,

very white holes) and the gamma-beam (white screen, black

holes).

3.S Transport facilities and shielding

(J. Visser)

Three transportation systems were designed: two

pneumatic rabbit systems and one electrical target transport

system. With the fast rabbit system a single rabbit with a

volume of nearly 2 ml can be sent in and out of the

irradiation area from the lab. facilities within seconds.

With the second rabbit system 39 of the same rabbits

can be sent into the irradiation station at the same time.

This station consists of a small wheel, which is turning

around during the irradiation time.

The third system is an electrical transport car

(Telelift) on which a targetholder can be mounted. This

targetholder can be used for small samples as well as for

large ampoules (60 cm length, 7.8 cm diameter). The target car

can transport targets from the laboratory into the irradiation



- 26 -

position and v.v. by means of an electrical railway. For

reasons of beam economy all three transport systems can be

used independently and at the same time.

Because the laboratory facilities are on top of the

irradiation hall and the target transport car is going through

the floor of the laboratory, a shielding for neutron and

electromagnetic radiation was necessary. A concrete shielding

of 1 meter thickness was designed. The results of the

radiation measurement in the laboratory were very

satisfactory. For safe working conditions with very high

radioactive sources, five shieldings of movable walls of 10 cm

lead thickness with big lead glass windows have been

constructed.

3.4 Pulse-radiolysis set up

(J. Korsse} P.W.F. Louwrier 3 F. Sohimmel, F.S. Stock)

A pulse-radiolysis experimental set up was completed

at the end of the 220 beam line the low energy chemistry

irradiation facility. The limiting aperture is the diameter of

the electron beam at the position of the irradiation cell.

Solvated electrons could be detected during the first

experiments. The registration of the transient was performed

by photographic registration of an oscilloscope screen. After

these experiments the incorporation was started of a

Biomation Sico transient recorder, connected with a LSI a

minicomputer.

2.5 The high energy ohemioal facility (HECH)

(A.P. Kaan, P.W.F. Louwrier)

Electrons with energies up to 500 MeV will be

available on targets in the high energy chemistry hall.

Some preliminary activities in designing the layout for HECH

have been undertaken. One of the problems, which is not yet

solved, is the set up of the dumping magnet. In view of the

possibility to order some parts within the framework of a

general contract with SLAC, these parts have been designed.
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4. ACCELERATOR MEA AND TECHNICAL SERVICES

4.1 Introduction

After the 85 MeV linear electron accelerator had been

closed down in 1976, the cyclotron was also shut down for good

on April 1, 1977. The construction of the new electron

accelerator and the setting up of the low energy experimental

halls progressed to such an extent that in the same month,

April 1977, a beam in the low-energy physics hall was obtained.

This did not imply that experiments could be performed. Due to

lack of money and manpower the operation of the new

accelerator had to be constrained to a few working periods.

The completion of the accelerator and the setting up of the

full energy halls had priority. The accelerator has been in

active operation during four periods of several weeks each.

Apart from a persistent fault in the high-tension equipment

during the .ast period, the equipment functioned reliably.

The periods of operation were intended especially to test

durability, for training of operating personnel and for a few

testing experiments. A beam of 40 MeV could be focussed on the

targets in the low energy stations. The constructing of the

accelerator got to a stage in which mainly routine activities

have to be performed, which will, however, require still

much time.

After elaborate studies and ample discussions, among

others with physicists of the Stanford Linear Accelerator

Centre, the mechanical design for the beam handling system

has been completed. The manufacturing of spectrometers for

electron-particle coincidence measurements was continued

outside IKO. The super-conducting solenoids and the cryogen

equipment for the muon channel were ordered. The spectrometer

of IKO's old electron accelerator EVA, has been used in one

of the two new low-energy halls in testing experiments; in

the other hall, two beam lines for irradiating chemical

samples could be tested.
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4.2 Operation of MEA

During four periods of three weeks each, the

accelerator and the experimental arrangements for low-energy

physics (LEF) and low-energy chemistry were in active

operation. The first two periods of operation were used for

putting into use two accelerator stations (A01 and A03), and

guiding the beam into the experimental area of LEF.

The control system for operating two stations

synchronously was used for the first time during the first

period. Furthermore, the beam was guided from the injector

successively through a drift pipe, the sections of station A03,

a drift pipe, the kickermagnet, and was finally stopped in the

temporarily installed Faraday-cup. As to the beam deflection

system: from the kickermagnet the beam was guided through

four bending magnets, deflected 6 where focussing with

quadrupoles is required, then guided through the target box,

and finally stopped in the LEF Faraday-cup. At the end of this

first period the following results were obtained: beam energy:

36 MeV, beam LEF: 9.2 mA (peak), Beam MEA: 10 mA (peak); but

only 10% of the beam which emerged from the injector, arrived

in a straight line on the Faraday-cup.

During the second period, in April, the performance

was increased to 50% transmittance. The most important places

where current was lost were the entrance collimator in front

of the kickermagnet and in the drift section between the two

sections of station A03. The transmittance of the beam to LEF

amounted to 80% of the current sent into the kickermagnet.

In the September period the low-energy chemistry area

(LECH) was put into operation. The transmittance was raised

to 80%, the beam energy to 43 MeV.

The fourth period was not successful. Two faults

occurred which required so much time to repair, that no time

for beam experiments became available. The control system was

disturbed by a hardware fault in modulator A03; and the light

links in the high-tension unit of the electron gun broke down.

In total, the performance in these periods was as
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follows:

Station A00: total amount of beam hours: 415, hours down time:

340.

Station A01: total amount of stand-by hours (filament for power

only): 917, full power hours: 576.

Station A03: total amount of stand-by hours (filament for power

only): 760, hours of full power (including high

tension): 505.

4.3 Installation

All rectangular wave guide networks have been installed

and tested with respect to vacuum. Also, four accelerator

sections have been installed. During this installation the

renewed alignment system with fixed boards functioned

satisfactorily. The classification of the drift sections with

respect to the components has been fixed and the production has

been started.

The rectangular wave-guide on the supports fitted

with bearings has been installed, the PVC envelope included.

Work on the waveguide network connecting the injector klystron

to the rectangular wave-guide of the driveline has been started.

The installation of the thermal control system was also

initiated. Towards the end of 1977 two accelerator stations and

the injector station were operational.

A standard beam-checking system has been developed

for preventing the beam to hit unprotected spots. It is

equipped with Compton detectors and protection collimators.

The detectors at MEA were duplicated: one for beam protection

and one for reporting to the computer control system and for

analysis of the beam steering. The design of the protection

system allows for switching off the injector within 5 sec. at

maximum beam power.

The installation of a standard carrier wave system

for communication purposes has been started: an intercom

system with 27 MHz transceivers on a ring antenna and a TV

system with a central antenna system.
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4.4 Digital and analogue electronics

During 1977 about 79% of the manpower available to

the projects was spe.it directly or indirectly (through

assistance to the technical accelerator group) on the

further construction of the accelerator. The realization of

the low-energy stations (LEF/LECH) demanded about 16% of the

time. Consequently, about 5% was available for other projects,

spread over pion-muon physics, electron scattering and the

beam switchyard.

Negotiations with various companies started in 1976

have been continued and have led to the conclusion of a

number of contracts for accelerator equipment. The most

encompassing contract is one with Philips, which includes

among others wire wrapping for the digital control system

and the production and testing of 440 modulator pulse

forming network plug-in units. The first series of these

units are expected in 1978.

During the 2nd half of 1977 an elaborate analysis

of the test modulator was started. Closely connected to this

was the drawing of specifications of the artificial load and

the appropriate tuning procedure of the modulator plug-in

units.

An initial outline of the final timing system was

made. The design of the timing system renewed the discussions

on the pulse-pulse control of the various devices. One of the

issues was whether the two systems should be interwoven. To

gain better insight in the functioning of the various

components of the analogue measuring and control system, a

complete set was built into a working acceleration station.

Some help was given in behalf of experiments:

development of preamplifiers for the prototype wire chamber;

a transmission system for the transport of signals from the

wire chamber to the experiment computer. The existing

emission monitor was adapted to the demands of the new

accelerator and installed.

The possibilities of simple, commercially available
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logic controllers were investigated, in the first instance

for the cooling system. For other applications too, these

controllers seem to be an attractive alternative to the

hard-wired circuits, such as relay systems.

In order to bring the somewhat more complicated

microprocessing logic within reach of a larger group of

technicians, two microcomputers based on the Intel 8080 were

assembled for general use on loan.

In order to simplify the construction of prototype

systems a CAMAC wire-wrap print has been developed. In

addition it was investigated to what extent the multi-wire

wiring technique is suitable for the production of large

quantities.

4.5 Mechanical department

The results of the policy to subcontract work,

introduced a few years ago, became noticeable: not only were

all orders completed on time, but also the general methodology

and the planning were favourably influenced. Our policy will

in the future be more directed to the development and the

construction of equipment of which the components are

manufactured by subcontractors. Cooperation has been built up

with a dozen or so subcontractors, with each its own

specialty. Thus, the abilities as well as the technical

possibilities of the mechanical department have been enlarged

considerably. A total amount of 37 manyears of work has been

delivered, of which 22 manyears (57%) by subcontractors.

In addition, international contacts have been established, in

particular with SLAC, SIN and CERN, where some members of the

department were stationed for some time to assist with the

construction of instruments intended for use at IKO and to

gain know-how.

The design and production drawings for drift sections,

alignment systems and experimental set ups of the low-energy

stations have been completed, with this the design stage of

the accelerator has come to an end. Much time was spent on the
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beam switchyard. The design and production drawings for the

components, to be delivered by SLAC, were changed according

to IKO standards and wishes, in close collaboration with

technicians of SLAC. The design and production drawings for

the superconducting solenoid of the pion-muon project,

being its most important part, have been adapted at IKO

wishes, in close collaboration with technicians of SIN, and

have been made suitable for in-house manufacturing. The

design and lay-outs of the spectrometer for the electron

scattering facility also got attention.

The main activities in the workshop were the

construction and manufacturing of the low-energy stations,

the beam transport and the experimental set ups. In addition,

two modulators and trafo tanks have been delivered and

preparations have been made for assembly of the remaining

six. The components for the drift sections have been

constructed and an area has been adapted for series

production. For the steering solenoids and quadrupoles a

special manufacturing method is being developed.

In collaboration with the alignment group an

improved system for alligning the beam transport components

has been developed and the components of the system have

been constructed. Together with the electronics department

a trimming device for automatic tuning of the pulse-forming

networks has been built. The outside manufacturing of •

contact plugs for this device was guided.

Developments in the field of chemical processes

and fabrication of printed circuit plates was continued. For

this work a reproduction camera was bought, for more accurate

reductions. Zone plates for the centering system were

manufactured. An important reduction of time spent was

obtained in the documenting of assembled circuits.

Attention was given to the improvement of

anufacturing and assembly techniques. The application of

flaid-drills for the assembly of the sprayers in the

modulators showed a considerable improvement of the

reliability. This method, when carried out by a specialized
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company, can save approximately f 25.000,— (more than

30.000 holes) on manufacturing and assembly costs.. We trust

that the components can be delivered within less than the

allocated time and that the costs will remain within the

bounds of the budget, in spite of inflation.
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5. ELECTRON SCATTERING EXPERIMENTS

5.1 Introduction

Besides their work connected with the construction

of the experimental electron scattering hall, including aid

to the construction groups in designing the beam lines,

physicists in this group have been involved in the analysis

of data still taken with the old 85 MeV machine EVA (mainly

180° scattering) or with new experiments abroad (Saclay, MIT).

Most of this work deals with magnetic moment distributions.

Several remarkable results have been published. A mini-

conference on "Knock-out reactions and pion production in-

duced by photons at intermediate energy" has been held in

October 1977. Several leading physicists in the field were

present to discuss in detail the present situation. The

conference has stimulated the IKO physicists to further

continue their preparations for the experimental program in

the 500 MeV station.

5.2 Electron scattering with EVA

5.2.1 Elastic charge scattering

(C.W. de Jager, W. Kegel, H. de Waard)

The analysis of the data on 5 8' 6 0' 6 2
N i f

 6 3 ' 6 5 c u and

64,66,68,70Zn h a g b e e n c o m p l eted. The extracted charge

density parameters for a two-parameter Fermi distribution are

given in table 5.2.1. For the Ni and Zn isotopes the rms radii

are in good agreement with electron scattering results from

Mainz (H.D. Wohlfahrt, Hab. Univ. Mainz, 1976) and with

muonic X-rays results (E.B. Shara et al., Phys. Rev. C14

(1976) 731). The rms radii of the Cu isotopes deviate

significantly from values recently obtained by the Mainz group

(0. Schwentker, Diss. Univ. Mainz, 1976). Further

investigation of this discrepancy is under way.

The information contained in the compilation

"Nuclear charge and magnetization density distribution
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parameters from elastic electron scattering" (Atomic Data and

Nuclear Data Tables ]J: (1974) 479-508) has been stored on tape.

The compilation was updated until January 1, 1978 and is

available on request.

Table 5.2.1 Elastic electron scattering results

Nucleus

58.

60

62

Ni

Ni

Ni

c/fm

4.199(22)

4.227(24)

4.262(26)

t/fm

2.201(41)

2.267(47)

2.290(52)

<r2>Vfm

3.747(11)

3.794(12)

3.827(13)

63

65
Cu

Cu

4.163(27)

4.158(35)

2.662(47)

2.776(63)

3.933(15)

3.986(19)

64

66

68

70

Zn

Zn

Zn

Zn

4.297(25)

4.346(28)

4.393(32)

4.426(37)

2.455(45)

2.457(52)

2.391 (67)

2.420(80)

3.923(13)

3.952(15)

3.958(17)

3.993(20)

5.2.2 Inelastic electron scattering from

(L. LapikaSj H. de Vries)

12,

At 180 cross sections have been measured for transverse

= klic = 4.437T +
quadrupole excitation of the J = 2 levels at E12MeV and 16.11 MeV in C, in the energy range between 50 and

90 MeV. From these data, combined with longitudinal (FT (q)) and
Li

transverse (F (q)) form factors measured at Darmstadt

(A. Friebel et al., to be publ., and H.J. Haider at al.,

cited in H. Theissen, Springer Tracts in Mod. Phys. 6J5 (1972)

1) and Mainz (H.D. Wohlfahrt, thesis, Univ. of Mainz, 1969)

the ratio R = /2/3 q F̂ , (q) / (kFT (q)) has been obtained in the
-2 2 -2

momentum transfer range 0.05 fin < q < 1.0 fin (see fig.

5.2.2). Demanding current conservation, the simple liquid

drop model predicts R = 1, both for transitions and for all

q, which is in clear contradiction with the data. In a some-

what more sophisticated model (G.R. Bishop, Phys. Lett. V]_
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Fig. 5«2.2 Experimental values of R = / ^ qFT/(kFL) for the

f i r s t two J17 = 2+ levels in 12C. The curves show

straight line f i t s to the data and the prediction

from the liquid drop model (LD).
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(1965) 310? T. de Forest et al., Adv. Phys. L5 (1966) 1), a

magnetization current contribution is added to the transverse
2

form factor. This leads to R(q) = A + Bq when the

configuration space is restricted to the lp shell; current

conversation then still demands R(0) = A = 1. For the AT = 1

transition to the 16.11 MeV level, B is related to the

isovector magnetic moment \i - \i , whereas a collective

magnetization y comes in for the AT = 0 transition to the

4.43 MeV level. A fit to the data with the quadratic

expression for R(q) confirms current conservation for both

transitions: A = 0.97 + 0.05 (4.43) MeV) and A = 1.04 + 0.12

(16.11 MeV). From the fitted values of B one derives

\i = -0.92 + 0.09 yN for the collective magnetization and

Vi - y = 6.00 + 0.22 y for the isovector magnetization.

39 10 11
5.2.3 Elastic magnetic scattering from K and ' B

(G. Box3 C.W. de Jager, L. Lapikds, H. de Vries3

H. de Waard)

Elastic scattering at 180 from K has been observed

at electron energies between 50 and 90 MeV. As expected for a

nucleus with an odd Id, ,~ Pr°ton, the deduced magnetic cross

section was seen to rise as a function of initial energy. The

plan is to analyse these IKO data, which mainly pertain to

scattering from the magnetic dipole moment, together with

magnetic scattering from the octupole-moment measured at

higher momentum transfer at MIT (see 5.3.3).

Analysis of elastic scattering at 180° from ' B is
4 A-4in its final stage. Several (Is) (lp) configurations and

Woods-Saxon radial wave functions were used to determine the

parameters of the ground state magnetization distribution.

The B and B magnetic cross-sections are in agreement with

earlier experimental data from Stanford; the combined analysis

of these data show that all coupling schemes considered (jj,

LS and intermediate coupling) fail to describe the magnetization

densities adequately.



- 38 -

5.3 Experiments at other facilities

5.3.1 Elastic magnetic scattering at high momentum transfer

(L. Lapikds, H. de Vries, P.K.A. de Witt Huberts,

in collaboration with the Saclay electron

scattering group)

The data on M9 scattering from Sr have been

analysed and published (Phys. Rev. Lett. 38. (1977) 1259).

From Woods-Saxon (WS) fits to the measured form factors for

scattering from Nb (lgg/2 proton) and Sr (lgg/2 neutron)

the values r /r = 0.963 + 0.012 were derived for the ratio

of the rms radii of the neutron and proton lgg/2 orbits,

whereas density-dependant-Hartree-Fock (Bogoliubov DDHF B)

calculations predict 0.999 (0.978) for this ratio. Moreover

the experimental absolute values of the proton and neutron

rms radii are also significantly smaller than the DDHF (B)

predictions.
51 59The data on M7 scattering from V and Co have been

analysed and published (Phys. Lett. 71B (1977) 317). The

deduced rms radii for the lf 7 / 9 orbit r(
5lV) = 3.99 + 0.05 fm

59and r( Co) = 3.83 + 0.10 fm are also systematically smaller

than the DDHGB predictions 4.11 fm and 4.20 fm, respectively.

The fitted amplitude factors for the M7 strength, a_(5lV) =

1.02 + 0.05 and a?(
59Co) = 0.59 + 0.07 show that the 5 1V case

is consistent with the strict single particle value a7 = 1,

and is also close to the value ot7 = 0.98 as predicted by
59large-space shell-model calculations, while in the Co case a

considerable configuration mixing (If 2p shell) is involved.

This latter observation, however, does not influence the

fitted value of the rms radius if particle-core coupled wave-

functions for the ground state are employed in the calculation.

To compare the radii of If.,/-, proton and lf 7 / 0

neutron orbits, the M7 scattering from Ti was measured in

the energy range between 175 and 325 MeV. A similar

analysis as described above for Sr/Nb gave a value r/r =

1.000 + 0.006 for the ratio of lf7/2 neutron and proton radii

and a DDHFB prediction rn/r = 0.003. Again the fitted WS
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radius r =4.012+ 0.011 fm is smaller than the DDHFB value

r = 4.083 fm, while the experimental amplitude factor a., =

0.86 +_ 0.0 3 shows that we deal with a rather pure single

particle case.

A preliminary analysis of cross sections measured
20 9

Bi (lhg/2 odd proton) shows that
for M9 scattering from

the data (see fig. 5.3.1) are well reproduced by a shell-

model calculation with inclusion of core polarization due to

a central particle-core interaction of Serber tyoe (Arita,

private communication).

5.3.2 Multipole moments of charge and magnetic distributions

(C.W. de Jager3 L. Lapikas3 H. de Vries, in

collaboration with the MIT Amherst and Mains electron

scattering groups)

25
The analysis of the data on Mg has been finished

«

and the results - in terms of information about all the

ground state multipole moments of both Coulomb and magnetic

character - have been published (Phys. Rev. C, 1_£ (1977)

1703). A similar experiment on Al has been started; the

intermediate q-points at backward angles have been measured

at the Bates accelerator (MIT). Charge scattering experiments

will be performed at Mainz in order to apply corresponding

corrections to the data to obtain purely magnetic

scattering cross sections. The combined results from Mainz

and MIT, in terms of charge and magnetic multipole moment

form factors, will be compared with new shell-model

calculations from Michigan State University (Chung,

Wildenthal).

5.3.3 Backward angle electron scattering from K and In

(C.W. de Jager, P. Keizer3 in collaboration with the

MIT electron scattering group)

Electron scattering from " K and In was observed

through 160° at electron energies between 130 and 240 MeV.

Metallic targets were used. In the case of In, the use of
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209Bi MAGNETIC SCATTERING

WS-fit|£A/A)

WS |Af9)
— WS [M7)

—SERBER FORCE
—ROSENFELD FORCE
• SACLAY
O STANFORD

Fig. 5.3.1 Experimental form factors for magnetic scattering

from 2 0 9Bi. The solid curve represents a Woods-

Saxon fit to the data, the dotted and dot-dot-

dash curves its M9 and M7 components. Shell model

calculations with a Serber (dashed curve) and a

Rosenfeld (dash-dot curve) type of central

particle-core interaction are also shown.



- 41 -

an alloy with 2.5% (by weight) of Lithium increased the

melting point to 400 C. By spreading out the beam

horizontally to ^ 8 mm, beam currents up to 20 yA could be

used without cooling arrangement. The elastic magnetic cross-

section data i

taken at IKO.

section data are analyzed in conjunction with the 180 data

39Especially in the case of K, excitation to a

large number of nuclear states was also observed. The level at

2.52 MeV (%+), a predominantly (2s,)"1 hole state in a Ca

core, is of special interest, because the Ml excitation of

this state is forbidden in a simple shell model description.

However, a comparison of the backward angle data taken at 90°

over an energy range between 16 0 and 240 MeV, indicate a

strong transverse component in the excitation to this state.

5.3,4 Folding of proton size in nuclear structure

calculations

(P.K.A. de Witt Huberts^ in collaboration with

R.P. Singhal and M.W.S. McCauley, Glasgow)

Abstract (Nucl. Instr. and Meth. 148 (1978) 113):

The practice of folding finite size of the proton in nuclear

transition charge densities of general multipolarity is

examined, and the consequences arising in the calculation of

electron scattering form factors are discussed. It is shown

that the method of applying the Born-approximation correction

for finite size can lead to substantial errors. For

harmonic oscillator wave functions, the analytic form of the

correction is presented. For numerical wave functions, the

results are set up in a form which allows them to be

easily evaluated numerically.
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6 PION- AND MUON PHYSICS

6.1 Introduction

Since pion and muon beams are not yet available in IKO,

all experiments have been done abroad. The main purpose of this

activity is to get experience for future experimentation in IKO.

6.2 Studies of exotia atoms

6.2.1 Determination of the effective quadrupole moment in
1B1Ta with pionia X-rays

(R. Beetz, F.W.N. de Boer, K. Fransson, J. Konijn,

J.K. Panman, L. Tausaher and G. Tibell)

Abstract: (Nucl. Phys. A300(1978)369). From the hyper-

fine splitting of the 5g -*• 4f and the 6g •> 4f pionic X-rays in
1 8 1Ta, an effective quadrupole moment of Q e f f = 3.58 + 0.03

was determined. The strong interaction monopole shift eo and

the width To of the 4f level were measured to be eo = 540 + 100 eV

and To = 225 + 57 eV,in good agreement with the values obtained

with the standard optical potential description of the pion-

nucleus interaction. Estimating the influence of the finite

nuclear size, the deformation induced through the strong inter-

action between the pion and the finite nucleus, and the relative

magnitude between the strong and the electromagnetic quadrupole

coupling constants, we arrive at a value for the spectroscopic

quadrupole moment of Q = 3.30 + 0.06 b, and for the intrinsic

quadrupole moment of Qo = 7.06 + 0.12 b. This result is in good

agreement with earlier values and with recent results reported

from kaonic and muonic atoms as well as with the value obtained

from Nilsson model calculations.
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6.2.2 Muonic atoms

(J. Konijnt J.K. Panman with W. van Doesburg3 G.T. Ewan3

K. Fransson, T. Johansson, L. Tauscher and G. TibeZl)

As a follow-up to the pionic atom measurements test

runs have been made on muonic 2C9Bi and l81Ta. The purpose of

these measurements was to get an independent check on the quadru-

pole moment, strong interaction effects being absent in this case.

It was shown that the resolution of the detectors has to be im-

proved in order to reach this aim. Runs at CERN were scheduled for

summer 1978.

6.2.3 Measurements with a crystal spectrometer at SIN'

(P.F.A. Goudsmit (IKO) with H.J. Leise and collabo-

rators (SIN))

The very high stopping density of negative muons in

an internal target of the 8-meter SIN superconducting muon

channel makes it possible to perform high-precision measure-

ments of muonic X-rays with a crystal spectrometer. Research

was concentrated on two subjects:

a) Tests of quantum electrodynamics. Measurements have been and

are still being performed on a series of 3d-2p transitions

in the Z - 12 region. These transitions have been selected

since there the contributions due to finite size of tiie

nucleus and nuclear polarization are relatively unimportant.

b) The determination of electric quadrupole moments in Na, Mg

ana Al from measurements of the hyperfine splitting of the

muonic 2p-state. Such measurements have been, and arebeing,

performed with germanium detectors in higher Z-regions of

nuclear deformation. The measurements at low Z are possible

only by using a crystal spectrometer.

The possibility is being investigated of detecting effects of

anomalous (non e.m.) interactions in muonic atoms with precision

measurements of muonic X-rays.
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6.2. 4 Speatrosaopy of protonium

(J.M. Bailey (IKO) with E.G. Auld, G.A. Beer, B. Dreher,

E. Brumm, U. Gastaldi, E. Klempt, K. Merle, K. Neu-

beaker, H. Schwenk, R.D. Wendling, B.L. White,

R. Wodrish)

The CERN-IKO-Mainz-TRIUMF collaboration has been looking

for the L-lines and K-lines, the Balmer- and Lyman-lines, of

protonium. These are X-rays near 2 keV and 10 keV, which are

expected to be both shifted and broadened by the strong inter-

action, the effect being large for S-states and smaller for

P-states, different for single and triplet states. In the experi-

ment, anti-protons are stopped in hydrogen gas (gas rather than

liquid to reduce early annihilations from Stark-mixing and also

to reduce X-ray loss from Auger-effect), which is surrounded

by 36 gas proportional counters, separated from the hydrogen

only by a thin mylar film. Pulse shape-discrimination can dis-

tinguish between charged-particle tracks and X-rays. Each anti-

proton is expected to form a protonium atom in a state of about

n = 30, then cascade down, giving some X-rays, through states of

decreasing n, and finally annihilate into 2 or 4, and occasio-

nally 0 or 6, charged pions with some neutrals. Until recently

the annihilation in liquid hydrogen was thought to be dominantly

from S-states.

L X-rays with a yield of a 4 + 2 percent par stopped

anti proton have been observed. The cascade mechanism implies

that most L X-rays are 3d-2p transitions, so one would expect

each L to be associated with a K-alpha, 2p-ls X-ray in another

counter in the same event, but the latter are found to be rare.

So the annihilation rate., in the 2p-state in gas of 4 atm must

be high, an interesting result. The high-stop-rate anti-proton

beams which would become available in a few years at CERN,

using "cooling" would make it easier to see K X-rays and to

look for possible strongly-bound, several hundred MeV deep,

states of the nucleon-anti-nucleon system.
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6.2.5 High spin states and neutron multiplicities after pion

capture in lalTa and 209Bi

(R. Beetz, F.W.N, de Boer, J.K. Panman, J. Konijn,

P. Pavlopoulos, G. Tibell, K. Zioutas, I. Bergström,

K. Fransson, L. Tausaher, P. Blüm, R. Guigas, H. Koah,

H. Poth and L.M. Simons)

Abstract: (Z. Physik A286(1978)215). The absorption

of stopped ir in 181Ta and 209Bi has been investigated by

studying prompt and delayed y-ray spectra. Absolute cross-sections

for the yield of isotopes per captured ir in ("rr~,Xn) reactions,

as well as the relative probability of populating nuclear states

of different spins have been measured for the hafnium and lead

isotopes, respectively. A spin as high as 20 has been observed

in the production of 2CI*Pb. The ground-state rotational bands of

the hafnium isotopes are excited to spin values up to 16. Neutron

multiplicities as large as 15 have been observed for both targets.

A neutron multiplicity of -8 is most probable for both tantalum

and bismuth targets.

The strong interaction monopole energy shift e o and width To

for the 4/ level are found to be eo(181Ta) = 540 + 100 eV;

eo(
209Bi) = 1790 + 150 eV; T0(

181Ta) = 225 + 57 eV; ro(
2O9Bi)

= 1166 +_ 70 eV. The quadrupole moments, determined from the

hyperfine splitting of the 4/ pionic atom level, are Q = 3.30 +

0.06b and Q = -0.50 + 0.08b for 181Ta and 2 0 9Bi, respectively.

6.2 Rualear muon capture

6.S.I Measurement of the partial muon-aapture rate 6Li •*

(P.P.A. GoudsmitJ J. Konijn, with J.P. Deutsch,

D. Favart, P. Lipnik, P. Màcq, R. Prieels (Louvain-

la-Neuve)

For a measurement of the partial y"-capture rate 6Li •>
6He a target of metallic, mass enriched Lithium was prepared.

The material for this target was borrowed from the University of

Munich (H. Panke). For this experiment only a minimum of oxydation
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of the Lithium surface can be tolerated. The Lithium metal

was pressed mechanically into the desired shape: 5 x 8 cm ,

0.8 cm thickness. An oil layer protecting the Lithium during

this procedure was removed later in a nitrogen filled glove box,

and the target was sealed in a frame with 30 micron mylar

windows.

An experiment at CERN to improve the ^15% accuracy of capture

rate (Phys. Lett. 26B(1968)315) by a factor four was scheduled

for 1978.

6.3.2 The muon capture rate in 23iTh and Z36U studied in

the fission mode

(Dz. Ganzorig, P.G. Hansen, T. Johansson, B. Jonson3

J. Konijn, T. Krogulski, V.D. Kuznetsovt S.M. Polikanov,

G. Tibell and L. Westgaard)

Abstract: (Phys. Lett. 78B(1978)41). The muon lifetime

has been measured in the fission mode for muons captured in

natural thorium and uranium. The results obtained are the

following: T (232Th) = 77.3 + 0.3 ns and T (Z38U) = (77.1 + 0.2) ns,

The results agree within the errors with values previously

reported for the fission mode.

6.3.3 Fission of muonio Z3Z Th and Z38U

(Dz. Ganzorig, P.G. Hansen, T. Johansson, B. Jonson,

J. Konijn, T. Krogulski, V.D. Kuznetsov* S.M. Polikanov,

G. Tibell and L. Westgaavd)

Abstract: (Phys. Lett. 77B(1978)257). Muon-induced

prompt fission of 232Th and 2 3 8u, interpreted usually as being

caused by muonic radiationless transitions, was observed in

delayed coincidence with the decay electrons from muons bound

to fission fragments. The measured lifetime indicates that the

muon is captured preferentially by the heavy fragments. Muon

conversion from highly excited fission fragments was also

observed.
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6.4 Pion scattering

6.4.1 Pion scattering on deuterium at low energies

(B.W.A. Lingeman with V. Balestri, P.Ï. Bertin,

B. Coupât, A. Gerard, J. Miller, J. Morgenstern,

J. Picard, B. Saghai, K.K. Seth, P. Vernin (Departe-

ment de Physique Nucléaire/HE CEN-Saclay)

The elastic scattering differential cross-section

of ir— on deuterium is measured for energies between 20 and 70 MeV

using a pion range spectrometer, consisting of 15 plastic scin-

tillators varying in thickness between 2 and 5 mm. The total

detector thickness is 45 mm. The energy resolution is better

than 2 MeV, allowing for separation of the elastic and inelastic

events. Since the charged particles emitted after stopping a

IT are for a major part detected in the same scintillator, there

is hardly any difference between detecting TT and IT . The solid

angle of the spectrometer is defined by the aperture of the first

scintillator (90 x 180 mm2) at 50 cm distance from the liquid

deuterium target.'The pion energies chosen are 20, 35, 47 and

65 MeV.

The experiments are in progress; preliminary results have been

reported at a NNV-meeting, Petten, 1977.

6.4.2 Backward pion scattering on carbon (OMICRON)

(H. Arnold, J.M. Bailey and R. van Dantzig, with

B.W. Allardyce, K. Bos, E. Chiavassa, S. Costa,

J. Davies, G. Dellacasa, W. van Doesburg, M. Gallio,

G. Kernel, W. Lour ens, C. van Eijk, T. Bressani,

E.G. Michaelis, A. Musso, M. Panighini, A. Stanovnik,

N.W. Tanner, H. Verheul)

At CERN a magnetic spectrometer with large detection

solid angle is under construction. The first experiments planned,

namely the backward scattering of pions at several energies

around the A-resonance were prepared during 1977.
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The OMICRON-magnet consist of a modified bubble chamber magnet

from the Rutherford-laboratory with a 1 T (max) magnetic field

over a volume of approximately 1 x 1 x 2 meter. The incident

pion beam is momentum analysed in the spectrometer using a series

of MWPC-planes and back-scattered pions are similarly analysed

using drift chambers.

During 1977 essentially all equipment necessary for the first

measurements has been successively brought into operation and

was tested with beam. IKO, collaborating with the Technical

University in Delft, contributed to set up, test and cali-

bration of a time-of-f light system with o-0.6 ns resolution for

separating pions, muons and electrons, a DISC-counter to

differentiate between pions and muons and drift chamber develop-

ment.

6.5 Muon spin rotation; muonium reactions in condensed

matter

(G.F. Mes and R. van Dantzig with C. Buaci ef at.

(Parma* Stockholm* CERN))

The CERN-experiment is intended tc etudy the occurrence

and effects of transient radicals in aqueous solutions of DNA

and its constitutents.

The formation of radicals is considered to be important

in the rupture of DNA-structure due to cosmic or other irra-

diation. Besides, it may play a role in natural aging of living

matter. Using the ySR-technique, one can study irradiation effects

in a single event, with negligible damage to the sample as a

whole. The experiment used the polarized y beam of the CERN-SC.

Fourier-frequency spectra for the muon-spin rotation

in an external magnetic field were obtained for several solutions

of Thymine at concentrations varying from zero to saturation,

at magnetic fields of 'v-lOOO and 'v-lO Gauss. Clear muonium signals

depending on the concentration occur for the low magnetic field

while for the same samples quasi free \i precession signals have
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been recorded at 1 kG. The latter are partly due to free muons,

partly to muons built into diamagnetic radicals. A marked

quenching of the muonium signal when going from pure water to
-4

a 10 M Thymine solution has been observed. It seems that for

the Thymine solution - more than for pure water - muons get

captured into diamagnetic radicals of organic origin, possibly

explaining the quenching of the muonium signal. A full time

dependent analysis would be needed to give information on the

dynamics of radical-formation and reactions.
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THEORY

7. 1 Introduction

The loss that the IKO theory group had suffered with

the departure of Dr. Dieperink was only compensated at the end

of this year when Dr. Koch jointed the group.

7.2 Meson exchange currents in deep inelastic scattering

from nuclei

(T. de Forest and W.C. Hermans (IKO)t T.W. Donnelly

and J.W. van Orden (Stanford))

Abstract: (Phys. Lett. 76B(1978)393). The contribu-

tions to the electron scattering cross section arising from two-

nucleon emission via meson exchange current interactions is cal-

culated in the Fermi gas model. Sizeable effects are found at

large energy transfers and lead to a partial filling of the "dip"

between the quasielastic peak and the analogous peak associated

with the excitation of the 3-3 resonance.

7.3 Pion-160 scattering in the h-hole model

(J.H. Koch with F. Lenz (SIN) and E. Moniz (MIT))

Pion-nucleus scattering is treated in a microscopic

A-h approach. For TT-I6O elastic scattering in the resonance

region, we find that the transition matrix is dominated by a

few collective isobar-hole doorway states. An extended schematic

model was developed, which provides a direct method to obtain

these dominant doorway states.
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8 RADIO- AND NUCLEAR CHEMISTRY

(Scientific Director: Dr. L. Lindner)

8.1 Introduction

The past year witnessed the closing of the cyclotron

and, some months later, the first electron beam in the Low

Energy Chemistry hall at the new accelerator MEA. Experimentation

in the new hall is severely limited by the sparse amount of

beam time that can be alotted during the period of finishing the

accelerator. A number of experiments has therefore been performed

out of house.

8.2 Radioahemistry

8.2.1 Production of radionuclides

Linear electron accelerators for production of radio-

nuclides

(G.A. Brinkman3 L. Lindnert J. Visser)

Abstract: (J. Labeled Compounds and Radiopharma-

ceuticals 13(1977)242). A powerful electron-linac ("MEA" = Medium

Energy Accelerator) is under construction at a site adjacent to

IKO. The characteristics of this machine are: E(max) = 500 MeV;

beam power = 250 kW max, and a duty factor of several percent.

There is a low energy station (- 140 MeV) with a facility for

physics and one for chemistry. There are three high-energy

facilities for e~ scattering, chemistry and iry-physics respec-

tively. The high intensity, high energy Bremsstrahlung to be

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

beam dumps, represent a potential source for the production of

many radionuclides of interest, short-lived as well as long-

lived ones. Apart from photons, fast neutrons can be produced

in high abundance. Information on production capacities of

linear e accelerators is given for t*?o energy ranges:

1) E < 100 MeV. The data represented are based both upon lite-

rature values and upon our own experience*with a 85 MeV linac
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("EVA" now shut down); 2) E = 200-500 MeV. Predictions, largely

based upon semi-empirical estimates of others for cross-sections

of photo-spallation processes are given. Specific factors which

exert influence on the yield (type of conversion target; angu-

lar distribution of photons, etc.) are reviewed. Special attention

is given to "parasitic" (rather symbiotic) production of radio-

nuclides simultaneously with physics experiments.

Water "loop"-target for the in-oyelotron production

of 13N by the reaction 1B0(p,a)13N

(G.A. Brinkman, J. Helmer, L. Lindner)

Abstract: (su'-jmitted to Radiochem. Radioanal. Letters) .
13N is produced in yields of 32 mCi/uA°° with a proton beam of

27 MeV striking H,0 which circulates through a flow-chamber as

a target for internal cyclotron irradiation.

The 13N produced is collected on-line as NH., NO., and NO- by

passage over a mixed-bed ion-exchange column. Reduction with

Devarda's alloy leads quantitatively to labeled ammonia and sub-

sequent oxidation with hypobromite to carrier-free labeled N2

in 60 to 80% radiochemical yield.

The applicability of 1SF produced by alpha bombardment

of SiO2

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

18F can be produced by the 18F(a,d)16O nuclear reaction

in a simple way by cyclotron irradiation of SiO2 powder, used

for column chromatography. The 18F activities could be recovered

from the SiO2 by extraction with H-O, and to a lesser extent

also with other solvents such as CH3OH and CH3CN containing some

Et,N F . It is also possible to extract the l8F with gases such

as SiF4 and CF2O and with a CF3OF/CF2O mixture. The nature of

the volatile 18F-products found in this way is further investigated.
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Fe(y,2n) Fe induced Szilard-Chalmers effect in

ferrocene and ferricinium picrate

(L. Lindner and J.C. Kapteyn)

Abstract: (accepted by Radiochimica Acta).

A preliminary study was carried out concerning the potential

of linear e -accelerators with regard to their usefulness in

fundamental and applied hot atom chemistry. The distribution
52

of Fe among the parent compound, inorganic iron and
unidentified products was measured following the photo-

54 52nuclear reaction Fe(Y,2n) Fe in solid ferrocene and solid

ferricinium picrate. Apart from fundamental aspects, such

knowledge is relevant to the production of "Fe(tL = 8.3 h) as
•2

a radionuclide for use in nuclear medicine. For irradiated

ferrocene the retention is dependent on the type of solvent,

non-polar hexane giving rise to 37.6% and polar diethylether

to 10.2%, with corresponding values for the inorganic fraction

of 44.7% resp. 66.7%. For ferricinium picrate the inorganic

fraction amounts to 95%. The results are compared with work

of others using the Fe(n,y) Fe reaction. The perspectives
52 52with regards to the production of Fe (-»• Mn) for in-vivo

applications are evaluated.

rp rj rp /%

Production and isolation of * Kv

(D. de Jong3 J.C. Kapteyn, H. Kooiman)

A method for production of carrier-free ' Kr

is developed by irradiating KBr-pellets with a proton beam;

melting the pellets and trapping the Krypton isotopes in
77

liquid N_ cooled vessels. Thick target yields of 59 mCi/yAh Kr
76

and 1.1 mCi/uAh Kr were achieved, using the IKO synchrocyclo-

tron (52 MeV) proton beam until April 1, 1977. Thereafter the KVI
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cyclotron was used routinely. Although the yield of 77"r

produced by 3He irradiation of Sc and Se compounds is only one

tenth of that achieved with proton irradiation, we tried to

produce 77Kr at the VU-cyclotron. The results with Se, Na2SeO.j

and Na-SeO^ are disappointing because of melting or decomposing

of target material. Experiments on Na2Se are planned. A publi-

cation on the isolationmethod is submitted for publication in

Int. J. Appl. Radiat. Isotopes.

Production of iodide 1 2 3J by 127I(pi5n)
l23Xe •*•

1 Z 3J using CH0I0 as target material

(F.M. Kaspersen3 L. Lindner, A. Sahimmel)

123Xe has been produced by the reaction :27I(p,5n)J23Xe

on CH 2I 2 as the target compound in a dynamic flow system.

During bombardment the 123Xe formed is stripped by a flow of

helium and purified from accompanying volatile organic radiation

decomposition products by sequential combustion and trapping.

Decay of 123Xe in the presence of H2S, ultimately leads to high-

yields of carrier-free iodide- 1 2 3i of very high radiochemical

purity.

8.2.2 Activation analysis

(K.G. Bueno de Mesquita, E.L. Diemer3 L. Lindner)

Detection limits for Mo, Cd, Cs, Gd and Au have

been determined by X-ray fluorescence resulting from

excitation by cyclotron accelerated deuterons (26 MeV),

He + (68 MeV) and He 2 + (52 MeV). At the prevaling

experimental conditions values in the order of one yg were

measured using either K or L X-rays.

8.2.3 Astatine chemistry

(E.L. Diemert F.M. Kaspersen, G.W.M. Visser)

A research program was started concerning organic
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astatine chemistry. At present the difference between the

reactivities of At and I~ and the stability of astatine-tyro-

sine are under investigation. Also the pK -values of astatine-

benzoic acids are measured.

The pK -values of At-benzoia aaids

(E.L. Diemev, G.W.M. VissepJ

The dissociation constants of benzoic acids depends on

the nature and position of substituents in the benzene-ring

(see i.e. R. Sreslow: Organic Reaction Mechanisms, Benjamin, inc.

Hammett equation). For halogen-benzoic acids the values are

nearly independent of the nature of the halogen (see table 8.2.3).

Astatium, the 5th halogen, is assumed to have a large number of

metal-properties. We therefore measured the pK -values (- log K=)
a. a.

of the corresponding At-benzoic acids in order to investigate

whether this metal character is reflected in the acidity-constants,

The At-benzoic acids have" been prepared (93-98%.yield) by the

reaction of the corresponding diazonium salts:

COOH

The acidity-constants have been determined by measuring (in the

presence of the corresponding I-benzoic acids) the distribution

of the acids between heptane and water at different pH's.

Because of practical reasons the determinations were carried

out at 0 C. When 1/D (G. Samson, A.H.W. Aten Jr., Radiochimica

Acta £ (1968) 53) is plotted versus 1/(H+), straight lines are

obtained from which pK-values were calculated. The results are

given in Table 8.2.3. As a check the pK -values of the corresponding

I-benzoic acids (as 131I-benzoic acids) were determined. As can

be seen the At-benzoic acids behave similarly to the other

halogen benzoic acids. So no conclusions can be drawn about the

metalcharacter of At from these figures.
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Table 8.2.3 Dissociation constants of benzoic acids.

F

Cl

Br

I

1
!

At

o-hal-<f>-COOH

2,9

2,89

2,92

3,01

2,82

2,84

2,81

2,85

2,84

2,70

2,71

(17°C)

(25°C)
(25°C)
(25°C)

(25°C)
(25°C)
(25°C)

(25°C)
(25°C)
( 0°C)

( 0°C)

m-hal-())-COOH

3,85

3,82

3,82

3,70

3,85

3,86

3,78

3,80

3,79

3,70

3,77

(16°C)

(25°C)

(25°C)

(25°C)

(25°C)

(25°C)

(25°C)

(25°C)

(25°C)
( 0°C)

( 0°C)

p-hal-

4,04

4,03

3,98

4,00

4,18

-

3,93

—

3,98

3,94

4,03

<J>-COOH

(15°C,

(25°C)
(25°C)

(25°C)

(25°C)

(25°C)

(25°C)
( 0°C)

( 0°C)

ref.

1

2

3

4a)

2

3

4

3

4a>

this work '

this work

b)
by spectroscopic methods.

as

1)

2)

3)

4)

R. Kuhn, A. Wassermann: Helv. Chim. Acta 1J: (1928) 31

L. Fieser and M. Fieser: Advanced Organic Chemistry, Reinhold

Handbook of chemistry and physics

J.M. Vandebelt, C. Henrich, S.J. v/d Berg: Anal. Chem. 25 (1954) 726



- 57 -

8.2.4 Hot atom chemistry

8.2.4.1 Inorganic systems3 annealing

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

J. Visser)

In cooperation with the Antonie van Leeuwenhoek

Institute, we have created an irradiation facility in a 14 MeV

DT-neutron generator for therapeutic use. Thus, we had the

possibility for irradiations with a very high neutron-flux

(10 n/sec), combined with a very low gamma-dose. By means

of the neutron generator and a Pu-Be source we have studied the

influence of the neutron-dose (and the dose-rate) on the retention

of sl*Mn and 56Mn in solid KMnO*. The influence of the gamma-

dose was also studied. The results pointed out, that the annealing

of KMnO, can be used as a monitor for the gamma/neutron ratio in

a mixed gamma/neutron field.

Co + + + en Co3(Co(CN)6)2,A study was made of the exchange of Co

This was done with compounds labeled with 60Co, as well as with

fast-neutron irradiated cobaltic cobalt cyanid. Furthermore we

looked at the annealing behaviour of Se and As in several irra-

diated oxides.

Determination of the product distribution of 0

for various inorganic crystalline salts

(E.L. Diemer, L. Lindner)

Product distributions have been determined with

neutrons produced by bombardment of Be with 52 MeV protons,

8.2.4.2 Organic systems

Hot atom chemistry of 7Si77Br in aliphatic organic

gasphase systems

(D. de Jong, J.C. Kapteyn3 H. Kooiman)

Reactions of hot 7 6' 7 7Br, generated by decay of 76'77Kr

were studied in CH,, CH3Br, CH3C1 and CH3F systems. The different
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decay modes cause very different charge spectra and recoil

energy of both bromine isotopes; Kr decays almost 100% by

E.C. while 77Kr decays for 84% by 8+ and 16% by E.C., also
77imparting a much higher recoil-energy to the "new barn" Br

atom than in the Br case. The aim of the study is to see

what influence charge and recoil energy have on chemical

reactions in very simple organic compounds, After
7 fi 7 7

reproduction of some CH./ Br, Br figures of Frost, the

CH3Br system was studied. Much care was taken in excluding

light, because some bromine compounds are extremely sensible

(CH-Br™). Two striking features in this system: much exchange

between Br on glass walls and CH-.Br in gasphase, and

increasing CH_ Br yield on increasing the amount of H2S

additive (11 •> 35% on increasing from 0 to 12%). The CH..C1

system offered lower yields of CH, Br (few percent), a striking

isotope effect CH 76Br/CH 77Br ^0.3 and effect in COH *Br when
76 77C2H4 was added as scavenger (C2H5 Br/C-H,. Br = 4.6). In all

CH2Br and CH3C1 experiments also the CH2Br X products are

formed in low concentrations (< 0.5%). Some starting experiments

on CH_F are being done. The experiments on methylhalogenides

with additives are carried on.

The nature of labeled polymers formed during hot

atom studies of aromatic systems

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

Research was started concerning the nature of the poly-

mers formed during the reactions of hot halogen atoms in aromatic

systems. It is expected that one will gain a better under-

standing of the mechanism of the hot aromatic substitution.

Scavengers for the reactions of F- and Cl-recoil

atoms with liquid aromatic compounds

(G.A. Brinkman3 L. Lindner^ J.Th. Veeriboer, J. Visser)

Abstract: An ideal scavenger is supposed to react

with thermal recoil atoms (a), thermal radicals (b), thermal

ions (c), electronically excited atoms (d) and with recoil atoms
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bound in an aromatic complex (e). In the 38Cl/CgH5Cl system,

DDPH seems to be effective for (a) and (b), I2 mainly for (a).

C,H7I seems to behave in liquid aromatic systems in a similar

way as I 2 and Br,,. Unsaturated compounds in the
 mCl/CgH5Cl system

result in an increase in the yield of unidentified compounds.

However, the highest yield is obtained with DDPH, a scavenger

with an unpaired electron. Selfscavenging has been observed with
3 8C1- and F-recoil atoms in substituted anilines and with hot

and thermal : 8F atoms in aromatic compounds.

Hot atom chemistry of 1BF in liquid flurobensenes

(G.A. Bvinkman, L. Lindner, J.Th.Veenboer, J. Visser)

Abstract: (Radiochimica Acta 24(1977)161). The chemical

reactions of 18F recoil atoms produced by the nuclear reactions
19F(n,2n)18F have been studied in gaseous monofluorobenzenes

and in liquid fluorobenzenes and benzene. Independent of the

type of target molecule about 11% of the total 18F activity

in the liquid systems is found in a combined fraction of product

species representing F- and H-replacement. F-replacement is be-

lieved to proceed via a hot one-step reaction. H-replacement

yields can be explained to a great extent via the hot formation

of an excited complex. The total H-replacement yield is increa-

sed with one third after the addition of iodine. This can only

be explained by a thermal reaction, of which the mechanism is

unknown. The inorganic yield and a fraction with unidentified

compounds are supposed to have the same excited a-complex as

a precursor. However, a hot one-step H-abstraction reaction can

not be ruled out.

Hot atom chemistry of 1BF in liquid substituted benzenes

(G.A. Br>inkmans L. Lindner, J. Th. Veenboer, J. Visser)

Abstract: (accepted by Radiochimica Acta). Absolute

yields for the products formed in the reactions of 18F-recoil

atoms with substituted benzenes have been measured in the liquid

phase. For some compounds (CgHcCl, CgH,-CF,) the o : m : p ratios

for H-replacement could be measured. Hydrogen replacement is
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supposed to proceed mainly via an excited IT- complex, formed

by a hot reaction. Halogen- and group-replacement reactions seem

to proceed via a hot one-step reaction. High Cl- and I-replacement

yields in CgFcCl resp. CgF,-I are explained by intermolecular

exchange reactions. The polymeric fraction increases from 20%

to 50% and the inorganic fraction decreases from 70% to 30%

going from perhydrogen to perfluoro-compounds. Deviating results

for CgH4FNH2, C F CN and CnFcCH, are explained by intra- or inter-

molecular reactions between an excited !8F-containing complex

and the surrounding molecules.

8.2.5 Radiation chemistry, pulse-radiolysis

(R.Buitenhuis 3 J. Korsse, P.W.F. Louwrier, F.R. Steak)

A thesis was prepared' by R. Buitenhuis concerning "A

pulse-radiolysis study of the formation and reactions of reduced

metal-EDTA complexes".

A new pulse-radiolysis experiment set-up was built in the low

energy chemistry facility of the new accelerator. In September

the first solvated electrons were detected. The program WR16

was used to obtain some information concerning the radiation

chemical processes which play a role in irradiations with

protons of mixtures of CF, and C.F/- •

Determination of the rate constants for the reaction

of solvated electrons with EDTA and some metal

EDTA-complexes in alcaline aqueous solutions

(C.M.N. Bakker, R. Buitenhuis3 P.W.F. Louwrier

F.R. Stock) .

Abstract: (Radiochimica Acta 24(1977)189). The rate

constants for the reaction e~ + EDTA were measured as a function

of the p H by the pulse-radiolysis technique. Between p H = 6

and pH = 10 this rate constant can be represented by the equa-

tion k = 4.7 x 106 x (fraction of HEDTA **) + 1.0 x 108 x (fraction

H2EDTA
2")M"1s"1 The rate constants for reaction of e „ with the

aq 2-
following metal EDTA complexes were measured as well: CuEDTA ,



HgEDTA*" , CoEDTA ~,
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ZnEDTA , CdEDTA ,
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InEDTA, NiEDTA , GaEDTA, MnEDTA ,
2-

PbEDTA . Ionic strength variation indicated

that the reacting ions are not hydrolized to an appreciable

amount at p H = 11.5. It is found that some of the products show

light absorption in the region between 300 and 400 nm.

Radiolytic hydrogen formation in transition metal

sulphate crystals containing water of crystallization

(C.M.N. Bakker3 M.J. van der Haagen^ G. Hakkaart-van der

Steegs A.T.E.M. Hendriks-Bergen, P.W.F. Louwrier)

Abstract: (Radiochimica Acta 24(1977)183).The G-values

for H 2 have been measured for MnSO4.5H2O, FeSO4.7H2O, CoS04.7H20

NiSO4.7H2O, ZnSO4.7H2O, MgSO4.7H2O and 3CdSO4>8H2O. In addition

the hydrogen yields have been measured for FeNH4(SO4)2,12H2O

and A1NH(SO4)2«12H_O. The yield depends upon the dimensions of

the crystals, except for FeSO4>7H2O, MnSO4.5H2O and 3CdSO4.8H2O.

The G-values lie in the range of 0.56 to 0.002. Substitution of
2+ 2+ 2+

small amounts of Fe for Ni in NiSO4.7H_O and for Mg in
2+ 2+

MgSO4.7H2O increase G(H2). Substitution of Cd for Fe in
FeSO4<7H2O reduces G(H2) to about 35%. A reaction scheme is

proposed for the observed phenomena in NiSO4.7H2O. The conclusion

is that the oxidizing species, which are created upon irradiation

is more mobile in the crystal than the reducing species, and that

inside the crystal a considerable fraction of the initially

formed species recombines. There are also indications that a

fraction of the hydrogen formed inside the crystal is reoxidized

before it can diffuse out of the crystal.

A computerized pulse-radiolysis system

(E. Braake3 R. Buitenhuis3 A.S. Kruijert L. Lindners

P.W.F, Louwrier3 K. Qostveen, J, Wisse)

Abstract: (accepted by J. Nucl. Instr. and Methods).

The construction of a computerized pulse-radiolysis system is

described, employing an adapted multichannel pulse height

analyzer system and an electron accelerator operating on a 25 Hz
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frequency. As a test for the performance the absorption spectra

of e and (CNS)Z, together with the kinetics of the formationaq _ /.
of (CNS)2 in aqeous solution were measured and compared with the

published data.

8.3 Nuclear chemistry

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

Determination of the photo-nuclear reaction yields

throughout the periodic system, using Bremsstrahlung produced

by 140 MeV electrons in a 0.025 mm Pt convertor ALS in Saclay.

Preliminary experiments were performed for the following reactions!

1) monitor reactions: 12C(Y#n)11C, 58Ni(y,n)57Ni, 63Cu(y,2n)6'Cu,
65Cu(Y,n)61tCu

2) elements with one single stable isotope: M V , 5 9Co, 7 5Ar,
8 9Y, 1 9 7Au

3) rare gases for the production of special isotopes: Ne( 1 8F),

Ar( 3 8S), Kr( 7 6' 7 7Kr), Xe(123Xe)

4) production of isotopes for nuclear medicine: 2 8Mg, S 2Fe,
6 7Cu, 1 2 3 I .

Ion exchange separations of nitrosyl complexes of

ruthenium in hydrochloric acid

(P. Polak)

Abstract: (Radiochimica Acta 24(1977)193). Elutions of

nitrosyl ruthenium chlorocomplexes on an ion exchange resin are

performed using HC1 as the eluent. At least 6 different species

are shown to be present, in experiments carried out at low tem-

perature. An explanation is suggested for this phenomenon in

terms of possible stereoisomerism. At elevated temperature

equilibrium between these complexes is rapid, and a separation

is shown to be feasible between Ru and several, if not all,

fission products in a mixture, requiring not more than 2\ hours.
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8.3.1 Methods

Nickel and copper foils as monitors for cyclotron beam

intensities

(G.A. Brinkman, J. Helmer, L. Lindner)

Abstract: (Radiochem. Radioanal. Letters ^8(1977)9).

Activation of nickel as well as copper foils by p, d, 3He and
11 He particles deflected from the IKO synchrocyclotron has been

investigated with regard to their usefulness for monitoring

beam intensities. Calibration values for different radionuclides

formed, have been determined for the maximum energies of the

deflected beams. In addition, for protons differential cross-

section curves have been measured using stacked-foil techniques.

Ni-foils are recommended for monitoring both protons and ''He

of 50 MeV measuring 57Ni. For deuterons of 25 MeV the 55Co

activity induced in Ni-foils is preferred and for 3He of 70 MeV

the s2Zn activity produced in Cu-foils.

Sumpeak calibration of 1 Z 3J

(G.A. Brinkmant L. Lindnert J.Th. Veenboer)

Abstract: (Int. J. Appl. Rad. and Isotop. ^8(1977)271).

The absolute activity N of sources of 1 2 3i measured in a high-

efficiency gamma-ray detector can be derived from the equation:

N = T +
A A AxxV
A A 2
AxY XY

AxxV
xy

T is the area under the total spectrum, A and A , the areas

under the 30 keV X-ray resp. the 159 keV Y~ray photopeak, A,

and A the areas under the X-X sumpeak, resp. the X~Y
XY

sumpeak.

xx



- 64 -

8.4 Applications

(J.C. Kapteyn)

6 2Cu, 2 0 3Pb and other isotopes were produced for

several research laboratories in the Netherlands.

8.4.1 Medical applications

Tumor accumulation of 1-131 labeled quinoline analogs

in goldhamsters with Greene melanoma

(F.M. Kaspevsen, (IKO), E.K.J. Pauwels, A. van Langevelde,

C.Th. Koch, R.U. Iwema, S. Packer (University Medical

Center, Leiden, Holland; Brookhaven Nat. Lab., Upton,

U.S.A.)

Abstract: (1st Int. Symposium on Radiopharmacology,

Innsbruck, 1978).In 120 Syrian goldhamsters with transplanted

melanoma we tested 1-131 labeled iodoquine, 3-iodochloroquine,

4-(3-dimethylaminopropylamino)-7-iodoquinoline (NM 113), 3-

methyliodoquine and 3-iodotyrosine, in order to evaluate compounds

with high melanotic affinity. Uptake percentages per gram melano-

tic tissue at 24 hours after i.p. administration were respectively

1.3, 2.1, 2.3, 1.3 and 0.1. The effect of three different

administration routes was investigated for the most promising

compound NM 113. Also uptake volumes at 6, 24 and 72 hours

after administration were measured.

NM 113
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Skin
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+ 0.1
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+ 0.1
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+ 0.7

0.6

+ 0.1

0.2

+ 0.0

(15)

Way of

72h
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+ 0.4

0.9

+ 0.2

0.2

+ 0.0

(6)

administration

i .V.

24h

1,

± °'
1,

+ 0,

0.

± °'

.0

.4

.8

.5

.3

,1

(12)

oral

24h

0.1

+ 0.0

0.2

+ 0.0

0.1

+ 0.0

(6)

uptake % of

dose per gram

tissue
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In view of the expected low absolute uptake in ocular melanoma

relative to the surrounding tissue, it is doubtful if one of these

compounds can be of practical use for non-invasive tumor detection

of ocular melanoma.

Labeling with 1 3 1j of chloroquine-analogues for the

detection of ocular melanoma

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

Abstract: (J. Label. Comp. Radiopharm. 15^1978)681).

Electrophilic iodination of chloroquine with 1 3 1i by the chlo-

ramine-T method results in labeled 3-iodochloroquine (maximum

yield 30%) and a number of other labeled quinolines. This method

also gives 3-chlorochloroquine in mass amounts. Higher yields

(up to 60%) of labeled 3-iodochloroquine are obtained by iso-

topic exchange with 131I-iodide as its phosphate-salt

Preparation of llCOCl2
(G.A. Brinkmdn, I. Hass-Lisewska3 J. Th. Veenboer,

L. Lindner)

Abstract: (J. Lab. Comp. 2£(1978)701) . Carbon-11 labeled

phosgene was prepared in a 75% yield by the UV-light induced •

coupling of llCO and Cl2:

CO + Cl 1COC1

l ICO was obtained by the irradiation with 15 MeV protons of N~

with 2% 02.

The synthesis of 16F compounds with the KF/18-arown-

6-method

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

In the past ten years special agents for the nucleophilic

substitution with fluoride ions have been developed. An example

is KF/18-crown-6 (C.L. Liotta, H.P. Harris, J. Amer, Chem. Soc.
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£6(1974)2250). The K -ion is complexed by the macrocyclic ether,

l8-crown-6 (JO and a naked, reactive fluoride species is produced.

This method was used by Spitznagle et al. (L.A. Spitznagle et al.

9th Int. Hot Atom Chem. Symp., Blacksburg, 1977) for the synthesis

of 18F-21-fluoropregnenolone-3-acetate. We studied the applicability

of this method with 2,4,- diniurochlorobenzene (2) as substrate.

This compound was chosen because of the high reactivity towards

KF/crown-ether and because the product analysis is very simple.

r~\
0 0

Co cJ

The 18F-fluoride was produced by alpha-bombardment of water. The

reactions were carried out at 60 C in benzene (no difference was

found with CH3CN as solvent) with excess crown-ether and dinitro-

chlorobenzene with respect to KF. It was possible to synthesize
18F-dinitrofluorobenzene (3_) in this way, but a relatively large

amount of KF (1 mg) had to be present; KC1 as carrier for the
18F-fluoride was not effective. The carrier amounts can be a

problem for the preparation of * 8F-radiopharmaceuticals by this

method due to the toxicity of fluoro-compounds. The maximum yield

of the labeling was 40%; this was reached within half an hour

reaction time. Prolonged heating showed no effect on the yield.

This indicates that part of the 18F was not available for the

reaction. With these small amounts of fluoride, carrier exchange

or complexation of the fluoride with other ions (wall of reaction-

vessel) is probably interfering. Other reactive substrates like

tosylchloride and p-nitrobenzene-sulphonylchloride also gave yields

of about 40% after half an hour reaction time at 60 C. Less

reactive compounds as benzylchloride,4-nitrobenzylchloride and

cholesteryltosylate gave yields of the order of 5% after 2 hours

reaction. From these results it can be concluded that this method

is only applicable for reactive substrates.
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lodination reactions with laotopevoxida.se bound to

phenoxyacetylce llulose

(C.N.M. Bakker>3 F.M. Kaspersen)

For the introduction of radioactive iodine in organic

compounds the reaction with H^C^ catalysed by the enzyme lacto-

peroxidase is one of the mildest methods available. The use of

this enzyme is somewhat restricted by the self-ionidation of

lactoperoxidase. David (Biochem. Biophys. Res. Commun. 48(1972)

464) used lactoperoxidase, chemically bound to CNBr-activated

sepharose; after the reaction the (iodinated) lactoperoxidase is

removed by filtration. Butler (Arch. Biochem. Biophys. 171 (1975)

645) has developed a very simple way of immobilizing enzymes, by

adsorption to phenoxyacetylcellulose; an advantage over the CNBr-

sepharose immobilisation is that no deactivation of the enzymes

occurs. We have tested lactoperoxidase immobilized by hydrophobic

adsorption on phenoxyacetylcellulose, for the introduction of

radioactive iodine. In Figure 1 the results for the ionidation

of tyrosine with 1 3 1i in the presence of carrier KI are given in

comparison with unbound lactoperoxidase. The same results were

obtained for the bound and the free enzyme. The decreasing yields

when higher amounts of the enzyme are used, are caused by the

self-iodination of the enzyme. When the cellulose was removed by

filtration, a solution of 131I-tyrosine with a radiochemical

purity of 90% was obtained as was found by paper-electrophoresis.

The lactoperoxidase-cellulose was also tested for the labeling

of proteins. Figure 2 shows the analysis on sephadex G50 for

experiments with cytochrome-C. With low concentration of the

protein no labeled cytochrome was obtained after removal of the

cellulose (2A) because the protein is also adsorbed to the

phenoxyacetylcellulose. Consequently higher concentrations of

cytochrome C were necessary (2B) resulting in products with

rather low specific activities. Another drawback of this method

for the labeling of proteins is the exchange between the protein

and the bound lactoperoxidase. Experiments with 131I-lacto-

peroxidase-cellulose indicated an exchange of 4% for albumine,

12% for cytochrome-C and even 20% for pronase.
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Fig. 8.4.1.1 In this figure the results for the iodination

of tyrosine with I in the presence of carrier KI

are given in comparison with unbound lactoperoxidase,
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Fig. 8.4.1.2 This figure shows the analysis on sephadex G50

for experiments with cytochrome-C.
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Labeling methods

(CM.il/. Bakkert F.M. Kaspersen)

1. Iodination with myeloperoxidase:

The enzyme myeloperoxidase was tested on its applicability

for introducing 1 3 1i into organic compounds using tyrosine

as model-compound. The results are summarized in the table:

concentration Kl-carrier

20 mM

10 mM

1 mM

0.1 mM

0.01 mM

0.001 mM

yield I-tyrosine

0%

0%

3%

30%

20%

10%

dil-tyrosine

0.7%

1.5%

10 %

30 %

0 %

0 %

In contrast to lactoperoxidase rather high concentrations of

carrier are necessary resulting in products with low specific

activity. Another difference with lactoperoxidase is the

fact that the enzyme is hardly self-iodinating. Myeloperoxidase

can be Bound to phenoxyacetylcellulose without deactivation.

Attempts to use this enzyme to introduce At (with KI as carrier)

have failed so far.

The influence of additives in 13*I-preparations on the labeling

of iodoquinolines by exchange reactions in a melt.

In earlier experiments it was found that the yields of labeled

quinolines decreased when 13*I-preparations were used containing

either NaCl or thiosulphate. A series of experiments were done

to get some insight into these disturbing factors.

The effect of NaCl (noticeable above 50 mg NaCl/mg quinoline)

is probably caused by the formation of two fases (solid NaCl/

Nal and molten quinoline) during the exchange. The effect of

thiosulphate (above ^ 200 yg/mg quinoline the yield is 0%)

is caused by a reaction of the thiosulphate with the quinoline.

In contrast to the quinolines, the hippuran labeling by a

melt-exchange is not influenced by the presence of NaCl or

thiosulphate.
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3. The chlorinating activity of chloramine-T.

One of the most commonly used methods for the introduction of

radioactive iodine is the chloramine-T method. With chloroquine

it was found that apart from 13^-chloroquine, 3-chlorochloro-

quine was formed in mass amounts. With 36Cl-chloramine and

Na 13 1I the chlorinating reaction was compared with the iodi-

nating reaction. Some results are given in the table.

Table.

Substrate

after

phenol

aniline

aniline-phosphate

4-NH2-pyridine

phosphate

4-OH-pyridine

chloroquine-phosphate

4-NH2-7-chloorquinoline

phosphate

4-butylamino-7-chloor

quinoline-phosphate

4-OH-quinoline

albumine

cytochrome-C

% iodination

1 min

98.4%

96.7%

86.1%

69.7%

70.4%

1.2%

1.6%

3.2%

1.6%

3.0%

7.8%

0.5%

76 %

60 %

10 min

98.0%

96.2%

88.9%

73.9%

68.0%

3.1%

2.9%

2.8%

2.0%

4.9%

4.2%

0.5%

% chlorination

1 min

2 %

6.4%

2.2%

26.3%

21.1%

0 %

0 %

2.9%

10 %

8 %

26.7%

48.9%

3.6%

1 %

8 %

10 min

11 %

8.6%

3.1%

25.4%

15.2%

2.1%

1.6%

5.8%

20 %

24 %

43.3%

59.5%

3.0%

8,5 Experiments with EVA

(C.N.M. Bakker3 G.A. Brinkman3E.L. Diemer3 J.C. Kapteyn,

F.M. Kaspersen, J.Th, Veenboer)

Irradiation with MEA at 40 MeV, using a 0.25 g cm"2

tungsten converter and targets (0 3 cm) at a distance of 65 cm

(about 15% of the photons hit the target).
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The following cross-section-values for monitor reactions were

found:

13 mb

40 mb

57Ni(Y,n)S6Ni:
6SCu(Y/n)6*Cu:
197Au(y,n)196Au:
2 7Ar(Y,2pn)z"Na:
67 Zn(y,p)67Cu:

210 mb

15 yb

7 mb

Exposure measurements were made with Perspex HX dosimeters. At

the target position the dose rate in the centre was about

1 k rad/yA min total dose rate about 40 rad/yA min.

As to the photon beam profile, the FWHM of the photonbeam at the

target position was 4.8 cm (also measured with 1JC monitors),

in agreement with a calculated value of about 4.5 cm.
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9 NUCLEAR SPECTROSCOPY

9.1 Introduction

(J. Konijn, groupleader)

The nuclear (8/y) spectroscopy group was formally

dissolved in 1977. No new spectroscopy experiments outside the

field of pion-muon physics have been taken up. Work reported

here may be the last of the group.

The pion-muon induced nuclear spectroscopy work is reported in

chapter 6.

9.2 Instrumentation

9.2.1 An in-beam Ge(Li)-NaKTl) compton suppression spectrometer

(R. Beets, F.W.N. de Boer, J. Konijn, J.L. Maarleveld,

W.P. Posthumus, A. van der Schaaf)

Abstract: (Nucl. Instr. and Meth. 14_5 (1977) 353) . A

compton suppression spectrometer used for in-beam gamma-ray

spectroscopy is described. The system consists of a large

Nal(Tl)-crystal(0 25.4 cm, 25,4 cm long) and a large-volume

closed-end Ge(Li) detector. The overall suppression factor is

about 11, with an optimum of 14,5 at low energies. Examples

are given of the use at proton- and iT-beams.

9.S.I High-spin levels in 1 3 7 j l 3 9Ce and 139'll>1Ndj Evidence

for hole-core coupling

(H. Arnold, with J. Ludziegewski (Institute of Nuclear

Research, Dept. of Physics IA, Swierk, Otwook, Poland)

Abstract: (Z. Phvsik A 281(1977)287). Excited states

of the l 3 7Ce, 1 3 9Ce, 139Nd and llflNd nuclei have been studied

using the J38Ba(a,5ny)l 37Ce, 138Ba(3He,4ny)137Ce, 138Ba(a,3ny)139Ce,
1*°Ce(o#5nY)l39Nd#

 J •»0Ce(3He/4nY)»
39Nd, 1 * °Ce(a,3nY) * ̂ N d and

llt2Ce(a»5nY) llflNd reactions. Singles y-ray spectra, y-y coinci-

dence spectra, angular distributions and time distributions of
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y-rays with respect to beam pulses have been measured. Gamma

transitions between excited states with spin values up to 21/2,

23/2 or 25/2 have been observed. Isomeric states with Ti = 70 ns

have been observed in 139Ce at 2631.5 keV (19/2) and in lftlNd

probably at 2952.0 keV (19/2). The level structure observed in

the nuclei studied can be explained if the neutron-holes are

coupled to the doubly even core excitations. The coupling of

the h,. ,2 neutron-hole with the 2 , 4 and 3 collective exci-

tations are calculated in terms of the weak and intermediate

coupling models. The intermediate coupling results seem to be

in better agreement with the experimental data. The energies of

three-particle states, being the result of the coupling of the

^ll/2 n e u t r o n~hole with the two-proton excitations in the core,

are well reproduced in the calculations when empirical values

of the two-body interaction matrix elements were used.

9. 3. 2 Multipolarities of prompt transitions in 15BDy and

spin-parities of the upper band levels

(R. Beetz, F.W.N. de Boer, P. Koldewijn, J. Konijn3

J.L. Maarleveld collaborating with R. Janssens and

J. Vervier (Louvain-la-Neuve)

Abstract: (Nuclear Physics A290 (1977)173). The prompt

Y~ray and conversion-electron spectra following the
1S9Tb(p,4n)156Dy and l56Gd(a,4n)x56Dy reactions have been

measured with, respectively, a Ge(Li)-Nal(Tl) compton suppression

device and a mini-orange spectrometer. On the basis of the .

deduced multipolarities, earlier spin-parity assignments for

levels in 156Dy have been confirmed. Furthermore, the recently

reported upper band levels could be divided into a negative-

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

with tentative K = 0 character and spins 4 , 6 , 8 +, 10 and

maybe 2 . The negative-parity band is described as an aligned-

octupole band; the positive-parity band may be possibly represent

the low-spin extension of the superband responsible for back-

bending in the 8- and groundstate bands in this nucleus.
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9.3.3 Levels in 2 0 6 P o -populated in the EC-&+ decay of 206At

(E.W.A. Lingeman)

Abstract: (Physica Scripta 1J5 (1977) 205) . Levels of
2fUPo122 excited in the positron of

 2§iAti2i have been studied.

Measured were Y~r^ys» conversion electrons, positrons and y~Y

coincidences. Energies and relative intensities of 60 y-rays

following the decay of 2OeAt have been measured. The positron

spectrum was found to contain two branches. The total dis-

integration energy is 5687 + 150 keV. Conversion coefficients

and multipolarities of the strongest transitions have been

determined. The existence of levels with the following energies

in keV (spin-parities in parentheses) was deduced:

700.66(2+); 1177.76(4+); 1434.34(4+); 1573.30(6+); 1915.81;

2100.73(4,5-) 2138.85(4,5,6+) 2302.57; 2500.50; 2581.69;

2916.97(5,6+) 3361.83; 3396.45; 3595.45(5,6+); 3872.11;

4038.80; 4409.92; 4419.53 and 4697.84. The half-life of 206At

was measured to be 29.3 + 0.4 m. The spin-parity of the 206At

ground-state is found to be 5 .

9.3.4 The odd-parity level at 687.59 keV in 2 3 6U
(W.L. Posthumusj J.L. Maarleveld^ H.P. Geerke and

J. Konijn (IKO), K.E.G. Ld'bner (Sektion Physik der

Universitdt MUnahen, 8046 Garching > Germany)

Abstract: (Z. Physik A281(1977)277). The spin-parity

of the 687.59 keV level in 2 3 6U populated in the decay of 2 3 6Np

is determined to be 2~ in disagreement with recent 1~ assign-

ments from reaction data, but in accordance with previous radio-

active 2 3 6Np decay studies. The 687 keV ground-state transition

is shown to have a pure M2 character. The 642 keV 2 -»• 2

transition has E1:M2:E3 mixing ratios of 64:30:6. The half-life

of the 2~ state is 3.78 + 0.09 ns. The hindrance factor of the

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

same transition rate as the M2 transitions in the neighbouring
2 3 7Np nucleus and the E3-part is enhanced by two orders of

magnitude relative to the Weisskopf estimate. The data are

compared to analogous transitions in the rare region.
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Evaluation of experiments

6 3Cu9.4.1 The paradoxical oatupole-multiplet pattern in

(A.A.C. Klaasse collaborating with V. Paar, Free University,

Amsterdam and "Rudjer Boskovia", Zagreb)

Abstract: (Nuclear Physics A297(1978)45). The paradoxical

partial breaking of the weak-coupling particle octupole-phonon

multiplet pattern, discovered recently in inelastic electron

scattering experiments on 53Cu, is explained as a consequence

of simple particle-vibration coupling processes which do not

involve vertex corrections or propagator renormalizations. A

systematic search for this effect in various nuclei is suggested.

9.4.2 An anomalous behaviour of the gamma band in 156Dy

(L.K. Peker3 Free University, Amsterdam, F.W.N. de Boer,

J. Konij'n)

Abstract: (Z. Physik A283(1977)121). Analysis of the

anomalous behaviour of the gamma band in 156Dy demonstrates the

interference of the effect of "internal" Coriolis coupling and

quadrupole (AK = 2) coupling.

9.4.3 On the nature of the superband in 156Dy

(L.K. Peker, Free University, Amsterdam, F.W.N. de Boer,

J. Konijn)

Abstract: (Z. Physik A285(1978)67). Superbands, respon-

sible for the backbending in 156Dy and other N = 90 and N = 88
2

nuclei, are proposed to be aligned n^io/?) bands, whereas it
is argued that the recently discovered positive parity band in
156Dy with I17 = (2+) up to 10+ members does not constitute the

low spin extension of the superband.
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9.4.4 Aligned rotation of octupole-vibrational states

in deformed nuclei

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

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

Abstract: (Z. Physik A284(1978)233). Analysis of level

energies in aligned octupole bands in even-even deformed nuclei

using the VMI-model expressed in terms of the rotational angular

momentum R shows that almost complete alignment is reached at

low spin values. It is shown that the alignment is almost spin

independent. Using the ground-state band VMI-parameters only

a renormalization of the alignment parameter <J]_> is enough

to reproduce the level energies of the NPB's.

9.4.5 Crossing of negative parity bands in even-even nuclei

around A ^ 150

(F.W.N. de Boer and L.K. Peker, Free University, Amsterdam,

with P. Koldewijn and J. Konijn)

Abstract: (Z. Physik A284(1978)267). Level energies of

negative parity yrast bands (NPB) have been studied with a

recently proposed, sensitive method. The irregular behaviour of

the NPB's in the N = 88 nuclei around spin 9-11 and the smooth

behaviour ±n 156Dy (up to I = 13) and in 2 3 8U (up to I = 19)

support calculations by Vogel, where NPB's are described as

aligned octupole bands up to a critic I spin where intersection

with two-quasiparticle bands takes place. Considering the NPB

levels (I = 13) in 1S6Dy as members of an aligned octupole band,

we obtain a remarkably good reproduction of their decay proper-

ties and energies using the VMI model.

9.4.6 Mixing between gamma-t beta- and groundstate bands

in even nuclei with A = 152-192

(P. Koldewijn, thesis, 1977, and to be published in

Physics Reports)

A detailed study of transition probabilities of transi-

tions connecting gamma, beta and groundstate bands in even-even
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def-prmexjjsouclei in the mass region A = 152 - 192, has been

r.oncliidedi The employed phenomenological models are based on

• hv 3=paration of the rotational and the intrinsic motions.

i from the adiabatic rules for branching ratios are

to band mixing of the type AK = 0, + 2. It was found that

; -ths»_ usual first-order perturbation theory cannot yield a satis-

V factory description!jc»f the interaction between the excited

^ {K = 2) and beta (K = 0) bands. An improved parameter

is obtained by treating the latter coupling in an exj^t

^ The improvement is based in a consistent description of

the admixed wave functions for the typical case of multi-level

mixing, in which only two levels are close in energy. Then, only

four parameters (Z , Zfi, Z „ and Zft ) are necessary andsufficient

to reproduce B(E2) branching ratios of groundstate band transi-

tions from members of the gamma and the beta bands, even if these

bands are degenerated. This concept of "local mixing" also has

important implications for the evaluation of measured mixing

ratios 6(E2/M1) and X(E0/E2). The applicability of the model is

explored through some elaborated analyses for a few selected Sm,

Gd and Dy isotopes. Most inconsistencies previously reported,

are removed if the improved parameter scheme is applied. To a

certrin extent a second excited K = 0 band can be incorporated

within the same scheme. The interaction between two excited

K77 = 0 bands could be studied in the case of 156Gd. The limits

of applicability are encountered in the case of l56Dy. There,

the spin dependence of the mixing between beta and gamma band

members seems anomalous in the Yb, Er, Hf and W isotopes, the

effects cf KT = 0 bands on the transitions depopulating the

gamma bands are mostly clearly visible. Some resulting predictions

concerning absolute B(E2) and B(M1) values have been verified

experimentally during the course of this work. The results for

i72»i7i»Yb disagree with those of previous investigators.

The analysis for W isotopes is interesting because of the large

interaction matrix elements between the excited states. Recently

established large Ml admixtures in the 2 0'+ 2 0 transition

occurring in 1 8 2W, necessitate a simultaneous analysis of B(E2)

and B(M1). Such a treatment can also explain the at first puzzling
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signs observed for <S(E2/M1). The survey of basic interaction-

and transition matrix elements between the lowest K71" = 0 and

2 states reveals a rather systematic behaviour in the N,Z plane.

Comparison with the results of various theoretical models yields

a number of semi-empirical relations/ which can be used to

predict yet unknown matrix elements. As a final test of the

sign conventions employed, some static dipole- and quadrupole-

moments were calculated. An example is given in Figure 9.3.1.

9.5 Atomic masses

(A.H. Wapstra, in collaboration with K. Bos (CEHN))

The file of annotated input data of importance for

calculation of nuclear masses was kept up to date. A change in

the computer code was made to avoid complications in cases of

nuclides connected to the main body of data by only two links

of relatively low precision, noticed in the last published adjust-

ment of data (A.H. Wapstra, K. Bos, Atomic Data and Nuclear

Data Tables 19(1977)3 and 20(1977)8). A new adjustment was made

and its consequences were analyzed. The results were made available

to the Nuclear Data Group in Oak Ridge.
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Rotational model
without mixing

Including mixing
x x x x x with y vibration

KUMAR/BARANGEF
I

182 184 186 188 190 192 194 196 198

Fig. 9.3.1 Mixing y, $ and GS bands.
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10 NUCLEAR REACTIONS (BOL)

10.1 Introduction

(R. van Dantzigy groupleader)

The nuclear reactions group was dissolved in 1977. Thus

no new activities were started. Some of the data obtained with

the multidetector system BOL were still in the process of analysis,

10.2 Evaluation of experiments

10.2.1 A global Monte Carlo comparison between d(n,nn)p calcu-

lations for some S-wave potentials at E = 13.25 and

50 MeV

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

boration with J.A. Tjon, W.M. Kloet3 I. Slaus)

In comparing different input potentials in otherwise

identical n-d break-up Fadeev schemes one encounters the problem

of the extension of the 4-dimensional phase space.

A judicious comparison requires about 10 data points. This not

only takes a large amount of computer time, but communicating the

results becomes also difficult. The comparison between different

potentials is therefore very often restricted to certain selected

regions of the phase space. An attractive alternative to get an

unbiased comparison is proposed here. Using a homogeneous Monte

Carlo sample - random covering the entire phase space - differences

are calculated between cross sections for a pair of potentials.

In our case we took the Malfliet-Tjon (MIT) I-III potential

(W.M. Kloet and J.A. Tjon, Nucl. Phys. A210(1973)380, R.A. Mal-

fliet and J.A. Tjon, Nucl. Phys. A127(1969)161, Ann. of Phys.

61(1970)425) and compared it with the MT I-IV potential (differing

with the MT I-III in the triplet channel core region), the Reid

(R-III) and the separable Yamaguchi potential.

The obtained relative differences in % cross section are counted

in a spectrum, containing 200 bins. The number of points in a

certain bin is proportional (except for statistical fluctuations)



to the fraction of phase space that has a certain amount of cross

section difference for the two potentials. Fig. 10.2.1 shows that

at 13.25 MeV the MT I-IV prediction is above that of the MT I-III

in the greater part of the phase space, with a peak around a

difference of 7%. At 50 MeV this peak has shifted towards 25%,

and the range of differences has increased. At 50 MeV also the

"difference spectra" for the R-III and separable Yamaguchi potential

are shown. These spectra allow to display in a simple way the global

effect of changing the nucleon-nucleon potential in the Fadeev

calculation. The R-III curve illustrates that the cross section

predictions for MT I-III and R-III are quite similar although

the figure immediately indicates that a region with significant

differences exists. A certain part of the three-body phase space

thus appears to be particularly sensitive to changes of the

singlet-, rather than the triplet-potential. The figures give a

measure for the overall sensitivity of the differential break-up

cross section to the N-N potential. The typical experimental

accuracy for the absolute break-up cross section, needed to dis-

criminate between predictions using these different N-N potentials,

can be deduced from this figure. The region of phase space where

the largest differences in the spectrum occur is easily found.

Apart from statistics, this region is most sensitive to subject the

input potentials to experimental tests. In order to include the

effect of statistical accuracy, one might similarly use as crite-

rion, the maximum in the product of the relative difference and

the square root of the average theoretical cross section. Parti-

cularly for more realistic potentials this procedure might be of

great help to find the interesting kinematics for measurements.

10.2.2 A four-dimensional comparison of p(d,pp)n data at

E •, = 26.5 MeV with local s-wave interaction Fadeev

calculations

(I. Haitsma, G.J.F. Blommestijn, R. van Dantzig with

I. Slaus (Inst. Ruder Boskovic, Zagreb, Yugoslavia)

Abstract: (submitted to Lett, al Nuovo Cimento). A dis-

crepancy between Fadeev local potential calculations and the
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Fig. 10.2.1; Overall sensitivity to changes in the N-N potential.

Displayed is the percentage of three-body final state phase space

for the d(n,nn)p reaction, that has a certain relative change

(in percentage) of the Fadeev cross section, taken with reference

to the MT I-III potential, as input, for:

a) MT I-IV at 13.25 MeV

b) MT I-IV, Reid - III and separable Yamaguchi at 50 MeV.

The spectra are obtained by integrating over the full 4 D phase

space, using a homogeneous Monte Carlo sample of 10 simulated

breaking events.
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13.25 MeV d(p,pp)n three-body data from BOL have been studied in 4-

dimensional space. The relation between the structure of the dis-

crepancy, the cross section and the sensitivity to change in

the N-N potential is investigated.

10.2.3 Analysis of a p (d3pp)n BOL-experiment at E -, = 26.5 MeV

(G.J.F. Blommestijn, Y. Uaitsma, R. Vooy3 R. van Dantzig

with I. Slaus Inst. Ruder Boskovia3 Zagreb, Yugoslavia)

Abstract: (submitted to Nuclear Physics). Proton-

deuteron-breakup coincidence data obtained with the BOL-system and

covering a major fraction of phase-space at E, = 26.5 MeV (E =

13.25 MeV) are compared with Fadeev calculations using the Mal-

fliet-Tjon I-III and I-IV S-wave potentials. Data and calculations

are represented in terms of 2-dimensional histrogram plots.

Correlations are discussed between different plots, showing the

relative difference in cross sections for the I-III and I-IV

potential, the theoretical cross section itself and the discre-

pancy between theory and experiment. The theoretical and expe-

rimental data near the main discrepancy region are studied in terms

of polar coordinates. An approximately rotationally symmetric

pattern aligned with the beam directions is observed. Similarly

oriented patterns occur also for the discrepancy between theory

(I-III and experiment, and sensitivity (I-III, I-IV). New

measurements that might be particularly suitable to test different

theoretical models are suggested.
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ACTIVITIES OF THE COMPUTER SYSTEMS GROUP IN 1977

Groupleader: L.J. Oostrijk

1 The CRM minicomputer network; projectleader: L.J. Oostrijk.

1.0 Overview

The Computers Round MEA minicomputer network has to satisfy both the
needs of the experimenting physicists and the accelerator operators.
It features a virtual addressing structure to make the network
transparent and to allow the use of distributed processing techniques
in its implementation. Most of the ideas have been tested in the
implementation of the temporary network that controls the accelerator.
The hardware as well as the software is based on a star structure,
with a powerful multi-processor in the centre. However, the structure
does not prevent hybrid sub-networks to be connected to the CRM
network. At the moment a number of computer control systems for
various purposes is operational, they are described below in more
detail. The central node of the network is under construction and
timesharing facilities were made available for software development.

Reference: [1] & [43.

1.1 ACM, Accelerator Control Machines; M. de Lange.

Based on the existing systems software for the ALPHA LSI/2
minicomputers (like MTS-R, ATT and COLAN), the basic control software
for the twelve ACM's, which was designed and developed in the past
three years, became completely operational for modulator stations one
and three. Relatively few bugs showed up. To the basic systems
software a message handling layer was added, which in its turn served
as the foundation of the network control software. Regularly new
features had to be implemented to control new hardware that was added
to the modulator stations. The integration of up to twelve ACM's to
perform simultaneous accelerator control has reached the
implementation phase.

Reference: [63.
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1.2 CCM, Console Control Machine; M. de Lange.

In the console system under construction, the function of the CCM is
twofold. It serves temporarily as the centre of the star structured
control network, interconnecting the ACM's that are operational. It
also presents status and security information to the accelerator
operator. Special care had to be taken to present the vast amounts of
significant data in a, for the operator, manageble way (man-machine
interaction). Although lack of time, precise specifications and
hardware to test on, severely constrained the development of the
system, it immediately received considerable appreciation after it was
released.

Reference: [6].

1.3 BCM, Beam Control Machines; L.J. Oostrijk.

A stand alone software control system, also based on existing systems
software, for the ALPHA LSI/2 minicomputer to control the beam
switching magnets and q-poles in LEBU (Low Energy Beam Switchyard),
was released and performed satisfactorily in the accelerator test
periods. It offers features like the simultaneous interrelated control
of up to twelve magnets and q-poles, continuous wobbling of a selcted
magnet and the construction of virtual magnets out of a combination of
physical magnets.

1.4 ECM, Experiment Control Machines; W.M. Witsel.

The temporary detection system TDS for testing the hardware of the
detection group (like ADC's, TDC's, Scintillation counters and a
checker board circuit) became operational on a stand alone basis. In
order to allow more experiments to use the system simultaneously,
special resource monitor functions were added to prevent a single
experiment of occupying all available resources. Special care was
taken to allow the TDS to be coupled, in the future, to the CRM
minicomputer network, by means of adding the standard message handling
layer to the system.

During the construction of the temporary detection system, a number of
standard software packages for data management, data entry and data
representation, were developed as independent modules to enable their
use in application software packages under construction for LEF and
LECH.

Reference: [7].
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1.5 MSM, Message Switching Machine; M. de Lange.

The total data flow in the central node of the network was estimated
to be 200 Kwords/sec when physical experiments are running. The
message oriented data communication, including message routing, data
channel handling and integrity checking, require a separate processor,
which is completely dedicated to this task. An extensive feasability
study was conducted by mr. R. Michelson (ACE bv) dealing with the
optimal use of possible bus-structures for fast store and forward
message switching, processor to processor communication and
commercially available CAMAC-DMA equipment. The resulting report is
the basis for the central communication facility under construction.
The basic hardware elements are: CAMAC based communication channels, a
PDP 11/34 (48K) processor, GEC-ELLIOT CAMAC equipment and DMA
controllers (ACM-11).

Reference: [3] & [1].

1.6 Data communication channels; M. de Lange.

A study on CAMAC communication channels resulted in a 70 page report,
including various system considerations and implementation
recommendations. Network simulation on the DECsystem-10 showed a
minimum bandwidth of 150 Kwords/sec to guarantee the required
real-time response for the accelerator operator and to offer
sufficient data-dump capacity for the experimentors. Software
bit-level error checking and recovery proved to be impossible at the
given data rates. The report recommends a hardware (CAMAC) implemented
block protocol like X25, to protect against a noisy accelerator
environment. Existing CAMAC data links are studied and a functional
description of a message-buffered block protocol module is given.
Because of man power shortage and because high speed block protocol
hardware is not commercially available today, i t was decided to use
the SENSION fast serial data link CAMAC modules (250 Kwords/sec) as
temporary data links. Electrical isolation of the various computer
installations i s realized by means of opto-coupler data link isolators
from ACE.

Reference: [2] & [3].
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1.7 GSM, General Service Machine; L.J. Oostrijk / J.E.P. de Bie.

For the time being the existing PDP 11/45 computer system with i t s
operating system, acts as GSM. Connection to the central DECsystem-10
facil i ty was delayed a l i t t l e due to severe hardware problems and lack
of documentation of the DEC-DA28 software. At present a complete
remote-entry station with local terminals and lineprinter is
available. The design of the final software system and the integration
of the MSM in that system, progresses steadily. The central computer
site preparation included the fitting of a double floor, installment
of airconditioning, in i t ia l cabling and design of the floor-machine
layout.

Reference; [4],

1.8 Basic ALPHA LSI/2 software development; M. v. Gelderen.

Work on the design and implementation of a compiler for a systems
implementation language BTT, which is to be used in writing software
for the ALPHA LSI/2, was started. The first four passes of the
compiler, which were written in PASCAL, were completed. Special
attention was paid to documentation, while the language i tself
features provisions to construct self-documenting programs.
A LL(1) compiler-compiler was written (also in PASCAL) to produce a
syntax checker for programs written in a former version of BTT; to
circumvent the extremely long compilation times when the standard
macro expansion compiler for this language is used. Using these tools,
existing software for the ALPHA-LSI/2 machines was upgraded with
respect to memory management and I/O recource sharing.

Reference: [5] 4 [93 & [10].

DEC-System-10 central computing facil i ty; J.E.P. de Bie.

Memory was extended with Ampex ARM-10L (128K) to 256K, giving a much
better response time in interactive work. The new release of the
standard DEC Tops-10 monitor was installed, which solved some known
bugs, (introduced some new ones) and offered a different schedular. To
the range of already available programming languages, the powerful
PASCAL and SIMULA languages, featuring advanced record and class data
types, were added. Successfull experiments were conducted to connect
the PDP-10 to machines in the CRM minicomputer network, by means of
the echoplex and Hurley protocols.

Besides the professional programmers and the physicists, an increasing
number of technicians show interest in using the PDP-10. Although
their applications are simpler, the lack of programming background
necessitates an increased support by members of the Computer Systems
Group.
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Overview available computer equipment

1. Central computing fac i l i ty : DECsystem-10/Lab-60.

1 KI10 DEC processor with console and reader/punch,
1 MF10-G DEC core memory, 64K, 950 ns,
1 MD10-GA DEC core memory, 64K, 1800 ns,
1 ARM-10L AMPEX core memory, 128K, 880 n s ,
2 RP03-BS DEC disk d r i v e , 80M, 2400 rpm,
2 TU41-B DEC tape d r i v e , 7 t r , 150 i p s ,
1 TU1O-AEJ DEC tape d r i v e , 9 t r , 45 i p s ,
1 CR10-FB DEC card reader, 80 col, 300 cpm,
1 LP10-FB DEC l i n e p r i n t e r , 132 c o l , 1250 lpm,
1 DC10 DEC terminal interface, 24 channels,
1 DA28 DEC interprocessor interface,
1 565 CALCOMP incremental plotter, 0.1 mm stepsize.

2. Specia l purpose communications l ink t o SARA.

1 11/40-CB DEC processor with c o n s o l e ,
1 MM11-L DEC core memory, 8K, 900 n s ,
1 DA28-F DEC interprocessor i n t e r f a c e ,
1 CR11-A DEC card reader,
1 LS11-B DEC l i n e p r i n t e r .

3 . Central acce l era tor and experiment contro l equipment.

2 KB11-A DEC 11/45 processor with c o n s o l e ,
2 MF11-LP DEC core memory with c o n t r o l l e r , 8K,
2 MM11-LP DEC core memory e x t e n s i o n , 8K,
1 MM11-BP DEC core memory, 32K,
2 MF11-UP DEC core memory, 16K,
1 MM11-UP DEC core memory, 16K,
1 DA28-Y DEC interprocessor i n t e r f a c e ,
1 RK11-DJ DEC disk d r i v e , 1.2 Mbyte,
1 TM11-ED DEC tape dr ive and c o n t r o l l e r ,
1 DM-980 AMPEX disk drive with controller.
1 DL11-C DEC terminal interface,
1 PC11-A DEC p a p e r t a p e r e a d e r / p u n c h ,
1 LV11-BB VERSATEC p r i n t e r / p l o t t e r ,
2 PTI11-CD ELLIOT CAMAC i n t e r f a c e ,
2 AMC11 ELLIOT DMA c o n t r o l l e r .
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EXPERIENCE WITH SYSTEM IMPLEMENTATION LANGUAGES

Leon J . Oos t r i j k & Mart i jn de Lange

1. Introduction

In a nuclear physics experimental environment, the minicomputer has
since long been a basic tool. Originally i t was used exclusively for
straightforward data-acquisition, nowadays also experiment control and
on-line partial preliminary analysis of the '.-coming data are required. All
this has changed the hardware and software systems involved beyond
recognition. From a simple monolithic data-acquisition program in a stand
alone machine with associated manual experiment control and off-line batch
processing for the data analysis, the software evolved into complex
real-time multiprogramming systems with advanced time-sharing facil i t ies.
At the same time new modular interfacing techniques, such as CAMAC, were
introduced. To profit from their inherent high speed they required the
addition to the operating system of a series of special purpose drivers for
all the different modules available.

2. System Software Production

The classical approach for the implementation of a control system
starts with the acquisition of a real-time multiprogramming system from the
mainframe manufacturer. Next a multitude of special purpose drivers are
added. They are written by fulltime programmers in the assembly code of the
machine. Finally, the on-line experiment control and analysis programs are
constructed. This is often the only part written by the experimenting
physicists, who s t i l l use FORTRAN as their main programming language.

In 1973, when the construction of the MEA linear accelerator computer
control system was started, a new approach for the production of the
software system had to be chosen. At that time many software houses already
used high level languages (so called SIL's: System Implementation
Languages) for the development of real-time control systems. Mainframe
manufacturers however, were (and sometimes s t i l l are) reluctant to use
these tools for the implementation of their systems software.
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Forced by the absence of any relevant software for our minicomputers,
which had been selected on the basis of hardware price/performance
comparisons only, we had to develop a complete software system ourselves.
The i n i t i a l phase of the project was delayed because of the minimal
assembly language production f a c i l i t i e s offered on the machine i t s e l f . This
prompted the decision to produce our own SIL with cross-compiler and
down-line loading f a c i l i t i e s on the inst i tutes central DECsystem-10
time-sharing computer.

3. System Implementation Languages

A SIL can be one of the most powerful tools in the hands of the system
software implementor. It t r i e s to combine the expression power as well as
the elegant control and data structures of the modern numerical high level
languages (SIMULA-67, PASCAL) with features required to control the
(complete) machine state in an efficient way.

A program written in some language defines a sequence of machine
states for some f inite state machine. This machine i s called the target
machine of the language. In most cases i t i s a high level (virtual)
machine, and not the real computer. The difference between a high level
application language and a SIL, l i e s in the target machines defined by both
languages and the software Iayer3 for the support of these target machines
( i . e . operating systems and run-time packages). A SIL i s defined in such a
way that i t allows the programmer to define state changes of the physical
computer hardware, but only as far as necessary for his systems
application, hiding any irrelevant detai l . For instance on the PDP-11, the
SIL's CORAL-66 and RTL/2 require a target machine of a much higher level
than PL-11. As a consequence they are easier to use, but l ess eff icient in
their handling of specific PDP-11 hardware.

4. ATT

In our case we had to start from the bare ALPHA-LSI hardware, and
therefore our in-house developed SIL, named ATT, has the complete ALPHA-LSI
as i t s target machine. In th i s language the nucleus of a multiprogramming
system was written, which offers a well defined and well structured target
machine for the next higher leve l : a real-time network oriented operating
system. This level was written in ATT/R, an extension of the original
language. It has the same data and control structures as ATT and adds the
concepts of parallel processes, memory management and interproces
communication. An important facet of both languages i s their powerful macro
fac i l i t y . It i s a direct consequence of the way in wich the cross compiler
i s implemented: through the portable macro processor for the language ML-1
(P.J. Brown).
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5. Final Remarks

In a rather short time (3 month) the compiler was written an tested,
while at the same time the first parts of the system were written in the
evolving language. The easy way in which language, compiler and system
could be adapted to each other proved to be very valuable during the
consequent design stages of the project. Many times user defined macro's,
of special interest for only a part of the code, could be generalized and
added to the language.

Contrary to our f i r s t expectations the basic form of the language
proved to be very efficient: the code produced for the nucleus of the
operating system (1000 words) was even shorter than the original assembly
coded version.

The complete software production system for the ALPHA-LSI machines has
now been in use for three years. The experience of eight programmers with
this system has been so well that al l new system projects (for instance the
PDP-11 network) are based on system implementation languages.


