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An aerial view of the NAC facility at Faure taken at the end of June 1985. 
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The new cyclotron facility seen from the west - June 1985. 
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FOREWORD 

The 12-month period between July 1984 and June 1985 covered by this 
Annual Report has been both busy and rewarding for the NAC. Visitors to 
the Faure campus are usually impressed by the planning, coordination, 
technical skills and sheer hard work which have gone into the many 
facilities which are being provided for future users. These efforts have 
been rewarded by the recent achievement of the first beam extracted from 
the new injector cyclotron: congratulations are in order to all those 
who have contributed f> this success* 

The Pretoria cyclotron continues to produce radioisotopes and, despite 
some operational difficulties, is progressing well towards the 
commencement of the neutron therapy programme» Similarly, the Van de 
Craaff facility has continued to provide beams for a full and varied 
programme of research. 

The separated-sector cyclotron and its associated facilities are nearing 
completion, although a great deal of work still remains to be done. The 
hospital and radiotherapy areas are now constructed, and the isocentric 
neutron therapy unit is soon to be installed. A successful one-day 
workshop was held on "Physics at the NAC" during which the experimental 
facilities were described and possible experiments were discussed. 

The NAC wishes to thank the many institutes, companies and individuals 
who cannot all be named but have contributed to the progress described in 
this report. We gratefully acknowledge the support received from 
prospective users and the members of a number of committees involved in 
the planning of NAC facilities. We also extend our thanks for the 
interest, advice and hospitality received from other laboratories, and 
welcome the Interest shown by our friends and colleagues in many parts of 
the world. 

D REITMANN 

July 1985 
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The extract ion-val ley vacuum chamber, at de l ivery . 
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SECTION 1 INTRODUCTION 

The National Accelerator Centre operates four accelerators. These are: 

(a) the Pretoria Cyclotron, capable of accelerating protons to 15 MeV, 
deuterons to 17,3 MeV, alpha particles to 32 MeV and helium-3 ions 
to 39 MeV; 

(b) a Van de Craaff accelerator with a terminal voltage of 6 MV; 

(c) a solid-pole cyclotron (SPC1) with a maximum proton energy of 8 MeV, 
which acts as an injector to: 

(d) a separated-sector cyclotron (SSC) with a maximum proton energy of 
200 MeV, presently nearing completion. 

A second Injector cyclotron (SPC2) for heavy ions is also planned* 

1.1 The Pretoria Cyclotron 

At the Pretoria cyclotron the production of radioisotopes and the 
preparations for fast-neutron therapy in collaboration with the 
Johannesburg, Hillbrow and H F Verwoerd Hospitals have been continued. 
Operating difficulties experienced with the cyclotron during the last six 
months have delayed the initiation of neutron therapy and have also 
affected the radioisotope production programme. The major problems were 
associated with poor beam stability and extraction. The relatively poor 
extraction efficiency of 33% still remains a matter of concern. 

Despite the problems experienced with the cyclotron, the production of a 
variety of short-lived isotopes for local medical use could be maintained 
at approximately the same level as the previous year. In the case of 
Ga there was a significant increase in production. The export of 

long-lived Isotopes has decreased due to a reduction In demand. In the 
research and development programme attention was given to new and 
improved production procedures for a number of Isotope products such as 
2 8Mg, 5 5Fe, 5 7Co, 81Rb/81mKr-generators, 8 5Sr and mIn-oxine. 

The physical and radiobiological measurements preceding therapy are far 
advanced and will be completed once the required deuteron beam is again 
available for neutron generation. The data from these measurements are 
In agreement with that obtained at other facilities with similar beam 
characteristics. The onset of therapy is now mainly dependent on the 
future performance of the cyclotron. 

1.2 The Van de Graaff Accelerator 

The accelerator facilities are used by research groups from several 
universities and research Institutes, either separately or in 
collaboration with NAC staff. During the 1984/85 year, beams of H* and 
H$, D +, He + and He"4-*", 1 60+, and i , 0Ar + have been accelerated to 
energies ranging from 0,5 to 12 MeV. Because the proton yield of the ion 
sources in use is limited, higher-intensity proton beams can be obtained 
by accelerating H+. More than 10 Â can be accelerated at an energy 
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corresponding to half the terminal voltage. The accelerator continues to 
run smoothly with 6 MV terminal voltage for long runs using 12 MeV He4-1" 
beams. Monoenergetic neutron beams are obtained from proton bombardment 
of Li metal targets, or from proton or deuteron bombardment of tritium 
using a uranium furnace-storage system. 

Once again demand for accelerator running time has exceeded that 
available. More than 50% of running time Is used for nuclear and atomic 
physics, more than 20% for nuclear analytical chemistry projects, and the 
remainder mainly for solid state studies, biophysical and applied 
experiments and machine maintenance and conditioning. The experimental 
program is described in detail in later sections of this report. 

1.3 The 200 MeV Cyclotron Facility 

The installation of the extraction system for SPC1 has recently been 
completed. The system consists of an electrostatic channel, a magnetic 
focusing channel, a second magnetic channel capable of steering and 
focusing the beam, and a third passive channel which creates a field-free 
region. Several magnetic shielding elements have been placed outside the 
main vacuum chamber and around the beam pipe to prevent the beam from 
being deflected by the stray field of the cyclotron magnet. After some 
Initial difficulties a proton beam of 46 pA has finally been deflected 
and extracted from SPC1, and observed on the first diagnostic element in 
the- beamline. 

The transfer beamline between SPC1 and SSC has been completed. The 
distribution of services to the various magnets and diagnostic elements 
as well as the small-signal cables proved to be a formidable task which 
has been accomplished by working night shifts as well as normal working 
hours. 

The elements in the central region of the SSC have been assembled and 
installed. The magnetic inflection channel, the most complicated 
component in this region, has been tested at full power in vacuum. With 
the installation of the bus-bars and cooling pipes completed, very little 
work-space is left in this region. About 800 field maps have been 
completed with data taken at 20 mm radial intervals and 0,25-degree 
azlmuthal intervals. With 40 million field values available we feel 
confident that magnetic fields for various particles and energies can be 
predicted accurately. 

The first of two resonators with Its short-circuit plates, coupling 
capacitor and two trimming capacitors has been installed in the SSC. 
Measured Q-values showed that the resonator behaves according to 
expectations and that all the contact fingers throughout the resonator 
make proper contact. At the 12 MHz position of the short-circuit plates 
the Q-value is 16000. The short-circuit plates can be adjusted with 
chain systems which take up very little space at the top and bottom of 
the two resonators. The special design of the chain links makes it 
possible to push as well as to pull with these chains. 

The first of the two valley vacuum chambers has been completed and vacuum 
tested. The beam collimators and rails for probes have been Installed. 
The chamber Is now In its final position In the cyclotron. The second 
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and final chamber is now being vacuum tested. Two differential probes 
and a beam stop are on order and are at present being manufactured. The 
design of the remaining probes will in most respects be identical to 
these. The extraction system for the SSC consists of an electrostatic 
channel and two magnetic channels. The design of the electrostatic 
channel has been completed and it is now being manufactured. The first 
magnetic channel is ready for Installation. Two scanners (to be 
positioned in front of and behind this channel) will be delivered in the 
near future. The design of the second magnetic channel is in progress. 
Some of the components such as the coil are on order. 

The high-energy lines to the isotope production area and the therapy 
vaults are now being assembled. Most of the quadrupoles, dipoles and 
diagnostic chambers are in position. 

During the past year the computer control system has improved 
dramatically as experience with the operation of SPC1 has been gained. A 
large number of different electronic modules has been designed and 
constructed for the control and operation of the cyclotron and beamline 
elements. 

During the past year the design of the SSC and beamlines has fully 
occupied the NAC drawing office. Consequently little attention could be 
given to SPC2. However, the successful operation of SPC1 and recent 
improvements in ECR-sources has given us confidence that the decision to 
make SPC2 identical to SPC1 (except for the axial injection system) is 
the correct one. 

Apart from the completion of the SSC, the installation of the remaining 
components for the high-energy lines with their services will be the 
central task for the next year. 

The 30-bed hospital and associated areas for radiotherapy patients have 
been completed and handed over to the Hospitals Department of the Cape 
Provincial Administration. The Medical Component of the NAC is meanwhile 
preparing to take delivery of the isocentric neutron therapy unit which 
has been shipped by the manufacturer. A Bio-evaluation and Nuclear 
Medicine wing is at present nearing completion. 

1.4 The Research Croup 

The experimental nuclear physics research activities of the Research 
Group have been continued. The NAC's participation in research 
collaborations a', intermediate energy facilities abroad has been 
sustained, while measurements have also been performed locally, on the 
NAC's 6 MV Van de Craaff accelerator. Considerable progress has also 
been made with the development of experimental facilities In preparation 
of the first year of operation of the SSC. New facilities conceived 
during the past year include a beam swinger system for neutron 
time-of-flight experiments and a high-energy y-ray detector system for 
radiative capture work. Delivery has also been taken of the 
data-analysis minicomputer, while the development of software and 
hardware for data-handling is progressing well. 

Considerable success has been achieved in the NAC's participation in the 
BIPM's international comparison of Ba measurements and its 
International Reference System (SIR), to which a sample of Na was 
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submitted during the year under review. Further efforts are continually 
being made to improve measuring techniques and equipment for the local 
standardization of radioactivity. 

During the past year the construction of the radioisotope production 
block has been completed and hot-cell processing facilities have been 
installed in the radioisotope handling area of this block. A 
remotely-controlled electric rail-and-trolley transport system for 
highly-active targets anr* radioisotopes has been ordered and vill be 
Installed shortly. Developmental and design work on targetry and 
equipment for the initial radioisotope production program at Faure are 
continuing. 

Details of the research, development and construction carried out at the 
NAC over the past year are contained in subsequent sections of this 
report. 



TRN: 2*t*oooti 

PART A THE 200 HEV CYaOTROH FACILITY 

SECTION 2 THE INJECTOR CYCLOTRONS 

Summary: Installation of all the beam-defining and diagnostic equipment 
in SPC1 has been completed and on the 25th of June 1985, the 
first particles were extracted from SPC1. A 46 jiA beam of 
2,66 MeV protons (the injection energy required by the SSC to 
deliver 66 MeV protons for neutron therapy) was recorded on a 
Faraday cup in the first diagnostic chamber of the transfer 
beamline. 

Electrolytic tank measurements and orbit calculations were 
performed to determine the effect of different opening angles 
for the ion source slit on the vertical focusing of the beam. 
Good results were obtained* 

The rf-system consists of two 90* dees each of which forms 
part of a resonator which is tunable over the 8 to 26 MHz 
frequency range* Each resonator is powered by a 25 kW 
amplifier and the maximum operating peak voltage is 60 kV. 
The system is now fully operational* The phase and amplitude 
stabilization system has been tested successfully, while the 
computer control system operates very satisfactorily. 

Installation and testing of the extraction system, which 
consists of one electrostatic channel and two active and one 
passive magnetic channels, have been completed. A few minor 
modifications are still required, but as a whole the system 
seems to be performing well. However, more thorough tests 
under realistic beam production conditions are required. 

Reliable service has been given by the vacuum system. The 
problem of excessive vibrations caused by the two cryopumps on 
the rf-resonators was solved by mechanical decoupling of the 
cold head and the pump body. 

Design calculations for the k»ll MeV magnet of the second 
Injector cyclotron (SPC2) have been completed. At present we 
are in the process of ordering an ECR-source and progress has 
been made with the design of the axial injection system for 
SPC2. 

2.1 Ceneral 

Installation of the beam-defining and diagnostic components was 
completed during the second half of 1984. During subsequent 
internal-beam tests (in February and May 1985), satisfactory orbits and 
beam intensities were obtained, but several weak points in the system 
were also Identified. 

The performance of the ion source v us totally unpredictable. At times 
it was very difficult to start the discharge; on other occasions It was 
Impossible to obtain a stable discharge. This In turn, Introduced 
Instabilities in the rf-systeni and In some of our power supplies. The 
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power supply of the main coils of SPC1, for instance, became so unstable 
that the internal beam disappeared after a few turns. After modifying 
the gas feed into the discharge chamber, very stable operation was 
obtained and at present internal beam can be produced for hours without 
adjusting the rf-systera or the ion source. 

During these runs the computer control system and the safety-
interlock system were also tested for the first time under true 
operating conditions and valuable information was obtained. At present 
the complete safety-interlock systeo, controlled by a microcomputer, is 
performing smoothly as are the two microprocessors controlling the 
safety-interlocking between the ion source, puller and EAR2-probe and 
the positioning of the first radial and axial slits and extraction 
elements, respectively. The control system as a whole is now much more 
reliable and user-friendly, but more improvements are still being 
introduced. 

Installation of the various extraction components for SPC1 was completed 
early this year and after the usual testing and a few improvements, a 46 
pA beam of 2,66 MeV protons was successfully extracted from SPC1 on the 
25th June, 1985. 

At the outset of this project, a k • 40 MeV solid-pole cyclotron was 
envisaged as an injector for heavy ions {1}. Stripping would have taken 
place before injection into the SSC. During the last couple of years 
however, developments in the field of ECR ion sources have made it clear 
that a much better choice for a heavy-ion injector will be a k » 11 MeV 
solid-pole injector cyclotron (SPC2), almost identical to SPC1, but with 
an axial injection system and an ECR source {2}. Besides the heavy-ion 
beams, this injector should also be capable of delivering light-ion 
beams (i.e. polarized protons and deuterons), and to a more limited 
extent, could act as a substitute for SPC1. Furthermore, the advantages 
in building and maintaining two almost identical injector cyclotrons are 
obvious. 

At present we are in the process of ordering an ECR source and progress 
has been made with the design of the axial injection system for SPC2. 

References 

1. Technical Report of the Accelerator Task Group, National 
Accelerator Project, August 1976, Section 11 

2. A H Botha et al., NAC Report, NAC/84-05 
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2.2 Central Geometry 

Orbit calculations to investigate the axial-focusing properties of 
different ion—source apertures based on measurements done in the 
electrolytic tank using a 10 times life-size model of the ion-source 
puller region, initially revealed unsatisfactory results. While the 
radial-focusing calculations had produced good results {1}, it became 
apparent that the second differences used to approximate the second 
derivatives in the calculation of the axial component of the electric 
field were unacceptable. The scatter in the measured data indicated 
that the electrolytic tank was not performing to the same standard of 
accuracy which had been previously attained with other models. 
Increasing the probe step size from 1 mm to 3 mm reduced the scatter but 
not satisfactorily. 

The problem seemed to be related to mechanical wear-and-tear in the 
measuring equipment. The addition of a shim to the spring-loaded rack-
and-pinion of the probe-carrying trolley provided sufficient additional 
pressure to overcome the 'free play' which had previously existed. 
Measurements done after these modifications produced acceptable 
results. Figures 1(a) and (b) compare the scatter in the second 
differences obtained from the measured data before and after the 
modifications, respectively. Figure 2 shows a three-dimensional contour 
plot of a measured field obtained with the 10 x life-size model. Close 
examination of the contours reveals slight irregularities which reflect 
inaccuracies of the order of a fraction of a millimetre present in the 
model. 

Code 0CE5 {2} was used to accelerate a representative sample of six 
particles with initial energies of 0,1 keV. The particles were chosen 
to fill the ion-source aperture. Figure 3 shows the comparison of the 
axial focusing properties obtained with the three ion-source apertures 
(60*, 90* and 120*). All the particles focus at a single distinct point 
for each aperture. These results compare favourably with the radial 
focusing results obtained previously. 

References 

1. National Accelerator Centre Annual Report, NAC/AR/84-01 (CSIR, 
1984) p 18 

2. P M Cronje, ORBIT CODE (NAC, unpublished) 
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from the measured data before (a) and after (b) modifications 
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Fig. 2 Three dimensional plot of a measured field obtained with the 
10 times model (60 deg. aperture). 
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2.3 Radio-Frequency System 

2.3.1 Operational experience 

Although the construction of most components of the SPCl radio-frequency 
system {1,2} was complete at the end of 19*3, not much operational 
experience has been obtained since,owing to the time required to install 
the beam-defining system and ttie extraction system. Stable operation at 
18, 22 and 26 MHz during the initial testing showed that the resonators 
are performing satisfactorily. The stabilization system was not used 
during these tests. 

During more recent tests the phase and amplitude stabilization was 
tested successfully at IS MHz. The amplitude stabilization system 
operates either in the closed-loop resonator-voltage stabilization mode 
or in a power-limited mode. Change-over between these two modes Is 
automatic and whichever mode represents the lower power condition is in 
control. This control system is operating very satisfactorily. 
Amplitude variations are reduced to the required level of 0,1Z. 

Owing to the capacitance coupling between the two dees in the central 
region of the cyclotron there is a tendency for power to be transferred 
from the one resonator, which is leading in phase, to the other. The 
tendency is most noticeable when each resonator is optimally tuned for 
minimum reflected power and this can lead to unstaole operation when the 
phase-stabilization loop is not closed. Slight detuning of each 
resonator improves stability and when the phase loop is closed very 
stable operation in phase and amplitude is obtained. Vibration caused 
by a cryopump at the end of each resonator can be reduced effectively by 
the phase and amplitude stabilization system. The cryopumps are not 
essential for SPCl but are being tested on it since they are essential 
for SPC2. The long-term phase difference between the two resonators is 
less than 1* when the phase stabilization loop is closed, while the 
shorter-term stability is of the order of 0,2*. ïhis is better than 
required. 

Multlpacting is overcome by using a fast rise-time, to at least 2 kW, at 
power switch-on. Full voltage can be obtained Immediately after 
switch-on, even if a resonator has been exposed to the atmosphere for a 
considerable time. Only slight conditioning is required for voltages 
above 40 kV, provided the critical surfaces of the ion source and puller 
are in good condition. 

The performance of the SPCl radio-frequency system has been very 
satisfactory during all tests and operation. 

2.3.2 Control 

The resonator protection system, which is now fully operational, causes 
power to be removed from both resonators when the pressure in the 
resonators rises above a pre-set level or if the power reflected from 
either resonator exceeds a pre-set level. This part of the system Is 
also inter-connected with the personnel-safety system and the protection 
system of the other SPCl equipment. 

A double-balanced mixer Is used as the fast-acting element for switch-on 
and switch-off. At switch-on the power rises quickly to a selected 
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percentage of the pre-set maximum power level and then rises in 
approximately 1 second to the pre-set maximum. This procedure prevents 
excessive reflected power at switch-on and allows multlpacting to be 
avoided. 

The computer control, using the SABUS micro-computer, CAMAC and the 
phase and amplitude control system developed at the NAC, has operated 
very satisfactorily. The effort expended in making the display on the 
terminal and control from the keyboard user-friendly was indeed 
worthwhile. All the control equipment has operated continuously for 
more than a year. Only two minor failures occurred during this period, 
indicating that high reliability can be expected. 

Communication with the main control computer will be through the 
CAMAC-mailbox system. Display of control values and the resultant 
analogue values on the main control console is presently being 
implemented. 

The keyboard and display can be extended away from the SABUS 
micro-computer with an RS422 cable system. This permits control and 
display of all variables in any required remote position, such as the 
SPCl resonator area during maintenance, or the main control room 
(without using the main computer link), in an emergency. 

Tuning of the power amplifiers is done by the computer control system 
after interpolation from reference data. A program is used to eliminate 
mechanical backlash. Performance of this system is very satisfactory 
and the power amplifiers have operated without any problems. 

References 

1. National Accelerator Centre Annual Report NAC/AR/84-01 (CSIR, 1984) 

2. J J Kritzinger, R E F Fenemore, C Hardman, M J van Nlekerk and A H 
Botha, Proc. 10th Int. Conf. on Cyclotrons and their Applications, 
(IEEE, New York, 1984) p 373 
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2.4 Extraction 

2.4.1 The passive Magnetic channel (MEK3) 

It has been escablisheo that the edge field of SPC1 is appreciably 
higher than predicted by theoretical calculations. This discrepancy is 
due to the fact t'iat the computer code used to calculate the field by 
solving the three-dimensional Laplace equations did not at that tlae 
take into account the contribution to the edge field of the current in 
the main aagnet coils. The higher edge field would require nuch 
stronger steering action by the second Magnetic channel which was only 
designed to correct the average field changes occurring when it is 
moved. In order to obtain the necessary steering field of 0,256 T, the 
coil current would have had to be increased from the design maximum of 
300 A to between 800 and 900 A. 

The problem was solved by the installation of a passive shielding 
channel, decreasing the field to an acceptable value. Figure 1 shows a 
sketch of the passive channel and figure 2 the effect it has on the main 
field in the channel. A wall thickness of 5 mn results in the 
reduction of the average field from 0,1 T to 0,001 T. In order to steer 
the beam into the centre of the beamline, the coll will nevertheless be 
operated near maximum power for the 8 MeV proton beam. 

2.4.2 The second magnetic channel (MEK2) 

The field characteristics of the steering and gradient coils of this 
channel could not easily be measured in the main field of SPC1. Thus 
the fields were measured outside the main magnetic field, and therefore 
will differ when the channel is operated in the main field. General 
trends, i.e. the change in the magnetic field due to change in the 
current, and the shape of the field, could however be obtained. 

It was established that the field value of the steering coil at all 
excitations was constant to within 0,5% over the width of the channel. 

The field gradients due to the gradient coii3 at currents lower than 
360 A were within 51 of the calculated values. Figure 3 shows the field 
due to the gradient coils using I - 120, 240 A and 480 A. Figure 4 
shows the excitation curve for the gradient field and the effect of 
saturation. Figure 5 shows the effect of the steering field. At a 
gradient of 6,8 T/m (I - 480 A) the steering field will decrease the 
average field in the channel by 0,035 T using I - 140 A. The excitation 
curve for this steering magnet is shown in figure 6. 

2.4.3 The electrostatic channel (EEC) 

The electrostatic channel was assembled (figure 7) and installed 
(figure 8). The soldering of the BeO insulators to the copper caps 
under vacuum proved to be a problem. The purpose of the Insulators is 
to transfer the heat developed on the deflector and to Insulate the 
deflector electrically. The soldering was unsuccessful because the 
layer of solder used In our first design was too thick. Also, the 
environment In our home-made oven was not clean enough. As a result, 
the solder consisting of Pa, Cu and Ag would not wet the metallsed ends 
(No, Mn, Ni) of the BeO rods. Eventually the task was successfully done 
at the NPRL (National Physical Research Laboratory of the CSIR). 
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High-voltage tests on the channel were performed in a vacuum chamber in 
our vacuum laboratory. A maximum voltage of 75 kV was maintained and a 
maximum field of 100 kV/cm was obtained at 60 kV without any magnetic 
field. 

The complete extraction system is now installed. The motors of the EEC 
and MEK1 are controlled by a microcomputer and the positions of the 
channels and the width of the EEC are displayed on a video monitor. An 
accuracy of 0,5 mm is obtained in positioning the channels. The motors 
were enclosed in a mild steel casing with a precalculated thickness to 
decrease the magnetic force exerted on them. The currents measured on 
the septum, the collimators and the liners of all the channels are 
displayed on the screen of the control unit linked to the minicomputer. 
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Fig. 1 A cross-section through the passive channel viewed from above, 
showing (1) horizontal and (2) vertical collimators 
respectively, (3) the vacuum flange and (A) the carbon liner. 
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Fig. 7 The electrostatic channel. 

Fig. 8 The electrostatic channel in SPCl. To the right of the 
channel is the first radial and axial slit system, on the left 
the first magnetic channel. 
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2.5 Vacuum System 

During the past year the vacuum system of SPC1 has given reliable 
service and could provide the necessary vacuum when required. 

The problem of excessive vibration of the two original cryopumps on the 
resonator transmission lines was solved by installing two new DN320 
cryopumps on which a decoupling bellows had been inserted between the 
cold head and the pump body (see figure 1). Each cold head is supported 
by means of a frame bolted to the floor (see figure 2). 

Some small leaks were noted, in particular at a feedthrough on the back 
of the east resonator and on a metering valve in the ion source gas 
supply. Figure 3 shows a residual gas analysis of SPC1 at 3 x 10 
mbar. The contribution of the leaks can be clearly seen at peaks 28 and 
32. The feedthrough has since been replaced. After SPC1 had been 
opened to atmosphere, the pressure could be reduced to 5 x 10 mbar 
in 20 hours and a pressure of 1,4 x 10 mbar was reached after 200 
hours (see figure 4) with the ion source gas turned off. 



19 

Fig. 1 Vibration-decoupling bellows inserted between the cold head 
and pump body of the two cryopumps on the rf-resonator 
transmission lines of SPCl. 



20 

Fig. 2 The two cryopump assemblies with supporting frames for the i r 
cold heads on the r f - resonator transmission l ines of SPCl. 

80 i 
28 

EX 
3 
en 
en 
UJ 
(X 
Q_ 

< 
a 

70 

60 

50 

40 

30 18 

20 

10 -

14 
17 

16 

32 

MASS 

Fig. 3 Residual gas in SPCl showing the contribution of a i r leaks. 
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2.6 Ion Source 

The gas system for the ion source was designed to be as versatile as 
possible. Facilities include the ability to introduce a mixture of 
gases into the ion source, as well as rapid change-over between 
different gases. Provision is made for eight different gases to be 
connected to the system. An uninterrupted supply is ensured by the 
automatic switchover to a reserve bottle when the main bottle for a 
particular gas is exhausted. The status of the contents of each bottle 
Is displayed by indicator lights on a control panel. The electronic 
control system allows the admixture of up to three of the eight gases in 
any preset ratio. Flow rates are controlled to an accuracy of 0,01 
standard cm /min by means of piezo-electric valves with a response time 
of 2 us from fully-open to fully-closed conditions. Change-over between 
gases connected to a specific piezo-electric valve is done by a 
remotely-controlled pneumatic valve system. A preliminary purge of the 
gas lines is also provided for. 

The present performance of the system leaves much to be desired. The 
main problem is to ensure that the more than 200 connections in the 
system arc leaktight. One of the majot leaks, namely pilot air from the 
pneumatic system leaking into the ion source gas system, was remedied by 
changing the pneumatic valves to indirectly-operated valves. The piezo
electric valves also do not perform as well as expected. At present the 
possibility of replacing these valves by solenoid-driven valves is being 
considered. By simplifying the system, the other problems may also be 
solved at the cost of losing some of the facilities originally 
envisaged. 
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2.7 Bean Diagnostics 

2.7.1 Radial differential probes (EAR) 

During beam trials both the EAR probes functioned satisfactorily and 
essential beam and orbit-structure information was recorded. Both 
probes now form part of the microprocessor-controlled safety-interlock 
system, which also monitors the ion-source and puller positions. This 
Interlock system ensures, amongst other functions, that the £AR2 
probe-head and the ion source do not clash and that the deflected beam 
from the first magnetic channel does not hit the EAR2 probe shaft, as 
would happen if the head were parked Just beyond the last orbit. 

2.7.2 Central region slits 

The operation of the first radial and axial slit as well as the second 
radial slit inside the east dee was tested for the first time. Apart 
from initial vacuum-feedthrough and cabling problems, both slit-systems 
performed satisfactorily: at present a seized universal Joint on the 
first radial and axial slit-system is being replaced. 

Beans with powers up to 160 W (i.e. 890 |iA) have been deposited on the 
first radial and axial slit Jaws without any problems. The bean power 
on the Jaws of the second radial slit was limited to 66 W, because the 
cooling is much less efficient (owing to space limitations in the dee), 
and because our main initial objective was to establish the 
silt performance. A temperature measurement system has now been 
installed on one of the Jaws of the second radial slit, and we hope to 
be able to Increase the power dissipation to 200 W (i.e. a beam current 
of 950 iiA) during the next test run. 

The Influence of the slit positions and apertures on the beam parameters 
has not yet been fully studied during bean trials. 

2.7.3 Collimators for the extraction components 

During the past year the graphite collimators and inner liner of the 
third passive magnetic channel were installed and linked to the beam 
current measurement systen. The various collimators in front of the 
extraction components gave very useful bean position information during 
bean extraction. The 80 dB rf filters, which are Installed close to 
the source of the various current neasurenent devices, do not filter the 
rf noise on the first magnetic channel collimators sufficiently, as 
these collimators are very close to the dee; however 160 dB rf filters 
suppress the rf noise satisfactorily. 

2.7.A Bean current neasurenent 

The output of the bean current neasurenent systen is now linked via 
CANAC and appropriate minicomputer software to the control console for 
display. Various control pages have been drawn up to display numerous 
beam currents and other relevant data during the various phases of the 
tuning procedure for SPC1. 

Current threshold level detection, which Interrupts the ion source 
directly and Informs the minicomputer, was implemented to protect 
probes, slit jaws and collimators fron damage by the beam. Protection 
of the cmos-type operational amplifiers used for current-to-voltage 
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conversion was found to be necessary and was provided by inserting 
conventional signal diodes in shunt across the virtual-earth inputs to 
earth. These ensure that there is no cable charge-up if the current 
measurement electronics is not powered and also provide a 
cable-discharge path if there is a momentary discontinuity in the 
coaxial cable link from the diagnostic device intercepting the beam. 
Furthermore, it is anticipated that this diode will also protect the 
operational amplifier for beam current measurement of the electrostatic 
channel system during conditioning of the channel. 

No significant noise interference was recorded in the coaxial current 
measurement cables due to the close proximity of other signal cables 
(e.g. stepping motor supply cables) in the cable trays. He thus 
did not need to enclose all current measurement cables in a separate 
cable duct, contrary to our expectations. 

2.7.5 Beam phase measurement with y-detection 

This system has been described in previous annual reports. The first 
brief test measurements with this system with internal beam in SPCl were 
successful. Beam pulse lengths of 8,6 rf-degrees fwhm and 26,6 
rf-degrees full-width were recorded with first radial and axial slit 
widths of 3 mm and 20 mm, respectively, and a second radial slit 
gap-width of 4 mm. An important conclusion was that this method of 
phase measurement is possible for proton energies from about 1,7 MeV. 
The beam intensity at the extraction radius was about 40 uA. We are 
presently contemplating a hard-copy facility for the multi-channel 
analyser output, which is accessible via CAMAC. 

2.7.6 Diagnostic components for beam extraction 

The beam diagnostic components in the first diagnostic chamber of the 
transfer beamline form an integral part of the SPCl beam diagnostic 
system during beam extraction. The following diagnostic components are 
Installed In that chamber: a capacitive phase probe, a harp, a double 
slit system and a Faraday cup at the end to stop the beam. On the 25th 
June 1985, when beam was extracted for the first time from SPCl, up to 
46 |iA of 2,66 MeV protons was measured on the Faraday cup. The first 
beam profile on the harp is shown in figure 1. 
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Fig. 1 The first beam extracted from SPCl and recorded on the harp 
Just outside the SPCl vacuum chamber: the upper trace shows 
the vertical beam distribution (i.e. from top to bottom) while 
the lower trace denotes the horizontal distribution (i.e. from 
left to right). The beam current intercepted by each of the 
47 horizontal and vertical wires is displayed. The total beam 
Intensity for the 2,66 MeV protons was approximately 1 uA. 
The wide trace for each distribution is due to small beam 
Intensity fluctuations during the exposure time of a few 
seconds. The non-linear horizontal scale (due to varying wire 
spacing) is specified; the vertical scale depended on 
numerous parameters and should only be considered as a 
relative amplitude to give an Indication of the beam 
distribution. Note that the beam height is about 60 mm 
(probably limited by the phase probe screen In front of the 
harp) while the full beam width is about 40 mm. It should be 
emphasized that this was the first extracted beam; on the 
same day we were able to reduce the full beam width down to 
about 6 mn< with the aid of the two magnetic extraction 
channels. 
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2.8 Heavy-Ion Injector 

2.8.1 Main magnet design 

From field measurements on SPC1 it is clear that the average magnetic 
field in the pole gap falls more steeply than is required for SPC2. 
There are a number of ways in which this situation may be remedied, but 
in most cases it would entail a major departure from the design of 
SPC1. However, changing the magnetic sectors would not involve any 
structural changes to the SPC1 design, thus effecting great saving. We 
therefore decided to investigate the possibility of modifying the field 
by bevelling the sector edges. 

Field calculations were carried out using the relaxation programs POFEL 
for three dimensional geometries, and VEP02 for two-dimensional 
geometries. The dimensions of SPC1 were used, but the sector edges were 
given various bevels. A cut of 4 x 4 mm proved to be the most 
successful means of obtaining the desired field shape. The relative 
reduction in the amount of material near the centre of the cyclotron Is 
greater than at extraction radii, thus resulting in a decrease in the 
central average field relative to that at the extraction radius. At 
high excitation the sharp corners of the sectors in SPC1 saturated in 
any case, so that this effect will be reduced. Figure 1 shows the 
calculated average magnetic field at an excitation of 450 A for the 
proposed modified sectors. The improvement at the centre of the 
cyclotron is evident. 

2.8.2 Axial injection system and inflector design 

As a result of its poor optical qualities, and the fact that space is 
not at such a premium in the central region of the proposed heavy-ion 
injector, a mirror-type Inflector was ruled out {1}. A hyperboloid 
inflector has desirable optical characteristics, but is relatively 
Inflexible, being totally determined by the magnetic radius at 
Inflection. Another drawback of the hyperboloid inflector is that the 
beam has to enter the cyclotron off-axis, although a drift space may be 
utilised to minimise the offset. Thus this possibility Is being kept in 
mind only as an alternative to the preferred spiral Inflector. 

In the case of the spiral inflector It can be shown that the following 
relations exist between the dee voltage Vn, the Injection voltage 
Vj, and the Inflector voltage V 0, assuming low injection energy, 
i.e. Yi ~ lí 

2 n N V n - 2 V, - A V -y VD " -r vi j ° ' 
ir R? d R; 
e 1 o 1 

where R e is the extraction and Rj the injection orbit radius 
respectively; n the number of acceleration gaps and N the number of 
orbit revolutions from Injection to extraction; A Is the electrical 
radius and d 0 is the electrode spacing of the Inflector. 

For the preliminary design calculations, we used the measured magnetic 
fields of SPC1 as well as an electric field measured on a 10:1 scale 
model of the Ion-source puller gap in our electrolytic tank facility. 
This field was modified to represent the Inflector-houslng/puller-sllt 
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gap. As a point of departure we assumed that the injected 20 keV 
proton has to receive the maximum energy gain at this gap. We decided 
to use three constant orbit geometries similar to those used for SPC1. 
To simplify manufacture, we also chose zero electrode tilt for the 
inflector electrodes. Matching the inflector design trajectory to a 
well-centered orbit then results in a set of inflector design 
parameters. For the two geometries investigated thus far, we obtained 
the parameter values of table 1. 

Table 1. Spiral inflector design parameters for SPC2 

Geometry A 
(mm) 

E 
(MV/m) 

K e 
(deg) (deg) 

8 MeV 
4 MeV 

43,68 
66,37 

0,91 
0,60 

-0,913 
-0,990 

-84,9 
-91,2 

10,8 
11,1 

In the table A represents the electrical radius. The values found were 
reasonable, being less than the maximum available 70 mm. The electrical 
field strength E was calculated assuming an inter-electrode spacing 
of 10 mm. K is the ratio of the electrical radius of the inflector to 
the injection orbit (magnetic) radius divided by two. The orientation of 
the inflector is determined by 8, the angle between the cyclotron yoke 
axis and a line perpendicular to the Inflector electrode surfaces at the 
entrance to the inflector. Trajectory matching results in a drift space 
spanning about 11* (4>). 

The transmission matrices calculated by assuming a homogeneous magnetic 
field over the volume of the inflector, and ignoring the electric fringe 
effects at the inflector electrode ends, are shown in tables 2 and 3. 
The definition of the six-dimensional phase space coordinates is as 
given by reference {2}, the sequence of coordinates in the column 
matrices being h, v, u, p h, P v , p„. 

Table 2. Transfer matrix for spiral inflector 
(K - -0,9130 A - 43,68 ran) 

-0,675 0 0,423 10,125 -23,233 38,581 
-0,708 1 0,818 -57,149 4,386 8,480 

0,408 0 1,303 7,259 -71,024 28,416 
-0,003 0 -0,034 -0,816 -0,462 -0,015 

0,009 0 0,006 0,166 -0,626 0,650 
0,016 0 0,054 1,308 -1,671 0,805 
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Table 3. Transfer aatrix for spiral inflector 
K - -0,9900 A - 66,37 mm 

-0,694 C 0,212 7,135 -35,064 54,422 
0,497 1 -0,920 -83,499 10,979 3,998 
0,418 0 1,343 11,522 -108,130 44,023 
0,004 0 -0,025 -0,848 0,387 -0,230 
0,006 0 0,005 0,173 -0,629 0,663 
0,007 0 0,037 1,258 -1,736 0,939 

This design philosophy would, however, entail fairly drastic changes in 
the first few orbits, i.e. in the design of the central region, as 
compared to SPC1. The next avenue for exploration is investigation of 
the possibility of using the SPC1 geometries as close to the centre as 
possible, i.e. reducing the energy gain across the first gap so as to 
place the ion at the centre of the first dee with the sane total set of 
coordinates as for SPC1. This is In principle possible by changing the 
phase at the first gap-crossing, i.e. by rotating the position of the 
gap relative to the first dee centre. Alternatively the gap may be 
widened to utilise the reduction in gain by a worsening gap crossing 
factor. It is to be expected that this method will not be as effective 
for low harmonic numbers as for the higher numbers. The two effects may 
also be used in conjunction. A preliminary investigation of the phase 
effect for the 8 NeV geometry gave gap rotation angles of -24,8* and 
21,8*, resulting in deflector parameters 

K - -1,89 A - 90,4 mm and 

K » -1,07 A - 50,8 mm, 

respectively. The first case clearly requires too large an Inflector 
(max. » 70 ran), and the second case would require the gap to be situated 
at approximately 62*, i.e. less than 30* from the centre of the first 
dee on the first revolution. 

At present we are investigating the second possibility. The required 
electrical fields are now generated by the relaxation computer code 
RELAX3D kindly provided by the author. 
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Fig. 1 The calculated magnetic fields for the SPCl magnet with 
sectors having (A) sharp edges and (B) bevelled edges. An 
excitation current of 450 ampere was used In each case. 
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SECTION 3 THE SEPARATED-SKCTOR CYCLOTRON 

3.1 Sector Magnets 

Summary: Development of the four sector magnets for the NAC 200 MeV 
separated-sector cyclotron (SSC) has been completed 
successfully. In July 1984 the last 350-ton magnet (SM2) was 
assembled In the cyclotron vault. Electric and water 
installations have been completed and all 41 power supplies 
feeding the coils were commissioned for operation under CAMAC 
control. The magnetic field setting procedure for the SSC has 
been finalized and was implemented on the control system. 
The magnetic field in the SSC was measured at various 
excitations, and the operating characteristics of the sector 
magnets were evaluated. 

3.1.1 Introduction 

Between November 1984 and May this year the second part of the magnetic 
field measurements planned for the SSC has been carried out, involving 
all four sectors as well as the bending magnets BM1 and BM2 at injection 
and BIX at extraction (see figure 1). About 100 field maps wer*> 
measured per sector in addition to the 400 trim-coil fields collected 
previously on SM3 {1}. The mapping equipment has performed extremely 
well throughout the measurements. The results obtained confirm that the 
four sectors have nearly the same excitation and field properties. 
Isochronous fields can be produced up to a bending limit of 230 MeV for 
protons. Field perturbations due to BM1, BM2 and BIX which might 
influence the internal beam of the SSC are very small. 

Analysis and final processing of the 40 million field data accumulated 
for the SSC were undertaken with the aim of establishing a data base 
which will allow us to evaluate magnetic fields In the SSC by means of 
superposition within a few parts in 10 for orbit calculations (see 
section 3.7). Processing of the trim-coil fields Is still in progress 
and we have also started analysing the base fields due to the main coils 
and booster coils. 

Existing field computation programs and magnetic field measuring 
equipment have been maintained, and a calibration service for Hall 
plates was provided. 

3.1.2 Installation and commissioning 

Installation of the bus-bars, cables and cooling water reticulation 
system has taken considerably longer than expected after sector magnet 
SM2 was assembled in the vault. Particularly tedious and time-consuming 
tasks were the installation of the temperature-sensor fuses for 
protecting the colls from overheating and the many tests necessary 
before the safety-interlock system for the 41 power supplies was 
operating satisfactorily. First electric power tests were carried out 
in October 1984 allowing final adaptation of the supplies to their 
actual loading conditions. Commissioning of CAMAC control was hampered 
for some time by excessive oscillations of the dc analogue reference 
signals generated by some power supply control modules. 

Probably the most serious setback encountered in terms of installation 
was a water leak which developed on the upper trim-coil TC10 of SM2. 
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To repair it the magnet had to be taken apart completely - including the 
pole package - and re-assembled again. We found that such an operation 
can be accomplished in less than two weeks. 

The magnets were first aligned geodetically and their positions were 
later adjusted where necessary after the first few field maps, so as to 
optimise the field symmetry in each sector. Azimuthal adjustments up to 
1 mm were made, but no radial adjustments. Installation was completed 
by fitting and mounting bracing beams between the noses of adjacent 
sectors. 

3.1.3 Operating characteristics 

When the SSC is in operation, isochronous (10 ) magnetic fields 
will be required for a wide range of ions and energies. The variety of 
fields anticipated covers almost the entire excitation range of the 
coils which have been provided on the magnets to produce them. The 
excitation properties of each coil must therefore be known over the 
whole excitation range of the magnets. For any particular excitation 
the field should be very reproducible (10 ) in spite of strong 
hysteresis effects, and in order to avoid unnecessary loss of beam time 
it should also settle to within 10 as quickly as possible. This 
can only be accomplished by a rigorous field-setting procedure and 
requires computer control because of the large number of power supplies 
involved and the accurate timing necessary. All magnets and magnetic 
channels in and around the SSC with sufficient coupling to the sector 
magnets should be included in such a procedure. 

The operating characteristics of the sector magnets are summed up in 
figure 2. Owing to the magnet design the field level (total magnetic 
flux) in a sector is de ermined mainly by the excitation of the main and 
booster coils, but nearly Independent (<1%) of the Isochronous radial 
field increase due to the excitation of the 29 trim-colls. The relation 
between the main coil current IMC and the reference field level can be 
linearized by a suitable choice of the booster coil current IAC up to 
maximum excitation. In this way the azlmuthal field shape (i.e. the 
ratio between average field and the field in the pole gap) becomes 
independent (<0,1%) of the field level, which has important operational 
advantages (e.g. constant orbit shape). 

The booster colls have a separate power supply for each sector and can 
therefore also be used to produce first and second field harmonics in 
the SSC or to correct existing field level deviations between the four 
sectors. For our magnets the current adjustment required to make the 
average field equal in all sectors increases with excitation up to about 
30 A. Remaining deviations of the radial field shape in the four 
sectors seem to be very small and can be corrected if necessary with the 
separately powered trim-coils provided. 

After extensive investigations, the field setting procedure which proved 
to be most suitable accomplishes field changes in 2 to 4 hours with a 
field reproducibility of 10 and comprises four distinct stages. 
First the existing magnetization is erased as quickly and effectively as 
possible by setting all currents to zero and the main coll current to 
negative maximum for a time TO (see figure 2). In the second stage a 
sufficiently reproducible magnetization is created by setting the main 
and booster colls to maximum excitation and holding it there for a time 
Tl which Increases linearly with the final field level. The final coll 
currents are set during the third stage after the field stabilisation is 
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accelerated by holding an undershoot current IMCU in the main coils for 
a time T2 which decreases rapidly at higher field levels. During the 
final stage the field settles relatively fast to about 10~^ in 
twice the time T2. The curves plotted in figure 2 are the result of 
suitable parameterizations of data which have been determined 
experimentally* 

Also shown in figure 2 is the magnetization time-constant T which is a 
characteristic of the magnet and field level, but varies to some extent 
with the position in the pole gap area. The time-constant T can be 
determined by measuring how the field level B changes with time t 
between two stationary values BO and Bl when the excitation is changed. 
Representative results obtained in this way are plotted in figure 3 
together with least-square fitted functions |B(t)-Bl| according to the 
equation 

._ BO-BO, ._, 
B(t) = Bl + [ ( B 0 r Bl)e- t / T] / [l - - ^ - 1 e ' t / T ] 

where the time-constant T(B1) is independent of BO, whereas the 
parameters T' and BOj depend on both BO and Bl. For the sector 
magnets the magnetization time-constant T is very long and varies 
between 48 minutes at zero field level and 7 minutes at full 
excitation. Usually T' is considerably shorter than T and the term 
decaying with T' can be neglected for t>2T. If (BOj-Bl) is very 
small, the decay governed by T will be insignificant in practice. 
Usually this is not the case for the sector magnets, however. 

In terms of physical significance the two decays represented in the 
above equation can be related to the contributions which the effective 
volume (BOj-Bl) and surface (BO-B0j) magnetizations make to the 
total field change (B0-B1) respectively. This formulation is strictly 
valid only for the field change due to the magnetization change, 
and, to become exact, must be supplemented with the field change due to 
macroscopic electric currents through the colls and in the steel (eddy 
currents). In practice the latter contributions can be neglected for the 
sector magnets, however, because they amount to less than 1% of the 
total field and, in addition, decay much faster, with time-constants in 
the order of several seconds. 

The above formulation can also be applied successfully to analyse field 
changes with undershoots. The essential conclusion of such an analysis 
is that undershoots should be held for at least one time-constant T to 
be effective in terms of volume magnetization, but preferably even 
longer. This was applied to the field setting procedure for the sector 
magnets as can be seen in figure 2 by comparing T2 with T. Without an 
undershoot it would take up to 3 hours longer to reach a stability limit 
of 10 uT for the field. Also, the final field levels would differ 
considerably from those obtained now for the same excitation owing to 
the strong hysteresis of the sector magnets. 

3.1.4 Field measurements 

More than 400 field maps were measured in the past year to provide the 
essential magnetic field information required for each sector of the 
SSC,ln addition to the separate trim-coil fields collected previously on 
sector SM3. A number of measurements were made to adjust and/or confirm 
the alignment of the sector magnets in terms of azimuthal field 
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symmetry and a series of field maps has served to determine field 
perturbations due to the bending magnets BM1, BM2 and BIX. The majority 
of the measurements were made for the purpose of evaluating base fields 
due to the main coils and booster coils and to acquire a few combined 
trim-coil fields per sector for comparison with predictions based on the 
original SM3 measurements. Separate trim-coil fields were only measured 
for the geometrically different trim-coil TC3A on sector SMI. A 
considerable number of field maps was also collected for special current 
settings which have been determined with preliminary prediction methods 
to obtain isochronous fields for selected ions and energies (see section 
3.7). 

The measurements were carried out sector by sector using the field 
mapping equipment and data processing methods which have been described 
in previous annual reports. As for the trim-coils on SM3 the field 
information was acquired at the six base field levels of 1/4 T, 1/2 T, 
3/4 T, IT, 1,15 T and 5/4 T. The mapping procedure has been tailored 
to save set-up time for the fields without introducing excessive 
hysteresis effects into the field data. About two weeks were necessary 
per magnet for installation, alignment, calibration and testing of the 
equipment, and a further three weeks on average (day and night, 
including weekends) to complete the mapping procedure for each sector. 
Approximately 10% of the field maps had to be remeasured, mainly owing 
to power supply failures and loss of field data stored incorrectly on 
magnetic tape. 

Apart from minor mechanical and electronic problems which could be 
rectified in a short time, the mapping equipment has performed extremely 
well, maintaining its original operational properties without excessive 
wear over more than 1200 operating hours. Its hardware and control 
software could be adapted successfully to cope with all special mapping 
tasks required except to measure the field perturbation due to the 
magnetic inflection channel (MIC, see section 3.4) in sector SMI. The 
computer program used for analysing and processing the data of 
individual field maps had only to be modified to account for the 
asymmetric field perturbations caused by the bending magnets BM1, BM2 
and BIX. 

Preliminary results of analysing the measurements confirm the excellent 
field characteristics of the magnets. For the same excitation the 
average fields in the four sectors differ less than 0,7% even at very 
low fields (0,25 T), where adjustments of the booster coil currents by 
less than 2 A are sufficient to correct such deviations. Owing to the 
gradual reduction in excitation efficiency the adjustments required for 
this purpose increase up to 30 A at high fields, although the field 
deviations between sectors do not exceed 0,2% there. The field symmetry 
in the SSC is typically within 0,3 mm, and_differences in effective 
sector angle are only of the order of 10 for the four sectors. 
The azimuthal field shape varies less than 1 in 10 between sectors when 
their average fields have been made equal using the booster coils. 

Field perturbations of the sector field due to the bending magnets BM1 
and BM2 in the central region of the SSC and BIX just after extraction 
can be separated into passive and active contributions. Passive field 
perturbations are due to the steel which collects magnetic flux from the 
sector magnets (and thus always decrease the sector field). Active 
contributions are caused by their own excitation and can either Increase 
or decrease the sector field depending on the field direction. For BM1 
both contributions have the same orientation, but they are very small 
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(10 **) and can be neglected, even on the first orbit in the SSC 
between the sectors SM2 and SM3. For BM2, the active and passive 
contributions cancel each other to a large extent, although they are 
both relatively large (up to 6 mT at the position of the first orbit 
between the sectors SM4 and SMI). Only field perturbations up to 1 mT 
due to BM2 remain effective for the first few orbits in the SSC. The 
passive field perturbation for BIX is negligibly small (<10 ) at 
the position of the laat orbit in the SSC. Its active contribution 
decreases the sector field, but must be determined separately, because 
it could not be measured with field clamp and shielding plate in 
position. 

The fields measured for selected ions and energies have been chosen such 
that a wide excitation range of the magnets was covered, in addition to 
the most important beam conditions anticipated (see figure 4). Current 
settings for such fields were predicted using preliminary methods which 
have been improved gradually from mere estimates for SM4 to 
sophisticated computations (see section 3.7) taking into account the 
radial shape of the base field as well as the average effectivity of the 
trim-coils and the total offset of trim-coil fields. Such measured 
fields were found to be isochronous within a few parts in 10 . These 
measurements have also shown that the actual bending limit of the sector 
magnets for protons is higher than 230 MeV. 

Reference 

1. National Accelerator Centre Annual Report NAC/AR/84-01 (CSIR, 1984) 
section 3.1 
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Fig. 1 The sector magnets of the separated-sector cyclotron with the 
mapping equipment in position on sector SMI for field 
measurements. 

i 



36 

2400 

2200 

2000 — 

1800 

1600 

~ 1400 01 I 
o 
E 1200 
< 
C 1000 
c 
U 800 

600 

400 

200 

-200 

^ f c 

"v 
\ ^ \ \ \ 

\ 
\ T Z 

\ \ 
T \ \ \ \ 

T l ^ -

\ \ \ \ \ \ \ 

" " " 
\ \ \ \ \ \ < \ s 

* y\ X 
\ S \ X 

IMCy' V \ 
e» \ 

X * 
TO© 

X \ 
/ INCU \ x » \ 

* V 
* \ 1 

% * \ \ 
* X I 

* X 1 

/s - < 
/ " - , IMC-IMCU 

s-
IAC 

48 

44 

40 

36 

32 

28 
c 

24 £ 

20 -H 

16 

12 

0.00 0.25 0.50 0.75 1.00 1.25 
Magnetic Field Reference Value (Teala) 

Fig. 2 Operating characteristics of the sector magnets (see text). 
For any required field setting the following parameters can be 
read off the curves: 
TO •> initial holding time at minus 100% main coll current 
Tl - holding time for +100% main and booster coil current 
IMCU * main coll undershoot current, held for time T2 
IMC - final main coll current 
IAC * final booster coll current 
Dotted curves show the magnet time-constant T and the fitted 
function IMC - IMCU. 
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The SSC magnetic field measured at equal radial intervals. Current settings were chosen to 
provide isochronism for protons accelerated to 200 MeV. 
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3.2 Radio-Frequency System 

Summary: The radio-frequency system of the SSC consists of two 
resonators, each weighing 25 tons and powered by a 150 kW 
amplifier. The frequency range is 6 to 26 MHz. Nearly all 
resonator parts have been manufactured. Final assembly of the 
first resonator in the SSC vault is in progress and electrical 
power testing will start in July. 

The two 150 kW power amplifiers were commissioned during the 
previous year but their cooling tater supply has recently been 
improved. 

The manufacture of the equipment for the phase and amplitude 
control and stabilisation system is nearing completion. 

3.2.1 SSC resonators 

The two resonators were described in the previous annual report {1}. 

3.2.1.1 Major components 

Assembly of the main components of the second resonator w?s completed at 
the end of August 1984, after we had repaired a vacuum leak in a 
cooling-water pipe forming part of the bottom copper plate of the 
resonator chamber. Subsequent vacuum testing showed that this resonator 
was sufficiently vacuum tight and it was evacuated until December with a 
700 Jl/s turbo-molecular pump while awaiting the completion of the 
remaining resonator parts. 

The second resonator was opened in February this year to permit the 
installation of the services for the first extraction magnet which is to 
be mounted inside the inner delta. A lifting frame enables the entire 
top half of the resonator to be removed. The legs of this frame are 
sufficiently long to support the top half without the upper half of the 
inner delta touching the floor. The installation of the cooling-water 
pipes and the electrical supplies of the extraction magnet is still in 
progress. 

A problem with the instability of the long bellows of the large 
capacitor units, caused by atmospheric pressure being applied to the 
inside of the bellows, was solved by the bellows manufacturer. New 
bellow? using thicker material were manufactured, after additional 
guides and supports for the original bellows were found to be 
Insufficient. Delivery of the new units is expected in July but this is 
not causing a delay as the original bellows perform well provided no 
adjustment is made while the resonator is evacuated. 

Originally we had intended to move the resonator into the SSC vault in 
two parts because of its total height of 9 metres. We found that it was 
in fact possible to install the first resonator in the SSC vault as a 
complete unit, and this was done at the end of May. This Is achieved by 
using a lifting bracket attached to the front of the resonator and 
another to the back. These enable the upper copper cylinder to be 
positioned between the crane beams, using both of the crane's hooks, 
so that the top of the stainless-steel chamber is only 100 mm below the 
crane beams. At this height the resonator clears the wall of the SSC 
vault by 100 mm. 
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The first resonator is shown in figure 1, located between the two 
adjacent magnets in the SSC vault. It will be evacuated, using a 
blanking flange on each side, for electrical power tests as soon as the 
short-circuiting plates, fine-tuning capacitors, coupling capacitor and 
water cooling have been installed. 

3.2.1.2 Short-circuiting plates 

A short-circuiting plate is shown in figure 2. It was described in the 
previous report {1} and additional detail is given in section 6 of this 
report. The short-circuiting plates for the first resonator have been 
completed and are ready for installation. The short-circuiting plates 
were manufactured by a local firm according to the NAC design which was 
developed from the experience gained with the short-circuiting plates of 
the SPC1 resonators. The pair of plates for the second resonator will 
be ready by the end of June. The alignment of the contact fingers of 
the short-circuiting plates was done using a jig to ensure adequate 
accuracy. The twelve guide wheels were adjusted after fitting the 
short-circuiting plate over a 1,5 m long steel tube with an outer 
diameter equal to that of the inner cylinder of the resonator. Six of 
the guide wheels keep the plate horizontal because the positioning 
system is located between the inner and outer cylinders. Tests showed 
that with adequate bracing of the wheels the plate tilts by less than 
4 mm when three wheels on the top of one side and three at the bottom on 
the other side counteract the moment caused by the weight of the 
short-circuiting plate. The wheels were tested to more than double the 
normal load and performed well, giving uniform pressure. The other six 
wheels are only required to simplify installation and setting of the 
load-carrying wheels. 

Each short-circuiting plate is positioned by a single pushing-chain 
system described in the previous report {1} and also in section 6. The 
positioning systems were constructed in the NAC workshop and a system is 
shown In figure 3. The special chain does the positioning while double 
telescopic tubes with differential sliding seals provide vacuum 
sealing. The two cooling water pipes, the pneumatic pipe and the 
electrical cables follow the same route as the chain, so that flexible 
pipes in the resonator are obviated. 

The dc motor and gearbox driving the short-circuiting plate positioning 
system were optimised during the testing stages and the complete 
positioning system was vacuum tested. Load tests representing actual 
conditions for both top and bottom were completed successfully. 

A single clamp-connection is used for all services and support between 
the short-circuiting plate and the positioning system to simplify 
Installation and maintenance. (The bottom positioning mechanism has to 
be removed before the resonator can be taken over the wall of the SSC 
vault.) 

The 1,4 m diameter end-plates of each outer cylinder on which the 
positioning systems are mounted were removed from the resonator for 
machining of the mounting holes. Normally each inner delta half and 
inner cylinder assembly Is supported from Its end-plate and support 
structure# After connecting the two Inner assemblies together with the 
latching device it Is possible to remove the one or the other end-plate 
and support structure. This is also the procedure to Install or remove 
a short-circuiting plate, which will be bolted to the end-plate during 
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the procedure. Experience on the first resonator showed that with the 
correct equipment this procedure works well. 

3.2.1.3 Coupling capacitors 

The coupling capacitor for each resonator, which matches the power-feed 
from the amplifier to the resonator, has been manufactured and these are 
now being prepared for installation. Prior to final cleaning, one of 
the coupling capacitors was installed on the second resonator while the 
top of the resonator was removed, in order to observe the operation of 
the sliding contact fingers. Mounting was straightforward and the 
coupling capacitor performed well, moving over the full range of 
220 mm. A coupling capacitor is shown in figure 4. 

3.2.1.4 Fine-tuning capacitors 

Two fine-tuning capacitors are required per resonator. Each is driven 
by a stepping-motor under control of the automatic resonator tuning 
system, which keeps the resonator tuned to within i 2 degrees of phase 
from the optimum point. The capacitors for both resonators have been 
manufactured in the NAC workshop and the pair for the second resonator 
have already been installed as shown in figure 4. The installation of 
the pair for the first resonator is in progress in the SSC vault. 

3.2-2 SSC power amplifiers 

The cooling water circuit for the amplifiers and dummy load has been 
modified, as outlined below. In progress at present are provision of a 
temporary high-power coaxial cable, to facilitate electrical power 
testing of the first resonator, and design of a remote-control interface 
between the amplifiers and the microcomputer/CAMAC system. 

3.2.2.1 Cooling water circuit 

The power amplifiers, resonators and dummy load share a single cooling 
circuit. To suit the flow-characteristics of the installed circulating 
pumps, the circuit is arranged in three branches. One branch feeds the 
dummy load, and each of the others feeds a resonator in series with an 
amplifier, with the amplifiers on the low pressure side. As noted 
earlier {2}, in order to limit the water pressure in the amplifiers, 
they were supplied with open pressure-control tanks. In operation, 
water from these tanks is periodically forced back into the cooling 
circuit by means of auxiliary pumps, under control of the level switches 
in the tanks. Modifications were necessary to eliminate the water/air 
surface in these tanks. Additionally it was found in practice that the 
intermittent cycling of the auxiliary pumps resulted in dynamic pressure 
variations, and variations in the apparent volume of water in the 
cooling circuit, causing unstable flow conditions and malfunction of the 
lost water make-up system respectively. 

The make-up tank with its own nitrogen pressure control system was moved 
from the basement to the first floor, where the amplifiers are 
situated. The system is now closed. Short stand-pipes at each 
amplifier's water outlet prevent over-pressure. The nitrogen pressure 
is approximately atmospheric, so that the level In the stand-pipes is 
near to that in the make-up tank and there is no significant variation 
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in level between flow and no-flow conditions. Because the flow is now 
continuous whilst the equipment is being operated, variations in dynamic 
pressure are eliminated. 

3.2.3 Phase and amplitude control and stabilization 

Most of the equipment for the phase and amplitude control and 
stabilization system for the SSC resonators is Identical to that of the 
SPC1 system which was described in section 2.3.3 of the previous report 
{1}, and has already been constructed. Where there are differences, 
mainly due to more or bigger motors on the resonators, these changes 
have been implemented. The system will be fully assembled by August of 
this year. 

References 

1. National Accelerator Centre Annual Report NAC/AR/84-01 (CSIR, 1984) 

2. National Accelerator Centre Annual Report NAC/AR/80-01 (CSIR, 1980) 
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Fig. 2 A completed short-circuiting plate of the first SSC resonator, piior to installation, 
with three temporary lifting rings in position. 
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Fig. 3 The posit ioning mechanism of the bottom shor t - c i r cu i t ing p la te 
mounted on the f i r s t SSC resonator. 

Fig. 4 The inside of the second SSC resonator. On the le f t i s one of 
the two fine-tuning capaci tors . On the r igh t i s the coupling 
capacitor. In front i s the lower part of the inner de l t a . 
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3.3 Vacuum System 

Summary: The design of all pumping stations planned for the SSC at 
present has been completed and the remaining vacuum components 
have been ordered. Most of them are now delivered. Develop
ment of the vacuum control system for the SSC has also been 
completed and the large turbo-molecular pumps and their 
forepumps have been tested in the laboratory. The second rf 
resonator was evacuated and leak-tested. Manufacture of the 
two valley vacuum chambers has been completed. The 
extraction-valley vacuum chamber was delivered and leak-tested 
recently. Final tests have been carried out with the 
prototype pneumatic expansion seals for the interfaces between 
the eight separate chambers of the SSC and the first batch of 
seals which will be installed in the SSC was manufactured. 
Installation of the vacuum and gas supplies required for 
operating the pneumatic expansion seals has started. 

3.3.1 Vacuum envelope 

Most of our activities concerning the vacuum envelope of the SSC have 
been connected with testing the numerous components for vacuum leaks at 
various stages of manufacture and assembly. The vacuum section for the 
central region of the SSC has been completed and tested. The cooling 
water circuits of the second rf resonator have been leak-tested during 
assembly on site and the complete resonator (without short-circuiting 
plates) was successfully pumped down to the 10" Pa range with an 850 
Jl/s turbo-molecular pump. The four pump-connection chambers for the rf 
resonators have been designed and one has been manufactured and 
delivered. 

Manufacture of the two valley vacuum chambers was completed several 
months late. The extraction-valley vacuum chamber has been leak-tested 
before and after delivery (see figure 1). Preparations of the 
injection-valley vacuum chamber for the acceptance leak tests are in 
progress» 

The final tests of the prototype pneumatic expansion seals have shown 
that a force of about 8000 N per metre of seal length Is required for 
leak-tightness» Approximately 70 full expansion and contraction cycles 
can be completed, on average, before the welds start leaking somewhere, 
but such leaks can usually be repaired to extend the lifetime of the 
seals. 

3.3.2 Vacuum pumping system 

The following pumps are available for the SSC: 
3 1 

- four 120 m h rotary vane pumps (two-stage) 
- four 350 m h roots pumps 

four 2000 l.s turbo-molecular pumps (DN 250 ISO) 
- two 6500 l«s~j turbo-molecular pumps (DN 500 ISO) 
- two 5000 i.s" cryopumps (DN 400 ISO) 

Figure 2 shows the layout of one of the vacuum pumping systems as 
indicated on the mimic panels of the control system. The two panels are 
identical, as are the vacuum systems for the two valley chambers and the 
two resonators respectively» The vacuum control system makes provision 
for four cryopumps, one for each valley vacuum chamber and resonator. 
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The rotary-vane, roots and 2000 A.s turbo-molecular pumps have 
performed well, but the two 6500 i.s~ turbo-molecular pumps are noisy 
and vibrate considerably. It remains to be seen whether these 
vibrations will be acceptable for operating the rf resonators, even 
though the pumps will be mounted on the valley vacuum chambers. The 
same applies to the two 5000 i.s~ cryopumps which could not be used 
on the injector cyclotron SPC1 for exactly this reason. In contrast the 
2000 Jl.s turbo-molecular pumps run extremely smoothly and are very 
quiet. 

3.3.3 Vacuum contro. system 

Figure 3 shows one of the two control units for the SSC vacuum system. 
It consists of a mimic panel on which the pressures at various positions 
are displayed by means of LED's. The positions and numbers of all the 
pumps and valves are given and their status is indicated by means of red 
and greed LED's. Red means "pump on" or "valve open" and green is for 
"pump off" and "valve closed". 

Below the mimic panel is a SABUS microprocessor with a 32-character 
alphanumeric display for messages to the operator. The vacuum system 
will be controlled by the microprocessor and operated by means of the 
keyboard. There is also an emergency stop button which closes all 
valves and stops all pumps when activated. The key next to the 
emergency stop locks the manual mode out to prevent unauthorised 
operation. In automatic mode provision is made for venting the SSC to 
atmosphere and for evacuating from atmospheric pressure. For safety 
reasons venting will be done with dry air rather than high purity 
nitrogen because persons will have to enter the vacuum chambers for 
installation and maintenance work. 
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Fig. 1 The extraction-valley vacuum chamber of the SSC set up for 
final leak-testing on the manufacturer's premises. 
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Fig. 3 One of the two vacuum control stations developed at NAC for 
the separated-sector cyclotron. 
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3.4 Injection 

Summary: During the past year attention was centred on installation of 
all the services to the central region. The two bending 
magnets BMl and BM2 were incorporated in the sector magnet 
field measurement program to establish their influence on the 
sector magnet field. Power supplies for BMl and BM2 are now 
under computer control. Tender:' have been requested for spare 
coils for BMl and BM2. The magnetic inflection channel 
(MIC) driving mechanism (with its hydraulic system) has been 
installed. The MIC design was improved and this channel is 
presently being assembled after some setbacks in the 
manufacture of components. 

3.4.1 The central region components 

The central region support structure carries the first and second 
bending magnets (i.e. BMl and BM2) and some diagnostic components as 
shown in figure 1. BMl and BM2 have been aligned and their exact 
location is defined by dowel pins. The BM2 vacuum chamber was 
remanufactured and the whole central region vacuum enclosure was vacuum 
tested successfully. All the electrical, pneumatic and water services 
for the central region components have been routed to the base of the 
support structure and provision has been made to disconnect these 
quickly and easily in case the central region has to be removed. It has 
also been established that half of the the support structure carrying 
BM2 can be ° stalled with the MIC driving mechanism already mounted on 
the sector magnet vacuum chamber (unfortunately one trim-coll connection 
has to be removed in this case). 

During the magnetic field measurement program of the sector magnets the 
central region components were installed at regular Intervals to 
determine their effect on the sector magnet field distribution. A whole 
range of BMl and BM2 flux density settings for various ion beams (and 
beam energies) was calculated, and both magnets were then excited to 
their respective flux densities corresponding to the sector magnet field 
being measured. BMl and BM2, together with their power supplies, 
operated successfully for a few hundred hours during the field mapping. 
Minor Instability problems still exist with the BMl power supply. Both 
power supplies are now under computer control and the magnet setting 
procedure is incorporated Into a computer program defining the rector 
magnet field setting procedure. 

A very encouraging result of the sector magnet field measurement 
evaluation was that the influence of BMl and BM2 is negligible and thus 
the field compensation techniques initially contemplated are not needed 
(see also section 3.1). Under maximum excitation conditions we recorded 
a 0,5 mm movement of BM2 towards the fourth sector magnet.Additional 
support is presently being provided for BM2. 

Since the edge angles of BM2 do not need to be altered (as established 
previously by field measurements with a prototype MIC) we have now 
requested tenders for the manufacture of spare colls for BMl and BM2. 

3.4.2 The magnetic Inflection channel (MIC) 

The detail design of the MIC was completed. Special attention was paid 
to a number of shortcomings which became evident during the assembly of 
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and field measurements with a prototype MIC. The main improvements are: 

(i) The structural strength of the MIC holder and arm was improved 
considerably to minimize deformations and to increase align
ment tolerances• 

(ii) Some important dimensional tolerances were tightened and a 
different method of fixing the shims was implemented to 
improve the field shape. 

(ill) Water-cooled copper liners were fitted both inside and outside 
the coll to obtain more diagnostic information. The aluminium 
MIC holder was hard-anodized for electrical insulation and 
each liner was subdivided into two Insulated sections to 
obtain more diagnostic information for optimal positioning of 
the MIC. 

(iv) An encoder fitted to a rack-and-pinion gearbox gives a direct 
position reading of the MIC. In this way the backlash-related 
positioning Inaccuracies of the hydrosplndle are eliminated. 

All the components for the MIC have been manufactured and delivered. 
The MIC is presently being assembled (see figure 2). A major delay in 
the assembly schedule was caused by a faulty coil (and spare coil), 
which had lnterturn short-circuits. Both coils had to be returned to 
the manufacturer for repairs. At present we have the problem that the 
method of Insulating the copper liners from the MIC holder is not 
satisfactory. Although the aluminium coil-holder was hard-anodized 
there are still some sharp corners which are difficult to insulate in 
this way, resulting In a short-circuit between copper liner and holder. 

The MIC driving mechanism with the hydrosplndle has been mounted on the 
sector-magnet vacuum chamber as shown in figure 3. The hydraulic power-
pack, has been installed in the basement of the SSC vault. The pipes 
from this power-pack to the hydrospindle have been Installed, with a 
short length of flexible tubing at the hydrosplndle to allow for 
movement, and the hydraulic system has been successfully tested (without 
the MIC being powered, however). The central safety interlock system 
Is supplied with an alarm signal in the event of a hydraulic pressure 
failure, as this would allow MIC movement due to vacuum and magnetic 
forces acting on the MIC. The remaining short flexible power 
connections are presently being made to the small busbars on the driving 
mechanism. 

The next step is to establish the effect of the MIC field on the sector 
magnet field: this will be done without the sector magnet field 
measurement equipment as It could not be modified to fit around the MIC. 
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Fig. 1 The central region of the SSC seen from above. The injected 
beam will enter from the right and then encounter the 
following components: a harp, the bending magnet BM1, a 
scanner, a capacitlve phase probe and the second bending 
magnet BM2. The magnetic inflection channel driving mechanism 
is mounted on the first sector magnet vacuum chamber (i.e. the 
magnet In the upper left corner). Bracing bars have been 
fitted between the sector magnets to resist forces caused by 
the vacuum. 
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Fig. 2 The magnetic inflection channel for the SSC. It is mounted in 
the pole-gap of a sector magnet, where special provision was 
made to increase the vacuum chamber gap locally by omitting 
the trim-coil3 near the pole-tip. The channel itself is 
connected by the long arm to the driving mechanism. The lid 
has been removed from the arm to expose the supply conductors 
and cooling pipes leading to the vacuum feedthroughs at the 
bottom end of the arm. The upper half of the coil frame has 
also been removed (i.e. shown on the left hand side) to expose 
the coll. In the upper half of the coll frame one can see the 
insulated hard-anodized aluminium plate, which clamps the shim 
(to homogenize the magnetic field) to the frame and from which 
intercepted beam currents can be measured. The channel is 
lined on both sides and protected at the front with 
water-cooled copper collimators. 
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Fig. 3 A view of the central region from between two sector magnets, 
with the first sector magnet SMI on the right. The magnetic 
inflection channel driving mechanism Is now Installed on the 
sector magnet vacuum chamber with its hydraulic positioning 
mechanism seen underneath it. 
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3.5 Extraction 

Summary: During the past year the detail design of the extraction 
components has received high priority. The detail design of 
the electrostatic extraction channel is completed, some 
critical components are on order and manufacturing will 
commence in due course. The first septum magnet has been 
designed in detail. The drive mechanism has been 
manufactured, tested under vacuum conditions and modified. 
The base-plate with drive mechanism has been installed in the 
resonator and installation of all services is under way. The 
magnet and coil have been assembled and field measurements are 
in progress. The detail design of the magnet, coil an' 
collimator of the second septum magnet is nearing completion, 
while the design of its support and drive mechanism will soon 
be detailed. Orbit calculations have been carried out to 
establish the desired positioning requirements of all three 
extraction components. 

3.5.1 The electrostatic extraction channel (EEC) 

The detail design of the EEC, as described in a previous annual 
report {1}, has been completed. The layout is illustrated in figures 1 
and 2. The experi ence gained with the design of the EEC for SPC1 was 
very valuable. 

Special design features are: independent positioning of the entrance 
and exit of the channel; independent gap-width adjustment at the 
entrance and exit; indirect cooling of the cathode via four 
beryllium-oxide Insulators; a septum consisting of 61 individually 
spring-tensioned 0,05 x 7 mm tungsten strips spaced at 1 mm intervals; 
a pre-septum consisting of three identical tungsten strips which are 
insulated for current measurement; and an Insulated anode support 
structure for measurement of beam current Intercepted by the septum. 

Tests were carried out on some tungsten strips to establish the amount 
of pre-tensionlng required to prevent buckling if the foil is heated by 
the beam (simulated with an electrical current through the foil). It 
was evident that the edges of the foil should be burr-free to avoid easy 
rupture under extreme heating conditions while tensioned. This problem 
is now receiving special attention and we have ordered foil strips with 
a maximum burr tolerance of 0,002 mm. The cooling requirements of the 
collimators at the entrance were studied carefully for beam powers up to 
10 kW (see section 3.6). 

The 120 kV 5 mA high-voltage power supply for the EEC has been delivered 
and tested. A 5 MQ damping resistor, which has to dissipate the stored 
energy in the cable from the high-voltage supply in the event of a 
sparkover in the EEC, has been manufactured and tested. 

A number of components with long delivery times are on order, while the 
manufacture of the other components will commence as soon as manpower Is 
available In our workshops. 

3.5.2 The first septum magnet (SPM1) 

The basic design specifications and requirements have been described 
previously {2,3}. This extraction magnet with its driving mechanism is 
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to be installed in the inner delta of the west resonator and must 
operate under vacu'im conditions. This places high demands on the 
design, which must also be very reliable as access to this magnet is 
very restricted. We have limited access through one of the rear vacuum 
pumping ports through which most of the installation work could be done; 
however if we want to remove the magnet as a unit it would imply 
separating the upper and lower resonator halves, which in turn, requires 
removal of the roof beams. The layout of this magnet with its driving 
mechanism and supply of services inside the inner delta is illustrated 
in figures 3 and 4. The magnet with its driving mechanism is carried by 
a base-plate mounted onto one of the stiffening beams inside the inner 
delta. The magnet itself with its coil is shown in figure 5. 

Some special design features are: a magnetic shield outside the septum 
to reduce stray fields, and insulated to permit measurement of the beam 
current intercepted; independent positioning of both entrance and exit 
with special (indirectly water-cooled) stepping motors designed for 
radiation conditions; an encoder to record these positions; all 
services (power, water, signal cables etc.) supplied via the field-free 
inner transmission line; flexible supply leads and cooling pipes near 
the magnet to allow for the required movement; a scanner consisting of 
a dc vacuum motor (with potentiometer and tachogenerator) scanning two 
0,5 mm thick molybdenum blades across the beam in front of and behind 
the magnet to permit the magnet position to be optimized relative to the 
orbits (see figure 4); one cooling circuit for the water-cooled 
collimator in front of the magnet, the inner liner and the dc motor.The 
magnet with the scanner can be removed as a unit, leaving the base-plate 
with drives and all services behind. 

Three-dimensional cooling computations were carried out to ensure that 
the collimators protecting the entrance and coil of SPMl against beam 
losses are adequately cooled. 

The detailed design has been completed and the manufacture of the 
various parts is nearing completion. The driving mechanism has been 
manufactured, assembled and modified after extensive tests under vacuum 
conditions. The base-plate with its drive mechanism has been installed 
In the west resonator, as can be seen in figure 6. All the services 
(pipes, cables etc.) are nearly ready to be installed in the inner 
transmission line and inner delta. The magnet (with coll and magnetic 
shield) has been manufactured, assembled and field measurements are 
presently being carried out. A spare magnet has now been manufactured, 
after both colls were found to have faults when delivered and had to be 
repaired locally. The delivery of the scanner with Its electronics Is 
overdue and is now expected by mid-July. 

We decided to purchase a 1000 A power supply i4} for SPMl with a 
stability of 1 * 10 over the whole operating range. After 
unforeseen manufacturing problems, this power supply will now 
unfortunately only be delivered in September this year. Although 
computations have shown that an SPMl flux density of 0,1 T should be 
adequate to extract 200 MeV protons (resulting in an orbit separation of 
about 38 mm at the entrance of SPM2), the magnet was designed for 0,2T 
in the pole-gap (for which an excitation current of 1000 A is required) 
to allow for sufficient flexibility In extracting higher-energy beams 
and Increasing the orbit separation at the entrance to SPM2 for easier 
extraction. 
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3.5.3 The second septum magnet (SPM2) 

This is the third and last extraction element before the beam enters the 
high-energy beamline. It is mounted on a big flange against the rear 
wall of the extraction valley vacuum chamber. The design of the coil as 
described in the previous annual report is basically unchanged, except 
that the water-inlet manifold is now inside the valley vacuum chamber, 
which halves the number of vacuum-feedthroughs (as each of the 18 
electrical turns is individually cooled), and flexible hoses have been 
introduced between the coil and the vacuum-feedthroughs, thus avoiding 
the unacceptable distortion of bellows during positioning of the magnet. 
The outlet water of each cooling circuit ia still taken out through a 
vacuum feedthrough for water-flow monitoring. 

The two different sizes of copper conductor required for construction of 
the coil have been delivered, and we are awaiting tenders for the 
manufacture of two such coils. The design of the magnet yoke has been 
finalized (see figure 7) and special magnet steel is on order. The 
detail design of the positioning mechanism and the front-end collimators 
is in progress. Three-dimensional cooling computations were carried out 
to determine the cooling layout for these collimators. The present 
positioning mechanism is based on a drive for the radial motion of the 
whole magnet and a second drive to pivot the rear end of the magnet 
about the front edge of the septum collimator. 

Although the excitation current required for the extraction of 200 MeV 
protons is about 1600 A (corresponding to a gap-field of 0,94 T and 
current densities up to 163 A/mm2) we decided to purchase a 2000 A power 
supply (with a current stability of 1 x 10~ 5 over the whole 
excitation range) to allow for some flexibility. This power supply also 
leaves the option open to use a 5 x5 mm septum conductor if operating 
problems are experienced with such high current densities in the septum. 

3.5.A Orbit calculations 

Computations were carried out to determine the positioning requirements 
of all three extraction components Tor various acceleration and 
deflection conditions. For this study the two extreme orbit patterns 
were considered, namely: that for 8 to 200 MeV protons, i.e. with a 
maximum of 243 revolutions, and that for 0,47 to 8,96 MeV 1**N3+, i.e. 
with a minimum of 32 revolutions. This also corresponds to an orbit 
separation (AR) at the entrance of the EEC of 6,8 mm and 60,6 
respectively. It is therefore possible to extract low-energy beams with 
large orbit separation (like * N 3*) with SPM2 only. The position of a 
few selected orbits as well as the movement defined for the extraction 
components is illustrated in figure 8. 

We have defined the reference position of the three extraction 
components as being that optimum position for the extraction of 200 MeV 
protons with an electrostatic field strength of 50 kV/cm, and flux 
densities of 0,1T and 0,94T for SPM1 and SPM2, respectively. 

The sector-magnet field measurements have shown that isochronous 
accelerated orbits can be taken further out radially than initially 
anticipated; provision has been made in the adjustability of the 
extraction components to accommodate these orbits by allowing further 
outward movement. The maximum radial position of the orbits will 
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however be defined by the outermost position of SPMl which is restricted 
by the inner delta configuration of the resonator (see also figure 8). 
We have also allowed for a reasonable amount of movement of the 
extraction components to radii smaller than the reference position. 
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Plan view of the electrostatic extraction channel. The two long drive mechanisms position the entrance 
and exit of the 400 mm long channel, and also provide independent horizontal gap-width adjustment at the 
entrance and exit. The high-voltage vacuum feedthrough connected to the cathode lies between the two 
drives. The cathode is held in position and indirectly cooled via four BeO insulators. The entrance to 
the channel is protected by water-cooled collimators. 



Fig. 2 Vertical section through the electrostatic extraction channel with its driving mechanism. The septum 
consists of 60 tungsten foils (7 mm wide and 0,05 mm thick) with a 1 mm gap between them. In front of 
this septum is a pre-septum with 3 identical foils, insulated for diagnostic purposes. This pre-septum 
scatters the beam thus throwing a 'shadow' on the actual septum. Each foil is individually spritig-
tensioned to avoid deformation if it intercepts the beam and heats up. Special care was taken to line 
these foils up very accurately. If a foil breaks it is pulled out of the beam plane by a second spring. 



f 
Plan view of the layout of the first septum magnet inside the inner delta of a resonator. The beam enters 
the channel from the right. The entrance and exit ends have independent drive mechanisms. On the right 
hand side, below the beam plane, are the flexible current supply and cooling ducts. A rotating scanner is 
mounted on the magnet to determine its position relative to the orbits. The whole septum magnet with 
driving mechanism is carried by a base-plate bolted to one of the stiffening beams inside the inner delta. 



=fS3 

Fig. 4 Various views and sections of the first septum magnet (refer to figure 3). A cross-section through the 
magnet is shown on the right-hand side at the bottom. A view of the magnet entrance, protected by a set 
of collimators, is shown at top left; this illustrates the confined space in the inner delta and also 
shows the range of the rotating scanner blades. 
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Fig. 5 The C-shaped yoke of the f i r s t septum magnet with i t s coi l 
removed. An insulated mu-metal shield i s clamped to the yoke 
to minimize stray f ie lds . 

Fig. 6 The drive mechanism and base plate support for the f i r s t 
septum magnet inside the inner delta of the resonator for the 
SSC. The position of the magnet i t s e l f i s shown by the 
C-shaped piece of iron. 
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Fig. 7 Layout of the yoke and coll assembly for the second septum magnet SPM2. 
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. 8 The position of some selected orbits for beam extraction and 
the defined positioning range of the centre of the septa for 
the three extraction components of the SSC: y Is the 
distance from the cyclotron centre along a valley centre-line 
and x Is the perpendicular displacement from the valley 
centre-l ine. The three orbits shown are: (a) the deflected 
200 MeV protons with eEEC " 5 0 kV/cm, BSPMI - 0,1 T and 

BSPM2 " O» 9 4 T» (*>) the 199 MeV proton orbit I . e . the second 
last orbit (to I l lustrate the the orbit separation) and (c) 
the 8,96 MeV 1 ! *N 3 + orbit with the least number of 
revolutions (32), which has an orbit separation of about 60 mm 
so that deflection with SPM2 alone Is possible. 
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3.6 Beam Diagnostics 

Summary: During the past year the emphasis in the drawing office has 
shifted to the design of numerous diagnostic components for 
the SSC. Two multi-head probes and a beam stop, which can all 
be positioned over the whole radial range, have been designed 
and their manufacture is progressing well. Axial graphite 
collimators in the valley vacuum chamber have been designed 
and manufactured to collimate the beam over the whole energy 
range. The optimum configuration of the phase probes for the 
various beam conditions has received attention and conclusive 
results are available for their detail design. Cooling 
computations aided the design of the collimators in front of 
the extraction components. The central region diagnostic 
components are presently linked to the low-energy beamline 
electronic systems. The scanner on the first septum magnet 
will be delivered within the next month with the signal 
processing and control electronics. The manufacture of a 
microprocessor-controlled beam current measurement system (for 
static and dynamic measurements) will commence as soon as 
final performance tests on a prototype amplifier module are 
concluded. The closed-circuit TV system was used for the 
first time during beam trials and some additional components 
have been acquired. 

3.6.1 Central region beam diagnostics 

Two harps, a beam profile scanner and a capacitive phase probe are to be 
installed in the central region of the SSC (see figure 1 of section 
3.4). The beam profile scanner has been modified for low-noise 
performance i.e. ±300 pA. The installation of numerous cables and 
services Is In progress. These components will be operated with the 
electronic systems for the low-energy beamlines. 

3.6.2 Multi-head probes and beam stop 

The two multi-head probes (I.e. MHPl and MHP2) and the beam stop are the 
three major long probes for the SSC, and their location In the valley 
vacuum chambers Is illustrated in figures 1 and 2. The MHPs are 
essential for monitoring optimal beam injection, beam centring, 
acceleration and beam extraction. The beam stop will be used in 
conjunction with the MHPs to stop the beam at any radius to avoid 
unnecessary activation of the machine and to act as a beam dump if the 
beam is not extracted. 

To reduce costs the design of the drive and support mechanisms of these 
three probes was kept as nearly Identical as possible. The heads of the 
two MHPs are Identical. The layout and assembly of MHP2 Is shown In 
figure 3. An Important design feature is a compact drive and support 
which ensures that all three probes can cover the whole acceleration 
range (i.e. they can even reach beyond the first orbit) and can 
nevertheless also be driven into a parking chamber, which can be sealed 
from the valley vacuum chamber by a valve. Special attention was given 
to fast and easy mounting and demounting of the probe-head and shaft 
together with the whole outer main support beam if the valley vacuum 
chamber has to be retracted. Furthermore the design Incorporates 
self-aligning features, as well as precise repositioning on reassembly. 
Although beam current measurements will only be made with probe speeds 
up to 40 tan/8 the maximum probe speed is about 100 mrn/s. 
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For our variable-energy multi-particle accelerator, with low beam 
intensities of a few nA for heavy ions, and high intensities 
(i.e. < lOOpA} for isotope production and particle therapy, different 
types of probe-heads are necessary for orbit structure analysis and to 
establish the various bean properties. For this reason any one of four 
different probe-heads mounted on the water-cooled copper base at the end 
of the long shaft can be swung into the beam plane as illustrated in 
figure 2. A EAR probe-head which should stop the beam completely is to 
be used for low beam energies with penetration depths up to about 2 mm 
in copper (i.e. up to about 35 MeV protons). As proved with the 
Pretoria cyclotron and SPC1 this probe-head with its 2 mm thick tantalum 
fingers should b-̂  able to dissipate beam powers of at least 2 kU, and 
give essential information on the orbit structure. The four-finger 
probe-head consists of four 0,1 mm thick tantalum plates with different 
lengths to establish the axial beam distribution; this probe is to be 
used mainly for high beam energies (and intensities) for orbit structure 
analysis. The tomography probe {1}« consists of three 0,25 ma 
spring-tensioned tungsten wires with which the beam shape can be 
analysed. The fourth probe-head is a capacltive phase probe to ensure 
Isochronous acceleration; the beam induces a signal which is fed Into 
the beam phase measurement electronics to establish the beam phase with 
respect to the rf system, or alternatively into an oscilloscope or 
spectrum analyzer for measurements of time structure of the particle 
bunches. Any one of these probe-heads can easily be replaced. 

We decided to Include a capacitive phase probe-head on the MHP because 
of a lack of manpower to complete the design and manufacture of the main 
phase probes along the extraction valley centre-line (see section 3.6.3) 
in time for the first beam acceleration. The design of this phase probe 
was optimized with the same techniques as described for the main phase 
probes. A 50 x 50 mm pick-up plate size with 20 mm vertical plate 
separation is the best choice and some typical computed Induced phase 
probe signals are shown In figure 4. 

Apart from the MHP heads the detail design is completed and the 
manufacture Is well under way. 

3.6.3 The SSC phase probes 

Twenty capacltive phase probes are to be installed eventually along the 
valley centre-line of the extraction valley vacuum chamber as described 
in previous annual reports. A complex expression has been derived for 
the Induced current In the plates of the phase probe as a function of 
probe dimensions and separation between the upper and lower probe halves 
{2}. A computer program was written to analyse the influence of various 
parameters on the amplitude and time spread of this induced signal, and 
sotnt. typical results are illustrated in figure 4. 

Extensive computations were carried out to optimize the design of these 
probes for the various beam requirements (i.e. for 0,0085 < 8 < 0,566 
where 8 is the ratio of the speed of the particle to that of light, and 
for bunch lengths varying between 4* and 40* of an rf cycle). We 
concluded that the optimum design for all the 20 radially distributed 
copper phase probes is an azlmuthal plate length of 50 imn, a vertical 
plate separation of 20 mm, and a radial probe width varying between 
150 mm (at Injection) and 50 mm (at extraction) as determined by the 
radially decreasing trim-coll width. 
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3.6.4 Axial graphite collimators 

These graphite collimators extend over the whole radial distance of the 
SSC extraction valley vacuum chamber (as shown in figures 5 and 6) and 
can thus collimate the beam axially over the whole energy range. Both 
the upper and the lover half consist of 10 separately-insulated graphite 
blocks from which intercepted beam currents can be measured. The 
collimator thickness Increases from 20 mm up to 185 mm at extraction to 
ensure that the beam is stopped fully for all beam energies. The upper 
and lower halves are to be mounted symmetrically about the median plane 
against the side wall of the valley vacuum chamber. The vertical gap 
can be preset between 15 and 30 mm. Graphite was chosen for this 
collimator because it conducts heat well and has a high melting point 
(i.e. 4246*C) with the advantage of efficient radiative cooling; no 
direct cooling is thus necessary, which simplifies the design and 
manufacture, and the cooling calculations are less critical and thus the 
design could be carried out sooner; and finally graphite is preferred to 
copper or tantalum as less activation occurs. A disadvantage is the 
large penetration depth for high-energy protons, but fortunately the 
required space is available. 

Special attention was given to vacuum considerations, both in the 
choice of the type of graphite and also in the design of the support and 
clamping arrangement. Special holes and gaps were left in the support 
structure to maintain the equivalent pumping area of the 200 mm high gap 
In the side wall of the chamber, required for pumping down the magnet 
vacuum chamber sufficiently. 

The graphite blocks are insulated from a water-cooled copper bar by a 
4 mm thick hard-anodized aluminium strip, which provides the required 
heat conduction by being clamped between the copper bar and the graphite 
block. Extensive cooling calculations were carried out. The most 
critical case Is the 100 MeV (10 kW) proton beams, for which it has been 
estimated that if the full beam is deposited over an area less than 
about 50 x 20 mm, unacceptable temperatures (i.e. near the melting 
point) may be reached. We have in fact decided not to dump more than 
2 kW In these collimators by limiting the maximum allowable Intercepted 
beam current to a 20 uA alarm level. 

3.6.5 Collimators for the injection and extraction components 

The ten water-cooled copper collimators for the magnetic inflection 
channel (MIC) have been manufactured and are presently being assembled 
with the MIC (see figure 2 of section 3.4). Some insulation problems 
with hard-anodlzed aluminium holders are presently receiving attention. 

Extensive three-dimensional cooling calculations have been carried out 
with a computer program to establish efficient cooling of the copper 
collimators in front of the extraction components for proton beams up to 
100 MeV, with 10 kW beam power, at a penetration depth of 13 mm, and 200 
MeV with 2 kW beam power at a penetration depth of 43 mm. The copper 
temperature can be limited to about 350*C for the electrostatic channel 
and second septum magnet collimators. However copper temperatures up to 
about 900*C could arise under the worst conditions (I.e. 10 kW beam 
power and a beam diameter of 6 mm) for the first septum magnet 
collimators; this is mainly due to the limited available space for 
these collimators. Hardware alarm threshold levels will be implemented 
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In the beam current measurement system to avoid unnecessary beam loss in 
the machine. The detail designs for the EEC and SPM1 collimators are 
complete, whereas the SPM2 collimator design is presently receiving 
attention. 

3.6.6 Scanner on the first septum magnet 

The first septum magnet (SPM1) forms part of the extraction system and 
will be installed inside the inner delta of the west resonator. A beam 
scanner which is to be mounted on SPMl has been designed and 
manufactured; its delivery has been held up because of the delay In the 
supply of the dc vacuum motor, the potentiometer and some vacuum 
biarings. Molybdenum plates (0,5 mm thick) will scan both the entrance 
and exit of SPMl to establish the optimum position of the magnet for 
beam extraction. 

The electronic system has been manufactured and will be delivered with 
the scanner itself after performance tests have been carried out. This 
electronic system Is based on the design of scanner electronics for the 
beamllnes. 

3.6.7 The beam current measurement system 

The system outline is shown in figure 7. There are two types of current 
measurements (i.e. static and dynamic) which refer to stationary 
components (e.g. collimators) and moving probes. Dynamic probes require 
a faster update rate and also need to be synchronised to the position of 
the probe at the time of current measurement. The current-to-voltage 
(I/V) converters are controlled by a BITBUS slave remote controller 
board to provide local intelligence on the cardframes and - BITBUS 
master remote-controller board located in a SABUS microprocessor 
cardframe to provide system control. 

For dynamic measurements the probes are first driven to a known position 
and the preset delays and shaft-encoder pulse-counting electronics are 
reset. Preset delays of approximately 20 ms are required to account for 
the fixed time-lags through the low-pass filters of the I/V-converter 
channels. The BITBUS slaves are then instructed by the master as to 
which channels are dynamic. The probe is then moved and at preset 
points along its travel (i.e. at 0,5 mm intervals) the shaft-encoder 
synchronization electronics gives a synchronizing pulse which is fed to 
the BITBUS slave's interrupt line,which in turn causes a reading to be 
taken of all the dynamic currents associated with the moving probe. 
These are then passed via the BITBUS to the master, the SABUS 
microprocessor and then via a mailbox memory to the minicomputer. It Is 
not yet decided whether a separate microprocessor Is to be used for 
controlling the motion of the various probes. 

Static current measurements are made continuously by all BITBUS slaves 
and are passed to the master whenever the master requests an update. 
These In turn are passed via a mailbox memory to the minicomputer. 

Each amplifier cardframe consists of 16 I/V-converter cards, each of 
which carries 2 channels with Its associated control circuitry. A 
common backplane is shared by all 16 I/V-converter cards and the ADC 
(analogue-to-digital converter) card. The ADC and the opto-isolated 
Interface cards are mounted in one module. The basic layout of one I/V-
converter channel and Its connection to the BITBUS are shown in 
figure 8. 
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Each I/V-converter channel has a hardware alarm facility which can be 
set to a desired level, remote decade range-selection, an analogue 
front-panel output, a low-pass filter with a cut-off frequency of 36 Hz, 
ac overcurrent detection and remote offset correction. 

The ADC card consists of the ADC with its associated buffers as well as 
the data buffer and address decoder, which allows the BITBUS slave to 
send control data to individual channels, and to read the ADC and 
channel status data via the interface card. The interface card also 
provides the connection to the BITBUS master and the other BITBUS 
slaves. 

The BITBUS slave is a commercially-available remote controller which has 
real-time multitasking with a high-speed serial communication port. 
Locally written software resides in an EPROM to control the 32-channel 
amplifier cardframe. 

For the SSC we require 53 static and 34 dynamic beam current measure
ments. The proposed amplifier layout will account for both static and 
dynamic measurements. We aim for an accuracy of ±10% on the most 
sensitive range (i.e. 100 pA full-scale reading). Three cardframes, 
each with 32 channels, are thus proposed for the beam current measure
ments of the SSC. An additional 7 cardframes are required for the high-
energy beamline (see section 5.2.3). 

Performance tests are being carried out on a prototype I/V-converter 
card. Most of the components have been delivered and the assembly of 
ttie cardframes has started. Communication between the I/V-converter 
cards and the SABUS microprocessor via the master-slave BITBUS has been 
established. We still need more detailed BITBUS Information to try to 
minimize communication time. 

3.6.8 Beam phase measurement 

The coaxial relay multiplexer used to select a particular capacitive 
phase probe is to be divided into three small multiplexers and placed 
closer to the probes serving the Injector cyclotron and transfer beam-
line, the SSC radial phase probes, and the high-energy beamline probes, 
respectively. Each multiplexer will be followed by a broadband rf pre
amplifier, switch-selectable by co-axial relays. The benefits include 
the practical feasibility of pre-amplifying closer to the probes, 
(thereby reducing noise figure and rf interference), reduced cable 
costs, and easier matching of cable lengths. 

Broadband time-structure determinations of the particle bunches will now 
be possible with the capacitive phase probes on the two multi-head 
probes for the SSC, as we are now using a resistive power combiner 
(instead of the earlier hybrid) for summing the induced signals from the 
plates of the probe. The hybrid power combiners exhibit poor voltage 
standing-wave ratio (VSWR) and relatively narrow bandwidth, while being 
low-loss devices having minimum effect on the noise figure. Resistive 
power combiners exhibit excellent VSWR for accurate phase measurement, 
while preserving bandwidth (dc to 12,4 GHz) for time-structure determi
nation; however, their 6 dB loss reduces signal-to-noise ratio by the 
same amount. 

The rise-time distortion with the 9,5 nan diameter corrugated semi-rigid 
coaxial cable proposed for induced beam-pulse signal transmission from 
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the phase probes, was investigated (i.e. the Mdribble-up" effect). A 
20 ps rise-time step-function was applied to 100 m of cable, which was 
terminated in a sampling oscilloscope able t* display 20 ps rise-time. 
The transmitted pulse rose from the 10% to 50% level In 300 ps, and 
thereafter rose much more slowly, reaching the 90% level only after 
7 ns. The cable is therefore expected to be the dominant restriction 
for sub-nanosecond pulse-width determination. 

3.6.9 The closed-circuit television system (CCTV) 

During the past year the CCTV system was used for the first time during 
beam trials with SPCl. Another six TV cameras and eight lenses (some of 
them with remote adjustment control) as well as spare components for the 
system were delivered. 

TV camera support brackets have been fixed to the walls of the SPCl 
vault for room surveillance. One camera has been dedicated to 
monitoring the entrance to the electrostatic extraction channel of SPCl 
(and EÁR1) and is mounted on a bracket fixed to the cyclotron magnet 
yoke. 
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Fig. 1 Location and positioning requirements of the multi-head probes 
(MHPs) and the beam stop for the SSC. MHP1 and the beam stop 
are to be installed In the Injection valley vacuum chamber 
(top) while MHP2 is to be installed in the extraction valley 
vacuum chamber (bottom). The direction of motion of both 
MHPs is along a radial line through the cyclotron centre. 



Fig. 2 Layout of the probe-heads In the Innermost position in the 
injection (top) and extraction (bottom) valley vacuum 
chambers. A 50 mm diameter and 3,8 tn long chrome-plated shaft 
carries at its end the four different heads of the MHP or the 
water-cooled copper head of the beam stop. The four heads of 
the MHP are: a capacitive phase probe (A), e four-finger 
probe (B), a tomography probe (C) and a EAR probe (D). A 
carriage behind the head guides the shaft on the rail inside 
the vacuum chamber. This rail is supported by two pillars 
mounted onto the chamber wall at the points of least 
deflection (i.e. < 0,1 mm) when evacuated. 
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Layout and assembly of the second multi-head probe. The main 
support beam carries the rails on which runs the carriage 
supporting the rear end of the shaft. This carriage Is driven 
by a stepping motor via a recirculating ball screw; a shaft 
encoder records the probe position. The main support beam is 
carried at the front by a bracket bolted onto the valley 
vacuum chamber and at the rear by a support attached to the 
SSC vault wall below the floor level. 
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Fig. A Computed current signals Induced In the pick-up plates of the 
capacltlve phase probe on the long multi-head probes of the 
SSC for 200 MeV protons (top), 4,55 MeV protons (middle) and 
0,47 MeV ^ N 3 * (bottom). The last of these Is chosen to 
illustrate the smallest signals to be induced. The milse 
repetition frequencies nre 26,0 MHz, 19,7 MHz and 5,1 MHz, 
respectively. These signals have been computed for bunch 
lengths of 8* (o), 16* (A) and 40* (+) of the respective rf 
period. The pick-up plate dimensions are 50 x 50 mm and their 
separation is 20 mm. 
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Fig. 5 Layout of the axial graphite collimators to be Installed In 
the SSC extraction valley vacuum chamber. The plan view (In 
the lower half) shows the 10 Insulated graphite blocks from 
which the Intercepted beam current can be measured. 
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Fig. 6(a) The upper half of the axial graphite collimator, 
water connections were not yet made. 

The cooling 

Fig. 6(b) The three upper graphite collimator sections. The different 
graphite cross-sections, the clamping arrangement and the 
water-cooled copper bar which is electrically insulated from 
the graphite by a hard-anodized aluminium plate, can be seen. 
Each collimator half has been divided into three sections for 
ease of manufacture and Installation. 
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3.7 Orbit Calculations 

Summary: New programs have been written to perform orbit calculations 
and isochronlzation for the measured magnetic fields of the 
sector magnets. Acceleration of particle beams was simulated 
from injection to extraction and calculations were made to 
study the stability of beams in the measured fields. Current 
settings were calculated for the main coils and trim-colls of 
the four magnets. 

3.7.1 Orbit calculation program 

Previously {1}, calculations were performed for median plane magnetic 
fields calculated on the grid of a cylindrical coordinate system. The 
field value, the first-order partial derivatives with respect to the 
radius and azimuthal angle and the mixed second-order partial derivative 
with respect to the radius and azimuthal angle were stored at each grid 
point. These data were used in interpolation schemes to find field 
values and field derivatives at field points which do not lie on the 
grid. 

When measured magnetic fields became available, the interpolation 
schemes were changed to utilize field points only, thereby reducing the 
storage requirements per field by a factor of four. At the same time 
field processing and plotting programs were developed to provide 
interfaces to the orbit codes. 

New formulae describing the acceleration of particles at the 
accelerating gaps have since been Incorporated into the orbit code, in 
order to obtain a complete description of all the known effects which 
influence the acceleration of the beam. These formulae are based on an 
impulse approximation {2} and take into account the gap geometry, the 
effect of the variation of accelerating voltage with radius on the 
electric and magnetic fields in the gap, and of crossing the 
accelerating gap at an angle to the normal (including the effects of 
non-radial dee gaps). 

Calculations were performed to test the orbit code and to Investigate 
the properties of beams of accelerated protons and other particles in 
the separated-sector cyclotron {3}. 

We also studied the stability of the motion of beams in the measured 
fields by calculating horizontal and axial betatron frequencies from 
equilibrium orbit data for representative ions. The results are shown 
in figure 1 for sector magnet number 2. The fields used in the 
calculations are isochronous fields measured on the magnets. A 
comparison of this study with a previous one {4} for calculated fields 
shows that the present results are in excellent agreement with predicted 
results, the only difference being that axial focusing frequencies are 
slightly lower (a few percent) for the measured fields. 

3.7.2 Isochronination program 

A program was written to isochronize a measured magnetic field for a 
given particle pnd isochronous frequency. The program Is based on 
the following principle {5} : orbit Integration is started in a valley 
with zero radial momentum for a certain normalization C^^ of the 
magnetic field and continued through the sector which is to be 
isochronlzed until the next valley is reached; the final radial 
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momentum p r is used to predict a new value of the normalization Cn, 
which yields a zero final radial momentum, 

new T sin - 1p r/p 

where 9 - 90* is the integration angle. An initial value for C is found 
from the ratio of the values of the hard-edge magnetic field to the 
measured field on the hill of the corresponding hard-edge orbit. The 
procedure is iterated to convergence at a series of initial valley radii 
to obtain a set of orbits, each with its associated normalization factor 
C. This data may be used directly with interpolation of the measured 
field to obtain the predicted isochronous magnetic field. Also obtained 
from the isochronizatlon code are radii and isochronous magnetic field 
values on the magnet hill, which are used to predict main coll and 
trim-coil current settings, as described in section 3.7.4. 

The isochronization program was used extensively In calculations 
required to predict magnet current settings for isochronous magnetic 
fields and to obtain the Isochronization data for the ensuing measured 
fields. Thirteen fields were measured in each sector magnet for 
representative charge-to-mass ratios and energies, as given in table 1. 

Table 1. Representative fields measured on the sector magnets. 

Extraction Field 
energy in MeV A 'd at 
and particle (amu) (MHz) 3.351m 

(T) 

66 MeV p 1.00727647 4.09300 0.681 
100 MeV p 4.91600 0.832 
150 MeV p 5.81700 1.008 
200 MeV p 6.50000 1.152 
231 MeV p 6.85159 1.230 

75 MeV 3He 2* 3.014933 2.60174 0.633 
295 MeV 3He 2+ 4.88591 1.237 

100 MeV 4He 2* 4.029199 2.60000 0.845 
200 MeV 4 H e 8 + 3.60580 1.189 

12 MeV 1 4 N 3 + 14.001429 0.50000 0.371 

440 MeV 4 0 A r 1 2 * 39.9556 1.75004 0.932 
779 MeV 4 0 A r 1 2 * 2.31303 1.239 

369 MeV 64KriZ* 83.9049 1.11179 1.239 

• 
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3.7.3 Other programs and data files 

On-line magnetic field files are packed 3 field values per word, to 
reduce the demand for storage of these files. The actual files used for 
orbit calculations are, however, unpacked before use, in order not to 
degrade the orbit code performance. 

A start has been made with the creation of a magnetic field master file, 
which will eventually contain all the base field and trim-coil field 
data required to predict current settings for the magnets and to compile 
magnetic fields from given settings. A version of this file was used to 
predict isochronous magnetic fields prior to measurement of the fields. 

Programs have been written to do processing and conversions of the 
measured magnetic fields and to perform processing and plotting of orbit 
co'ie output data, e.g. plotting beam envelopes, phase-space diagrams and 
betatron focusing frequencies. 

A program has been written with which a prescribed phase history can be 
obtained with a magnetic field i.e. the resultant field need no longer 
be isochronous for equilibrium orbits. This program is required for two 
reasons. Firstly, all accelerated orbits do not have the same period in 
a field isochronized for equilibrium orbits, because the particles not 
only rotate, but also spiral outward a varying amount per orbit as they 
are being accelerated. This effect is especially important near 
injection for low-energy and heavier ions, where the magnatic field must 
be adjusted to obtain isochronism. Secondly, a non-isochronous field 
may be required to obtain phase compression of the beam, for example. 

The procedure to obtain a field which is isochronous for acceleration is 
the following: a field which is Isochronous for equilibrium orbits is 
created using the lsochronlzation program and a calculation Is then 
perfowned for acceleration from injection to extraction, to obtain the 
phase history required to correct the field. 

3.7.4 Prediction of magnet current settings 

A program has been written which utilizes the magnetic field master file 
to predict current settings of the main and trim-colls for a required 
Isochronous magnetic field. This field is specified by giving the ion 
mass and charge and the Isochronous orbit frequency. 

The prediction method is a preliminary method, and was used to obtain 
current settings for simulated fields to be measured in the series of 
field measurements on the sector magnets, using the field data available 
at that time. 

The predictions were obtained by fitting the field specified with the 
lsochronlzatlon code on the magnet hill line only. The point at a 
radius of 3,351 m was taken as reference, because it is situated between 
trim-coils 14 and 15 (this choice Is dictated because the trim-coils are 
connected in such a way that the first 14 coils reduce and the last 15 
colls augment the field of the main coil). Interpolation of the main 
field between the 6 base fields yielded the main coll current required 
to produce the field value at the reference radius. The trim-coll 
effectivity of 0,0185 tesla/500 ampere was then used to calculate a 
current setting for each of the 29 trim-coils. Normally the combined 
effect of all trim-coils caused a slight reduction (offset) of the total 
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field at the reference radius* This offset was compensated for by 
increasing the main coil current and by repeating the prediction for the 
trim-coil settings. The process was iterated to convergence (until the 
compiled field and required field values at the reference radius 
agreed). 

In the sector magnet where injection occurs (SMI), trim-coils 1 and 2 
are absent and trim-coil 3 is not as wide as the trim-coil 3 in other 
sector magnets. An algorithm is used which produces the correct average 
field over the three trim-coils. 

Examples of fields compiled for SMI are given in figure 2, for 66 MeV 
protons and for 440 MeV I*°Ar l 2 + # 

Magnetic fields which were simulated using this preliminary prediction 
method are isochronous within a few parts in 10 . Modifications are 
required, both to the method and to the contents of the master file, 
before sufficiently refined predictions will be possible. 
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SECTION 4 THE CONTROL SYSTEM 

Summary: The control system of the NAC cyclotrons utilizes a number of 
16-bit minicomputers, 8-bit microcomputers, the CAMAC network 
known as the Executive or System Crate system, and several 
control consoles connected to the minicomputers by CAMAC 
parallel branches» During the past year our activities have 
been confined mostly to the interfacing of accelerator 
hardware to the control system and the writing of 
'application' software for its control. The interfacing of 
the solid-pole cyclotron SPC1 to the control system has been 
completed, as has the control of the magnet power supplies of 
the separated-sector cyclotron (SSC) and of several 
sub-systems of ihe transfer beamline between SPC1 and SSC. 
For much of the year two control systems were maintained, one 
for the 'dedicated' control of the SSC magnet power supplies 
during the measurement of SSC magnetic fields, and the other 
for the control of SPC1. Several control 'runs' of SPC1 took 
place, during which it was possible to determine and eliminate 
some of the weaknesses of the console and application 
software. After the SSC field measurements had been 
completed, the two control systems were united into a single 
system. At present the control system is being used routinely 
for control of SPC1. Interfacing of the transfer beamllne and 
the remaining sub-systems of the SSC is continuing. 

4.1 Minicomputer Activities 

4.1.1 Purchase of a fourth minicomputer 

At the beginning of the period under review the Control System Division 
possessed three minicomputers: two of them were being used by the 
Magnet Division for the measurement of magnetic fields and control of 
power supplies for the SSC magnets, so that only one was available for 
both the control of SPC1 and the development of driver and application 
software. As these requirements often led to very conflicting use of 
the minicomputer, we were grateful that we were able to purchase from a 
sister institute within the CSIR a fourth used minicomputer of the same 
make as the other three. This machine was used for debugging of 
hardware and driver software, and the third machine for the control of 
SPC1 and the development of application software. After the conclusion 
of the SSC field measurements the control system was reconfigured, so 
that one minicomputer is now used exclusively for control purposes, 
another exclusively for the development of application software and a 
third for debugging of CAMAC Executive Crate hardware and driver 
software. The fourth minicomputer Is not bring used at present, but It 
Is our intention to configure it as a second control computer as soon as 
is convenient. 

4.1.2 Upgrading of the minicomputer operating system 

The operating system of three of the four minicomputers has been 
upgraded from the RTE-IVB to the RTE-6/VM system. The advantages of 
this upgrade for the control system are: 
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(a) faster CAMAC accesses (190 \is for a single CAMAC access compared 
with 380 us under RTE-IVB); 

(b) sharing of a common memory by several asynchronous tasks in 
different partitions (not possible under RTE-IVB); 

(c) transportability of linked (memory-image) progams between 
minicomputers: this allows us to compile and link a program on one 
machine and transfer it to run on another (not possible under 
RTE-IVB); and 

(d) faster scheduling of programs after an interrupt. 

The new operating system is also more useful for program development, 
in that: 

(i) Pascal compilation is faster by a factor of two, and 

(11) the organisation of files is hierarchical (i.e. Unix-like), 
and allows for much better control of a large software 
project. 

4.1.3 Modification of CAMAC driver to support WAC LAM graders 

Mention was made in previous annual reports of a CAMAC module LAM grader 
which was developed at NAC to minimize minicomputer overhead used in 
establishing which CAMAC module had set a LAM («'look-at-me'). This LAM 
grader module has gone into production and is being used in the CAMAC 
control system network. Some modifications to the CAMAC driver software 
had to be done so that the LAM grader could be utilized. The LAM grader 
and driver software are working very satisfactorily. 

4.1.4 Shared memory for the minicomputers 

A memory which can be shared by up to four minicomputers is being 
developed. Its principle of operation is described in the 1983 annual 
report. It will eventually hold a common data base of all variables 
being controlled by the control system. A test circuit was built to 
validate the design of a fast shared memory controller. Using this 
controller we were able to verify that a memory access time of 30 ns was 
possible. Thus four computers could simultaneously access this memory 
with individual access times no greater than that required to access 
their standard memories. The design of the shared memory is now 
complete and the artwork for the memory boards is being produced. 

4.1.5 Mlnicomputer-CAMAC link 

The load on the control minicomputer has Increased as more 
Instrumentation has become available f->r control. This has recently 
resulted In a persistent but random error occurring In the I/O structure 
of the minicomputer. The error has been traced to a design fault of the 
vendor-suplied interface card linking the computer to the CAMAC system. 
The solution to the problem Involved the modification of the circuit on 
the card as well as the use of faster logic. New I/O boards are being 
made to Incorporate these changes. 
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4.1.6 Direct memory-access driver software 

Several diagnostic devices in our control system such as the harps and 
beam profile scanners required data to be transferred to a visual 
display device at high data rates if the real-time nature of the data is 
to be retained. Direct memory-access (DMA) over the CAMAC 
communications network is possible in our control system by the use of 
an Executive Crate module called the autonomous memory controller 
(AMC). There is a difficulty, however, in using the AMC: the 
minicomputer DMA I/O board to which the AMC is connected can give a 
completion signal without the AMC having completed its block transfer. 
On the other hand, when the AMC completes a transfer, it sets a LAM 
which is not tied to the completion signal of the DMA I/O board. An 
existing vendor-supplied DMA driver is therefore being modified so as to 
have a two-part completion section, one part being for the handling of 
the completion signal of the DMA I/O board and the other for the 
completion LAM of the AMC. This work is still in progress. 

4.1.7 Graphics software 

A commercial graphics package was evaluated to determine whether it 
would be suitable for use in displaying beam diagnostic data in a graph 
form. It was found to be too slow for real-time applications. As a 
result we have had to start with the development of special high-speed 
graphics primitives for this application. This project has just begun. 

4.1.8 Ethernet communications network 

Work on this project as a»i alternative to the Executive Crate system has 
had to be shelved for the time being. 

4.2 Control Application Software 

4.2.1 Power supply control 

Application programs for controlling the basic functions of magnet power 
supplies were written and Integrated with the control console programs. 
The controllable functions are 

(i) switching ON or OFF of the control power, 

(11) switching ON or OFF of the main dc power, 

(ill) reversing the polarity of the power supply, 

(lv) reading and reporting of the status bits of the power supply 

(v) setting of the setpolnt or reference value of a variable, and 

(vl) reading of the actual value of the variable (current or 
voltage). 

These programs are written in a generalized manner in the sense that 
they are suitable for the control of the majority of power supplies In 
spite of differences in Interfacing hardware. At present they are used 
to control power supplies for: 
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(i) all the SPC1 magnet coils, 

(ii) the 20 quadrupoles and four dipoles cf the transfer beamline, 

(iii) all the sector magnet and inflection magnet coils of the SSC, 
and 

(iv) the bending magnet BIX of the "high-energy" external beamline. 

The electrostatic extraction channel high-voltage power supplies did not 
readily fit into a pattern which would have lent itself to the use of 
the above-mentioned programs. A separate set of control programs with 
functions similar to those mentioned above had therefore to be written 
for them. The last-mentioned programs are also general in the sense 
that they can control all our high-voltage power supplies, even though 
there are Individual differences between them. 

A control program by means of which the SSC magnet power supplies can be 
cycled in a programmed manner has also oeen written. It Is being used 
to set the SSC magnetic field in a reproducible way by cycling the 
different coil currents in a strict time sequence. Both the cycling 
times and the setpoint values of the coil currents are input from a 
table. 

4.2.2 Position control of SPC1 ion source and puller 

The ion source is positioned by four stepping motors. Two of the 
stepping motors move the ion source vertically, a third moves it 
radially and the fourth provides azimuthal motion. The motions of the 
ion source which are of interest in beam production, however, are not 
those resulting from single stepping-motor movement: rather, they are 
motion perpendicular to the puller, parallel to the face of the puller, 
vertical displacement without radial tilting, radial tilting without a 
vertical displacement, and motion to pre-defined positions (e.g. motion 
of the ion source to a position for a 4 MeV orbit pattern, or full 
extraction of the ion source); 

All of the above control variables require a combination of movements of 
several stepping motors. The programs written for the control of the 
stepping motors were implemented on the minicomputer in Pascal, and 
include the following functions: 

(i) control of motor position: (the program drives any one motor 
to a given position by homing in on that position to a given 
tolerance; the program is multi-entrant with the following 
sources being able to schedule the program: provision of a 
setpoint value from the control console and Interrupts from 
the CAMAC system indicating that all motion should be aborted, 
that the motor has reached its destination, or that a limit 
condition has been set or removed); 

(ii) read-back of actual position and status of a motor; 

(ill) control and position read-back of compound position variables 
(simultaneous control of several motors); 

(lv) pre-defined device positioning, and 
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(v) aborting of all movement (to be used in an emergency to halt 
all movement). 

The puller is positioned using the same motor positioning program as is 
used for the ion source, and its pre-defined positions are included with 
the ion source options as programmed touch-panel keys» 

A.2.3 SPC1 central region interlocking system 

The SABUS-based interlocking system that provides protection against a 
collision between the ion source, puller and the second differential 
probe {1} has been fully installed and tested. The program for this 
system resides in microcomputer bubble memory together with an auto-
booting routine, and will thus reload itself after a power failure. 

4.2.4 SPC1 gas supply system 

A minicomputer program provides control of the ion source gas flow. 

4.2.5 SPCl rf system 

Control of the rf system has been implemented on a SABUS micro
processor. Communication between the microprocessor and the control 
minicomputers via a CAMAC mailbox memory is being implemented at 
present. For more details see section 2.3.2. 

4.2.6 SPCl radial differential probes 

Control of the positions of the probes has been implemented as a set of 
minicomputer programs. The operator has the choice of positioning the 
probes continuously or using one of three pre-defined positions. It is 
also possible to abort the motion of the probes at all times. 

4.2.7 Monitoring of SPCl beam currents 

A minicomputer program provides for the display of the differential 
probe currents and the selection of appropriate current ranges. The 
program allows the current electronics to auto-range, so that the 
software can provide overcurrent alarm protection for the differential 
probes. No range selection or software alarm protection is needed for 
currents detected by ..he slits and collimators, and they therefore use a 
simplified version of the program. 

4.2.8 Positioning of SPCl slits and electrostatic and magnetic 
extraction channels 

Our experiences with the position control of the ion source showed that 
the programs required to provide beam-related positioning of devices 
which involve multiple motor control, impose a considerable load on the 
minicomputer. Positioning of the above-mentioned devices Involves such 
control. We therefore decided to hand over the task of controlling the 
stepping motors to a local SABUS microprocessor, and to implement 
communication between the local mlcroproces: *>r and the control mini
computer via a CAMAC mailbox memory. 

A general purpose motor control program has been written which handles 
both simple (single motor) and compound (multiple motor) positioning. 
The program receives the desired position and brake state of the simple 
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or compound variable as input. It performs the required process and 
checks for limits, over-range and movement errors. The actual positions 
of all motors under the control of the microprocessor are regularly fed 
back together with status and error information. This application was 
implemented in 'Turbo' Pascal. 

4.2.9 Monitoring of transfer beamline currents 

The transfer beamline current measurement system {1} utilizes two SABUS 
microcomputers which work in parallel and store the current readings and 
status information In a CAMAC mailbox memory. A minicomputer program 
reads this information, converts the format of the real (as opposed to 
integer) values and evaluates the status of each value. The updating by 
the microprocessors of readings in the mailbox and the reading of the 
data by the minicomputer are mutually transparent. 

A.2.10 Control of pneumatic actuators 

Many of the beam-diagnostic devices, such as harps, Faraday cups, etc, 
are positioned in or out of the direct beam by pneumatic actuators, for 
which the control electronics has previously been described {1}. A set 
of minicomputer programs has been written with which any device making 
use of a pneumatic actuator can be controlled from the control console. 

4.2.11 Profile grids and scanners 

The development of programs for the control of the above-mentioned 
devices has commenced now that the CAMAC modules for these devices have 
been completed. 

4.3 Microprocessor Developments 

4.3.1 A bubble memory SABUS card 

A bubble memory card for the SABUS microcomputer has been designed to 
utilize a commercially-available bubble memory board (the BPK 72). The 
latter is bought fully-assembled and tested. The present version has a 
storage capacity of 128 K bytes, but its capacity can be increased to 
512 K bytes by the use of the BPK 74 bubble memory board. A software 
driver written for CP/M supports both versions. The bubble memory 
appears to the operating system like a disk drive. The operating system 
automatically boots up from the bubble memory If the other disk drives 
are not 'ready' or are not present. Applications programs stored on the 
bubble memory can be loaded and run at power-up. It was found that a 
minimum SABUS system consisting of a Z80 card, a bubble memory, a CAMAC 
Interface card and 'Turbo' Pascal formed a very powerful development 
environment. 

4.3.2 Transfer beamline vacuum control system 

This system, which was described In last year's Annual Report {2}, has 
been Implemented on the actual hardware. Minor modifications were made 
from time to time to Improve its operation. Initially we used a bubble 
memory containing the executable code and an auto-boot routine to down
load the program into P.AM and start execution. This provided an 
extremely flexible system for implementation of the modifications. 
Operator Instructions from the keyboard are latched and handled on an 
Interrupt basis. 
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4.3.3 SSC vacuum control system 

The same approach as was followed for the transfer beamline vacuum 
control system {2} is being used to build up the hardware for the SSC 
system. However, as the vacuum system of the SSC is too large for a 
single microprocessor to handle, control of this system has been split 
into two, with each system having its own control processor- The two 
processors will be linked by a 32-bit relay output and an 80-bit opto-
Isolator card in each system. Moreover, each microcomputer will link to 
CAMAC via a mailbox memory module. 

The hardware developed for the transfer beamline vacuum control system 
could also be duplicated, except that new mimic panels had to be 
designed and the vacuum meter interfacing was different. Whereas the 
beamline vacuum meters are accessed digitally, the SSC vacuum meters 
supply two analogue voltages representing two different scales. An 
8-bit analogue-to-digital converter card has therefore been developed 
for the SABUS microcomputer. Provision was made for 32 analogue input 
channels, to accommodate 16 vacuum meters. The analogue inputs are 
opto-isolated from the microcomputer but not from each other. The 
resulting digital voltages are converted to pressure using look-up 
tables. 

4.3.4 Safety interlocking system 

The SPC1 area-clearing and interlocking hardware has been installed and 
is functioning satisfactorily. The central safety-interlocking micro
computer system has also been Installed and programmed with the 
appropriate SPC1 safety interlocking equations. It Is functioning 
correctly but, as was anticipated, some shortcomings became apparent 
during its use. Firstly, we realized that the hardware was not 
sufficiently modular for replacement during maintenance, if down-time 
was to be minimized. Secondly, we found that a clear message to the 
operator, identifying the specific alarm condition which prevents an OK 
output, was essential. 

To rectify the first problem the safety interlocking hardware was 
re-designed to make it more modular and serviceable. It was also Inter
faced to CAMAC via a mailbox memory module. A double-height SABUS 
module with 16 relay outputs (for the "safety OK" signals) and 16 opto-
lsolator Inputs (for the safety status Inputs) was developed. Eight of 
these modules are mounted in a 6U card-cage together with three standard 
SABUS modules, namely a Z80 card, a video display card and an external-
bug-to-backplane converter, to form a master crate. More crates 
consisting of eight 16-bit input/output modules can be linked to this 
master crate via the external bus which is also used to link to the 
mailbox memory. The video display card, connected to the Z80 card by an 
RS-232 link, is used together with a VDU for displaying operator 
messages. 

To solve the second problem, the software was modified to provide an 
RS-232 output to the video display card or a VDU terminal. The sottware 
now reports the OK/NOT OK status of all outputs as well as the first 
alarm message preventing an OK output, next to the status display of the 
output. The communication software uses an extremely small portion of 
the loop time required to monitor the alarm inputs. This is achieved by 
checking only once In the monitoring loop if there are display messages 
which need to be output. 
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The new hardware and software have been tested to satisfaction in the 
laboratory, and are being installed at present» 
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SECTION 5 THE BEAM TRANSPORT SYSTEM 

5.1 Magnets 

Summary: The transfer beamline between SPC1 
completed. 

and the SSC has been 

5.1.1 

The 'high-energy' beamline is partially assembled. More than 
half of the 60 quadrupole magnets have already been analysed 
for harmonic content and magnetic properties, and 20 of these 
are now in place, together with the first two dipole magnets. 
Three large 2 m radius 90* analysing magnets have been 
delivered, and a microprocessor controlled x,y-table is being 
used to map dipole fields at the entrance and exit regions of 
each magnet. A fast 'kicker' magnet for the isotope 
production beamline and the three switching magnets are still 
on order. 

A 35* beam swinger for neutron time-of-flight measurements 
using the 200 MeV proton beam is being designed. Tender 
requests have been sent out for various components of a k»600 
spectrometer. 

Transfer beamline 

The transfer beamline between the injector cyclotron SPC1 and the SSC 
has been completed. All quadrupoles, dipoles and steering magnets have 
been aligned and connected to their respective power supplies and 
cooling water circuits. A small local control box for each magnet 
displays the status of the magnet and its thermal sensor interlock, and 
is also equipped with a safety isolator. 

5.1.2 External beamlines 

The 'high-energy' beamlines leading from the SSC are under construc
tion. Of the 60 quadrupoles already delivered, more than half have been 
analysed for harmonic content using the rotating-coll analyser described 
previously {1}. Their effective lengths and magnetic centres have also 
been determined, and survey markers mounted on each quadrupole magnet 
have been aligned, ready for precise location of the magnets along the 
various beamlines. Twenty quadrupole magnets are already in place on 
their stands, either along the beamline leading to isotope production, 
or the beamline common to radiotherapy and the other experimental 
areas (see figure 1). Table 1 gives results of harmonic concent 
measurements at 75% of aperture radius performed on representative 
members of each type of quadrupole magnet. (The quadrupole types are 
identified by their nominal aperture In millimetres, e.g. Q100, and a 
suffix S for the short quadrupoles of the transfer beamline, or L, M or 
H for low, medium or high field types respectively.) The measured 
multipole content is generally better than the 0,57. specified for 
individual multlpoles, and also better than the 2% specified for the sum 
of all components. Table 2 shows the measured average effective lengths 
for each type of magnet, compared with the actual pole lengths and 
overall lengths of each quadrupole (including mirror plates). Figure 2 
shows a typical plot of the field meas-red at 75% radius, using a Hall 
probe moving along a line parallel to the axis of the quadrupole; (see 
section 5.1.3). Also ohown is the effective length for a sharp-cutoff 
('hard-edge') approximation. 
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Table 1. Representative values of multipole components K„ relative to 
K 2 (quadrupole) measured at 75Z of full radius, for the 
various types of quadrupole magnets. 

Magnet * 3 X 1* X * 5 Z *« % * 7 X K10 x 
16 

Type K 2 K 2 K 2 K 2 K 2 K 2 n-3 K 2 

Q75S 0,123 0,083 0,055 0,099 0,005 0,213 0,578 
Q75L 0,020 0,044 0,072 0,207 - 0,039 0,382 
Q75M 0,058 0,010 0,029 0,186 0,024 0,022 0,329 
Q75H 0,062 0,045 0,052 0,513 0,019 0,071 0,762 
Q100 0,331 0,042 0,018 0,167 - 0,187 0,745 
Q100S 0,179 0,014 0,014 0,238 - 0,040 0,485 
Q150S 0,138 0,080 0,024 0,203 0,009 0,193 0,647 

Table 2. Representative values of the effective lengths and physical 
lengths, for the different quadrupole types. 

Quadrupole 
type 

Effective 
length 
(mm) 

Pole 
length 
(mm) 

Overall 
length* 

(mm) 

Q75S 116,8 90 221 
Q75L 403,48 372 546 
Q75M 403,42 372 546 
Q75H 415,38 382 560 
Q100 401,9 362 560 
Q100S 137,1 100 271 
Q150S 204,3 153 351 

* length over mirror plates 
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The 30-degree and 40-degree dipoles for the extraction beamllne (within 
the SSC vault) have been delivered and placed in position, while the 
90-degree bending magnet feeding the vertical isotope production 
beamline has been delivered but not yet positioned. The excitation 
curves for these magnets have been measured, while for the 90* dipole a 
degaussing procedure has been determined» This sequence is illustrated 
in figure 3, in which a change of polarity, followed by a fixed amount 
of underrhoot results in a residual field extremely close to zero. 
(This is necessary to allow the beam to pass through the dipole without 
deflection). 

The 3 large (2 <s radius) 90-degree analysing magnets which will form a 
pair of high-resolution monochromators serving the various experimental 
areas have also been delivered, and are awaiting field mapping. 

After tests and shimming on a prototype steering magnet as reported last 
year {1}, 40 such dipoles have now been produced for use on the external 
beamlines {2}. A fast 'kicker' magnet, needed to switch the beam 
between the radiotherapy and isotope production areas is at present 
being manufactured. This magnet and its power supply are designed to 
switch from zero to full deflection (20*) of a 100 MeV beam in 5 
seconds, after which an NMR system will lock onto and maintain the 
magnetic field at the required valve. Switching to zero field will be 
similarly controlled by reans of a Hall probe and a small negative power 
supply. The 3 switching magnets serving the isotope production, 
radiotherapy and experimental areas respectively have been badly delayed 
in manufacture, and a new supplier has recently been appointed. 
Delivery is not expected before April next year. However, all 3 areas 
should be available for use without switched beams. 

5.1.3 Field mapping 

An existing x,y-table has been redesigned for portability as well as 
improved stability. A microprocessor with 64K memory, floppy disk 
drive, keyboard and display has been programmed to move an arm carrying 
a Hall probe in steps on an x,y-grid. Although the arm movements are 
controlled by stepping motors, the precise position is verified by 
shaft-encoders fitted to the lead-screws on the table. The Hall probe 
is housed In a small temperature-controlled enclosure, and is calibrated 
against an NMR probe in the uniform magnetic field of a calibration 
magnet. The position coordinates and the Hall-probe voltage at each 
step are displayed and also stored on the floppy disk. Figure 4 shows a 
plot of a typical measurement of an edge-field profile along the central 
(beam) axis at one end of the 30-degree bending magnet BIX. Also shown 
is the 'hard-edge' profile with the same value of the Integral under the 
curve. This allows one to define the effective length Xe{f such that 

B x A « /B dl 
max eff ' 

where \Ayi is the uniform field measured at the centre of the dipole 
at A • 0, where A is the distance along the central orbit of the beam 
inside the magnet. These effective lengths are also calculated using 
the microprocessor. However, for more sophisticated data-handling, and 
for plotting, the data is transferred on the disk to a floppy disk 
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reader at the mainframe computer. By measuring this effective length as 
a function of radius across the fringe regions of the magnet, we can 
then easily deduce the effective edge angles for the magnet» Table 3 
summarizes these measured edge angles for three dipoles of the external 
beamline, as well as the comparison between the 'hard edge' arc length 
for the theoretical radius of each magnet and the actual effective edge 
measured along the central orbit. The differences indicate that a 
slightly different radius of curvature (and field strength) is required 
in practice. 

Table 3. Dipole magnet edge angles, and effective lengths measured at 
0,8 tesla. (Values in brackets are the nominal values used in 
earlier calculations.) 

Dipole 
number 

Bend 
angle 

Edge ai 
Entrance 

lgles: 
Exit 

Effective length 
mm 

Radius 
mm 

BIX 
B2X 
B2I 

30' 
45 ' 
90* 

0,34*(0) 
23,06*(22,5) 
0,06*(0) 

0,06• (0) 
-15,22 V-15) 

0,31* (0) 

789,2 (785,4) 
1183,2 (1178,1) 
1578,0 (1570,8) 

1507,3 (1500) 
1506.5 (1500) 
1004.6 (1000) 

5.1.4 Beam swinger 

'Beam swinger' is the term used to describe a device for bending a 
particle beam so that the angle of incidence on a fixed target can be 
varied. This is a means whereby neutron angular distributions can be 
measured without moving either the neutron detector(s) or the heavy 
shielding and collimators required. We plan to use such a beam swinger, 
with a range of 0* - 35*, In conjunction with neutron detectors situated 
at 0*, 30', 60 # and 9 0 \ 

The target will be situated at the north end of our experimental area 
(see figure 1) in a well-shielded vault. Neutron energy will be 
measured with the time-of-flight technique, using unshielded 
detectors. These detectors will be housed In movable trailers on the 
flight paths. The 0* flight-path will be nearly 200 m long, with 
decreasing path-lengths at the larger angles, because of the marked 
decrease in neutron yield at such angles, so that increased solid angle 
is needed at the detector. 

The proposed beam swinger consists of two dipoles, the first being a 
portion of a circular-pole dipole, which bends the beam through on angle 
a (figure 5). The second magnet then returns the beam to the target, 
bending it through an angle y. We propose to offset the target by 5* 
from the incoming beam, to reduce the amount of radiation reaching the 
0* detector from further upstream. 

Thus for a - y » 10*, the beam will strike the target at 6 - 0 * , i.e. 
parallel to the original beam direction. In general we have: 

y - 2<x - 10* , and (1) 

9 - a - 10* (2) 
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As an initial condition, we require that the field in the second magnet 
should be constant for a given beam energy, independent of the angle of 
bend in the first dipole. This makes the operation of the swinger very 
easy, as there is only one parameter to edjust for different angles of 
incidence. However, in order to achieve this in practice requires that 
the second dipole should have a special profile. We have calculated 
this profile for a symmetrical dipole, for various distances z to the 
target. These curves are shown in figure 6. The choice of profile is 
dictated by the ratio of z to the bending radius p in the second dipole: 
the minimum practical value of z seems to be about 1,25 p, depending on 
target design, and space required for the dipole magnet colls, etc. 

A further investigation showed that for a beam with 0,1% 
momentum-spread, a system of two quadrupole triplets could in principle 
focus the beam to a horizontal waist at the centre of the first dipole, 
resulting In a small beam spot on target, of approximately equal size in 
both horizontal and vertical dimensions, and that this holds true for 
any angle up to 8 • 35*. Thus no change to the focusing quadrupoles is 
needed for any value of 8. 

Further investigation of this system is under way. 

5.1.5 Spectrometer 

Through the generosity of an overseas cyclotron facility we have been 
provided with drawings of certain components of a large K * 600 
spectrometer. Some of these drawings have recently been sent to a 
number of firms for quotations for the manufacture of one or more 
components. A certain amount of redesign will be necessary to match the 
target height to our beamlines. Tenders are expected by September. 
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Fig. 6 Possible edge-profiles for a bean swinger dlpole: only one 
half of a symmetrical magnet is shown for each value of z. 
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5.2 Bean Diagnostics for Beanlines 

Summary: All the beam diagnostic components for the whole transfer 
beamline have now been Installed, although some still have to 
be aligned accurately. The electronics for the various 
diagnostic devices has been installed in the low-energy 
electronics area and all cables have been laid. The 
logarithmic beam current measurement system is completed and 
working satisfactorily. We are now awaiting the extraction of 
the beam from SPC1. 

Apart from the slit-systems all the beam diagnostic components 
for the first high-energy beanlines have been delivered. A 
new beam current measurement system as well as the pneumatic 
actuator control electronics are under construction. Three 
systems of scanner electronics (to serve up to 24 scanners) 
have been delivered. 

5.2.1 Beam diagnostic equipment for the transfer beamline 

After completion of the sector magnet field measurements the remaining 
section of the transfer beamline in the SSC vault was assembled, and all 
beam diagnostic conponents have now been installed. Apart fron 
a few current measurement cables in the last section of the beamline, 
all components have been connected to their respective electronic 
systems. The diagnostic equipment of the first straight section has 
been aligned. 

5.2.1.1 Scanners and scanner electronics 

All the scanners can now be operated manually from the low-energy 
electronics area. A calibration procedure for the scanner electronics 
and a mechanical alignment procedure for aligning the scanner wire with 
respect to the beamllne axis has been established and documented. 

5.2.1.2 Harps and harp electronics 

The harp electronics can be operated manually from the low-energy 
electronics area with the help of the harp electronics test equipment 
(simulating the CAMAC interface). The first harp was operated in this 
manner during the first beam extraction from SPC1 (see also section 2.7 
for a display of the analogue output). The earthing of the harps 
(distributed along the beamline) and the central harp electronics 
received special attention. The best results were obtained with the 
screens of the harp cables earthed at the beamline as well as at the 
electronics. It was also found that the offset due to different lengths 
of 50-core individually-screened cable is negligible compared to the 
offset caused by the front-end harp multiplexer. 

5.2.1.3 Pneumatic actuator control electronics 

Two cardframes, with 8 modules per cardframe, have been installed in the 
low-energy electronics area. The hard-wired connections to the central 
safety Interlock system have been made and tested. The electronics is 
also connected to CAMAC for remote position control of harps, Faraday 
cups and some capacltlve phase probes. All components can be operated 
under local control and computer control. 
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5.2.1.4 Faraday cup bias supply 

A cardfraae with 15 plug-in type high-voltage-sensing modules as well as 
the high-voltage distribution has been built, installed and tested. A 
voltage up to -1,5 kV can be supplied to the secondary-electron suppres
sion electrodes of the Faraday cups (or bean stops). Special sensors 
have been mounted on the pneumatic actuators of the Faraday cups to 
ensure that the high voltage is supplied to each component. The system 
has been linked to the vacuum system to ensure that no high-voltage can 
be applied if the beamline Is vented, to minimise risk to personnel. 

5.2.1.5 Stepping motor control electronics 

The stepping motor control electronics has been Installed for all slit 
systems and these can now be operated under local control. This system 
is described in more detail in section 6.2.6. 

5.2.1.6 The emittance measurement system 

The vertical and horizontal slits and detectors as well as the beam 
current measurement electronics have been installed. The stepping motor 
control electronics to drive the slits and detectors has not yet been 
installed, although all cables have been laid. Provision has also been 
made to install this system in the last section of the transfer beamline 
in front of the last triplet. The programming for this system has been 
initiated. However, the whole system presently has a low priority owing 
to other more urgent needs. 

5.2.1.7 Beam current measurement system 

A system employing logarithmic current-to-voltage converting amplifiers 
has been constructed, tested and installed (see figure 1). Most of its 
80 channels have been connected to the beam diagnostic components 
located along the transfer beamline. The system is managed by a 
dedicated local microprocessor providing also local display of the 80 
currents on a screen. A bubble memory provides non-volatile storage of 
the microprocessor program and calibration data. The system is linked 
via CAMAC to the minicomputer for the display of currents and associated 
alarm status at the control console. 

Various sources of current offset and leakage were identified and 
eliminated. For example, Penning vacuum guages (with a 3 kV anode bias) 
initially induced leakage currents up to 1 nA, while a 24 V supply to a 
limit switch located in the vacuum, induced leakage currents up to 10 nA 
across AI2O3 insulators which were not properly cleaned and baked. 

The current measurement from the diagnostic components in the first 
diagnostic chamber has been successfully used during beam extraction 
from SPC1. The system is working well and mains noise problems 
(initially anticipated) were not encountred. Typical offset and leakage 
currents of 10 pA are measured if the beamline is evacuated. 

5.2.2 Beam diagnostic components for the high-energy beamline 

A detailed layout of the location and orientation of the beam diagnostic 
components has been made for the high-energy beamllnes up to the 
respective switching magnets in front of the Isotope production targets, 
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the therapy vaults and the experimental areas. Racks and an enclosure 
with ventilation are being installed for the electronics serving the 
high-energy beamllne diagnostic components. The first beam diagnostic 
chambers have been placed in position on their stands on the beamllne 
and the installation of cables will commence as soon as the cable trays 
are mounted. 

All the bean diagnostic components for the high-energy beamlines, except 
the slit-systems, have been subjected to acceptance tests and delivered; 
this includes the harp and scanner electronics. The two new types of 
diagnostic chambers are shown in figure 2. All necessary spare 
components have been ordered and delivered, (except for the 
slit-systems). 

5.2.2.1 Faraday cups and slit-systems 

Unforeseen problems were experienced with the soldering technique 
proposed for the water-cooled copper Faraday cups and slit-jaws, which 
are specified to dissipate beam powers up to 10 kW (for 100 MeV protons 
with 13 mm penetration depth), as well as to stop 200 MeV protons (with 
2 kW beam power and 43 mm penetration depth), for beam diameters as 
specified in the previous annual report. This is also the reason why 
the slit-systems have not yet been delivered; we do however expect them 
by mid-July. 

In addition to the secondary-electron suppression electrodes in front of 
the Faraday cups (see figures 3 and 4) we found it necessary also to 
install small permanent magnets over the Faraday cups themselves to 
ensure adequate suppression of secondary electrons for the high-energy 
beams. These can clearly be seen in figure 5. 

5.2.2.2 Pneumatic actuator control electronics 

The design of the control electronics for the pneumatic actuators on the 
high-energy beamlines has been modified from the design used for the 
transfer beamline. There are now sixteen actuator modules per cardframe 
and only one control nodule to select any one of the actuator modules at 
a time for local control and operation. Only unsafe conditions are 
displayed on the front panel of every actuator module. 

The detail design and layout is complete. A prototype has been built 
and tested successfully. The manufacture of two card frames is now In 
progress. The system will also be linked to the central safety 
Interlock system and to CANAC for remote control via the minicomputer. 

5.2.2.3 Faraday cup control for neutron therapy 

For neutron therapy with the isocentrlc system it is necessary for the 
radiographers to have direct control over specific Faraday cups in both 
the transfer beamline and the high-energy beamlines. A multiplexer has 
been designed and is presently being built to allow one of four 
different CANAC systems (e.g. the local neutron therapy control system 
or our main control computer) to control these Faraday cups via a 
dedicated pneumatic actuator control cardframe. The multiplexer makes 
provision for a preset priority sequence of the CAMAC input commands. 
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5.2.2.4 Beaa current aeasureaent systei 

The bean current aeasureaent for the high-energy beaallne is based on 
the saae design proposed for the SSC (see section 3.6.7). In fact, this 
system is presently being built together with that for the SSC. For the 
high-energy beaalines, which are presently being asseabled (and this 
does not include all the experiaental beaalines nor the beaalines to the 
spectroaeter and the target for the neutron tiae-of-flight experlaents) 
we require 219 static beaa current aeasureaents. No dynamic 
aeasureaents (as for the SSC) are envisaged. Of the 219 current 
aeasureaents 14 are for beaa stops and Faraday cups for which we are 
aiaing to achieve an accuracy of ±1Z on the most sensitive range (i.e. 
100 pA full-scale reading). The accuracy requirement for the remaining 
amplifiers (to be used for slit-jaws, segmented scrapers and apertures, 
screens etc.) is specified at ±10Z on the most sensitive range. Seven 
cardframes, ecch with 32 channels, are thus required for the high-energy 
beaalines. One of the seven cardfraaes will be reserved for the acre 
accurate aeasureaents. This beaa current aeasureaent system is 
presently being built. 
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Fig. 1 The bean current Measurement electronics for the transfer 
beaallne, consisting of a CAMAC crate (top), a dual 
Microprocessor and the 80 logaritfmic current-to-voltage 
converter channels. 
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Fig. 2 Two additional types of diagnostic chambers used for the 
high-energy beamlines. The type E chaaber ( l e f t ) i s aainly 
used for Mounting s l i t - s y s t e a s , while the type T chaaber 
(right) i s the simplest version with only one CF150 mounting 
flange. Note the small bracket inside the vacuum chaaber for 
mounting the secondary-electron-suppression electrode for a 
Faraday cup. 

Fig. 3 The Faraday cup for the high-energy beamllnes, with a 
water-cooled copper head and a pneumatic actuator for in/out 
movement. The separate secondary-electron-suppression 
electrode i s lying in front of the cup. 



109 

Fig. 4 The secondary-electron suppression electrode aounted on a 
special bracket inside the diagnostic chamber. The vacuus 
feedthroughs for the signal cables are via the upper CF35 
flange. 

Fig. 5 The two different Faraday cup heads for the high-energy 
beanllne. The cup on the left has an entrance aperture of 
60 mm while that on right has an aperture of 90 aw. The 
latter is used in the beanllne I (towards the Isotope 
production area) where large bean widths are expected for 
beat) powers up to 10 kW. Note the snail permanent magnets 
over the cup Itself in addition to the suppression electrode 
to aid in the suppression of secondary electrons. 
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5.3 Beamllne Vacuum System 

Summary: Installation and commissioning of the vacuum equipment for the 
transfer beamllne between the two cyclotrons have been 
completed. The microprocessor control and interlocking 
developed at the NAC for the three pumping sections of this 
line perform well in manual as well as automatic mode. The 
pressures attained during the first few evacuations are 
already in the 10 mbar range required. 

The vacuum system for twenty-one pumping sections of the 
high-energy beamlines has been designed and most of the 
equipment has been purchased. Fabrication of the beam pipes 
and construction of the vacuum control system for these lines 
are now in progress. 

5.3.1 Transfer beamline 

Figures 1, 2 and 3 show some of the high-vacuum pumps and their 
associated equipment on the transfer beamllne. There are three pumping 
sections (J-l, J-2 and J-3) on the line which csn be isolated for 
evacuation and venting. Figure 4 shows pump-down curves from 
atmospheric pressure measured for these three sections. Figure 5 
illustrates the result of a residual gas analysis of the vacuum in the 
line and figure 6 shows the total pressure measured after 100 hours of 
pumping at various positions along the beamline when it is open to 
SPC1. The pressure distribution in the line agrees well with our 
predictions. The pressure in J-3 is still a bit higher than expected 
because a conductance-limiting pipe was installed in place of the beam 
buncher, and because this section was pumped down for the first time. 
The residual gas still consisted mainly of water vapour at that stage. 
As the water vapour is removed over longer pumping periods, the pressure 
everywhere along the line will be in the 10 mbar range except near 
SPC1, where it must rise to the level in SPC1. 

The control system for the transfer beamline has been commissioned 
recently. Only minor modifications were required to make it 
operational. 

5.3.2 High-energy beamline vacuum system 

The design of the vacuum system for twenty-one pumping sections of the 
"high-energy" beamlines has been completed and most of the vacuum 
equipment required has been purchased. Figure 7 shows the position of 
the various pumping stations on these high-energy beamlines. 

The layout of the three mimic panels for the vacuum control system has 
been finalised (see figures 8, 9 and 10} and the panels are currently 
being manufactured. Development of the printed-circuit boards for the 
front panels If in progress. 
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Fig. 1 A 510 is" turbo-molecular pump station on the transfer 
beamline between SPCl and the SSC. 

Fig. 2 A 360 XB~ turbo-molecular pump station on the transfer 
beamllne between SPCl and the SSC. 
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Fig. 3 An ion-getter pump station on the transfer beamline between 
SPC1 and the SSC. 
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Fig. 7 The positions of punp stations on the high-energy beamllnes. 
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Fig. 10 The layout of the vacuum control system for the beamlines in the experimental areas. 
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5.4 Bunchers for Transfer Headlines 

Suaaary: Transfer aatrix notation has been used to calculate a beaa-
independent bunching parameter, for any beaaline. This has 
been applied to the transfer beaaline between SPC1 and the 
SSC, and also to the proposed beaaline between SPC2 and the 
SSC, which will require a second buncher. 

In order to obtain single-turn beaa extraction froa the SSC, the 
longitudinal spread of a beaa pulse at its entrance should not exceed a 
length associated with 0,1 radians in cyclotron rf phase. At injection, 
however, the beaa pulse could, because of its energy spread, have 
developed a large longitudinal spread in the long transfer line froa the 
injector cyclotron. A beaa bunching systea is therefore essential in 
the transfer line froa SPC1, as well as in the future line froa SPC2. 
Beaa bunching systeas for these lines had therefore to be investigated. 

The planned beaa buncher will consist of two consecutive accelerating 
gaps (C in figure 1(a)) in the beaaline. At each gap an electric field, 
applied in the direction of travel and varying sinusoidally with time, 
is synchronised so as to accelerate or decelerate the lagging or leading 
particles respectively. 

An optimally bunched beam, as is required at the entrance to the SSC, 
can be described by an upright phase ellipse in longitudinal (A$,AE) 
phase space (At being the rf phase deviation of a non-central particle 
and AE being its relative energy deviation). An estimate of the phase 
space at the exit of SPC1 also yields an approximately upright phase 
ellipse. Since SPC1 and SPC2 will be very nearly identical, each of 
the two transfer beamlines (with one or more bunchers) should thus 
transform an upright phase ellipse at the exit of each injector into 
another one at the entrance of the SSC. 

This requirement for the transfer line can be expressed in terms of the 
elements of its transfer matrix M in longitudinal phase space of the 
beam. With M defined by the matrix equation: 

A* f 

- M 
AOj 

A E 1 

where indices 1 and f respectively denote initial and final values, this 
requirement becomes: 

P 1M 1 1M 2l + Pi 1Mi 2M 2 2 - 0. (2) 

with 0 - _ - (3) 
AEi 

for the initial upright ellipse. (p Is equivalent to the first of the 
Courant and Snyder {1} variables 6, v and a). 
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For a transfer line containing a particular arrangeaent of beaa 
bunchers, equation 2 leads to a beaa-independcnt bunching paraaeter P 
which yields the buncher voltage aaplitude for a specific beaa as: 

with V 0 in kilovolts and E and Q being the ion's energy (in HeV) and 
charge nuaber. In addition, the fora of the final upright phase ellipse 
follows froa its corresponding g-paraaeter: 

Pf 1 = P i M 2 * 2 + P I 1 M 2 2 2 (5) 

The results for these paraaeters and other details for the two different 
transfer lines to the SSC are separately outlined below. 

5.4.1 The beaaline froa SPCl to the SSC 

This line has been planned with one beaa buncher at a position as 
indicated in figure 1(a). If the buncher operates at the second 
harmonic of the Injector's rf frequency, a spacing of 37,4 ca is 
required between the two gaps C. The gap size is 5 ca. Figure 1(b) 
illustrates the evolution of the longitudinal phase space along the 
beamline and particularly in the buncher. 

Calculated values for the optimum buncher parameter P are displayed in 
figure 1(c) for a practical r?nge of 0i~values. From these and 
equation 4 follows that the largest buncher voltages (for protons with 
E * 8,0 MeV) will be ~157 kV. Figure 1(d) displays the corresponding 
pf values at the exit of the line. During the analysis it became 
clear that no nett bunching is obtainable (i.e. (3f > Pj always) as a 
result of the allocated buncher position in the first half of the 
transfer line. For the full analysis, see reference {2}. 

5.4.2 The proposed beamllne from SPC2 to the SSC 

Although this line still has to be designed finally, the buncher studies 
have been extended to this line as well {3} in order to plan for its 
buncher positions, voltages, etc. The additional long beamline (~36 m) 
which joins the SPCl transfer line, requires only one additional 
buncher. For this line with two bunchers which are assumed to be 
identical, even with respect to their applied voltages, the optimum 
bunching parameters can also be obtained from equation 2. In a similar 
manner to figure 1(a), figure 2(a) displays the schematic beamline from 
SPC2 with the two bunchers, and figure 2(b) demonstrates the phase space 
evolution of the beam for optimum bunching. 

In order to obtain a nett bunching from SPC? to the SSC, the distance Dj 
from SPC2 to the first buncher should be > 15,25 m, the existing 
distance from the second buncher to the SSC. An upper limit to Dj has 
however been set to 19,75 m in order to limit the effect of harmonic 
distortion of too long beam pulses. For this upper limit to V\, 
figure 2(c) and (d) displays respectively the bunching parameter P and 
Pf-values for various ^-values. 
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Fig. 1 Results for the SPC1-SSC beamline with one buncher: 
(a) A diagram of the beamline showing the two gaps C of the 

buncher. 
(b) The A$,AE phase diagrams at different positions along the 

beamline (positions 1 to 6 on diagram (a)). Beam : 
deuterons with E - 4,0 MeV. 

(c) The bunching parameter P which yields for a specific ion 
b?am the required bunching voltage (see text), as a 
function of Pj. 

(d) The output p-values, pf (see text). 
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Flg. 2 Results for the SPC2-SSC beamline with two bunchers. 

(a) A diagram of the beamline showing the two gaps G for each 
buncher. 

(b) The A$,AE phase diagram at different positions along the 
beamline (positions 1 to 11 on diagram (a)). Beam : 
protons with E - 8,0 MeV. 

*(c) The bunching parameter P which yields for a specific ion 
beam the required bunching voltage (see text), as a 
function of p^. 

*(d) The output B-values, Bf, as a function of f̂ . 

*The different curves (A) & (B) result from solutions with 
respective upright and flat phase ellipses at position 6 (fig. (a)). 
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5.5 A Pulse Selector 

Summary: Operating parameters for a pulse selector in the existing 
beaaline between SPC1 and the SSC have been determined. The 
proposed selector would operate between 4 and 6 Mtz, with an 
upper Halt of 50 kV on the deflection electrodes. This would 
permit selection of one out of (a maximum of) every 6 beam 
pulses for 200 MeV protons, for neutron time-of-flight 
measurements. 

For neutron time-of-flight measurements, the time interval x between ion 
beam pulses ideally needs to he as long as 760 ns. This may be as high 
as 20 times the pulse repetition time of some ion beams at their highest 
energies. Therefore one requires a mechanism for the removal of some 
beam pulses prior to final acceleration. The optimum pulse selector 
with wide range of energy and pulse selection options will finally be 
included in the low-energy (keV-range) beaaline to the future injector 
SPC2, where the voltage on the axial inflector can be pulsed at low 
cost. In the meantime a preliainary and reasonably inexpensive selection 
system has to be installed in the existing beaaline from SPC1 to the 
SSC. 

Several pulse selector systems have been considered for this purpose. 
The most suitable one operates in the following way: An alternating 
voltage 

V = Vi - V 0 cos ( í £ + A0) (1) 

with u • 2xf (where f is the repetition frequency of the entering ion 
pulses) is applied to a pair of planar electrodes with length l\ along 
the beamline direction. The resultant transverse oscillating field will 
deflect all unwanted pulses and allow only every nth pulse to be 
accepted by e narrow slit, after traversing a drift space of length %2 
for better separation. The two voltages V 0 and Vj are adapted to the 
two conditions that the nth pulse is undeflected and the leading 
particles in the (n+l)th pulse are only just rejected. 

In the transfer line from SPC1, a pulse selector can only be inserted 
into the small space between the quadrupole magnet Q3J and slit S1J {1} 
but i\ and %2 a r e then restricted to only 50 and 15 cm respectively. 
For such a preliminary selection system, the frequencies have to be 
limited otherwise both the resonator and amplifier become too expensive. 
Imposing these limits as: 

v - -ÍÏ- - 4,0 to 6,0 MHz (2) 
2% n 

i.e. T - 250 to 160 ns, (2a) 

leads to available energy ranges at the SSC output for different 
n-values as presented in figure 1 for protons, deuterons and alpha beams 
separately. On the lower and higher-energy limits of the charts, the 
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required ac voltages V 0 are printed in kilovolts- These values are 
generally high because l\ and i 2 are small. Decreasing the lower limit 
of v in equation 2 in order to provide longer flight times or n-values 
larger than 6, will require oscillator voltages which exceed the upper 
limit of SO kV already set for this preliainary system. At present the 
possibility of improving the pulse separation by increasing the drift 
length 1 2 up to the slit S2J {1}, is being analysed. This will 
incorporate quadrupoles Q4J, QSJ and Q6J as well as bending magnet B2J 
into this drift length. 

Reference 

1. National Accelerator Centre Annual Report HAC/AR/79-01, (CSIR, 
1979) p 140 
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SECTION 6 MECHANICAL AND ELECTRICAL ENGINEERING 
6.1 Mechanical Engineering 

[As the work of this section is reported under the relevant portions of 
this document, only a few items which have special mechanical interest 
will be included here.] 
Summary: The most important sections of work undertaken by our design 

office during the year were:-
(a) for the separated-sector cyclotron 

(1) the resonator fine-tuning capacitors and drives, 
(ii) the resonator coupling capacitor and drive, 

(Hi) the two multi-head probes and beam stops, 
(iv) the resonator short-circuit plate vertical drive, 
(v) the valley vacuum chamber radial collimators, 

(vi) the electrostatic channel and drive, and 
(vii the second septum magnet; 

(b) for the beamlines: 
(1) the neutron shutters, and 
(ii) the high-energy beamline supports 

The major components that were manufactured during the past 
year either by our workshops or contractors under our 
supe'vision were: 

(i) the SPC1 electrostatic extraction channel 
(ii) the SSC magnetic Inflection channel 
(ill) the valley vacuum chambers 
(iv) the SSC resonator short-circuit plates and drives 
(v) the SSC radial collimators 

(vi) the high-energy beamline supports 
(vii) the SSC resonator fine-tuning capacitors 

6.1.1 SSC multi-head probe and beam stop 

This mechanism consists of a 4-metre tube with a number of probes 
attached to a head at the one end which passes through a vacuum seal 
into the valley vacuum chamber. The tube Is turned through 270* to 
expose the required head to the cyclotron beam. 

The probe assembly is driven Into the cyclotron by a 4 metre screw which 
has been manufactured to extremely high standards of accuracy. 

Provision has been made for servicing the head, alignment of the 
mechanism and removal of the total assembly to facilitate removal of the 
valley vacuum chamber* 

A local contractor Is presently undertaking the total manufacture of the 
mechanism. 
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6.1.2 SSC resonator coupling capacitor 

The capacitor plate assembly is supported on three screws. A toothed 
belt connects the motor drive to the three wheels which move the 
assembly in and out on the screws. A flexible bellows isolates the 
vacuum area while allowing linear movement. A cylindrical glass 
insulator separate the inner and outer conductors. Silvered contact 
fingers on the connecting cylinder allow for electrical contact. A loop 
in the connecting cable from the amplifier will allow the mechanism to 
move 220 mm while carrying the cable with it. Figure 1 shows the 
coupling capacitor drive. 

6.1.3 SSC resonator fine-tuning capacitors 

A rectangular copper plate is moved in and out towards the inner deltas 
from the rear of the resonator by this mechanism. Braided copper straps 
connect the capacitor plate electrically to the rear wall of the outer 
delta. Cooling is provided from outside the resonator and a flexible 
bellows isolates the vacuum area. The drive is provided by a 
stepping-motor which moves the assembly via a toothed belt. Ball screws 
are used to allow for the smooth linear movement of the mechanism. 

6.1.4 Resonator short-circuit plates 

Manufacture and assembly of the first set of two plates has been 
completed, and the second set should be ready by the end of June. 

Tests revealed a problem with the balancing of the various 
spring forces. The original intention was to use atmospheric 
pressure to operate the contact fingers in vacuum, but this was found to 
be unsatisfactory. The force required for satisfactory operation in air 
is between 120 and 130 kPa, but only 20-30 kPa in vacuum. 

To move the short-circuit plates, one pusher is used, which, because of 
physical restrictions, can operate only on the periphery of the plate. 
The resultant torque generates considerable radial forces onto the frame 
and onto the inner resonator conductor. To test the effect of these 
forces, the short-circuit plate was moved up and down a steel cylinder 
of the same diameter as the inner conductor, with a jack pushing in the 
axis of the positioning pusher. 

The test revealed that the frame was not stiff enough, with the 
short-circuit plate sagging by 12 mm over a width of 1200 mm. 

After the addition of a sfiffening-collar to the support ring and an 
increase in the number of wheels from 8 to 12, the sagging was reduced 
from 12 mm to less than A mm, which is acceptable. 

During these tests the plates were found to be running in a straight 
line with no tendency to spiral. An additional axial guide system is 
thus unnecessary. Figure 3 shows the short-circuit plate mechanical 
layout as well as the details of the contact finger operating mechanism. 

6.1.5 Short-circuit plate transport system 

Tests on the prototype showed that the horizontal path of the pushing 
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chain had to be guided more than the original design had provided for. 
After extending the baseplate and the addition of two more retaining 
rollers, no further problems were experienced with the overhanging 
chains. 

The drive-motor-gearbox assembly originally used was found to have a 
very low efficiency. For the revised drive, the same motor was used 
with another gearbox and a toothed belt was used for the first stage of 
the drive to reduce the input speed and so reduce much of the friction. 

With this arrangement, both the load capacity and the speed of the 
system is satisfactory. 

Assembly of a set for the first resonator has been completed and is 
ready for installation. 

6.1.6 Cooling system 

The NAC staff took over maintenance of the system from the contractor in 
October 1984. Problems were again experienced on the chiller seals but 
these now seem to have been solved. 

Due to the inefficiency of the power supplies, as far as cooling is 
concerned, it was found that more water was required than the system was 
designed for. The pipework from the No. 3 accelerator circuit, which 
will later be used for the high-energy beamline, was modified to provide 
additional water for the power supplies as an interim measure. 



129 

Fig. 1 The coupling capacitor drive. 
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Fig. 2 Short-circuit plate showing the contact-finger operating mechanisms. 
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6.2 Electrical Engineering 

Summary: The Electrical Engineering Division has completed the design 
and manufacture of a short-circuit plate driver and control 
system for the first solid-pole cyclotron (SPC1) as well as 
various stepping-motor drivers for SPC1, for the 
separated-sector cyclotron (SSC) and for the beamline. 

A multiplexer unit for driving a number of stepping motors 
from a single control unit was also designed and built, as 
were a number of 120 kV resistors and a dummy load for testing 
power supplies 

6.2.1 Short-circuit plate control system 

This system was required to adjust the position of the short-circuit 
plates of SPC1. The system consists of a disc armature direct-current 
motor controlled by means of a microcomputer interface unit. The 
microcomputer controls the positioning of the short-circuit plates by 
driving the motor to a previously entered "address". The actual 
position of the plate is read back to the microprocessor from a shaft 
encoder. The microcomputer also controls the acceleration and 
deceleration of the motor as well as the maximum speed reached. The 
"address" can be entered from the front panel in 'local' mode, or from a 
remote location in 'remote' mode. Each short-circuit plate has 18 
contact fingers which are monitored by the microprocessor to improve 
overall reliability. The contact fingers have to be opened by the 
microcomputer before the plate is moved and must be closed by the 
computer after the plate has reached its final position. In 'local' 
mode the plates can also be driven in either direction directly after 
the previously entered address has been reached. Four of these units 
have been completed. Figure 1 shows the circuit diagram for the contact 
finger monitoring circuit and figure 2 shows two completed units. 

6.2.2 Position control multiplexer 

The position control multiplexer will multiplex one stepping-motor 
controller (SMC) i.e. a Position Controller ECS-3, with its associated 
CAMAC modules, to one of four stepping-motor pairs and to one of four 
shaft-encoder pairs. When a motor pair is selected, the "A" and "B" 
motors of the pair can be controlled individually through channels A and 
B of the position controller. 

The position control multiplexer consists of two Independent 
multiplexers - namely a motor/brake/limit multiplexer and an encoder 
multiplexer. These two multiplexers are addressed through the same 
CAMAC digital output module and data is read back from the multiplexers 
via the same CAMAC input module. 

The position control multiplexer can be controlled in two different 
'local' modes. When the 'Encoder and Motor Local' mode is selected by 
means of the 'Local Mode Selector' knob on the front panel, both the 
motor/brake/limit multiplexer and the encoder multiplexer are controlled 
by the 'MUX Local Address Selector' knob. When in the 'Encoder Local' 
mode, the encoder-multiplexer is controlled from the front panel while 
the motor-multiplexer is controlled by the computer. In the 'Remote 
Mode' the two multiplexers are both controlled by the computer. 
Local/remote selection as well as local control of the brakes are still 
done from the front panel of the SMC position controller. 
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The position controller used Is of the two-channel type with 13-bit 
V-binary encoder inputs and driven by a CAMAC SMC module. The A and B 
inputs on the position controller are driven directly by the SMC 
module. All other inputs are driven by the multiplexer. The readings 
(in binary) of the selected encoder pair (A and B) as well as the status 
of the selected brake pair (A and B) are displayed on the front panel of 
the position controller. Figure 3 shows the complete multiplexer unit. 

The encoder-multiplexer multiplexes eight 13-bit V-binary shaft encoders 
in pairs to the two (A and B) encoder inputs on the position 
controller. Multiplexing is done with tri-state buffers on a common 
data bus. The encoder-multiplexer is housed, together with the 
multiplexer control electronics, in a standard 5-unit rack. 

All hand controls and displays, except the encoder displays and brake 
controls, are situated on the front panel. 

6.2.3 High-voltage resistors 

A number of high-voltage resistors were required to limit the short-
circuit currents caused by flash-overs on the electrostatic extraction 
channels of both cyclotrons. These channels are energised by power 
supplies with maximum output voltages varying between 100 kV and 120 kV. 
Each resistor was constructed from 500 individual 10 kV metal-film 
resistors connected by 4 mm diameter copper cylinders to reduce the 
field strength or the surface of the conductors between resistors. A 
small section of a resistor 'string* of this type is shown in figure 4. 
The resistor s.ring was mounted on a polypropylene cylinder 200 mm in 
diameter and /36 mm long with a spiral groove cut into the surface of 
the cylinder. Figure 5 shows a photo of the cylinder mounted inside a 
stainless steel tank filled with oil with its connectors on either 
side. These resistors are used as current limiters between the high-
voltage power supplies and the electrostatic extraction channels. 

6.2.4 Dummy load 

Figure 6 shows a water-cooled dummy load used for testing power 
supplies. A large dummy load of 800 kW capacity previously constructed 
(see annual report 1982) was found to be inadequate for the lower-
current power supplies which required a higher-resistance load. The 
dummy load shown was built on a vertical frame and fitted with wheels. 
The resistance Is adjustable from 0 to 1,25 ohms with a maximum 
dissipation of 10 kW. 

6.2.5 Trimming capacitor drive control system 

A drive control system was built for the trimming capacitors of the 
separated-sector cyclotron. The capacitor mechanism is driven by a 
three-phase two-speed ac motor. The drive is Initiated by a signal from 
the radio-frequency system in the form of a binary address incorporating 
an offset. An encoder on the drive mechanism feeds a signal to the 
drive unit giving the absolute position of the trimminf capacitor. The 
drive unit then switches on the motor which drives the capacitors at 
high speed to slightly beyond the address given owing to the inertia of 
the motor. The radio-frequency system then supplies the final address, 
to which the capacitors are driven using the motors at slow speed 
(approximately one-tenth of the higher speed) for accurate adjustment. 
Four of these units have been manufactured. 
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6.2.6 Control electronics 

All the electronics and interlocks for the control of a total of 20 
slit-jaws have been completed and tested. The installation in the local 
control area and cabling are also complete and the system has been 
tested with local control as well as remote control via the CAMAC 
Interface. Figure 7 shows the slit drive electronics. 

Many stepping-motor driver control units have been completed, tested and 
installed during the last year. Cabling and wiring of various elements 
of the Injector cyclotron have been carried out and complete system 
tests were performed, including control tests via CAMAC. The following 
systems are examples: differential probes (2), elements of the ion 
source, the puller, the axial and radial slit, the 2nd radial slit, the 
electrostatic extraction channel and the magnetic extraction channel. 

Figure 8 shows the completed stepping-motor driver electronics for the 
injector cyclotron. 
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Flg. 1 Circuit diagram of the contact-finger monitor for the resonator 
short-circuit plates. 
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Fig. 2 Short-circui t plate drivers and con t ro l l e r s . 

Fig. 3 Stepping-motor multiplexer. 
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Fig. A Section of a high-voltage resistor chain. 

• • • 

Fig. 5 High-voltage resistor, with top of oil bath removed. 
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Fig. 6 Dummy load constructed for power supplies. 
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Fig. 7 The slit drive electronics. 
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Flg. 8 Stepplng-motor drive e lec t ronics as used for various elements 
of the Injector cyclotron. 
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SECTION 7 THE RESEARCH CROUP 

7.1 Experimental Nuclear Physics 

Summary: The Croup's participation In nuclear physics experiments at 
intermediate energies abroad was continued, while measurements 
on the elastic scattering of ot-particles on Si were 
performed at the NAC's 6 MV Van de Craaff accelerator. (See 
section 10.) 

Development of experimental facilities for the future research 
programme at the SSC is progressing well. A 1,5 m diameter 
scattering chamber, a Y - r a y correlation table, a high-energy 
Y_ray detector system and a beam swinger facility for neutron 
time-of-flight measurements should be available for 
experiments during the first year of operation of the SSC. A 
second mini-computer for off-line event sorting and data 
analysis has also been installed, while fifteen A50 MHz ADC's 
are on order. 

7.1.1 Experimental facilities 

Four facilities are under development for use in experiments when the 
first beams become available. These are 

a 1,5 m diameter scattering chamber for charged-particle 
reaction studies 

a three-arm correlation table for general Y _ r a y experiments 
under low background conditions 

a high-energy y-vay detector system for radiative capture 
experiments, and 

a beam swinger system to facilitate neutron time-of-flight 
experiments. 

On the scattering chamber the controls for the stepping motors driving 
the detector arms, as well as the readout system based on precision 
shaft encoders, are now completed and have been tested for reliability of 
operation. Assembly of the scattering chamber and installation of these 
components are hampered by the fact that the shielding blocks of the 
designated experimental vault are still being stacked. The design and 
construction of the vacuum system are underway. 

The Y~ray correlation table has been delivered by the main machine shop 
of the CSIR and also awaits the completion of its experimental vault 
before it can be assembled In its final position. 

A high-energy Y"*ray detector system, based largely on the design of an 
existing detector {1}, has been ordered and will be available when 
acceptance tests are completed. 

The optical design of the beam swinger system is nearing completion and 
specifications for the swinger magnets can soon be finalised (see 
section 5). 
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7.1.2 Data handling 

J Pilcher, C Wikner and K Springhorn 

The second 32-bit data handling minicomputer, on which the off-line 
event sorting and daLa analysis is to be based, was delivered and 
installed at the NAC during the past year. Hardware problems during the 
year have all been related to the multi-terminal interfaces, which would 
seem to be rather fragile. 

A distribution panel has been built to facilitate connecting terminals, 
or other peripherals using serial communications line interfaces, to 
different multiplexer ports or computers. 

A sixteen-channel optically-isolated RS-422 line-driver/receiver unit 
has been constructed to link the data handling system to peripherals 
situated in the Van de Graaff buildings some 650 metres distant. At 
present, two terminals and a serial printer are Installed, and a pen 
plotter is currently on order. 

A further two magnetic tape transports are still to be ordered for the 
data handling system, and, if sufficient funds are available, we hope 
to provide users with a 6250 bpi tape capability. At present the two 
drives connected to the system provide users with the option of 800 or 
1600 bpi density tapes only. 

We plan to connect the two data handling computers together by means of 
an Ethernet communications channel. The required hardware has been 
delivered, and will he installed in the near future. 

A number of components for the data acquisition computer have been 
delivered. These include CAMAC crates and modules, microprogrammed 
branch-driver, current integrator, etc. To meet the ADC requirements of 
the experimental physicists, the specifications of a number of ADC's 
were compared. Selection was soon limited to two models, which both 
have the required speed and spectroscopy quality. One of each was 
loaned by the suppliers for evaluation, and finally a 16K 450 MHz model 
was chosen. Fifteen of these ADC's are now on order. 

A number of data acquisition and data analysis programs have been 
obtained from elsewhere, or developed at the MAC, and installed on the 
data handling computers during the past year. A number of these are 
already being extensively used by experimenters making use of the Van de 
Graaff laboratory facilities. Our thanks are extended to those 
institutes who have made such programs available to us. 

Reference 

1. A M Sandorfi and M T Collins, Nucl. Instr. and Heth. 
222 (1984) 479 
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7.2 Standards of Radioactivity 

Summary: The final results of the international comparison of Ba 
measurements organised by the BIPM during the first half of 
1984 proved to be very gratifying to the NAC. A new 
coincidence technique, based on the counting of sum pulses 
only in the -y-channel, was developed for the measurement of 

Na and a sample was sent to the International Reference 
System (SIR) of the BIPM for a comparative measurement* 
Excellent comparison with the SIR average wis obtained. 

109 The measuring technique for Cd was improved by employing a 
0,75 mm thick CaF 2(Eu) scintillator, especially purchased for 
this purpose. A new 15-unit double and triple-coincidence 
module, which will reduce counting times by a factor of five, 
is also being built. 

7.2.1 Development of new measuring techniques and maintenance of 
laboratory standards 

B R Meyer and B R S Simpson 

As in the past, radioactivity standards were prepared for the Pretoria 
Cyclotron Croup for calibrating their measuring apparatus. Standards of 

Na, 'Cd and Ce were prepared. In the process the measuring 
techniques for all of these radioisotopes were improved: 

22 
(a) The correction formulae for coincidence measurements on Na were 

reviewed and improved by using a sum-pulse method {1}. 
(b) A new thin (0,75 mm) CaF 2(Eu) scintillation detector, which had 

been purchased especially for the standardization of Cd, was 
used for the first time, and the results were compared with those 
of previous measurements made with a 75 x 75 mm Nal(Tl) detector. 
The efficiency for the 22 keV X-ray was found to be higher by a 
factor of 2, while that for the interfering 88 keV y-ray was 
significantly reduced, resulting in a factor of 5 reduction in the 
y-ray background correction. 

(c) A new program has been written for fitting polynomials to 
coincidence data for extrapolation purposes and a better system for 
selecting the correct order polynomial was developed {2}. 

7.2.2 Participation in the International Reference System (SIR) of 
the Bureau International des Poids et Mesures (BIPM) 

B R Meyer and B R S Simpson 
22 A standardization of Na was undertaken with the dual aims of improving 

the measuring technique for this Isotope and submitting a sample to SIR 
for comparative measurement in their special ionization chamber. The 
coincidence technique developed {1} was based on the counting of sum 
pulses only in the Y ~ c n a n n e l ' The result proved to be a big improvement 
on a previous NAC attempt and compares extremely well with the SIR 
average (see table 1). 
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7.2.3 International comparison of activity Measurements 

B R Meyer 

The preliminary results {3} of the international comparison of Ba 
measurements organised by the BIPM during 1984 showed the NAC value as 
exactly coinciding with the average of all measurements available at 
that time, including those performed with ionization chambers. Later, 
the average shifted slightly due to the inclusion of additional results 
and further corrections {4}. However, as can be seen in figure 1, the 
NAC result still compares very favourably with the others. 

During the year under review the NAC also supplied a highly pure 
solution of Cd to a standardization laboratory in Hungary, from where 
samples were distributed to all the laboratories taking part in the BIPM 
restricted trial comparison of activity measurements of this isotope. 
The results reported to the BIPM will probably be discussed during the 
June 1985 meeting of the Comité Consultatif pour les Etalons de Mesure 
des Rayonnements Ionisants (CCEMRI) in Paris, after which a full-scale 
intercomparison will be launched. 

7.2.4 Instrumentation 

A new 15-unit double and triple-coincidence module has been designed 
locally and is presently under construction. This module will reduce 
the counting time per sample by a factor of five, as all fifteen points 
of a coincidence extrapolation data set will be determined 
simultaneously. In the past only three points could be determined at a 
time and measurements had to be repeated five times at different 
discriminator settings. 

The SABUS Interface between the CAMAC crate and the desk-top computer, 
which has been developed for correlation counting, is still not fully 
operational and could not be tested. 

The purchase of a new, more accurate ionization chamber for radioisotope 
calibration in the standardization laboratory is being investigated. 
The aim is to replace the old chamber in which accuracies of only ± 3% 
can be obtained. 

References 
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7.3 Radioisotope Production 

Summary: The construction of the radioisotope production block has been 
completed, while construction of the adjoining nuclear 
medicine block is nearing completion. A row of six Identical 
adjoining hot cells has been erected in the radioisotope 
handling area and will shortly be linked with the two 
irradiation vaults and a storage area by means of a 
remotely-controlled electric rail transport system. The 
design of a computer-controlled target changing system is well 
advanced. Attention is being given to the design of targets 
for the production of \ and Tl, while systems for 
cooling of targets and beam window foils are also being 
investigated. 

7.3.1 Buildings 

Building construction of the radioisotope production block (Block D) Is 
now complete. This block includes an office wing, a radioisotope 
handling area (incorporating a hot-cell complex), monitors and 
decontamination stations, laboratories for target preparation, hot and 
cold chemistry, preparation of radiopharmaceuticals and labelled 
compounds, quantitative analysis of radioisotopes and quality control, 
and rooms for process control, storage, packaging, laundering and 
maintenance. The two irradiation vaults, vault 1 at ground level and 
vault 2 at basement level, were completed in Phase 2 of the buldlng 
project {1 }, although the shielding blocks for the front wall of vault 1 
as well as its roof beams still have to be positioned. Three horizontal 
beamlines are at present envisaged for vault 1, while a single vertical 
beamline Is being planned for vault 2. 

Construction of the nuclear medicine block (Block N), adjoining Block D, 
also commenced early in 1985 and should be completed in July 1985. This 
block will house a computerized gamma camera for single-photon emission 
tomography, which will also be used by the Radioisotope Production 
Division for bio-evaluation of their radiopharmaceutical products* 
Provision has also been made in the layout of Block N for the possible 
future installation of a facility for positron emission tomography with 
the least possible building alterations and additions. 

7.3.2 Facilities and equipment 

7.3.2.1 Hot cells 

P J Fourie*, F J Haasbroek, S J Mills and M E Smith* 

•Isotope Production Centre, NUCOR 

With the assistance of the Isotope Production Centre oi NUCOR, a row of 
six identical, adjoining hot cells was designed to fulfil the NAC's 
Initial requirements. (Additional, more specialised hot cellp may be 
needed at a later stage.) Access to the cells is from the rear only, 
but provision has been made for the possible future installation of an 
inter-cell transport system in the shielded space under the cortalnment 
boxes, with entry and exit of samples into each box from below (see also 
7.3.2.2). Each containment box is constructed of six separate panels 
clipped to a tubular frame, the panels for the floor and rear wall being 
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of 6 ran aluminium plate and the others of 8 mm perspex. Rear sliding 
doors in the biological shield of 100 am lead in front and 50 am lead on 
the remaining three sides as well as on top of each containment box, 
provide for the removal of each box as a whole, or of the rear panel of 
the box for entry or exit of pieces of equipment which are too large for 
the 220 on diameter port in the rear panel of each box (access to which 
can be obtained by removal of a lead plug in the sliding door). Rear 
hinged doors also allow access to the shielded space under each 
containment box. 

An order for these cells was finally placed with a European company in 
December 1984, and delivery and assembly on site took place in June 
1985. However, installation of services to each cell, as well as 
control instrumentation, gauges, alarms, etc still has to be done by 
the NAC. A suitable shielded trolley for the transfer of radioactive 
materials between hot cells also has to be designed and manufactured. 

7.3.2.2 Autoaatic transport system 

In collaboration with the local agents of a well-known international 
firm manufacturing autoaatic transport systems, a reaotely-controlled 
electric rail transport systea for targets and radioisotopes was 
designed to link the two irradiation vaults, via a set of aazes, to the 
first of the row of hot cells, as well as to a well-shielded storage 
space for highly-active targets and radioisotopes in the baseaent below 
the radioisotope handling area. This systea also incorporates a parking 
loop for up to 9 electric transporters tnd can be extended to link the 
other five hot cells with the rest of the system at a later stage, in 
order to facilitate transfer of radioactive materials froa one cell to 
another. Provision has also been aade for the possible future extention 
of the systea to a second row of hot cells. 

Delivery and installation of the systea is planned for July 1985. 

7.3.2.3 Target handling 

S J Mills, F M Nortler, W L Rautenbach*, H A Salt and 
G F Steyn 

*Dept. of Physics, University of Stellenbosch 

The design of an autoaatic target changing system for the first 
irradiation position in vault 1 is well advanced and construction 
should coaaence before the end of 1985. This systea will provide for the 
transfer of standardized target holders between a target transporter and 
a target aagazlne in the Irradiation position. Work on the coaputerlzed 
remote control for this systea is also in progress. Developaent of 
systems for the other Irradiation positions will coaaence as soon as 
sufficient experience has been gained on the first one. 

7.3.3 Targetry 

S J Mills, F M Nortler, W L Rautenbach* and C F Steyn 

*Dept. of Physics, University of Stellenbosch 

As the result of a survey conducted by the Nuclear Medicine Working 
Committee in 1984, the radioisotopes I and 2 0 1T1 have been 
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identified as the first two to which attention should be given at the 
new facility at Faure, and some developmental work on target design for 
these isotopes is presently in progress. For the production of 1, 
the I(p,5n) Xe reaction is the obvious choice {2}, especially in 
view of the fact that the neutron therapy idle beam (66,1 MeV potons) 
will be available for radioisotope production on a routine basis. 
Targets of Nal in the form of a pressed salt tablet {3}, to be used in a 
batch process, as well as in the form of an aqueous solution {4}, with 
on-line extraction of the radioxenon, are being investigated. In the 
case of Tl, preference is at present given to targets of natural 
Pb {5} or Tl {6}, with the possibility of utilizing enriched target 
material at a later stage, if satisfactory purity levels cannot be 
achieved. 

Special attention is at this stage being given to the problems of target 
cooling and heat-transfer in targets of different designs. Systems for 
water cooling of targets as well as He-gas cooling of beam window foils 
and/or target foils are also being investigated and will probably be 
installed during the second half of 1985. 
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7.4 Radiation Safety and Regulatory Aspects 

B R Meyer, J A M T Dirkse and N D Costa 

An investigation was made of the suitability of different radiation 
monitoring systems for installation in and around the accelerator vaults 
and beamline tunnels. A more suitable and less expensive system than 
the one installed at SPC1 was selected for the rest of the facility and 
a final order has been placed. Alarm boxes incorporating warning lights 
and audio alarms, to be used in conjunction with the installed radiation 
monitoring system, were designed and are being manufactured by a local 
firm. 

Following a decision to register all NAC staff members except those in 
the Administrative Group, the number of registered radiation workers has 
increased from 76 to 150. Some staff members of the Estate Services 
Department have also been registered. 

The booklet "TRAININC COURSE FOR RADIATION WORKERS AT THE NATIONAL 
ACCELERATOR CENTRE, FAURE" was revised, and another series of lectrres 
for the new radiation workers has been delivered. 

A report {1} on the present status of the radiation safety programme at 
the NAC, and also containing a policy statement on radiation safety 
matters, as required by the Department of Health (DoH) for the issuing 
of a temporary licence to operate SPC1, was compiled and copies have 
been submitted to the DoH. During an inspection visit by 
representatives of the DoH in April it was found that the warning light 
system on the doors leading into the SPC1 vault was too complex and has 
since been modified. 

Reference 
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PART B THE PRETORIA CYCLOTRON FACILITY 

SECTION 8 

8.1 Introduction 

The primary facility at the Group's disposal is a 110 cm variable-energy 
cyclotron with an external beamline leading to a separate experimental 
hall. The cyclotron is equipped for the bombardment of both internal and 
external targets for the production of radioisotopes; the machine is 
continually being upgraded and modernized and the extracted beam current 
has recently been increased to provide a suitable external deuteron beam 
for neutron therapy. The radioisotope production programme embraces 
research and development plus the routine production of radioisotopes, 
labelled compounds and radioactive sources for local medical and industrial 
use. Some long-lived radioisotopes are also produced for export in bulk. 
A fast-neutron therapy facility has been completed in collaboration 
with the Hillbrow and H F Verwoerd Hospitals of the Transvaal Provincial 
Administration (TPA). In support of the impending neutron therapy programme, 
physical and radiobiological studies are being undertaken with fast 
neutrons. Services to industry and other organizations are rendered in 
the fonr of the regular supply of radioisotopes, preparation of special 
products and advice on the use of radioisotopes. 

The current activities of the PCG can be divided into the following six 
main categories: 

(a) Cyclotron operation and development 
(b) Production of radioisotopes 
(c) Neutron therapy facility 
(d) Radiation physics 
(e) Radiobiology 
(f) Services to industry and other organizations. 

Progress in each of these categories is summarized in the following pages. 

P — i 
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8.2 Cyclotron Operation and Development 

Summary: Operating difficulties with beam stability and extraction have 
severely hampered progress of the neutron therapy project and 
affected the routine production ot radioisotopes over the past 
6 months. Although these problems have to a large extent been 
rectified, the relatively poor beam extraction still remains 
a matter of concern. Improvements have been brought about 
to the cyclotron, the safety interlock system and the therapy 
beamline. The workshop was instrumental in realizing many 
of these improvements. 

8.2.1. Maintenance and development 

An inordinate number of technical problems have occured with the opera
tion of the cyclotron since late 1984, most of them related to beam 
extraction and stability. These difficulties have delayed the inception 
of neutron therapy and in more recent months curtailed the isotope pro
duction programme. The unsatisfactory extraction of both alpha and 
deuteron beams was attributable to instabilities in the recently in
stalled electronic control circuitry regulating the current to the main 
magnet it} and problems with the deflector system (mainly the septum). 
The short-term stability of the magnet stabilizer has been improved by 
incorporating higher-quality components and by altering various time-
constants. It has become apparent after replacement of both the septum and 
the deflector, that running with an unstable beam for prolonged periods 
seriously damages the extraction system and noticeably shortens the 
useful lifetime of the septum. To accommodate any excessive heat dissi
pation, a short tungsten pre-septum is to be attached to the septum 
presently in use. The extraction efficiency of the cyclotron has 
always been poor (33Z) and still remains a matter of concern. Not only 
are optimal operating conditions essential to deliver 40 uA to the 
therapy target but the system as a w».ole is required to function 
consistently close to maximum operational limits. 

The isotope production programme has also been affected by deficient 
alpha beam intenstities and a study was made to verify the optimal 
placing of the ion source. It was found that by shifting the lateral 
range of movement of the ion source, a more effective position could 
be located where the alpha yield was substantially enhanced with the 
advantage of a reduced arc-current. 

A complete vacuum system, with a turbo-pump as the principal unit, is 
on order and will replace the cyclotron oil-diffusion pump system which 
has been in use for more than 25 years. The safety interlocks dedicated 
to both the external beam and the therapy facility have been integrated 
into a single system which is now fully operational. Four of the six 
new power supplies for the three steering magnets along the therapy beam-
line have been installed and are remotely operated by locally manufactured 
control units. The remaining power supplies will be delivered shortly. 

Besides the normal servicing of the cyclotron and the preparation of 
various targets for routine radioisotope production, the PCG workshop 
has supplied the following items: 
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a beamline extension (to be attached to the 0° port of the 
switching magnet) for determining charged-particle energies 
by means of elastic scattering from a gold foil, 
a re-designed Be target holder for neutron therapy, 
several jigs for radiobiological studies, 
additional components required for radioisotope production, 
a water distillation unit in the cyclotron hall (yield 
capacity 17 £h~*). 

The following projects are still outstanding: 

(a) manufacture of new short-circuit plates, 
(b) manufacture of the target transport system, and 
(c) modification of the ion source control and drive system. 

8.2.2 Therapy beamline 

The second Be disc installed in the target assembly {2} began to deterio
rate after an unacceptably low number of deuteron uA-hours on target and 
the unit was re-designed to allow the coolant to pass over the rear (i.e. 
downstream) surface of the Cu backing. This design makes for more 
efficient cooling and has proved satisfactory thus far. 

The following alterations were made to the therapy beam transport system 
{3} to minimize beam losses, thereby eliminating or modifying sources 
of high background radiation: 

i) insertion of a steering magnet between the second set of 
quadrupole magnets and the bending magnet, 

ii) positioning a steering magnet adjacent to and upstream from 
the third set of quadrupole magnets, and 

iii) relocating the Faraday cup in the experimental hall to the 
diagnostic chamber immediately downstream from the bending 
magnet,thus creating enough space for additional shielding 
nearer to the neutron therapy source. 

8.2.3 Utilization 

During the past year the total cyclotron operational time amounted to 
5640 hours which is about 15% less than the previous year. This was 
mainly due to the problems encountered with the cyclotron and the lower 
demand for long-lived isotopes. The cyclotron was available for 4498 
hours during which time 3373 beam hours were logged. This represents a 
running efficiency of 75,0%. 

A breakdown of the cyclotron utilization is given in table 1. 

i) 

and 

ii) 
iii) 
iv) 
v) 

• m 
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Table 1 Cyclotron operation 

Hours 1 
Planned service 586 10,3 
Interruptions 556 9,9 
Radioisotope production 3688 65,4 
Experiments 

Total 

810 14,4 Experiments 

Total 5640 100 

Experiments 

Total 
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8.3 Production of Radioisotopes 

Summary: In the research and development programme attention was given 
to various production procedures and the improvement of facili
ties. A method was developed for the purification of 2 aMg, 
produced by the bombardment of magnesium targets, for medical 
use. Further work was done on the possible simultaneous 
production of 5 7Co and 1 0 9Cd and an improved manganese target 
for the production of 5 5Fe has been developed. A prototype 
8 1Rb/ 8 1 a iKr generator is being evaluated and the procedure 
for the separation of 8 5Sr from rubidium chloride targets has 
been improved. Further work is bein« done to better our 1 1 1In-
oxine product for bloou platelet labelling and it is being 
tested for labelling efficiency. Preparations are being made 
for the determination of excitation functions. 

A final application for the registration of I-solution for 
oral applications and injections i.dS been submitted to the 
Registrar of Medicine and various improvements have been in
troduced to the production facilities. 

8.3.1 Recovery of 2 8Mg from Mg targets 

R J N Brits, P Andersen, F J Haasbroek and P S Griffin 

Following a request by the Groote Schuur hospital for 2 8Mg for special 
patient studies, the investigation of the production of the isotope 
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was continued {1}. Magnesium-28 is produced in the Pretoria cyclotron 
through the 2£Mg(ct,2p)'8Mg reaction and approximately 0,11 yCi/yAh can 
be obtained. During bombardment about 100 yCi 2"*Na is generated for one 
yCi 2 8Mg via the 25Mg(a,ap)2I,Na reaction. The 2"*Na is separated by 
dissolving the target in concentrated hydrochloric acid and adsorbing 
it in solution on a hydrated antimony pentoxide column. A decontamination 
factor of 105 for 2lfNa is realized in this way. For oral application, 
the resulting solution is converted to a pH7 citrate solution. Trace 
amounts of radioactive Co and Ga isotopes are present in the final product. 

8.3.2 Separation of 51*Mn, 5 7Co and 1 0 9Cd from a composite enriched 
5 6Fe, 1 0 9Ag target 

P Smith-Jones, F W E Strelow* and R G Bohmer** 

*National Chemical Research Laboratory, CSIR 
** University of Pretoria 

The investigation {2} was continued and a workable procedure has been 
developed. Silver is removed from the dissolved matrix by reduction to 
the elemental form which is then recycled. The remaining constituents 
are converted to chlorides and dissolved in a HC1/Acetone solvent. 
Manganese-54 and 5 7Co are retained by an AG 50-X4 cation-exchange resin 
and are eluted separately after the last traces of copper and iron have 
been washed off the column. Cadmium-109 is not retained on the resin 
at all: accordingly the eluate obtained from the loading stage of the 
first column is loaded onto an AG 1-X8 anion-exchange column where it 
is strongly retained. After the elution of 6 5Zn, copper and iron 
with a HBr/HN03 solution, the 1 0 9Cd is washed off the column with HN0 3. 
The enriched iron is recovered by precipitation from the eluate waste 
with ammonia followed by filtration and dissolution in H2SO4. As yet no 
productions have been processed using this method, but overall recovery 
efficiencies of >98% are expected and no cross-contamination of radio
isotopes has been observed. 

8.3.3 Production of S 5Fe 

P Smith-Jones and P S Griffin 

The development of an improved manganese target for 5 5Fe production {3} 
has been completed. The prototype has been successfully bombarded with 
beam currents of up to 400 yA. Analysis of unbombarded and bombarded 
targets showed a marked reduction of carrier iron concentrations. For 
future 5 5Fe production a quality control test based on ultra-violet 
spectroscopy has been developed to measure the iron content of the 
final product. 

8.3.4 Development of a 8 1Rb/ 8 1 mKr generator 

R J N Brits, P Andersen, F J Haasbroek, A Rettenberger, 
M Iturralde* and W Pilloy** 

*University of Pretoria 
**Medical University of South Africa 

Rubidium-81 is produced at the Pretoria cyclotron by a-bombardment of 
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NaBr and it is supplied as a NaBr solution. The user then loads the 
solution onto a generator column of type 50W-X8 resin. These generators 
are relatively large in order to accommodate the sodium which is also 
partly sorbed by the resin. A compact generator based on a zirconium 
phosphate column {4} was therefore devised, allowing the use of reasonably 
sized lead pots for long distance air transport. A prototype generator 
is currently being evaluated by two local hospitals. Attention is being 
given to the improvement of the retention of the Rb on the column and 
the 8 1 mKr yield. Preliminary experiments indicate that by heating the 
moist air with which the generator is eluted the 8 1 mKr yield could be 
increased from 60% to 85%. 

8.3.5 Separation of 8 5Sr from a RbCl target 

P Smith-Jones, F W E Strelow* and R G Bohmer** 

*National Chemical Research Laboratory, CSIR 
**University of Pretoria 

The separation of 8 5Sr from a rubidium chloride target {1} has been 
further investigated. An improved procedure for the isolation of 8 5Sr 
from rubidium, copper, zinc, iron and cobalt, based on hydrochloric 
acid and hydrochloric acid/acetone media with an AG 50-X12 cation-exchange 
resin has been developed. 

8.3.6 Production of llxIn-oxine 

P Andersen, F J Haasbroek, A du P Heyns*, H F Kotze* and M G Letter* 

*University of the Orange Free State 

Following an evaluation by the MRC Blood Platelet Research Unit at the 
University of the Orange Free State which indicated that the labelling 
efficiency obtained with our product was somewhat lower than that of 
another commercial product, the investigation of the preparation of l x lIn-
oxine for blood platelet labelling was continued {1}. Two baboons were 
acquired to serve as blood donors for the direct evaluation of a i lIn-
oxine preparations. These animals are housed at the National Food 
Research Institute. The necessary skills and equipment have been acquired 
for the labelling of blood platelets and different preparations are being 
compared with special emphasis being placed on the quality of the l l xIn-
chloride which is being used for labelling. 

8.3.7 Determination of excitation functions 

A Rettenberger, S J Mills and F J Haasbroek 

Since the removal of the scattering chamber from the experimental hall 
to accommodate the neutron therapy facility, the energy of the cyclotron 
beam cannot be determined accurately. Alternative methods for energy 
measurements are now being explored to be used for the determination 
of excitation functions. 

Computer programmes for the calculation of integral excitation functions 
were obtained from an overseas university. The programmes were 
adapted to run on the CSIR computer and are now being evaluated for 
the estimation of excitation functions. 
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8.3.8 Registration of radiopharmaceuticals as medicines 

P Andersen and F J Haasbroek 

A final application for the registration of 123I-solution for oral appli
cations or injection has been submitted to the Registrar of Medicine. 
Applications for the registration of 81Rb/81mKr-generators and l x lIn-
oxine for the labelling of blood platelets will be submitted as soon as 
production and quality control procedures are finalised. 

8.3.9 Accommodation and facilities 

P Andersen, R J N Brits, A P du Plessis, P S Griffin, F J Haas
broek, A Rettenberger and P Smith-Jones 

A prototype facility (figure 1) dedicated to the separation of 6 7Ga 
from zinc targets was constructed to eliminate the handling of samples 
in open beakers with tongs. Heating is performed with adapted soldering 
irons and liquids are transferred by a peristaltic pump and/or by vacuum. 
During initial production runs this facility performed satisfactorily. 
This approach is a departure from the traditional methods of chemical 
separations in hot cells at the PCG and valuable experience was gained in 
this respect. 

The improvement of the chemical separation procedures and facilities for 
other radioisotopes is also receiving attention. Chemical separation 
usually involves the following operations: dissolution, ion exchange, 
evaporation and transfer of the isotope. Different methods for perfor
ming each of these steps automatically in closed systems in the most 
convenient and efficient way are being investigated. 

The equipment in the dispensing room was rearranged and upgraded to 
facilitate the safe handling of radioactive materials. Sample vials 
are now sterilized in bulk. 

Attention was also given to radioactivity measurements with the GeLi-
detectors coupled to a multichannel analyzer (4096 channels). The 
absolute counting efficiency of the unshielded detector was determined 
as a function of gamma ray energy and sample-detector distance. A new 
lead shield and removable collimator for the shielded detector were 
installed. It is now possible to measure samples with a wide range of 
activities. 
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Fig. 1 Prototype facility for separating 6 7Ga from zinc targets with
out the use of tongs and open beakers. 



"Hut: 2Jmooo<\« 
157 

8.4 Neutron Therapy Facility 

J H Hough, P J Binns and R Schlichenmaier 

Summary: Various modifications to the dose monitoring system have been 
implemented and acceptance tests are proceeding. 

8.4.1 Dose monitoring system 

Stringent tests performed under therapy conditions revealed inconsisten
cies in the functioning of the dose monitoring system {1,2}. The neces
sary modifications have been implemented and acceptance tests will pro
ceed as soon as therapy beam is available. Minor changes have also been 
made to the system software. 
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8.5 Radiation Physics 

J H Hough, P J Binns, D J Savage*, R Schlichenmaier and 0 Weidema** 

*H F Verwoerd Hospital, Pretoria 
**National Physical Research Laboratory, CSIR 

Summary: Extensive in-phantom measurements were performed to provide 
data for the generation of isodose distributions required for 
treatment planning. The measurement to determine the neutron 
sensitivity (ku) of a photon detector was repeated under more 
exacting conditions thereby facilitating the evaluation of 
neutron and photon depth-dose curves. The depth in tissue at 
which maximum build-up occurs was determined using a tissue-
equivalent extrapolation chamber. Expressions are given for 
the total absorbed dose (Dt) in tissue together with the values 
adopted for the calculation of D t- Operating under therapy beam 
conditions, a radiation survey was conducted in potentially hazar
dous areas. A kilocurie 6 0Co radiation unit has been commissioned 
for experimental use in t.ie therapy vault. 

8.5.1 Beam characteristics 
Preliminary measurements with different detectors (various tissue-equi
valent ionization chambers and an energy-compensated Geiger-Muller tube) 
have been reported previously {1}. Following consultations with personnel 
from H F Verwoerd and Hillbrow Hospitals, extensive total dose (Dj) and 
photon dose (BQ) measurements were performed in a water phantom (50 x 
50 x 40 cm). All the measurements using the GM tube were carried out 
with an enriched 6LiF cap. 

The operating parameters for the collimator have been stated {2} and the 
measurements duly carried out are in accordance with these parameters 
and are summarized in table 2. 
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Table 2 Total dose (D<p) and photon dose (DQ) measurements carried 
out in a water phantom for various field sizes and wedge 
filters 

Parameters Field sizes 

Unfiltered 5 x 5 to 20 x 20 cm 

Wedge filter 25" 
35c 

45° 

25° 
35° 

5 x 5 to 11 x 11 cm 

11 x 11 to 20 x 20 cm 

Central axis depth dose All open and wedged fields 

Profiles at 4 depths All open and wedged fields 

The manufacture of the aforementioned 6LiF cap was discussed in an earlier 
report {3} and its properties comply with the requirements for a thermal 
neutron shield as proposed in the European Protocol {4} . The extent of 
the error introduced when using an unshielded CM detector is illustrated 
in figure 2. 

The paired-chamber technique to uniquely determine the neutron and photon 
components in a mixed radiation field has been discussed earlier {5}. 
Applying a modified lead attenuation method {6}, the measurement of the 
neutron sensitivity k u of the GM tube (with an enriched 6LiF cap) was 
repeated under more exacting beam conditions using the variable collimator. 
The determined value of (1,41 * 0.10)% was found to be in good agreement 
with recently published data {7}. In table 3 the relevant beam characteris
tics of the Pretoria facility are compared with t_hose of Hammersmith. 
The marked difference in the mean photon energy EQ as inferred from the 
results obtained when using this attenuation method, can be attributed 
to the fact that the Hammersmith measurement was performed using the older 
collimator with laminated wood inserts {6} whereas borated polyethelene 
is used in the variable collimator at Pretoria. 
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Table 3 Summary of the characteristic neutron and photon beam 
components st "aafiicrsmith Hospital and the CSIR facili
ty at Pretoria. DJJ and Dj respectively represent the 
neutron and total doses whilst the aperture and scattered 
photon components in the mixed beam are given by DQ and 
DG 

Beam characteristics 
(in air) 

Hammersmith Pretoria 

G T <Z) 1,8 - 0,1 1,4 - 0,1 

G T (Z) 0,6 - 0,1 0,5 - 0,1 

V°T (Z) 97,6 - 0,4 98,1 - 0,4 

EG (MeV) 2,3 - 0,2 1,5 ± 0,2 

Having determined the k u value of the photon detector, neutron and photon 
depth-dose curves could be evaluated and the photon component calculated 
as a percentage of the total dose. Figure 3 illustrates the results 
obtained for an 11 x 11 cm field. The nature of the photon depth-dose 
distribution is very similar to that obtained at a lower deuteron energy 
Í8}. 

The energy of the d(16)-Be neutron source used at Pretoria does not allow 
one to discern the point of maximum build-up from the neutron depth-dose 
curve in figure 3. Additional measurements were performed using a tissue-
equivalent extrapolation ionization chamber and the results obtained are 
shown in figure 4. The depth at which charged particle equilibrium 
occurs is in agreement with that obtained at facilities with similar 
neutron energies; i.e. about 2 mm. 

8.5.2 Dosimetry 

The European Protocol for neutron dosimetry {4} has been adopted at both 
the Faure and Pretoria neutron facilities of the NAC and the nomenclature 
defined in the protocol is used here throughout. In support of the Euro
pean Protocol, a proposal has been approved for procedures that should 
be complied with to ensure consistent and appropriate dosimetric practices 
{9}. 

Total absorbed dose measurements were performed for all the open fields 
at 5 cm depth on the central axis using a 0,5 cm3 tissue-equivalent cham
ber. The flow rate of TE gas (64,4% CH.,, 32,4% C0 2 and 3,2% N 2) through 
the chamber was 15 ml min" . The measured charge resulting from the two 
separate absorbed dose components is given by: 
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For a relatively small photon component the total absorbed dose in tissue 
is given by: 

Dt - Ï L - V ^ R V V T - ^ 
T 

Vr <S» A lintel' •V.J'PJJ,. 
, , c m.g c . en t en m c 
where k = — » . , , 

1 WN * m.g'N * t ' V N 

X .(f ) . <nk.) 
J - e t c A c 

and a = — — i . T 
c R c • < ^ R > C 

- N . (f ) . (itkA) c t c A c 

where N c is the exposure calibration factor. The values adopted in 
the evaluation of D t are given in table 4. 
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Table 4 Values of parameters used to evaluate the total absorbed dose 
in tissue 

Parameter Value Comments 

w/w 
N c 

1,063 -

(r ) /(S ) »»»g N m,g c 0,990 -

{ ("«"»t / (>'«"». ,c 1,001 

( Kt / Km>N 0,985 Reference{10} 

<VT Temp. & press, 
correction 

Value of unity assumed for 
the product of all the 
other correction factors 

<VT 0,993 Value adopted for 0,5 cm3 

commercial TE chamber 

< ft>c 9,63 x 10_3Gy R"1 
• 

( 1 r k A ) c 1,00 

(Vc temp. & press, 
correction 

Value of unity assumed for 
the product of all the 
other correction factors 

h T and h y 1,00 -

8.5.3 Radiation protection 

The underground experimental hall adjacent to the cyclotron vault was 
designed to accommodate charged-particle beams of a few yA. Despite 
the presence of a large access hatch with a 5 mm steel hatch cover, 
radiation levels in and around the building at ground level did not 
exceed the permissible limits. Excessive radiation was, however, 
generated along the beamline in the experimental hall when initially 
operating at high deuteron beam intensities (40 - 50 yA). 

Following alterations to the therapy beamline, a radiation survey was 
conducted in the vicinity of the access hatch using a neutron remmeter. 
The monitoring positions selected for the survey are indicated in figure 
5 and the results obtained with 40 yA on the Be target are listed in 
table 5. The survey indicates a radiation hazard on top of the access 
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hatch and in the adjacent parking bay, necessitating the implementation 
of radiation safety measures in these areas. 

Table 5 Results obtained from a radiation survey performed in the 
vicinity of the access hatch to the experimental hall. A 
deuteron current of 40 uA was maintained on the Be target 
throughout the survey 

Monitoring 
position 

Average dose equivalent 
(uSvh"1) 

1 18 
2 2 
3 2 
4 90 
5 13 
6 11 
7 31 
8 46 

8.5.4 Photon radiation facility 

A 6 0Co therapy unit ( 'VIOOO Ci) acquired from H F Verwoerd Hospital has 
been commissioned for experimental use in the therapy vault. The circui
try of the control unit forms an integral part of the existing interlock 
system thereby ensuring the safety of radiation workers. This temporary 
arrangement has been sanctioned by the controlling authorities until 
such time as a tandem neutron-photon facility is realized. 
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Fig. 2 Photon depth-dose curves as measured in an 11 x 11 cm field 
using a GM detector with and without an enriched *LiF cap. 

S to 15 20 
Depth in water phantom Icm) 

25 

Fig. 3 Neutron and photon depth-dose curves for an 11 x 11 cm field. 
Included is the photon component as a % of the total dose. 
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Fig. 4 Build-up curves neasured with a tissue-equivalent extrapolation 
chanber in both a d(16) -I- Be neutron and Co photon field. 

Control room and patient reception area 

© 

Office 

© 
, Access y 

hatch 

!© 
^ZZZZZZZZZZZZT; 

"TO" 

; Service 
> 

forking ground 

' £ / / / / / / / 

Fig. 5 Distribution of monitoring points selected for radiation survey 
in the vicinity of the access hatch to the experimental hall. 
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8.6 Radiobiology 

Summary: Using various biological endpoints, RBE and OER values 
were determined in the Pretoria fast-neutron field as part 
of the preclinical calibration programme. Split dose 
measurements were also performed to investigate recovery 
from sub-lethal damage. Dose modifying factors for the beam 
(EJJ = 7,6 MeV) were quantified using either 250 kV X-rays 
or 6 0Co photons. 

8.6.1 Evaluation of beam quality 

Four assays were undertaken by J P Slabbert, S S J Venter and W J Hulsman. 

8.6.1.1 RBE evaluation using the V79 cell line 

V79 379A Chinese hamster fibroblasts, grown routinely in a monolayer 
culture, were irradiated during logarithmic growth and assessed 
for their prolific capacity. Applying the multitarget model to the 
experimental data, survival curves were fitted by means of least-
squares regression analysis (figure 6). A ratio of D Q values was 
used to calculate an average RBE value of 1,9 from these dose 
response curves. 

Additional V79 dose-response data was analysed to verify the quality of 
the beam in terms of the linear quadratic model from an ot-0 scatter 
plot. The observed standard deviation related to each experimental 
point was used to generate 127 sets of data according to the Poisson 
distribution and a- and $-values subsequently calculated in each 
instance. These simulated values were used to obtain the a-6 scatter 
plot for comparison with a more comprehensive study by Zoetelief {l}. 
The following was concluded: (i) the distribution and location of 
the a-Q coordinates as determined from measurements performed in the 
Pretoria fast-neutron field, is compatible with the data analysed by 
Zoetelief for different neutron energies; (ii) the high coordinate 
density in the scatter plot reflects a small error in the measurements. 

8.6.1.2 Response of jejunal crypt cells to neutron dose 

Female CBA/Caf Ha (ICR)//UCT mice (supplied by the University of 
Cape Town) were given total body exposures. The survival response 
of jejunal crypt stem cells was evaluated in an in situ cloning 
assay technique {2}. Multiplicity corrections were applied to the 
number of crypts per circumference and the RBE calculated as a dose 
ratio at the 10 stem cell survival level (figure 7). 

The RBE values determined from the above in vitro and in vivo assays are 
compared in table 6 with those from similar studies completed at other 



Table 6 Comparison of RBE values determined in the Pretoria beam with those obtained at other neutron 
centres. A correction factor of 1 ,097 was used to recalculate the Hairanersmith values according 
to the European Protocol {4}. RBE-values of 1,15 and 1,0 for 250 kV X-rays vs. 6 0Co y-rays 
were respectively used for the V79 cells and the gut study. 

System Present study Other Centres System 

RBE Comments Centre RBE Comments Ref. 

V79 Chinese hamster cells 
(RBE calculated from D 
ratio) 

CBA Jejunal crypt stem 
cells (RBE calculated 
at survival of 10 crypt 
cells per circumference) 

1,90 

1,65 

1,63 

1,9 

Average of 4 measurements 
determined relative to 
6 0Co 
Value re-calculated 
relative to X-rays 
Single measurement 
relative to X-rays 

Single measurement 
relative to 6 0Co 

Hammersmith 

Univ. of Tokyo 

Hammersmith 

Texas A&M 
University 

1,56 
1,42 

1,64 
1,43 

2,3 
2,1 

2,2 

Relative to X-rays 
After dose adjustment 

Relative to 6 CCo 
Relative to X-rays 

Relative to X-rays 
After dose adjustment 

Relative to 6 0Co 

Í4 } 

{5 } 

{6} 

Í7 } 
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centres. After conversion relative to X-rays, the average value of the 
four measurements with hamster cells was calculated as 1,65 * 0,17. 
This is in fair agreement with the value of 1,43 quoted by other workers. 
Experimental errors were not stated in those publications. The value 
of 1,9 * 0,2 for the crypt stem cells compares favourably with the value 
of 2,1 of Hornsey et al. {6} and 7,2 of Withers et al. {7}. 

8.6.1.3 PER measurements 

Oxygen enhancement ratios for both 6 0Co and fast neutrons were determined 
using Vioia faba 10 day growth (figure 8) and V79 survival curves (figure 
9) as endpoints. RBE studies for Vioia faba have previously been reported 
{8}. A computer code based on the method of Pike and Alpher Í9) was written 
to calculate the OER values. Using critical F-values as criteria, the 
three-parameter model was applied in most cases. A summary of the results 
is presented in table 7. In the present investigation an average value 
of 1,6 * 0,2 was determined for both systems and these values compare 
well with other published work. 

8.6.1.4 V79 Recovery from sub-lethal damage 

Initial irradiation to reduce the expected survival of V79 hamster 
cells to approximately 10% was followed by a recovery period of 3 
hours at 37°C. Top-up doses were then administered to complete the 
survival curves (figure 10). Recovery from sub-lethal damage, expressed 
as the D2-Dj value at the 1% survival level, yielded 0,8 Gy and 3,2 Gy 
respectively for neutrons and photons. 

Two studies were undertaken by G D Cilliers* and C M Cilliers* 

*Department of Radiotherapy, Hillbrow Hospital, Johannesburg 

8.6.1.5 The effects of radiation on the haemopoetic system 

A large batch of inbred C57SN10BLJ mice was divided into groups of 8 mice 
each and exposed to a range of fast-neutron and 6 0Co photon whole body 
doses. The mice were sacrificed 45 hours following irradiation and the 
relative spleen weights determined {16}. From the reduction in spleen 
weights, dose response curves were constructed and neutron RBE values 
calculated. n figure 11 the present values are compared with data 
obtained at the Krakow neutron facility (ÊN =5,6 MeV) where 250 kV X-rays 
were used as reference radiation {17}. An RBE of 0,9 for 6 0Co vs. 250 kV 
X-rays was assumed. 

8.6.1.6 The effect of radiation on cartilage growth 

Vertebrae in the distal portion of the tails of seven-day-old rats were 
irradiated with fast neutrons and 250 kV X-rays. Of the 28 vertebrae 
in the tail, the portion distal to the 10th was irradiated and subsequent
ly compared with the unirradiated portion, effectively enabling each rat 
to act as its own control {18}. RBE values were calculated from the 
neutron and X-ray dose response curves and these are compared in figure 
12 with similar data from Hammersmith Hospital {19}. 



Table 7 Comparison of OER values obtained in present study with those determined at other centres. 

System 
Present study Other centres 

Reference System 
OER Comments Centre OER 

Reference 

V79 Chinese hamster cells 1,6 Average of 3 measurements Gray Laboratory 
Gray Laboratory 
Hammersmith 

1,6 
1,6 
1,8 

{10} 
{11} 
{12} 

Vioia faba 1,6 Average of 2 measurements Rijswijk 
Louvain-la-Neuve 
NRL (Washington, DC) 

1.5 
1.5 
1,8 

{13} 
{H} 
{15} 
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8.7 Services to Industry and other Organizations 

8.7.1 Health physics 

Physicists of the NPRL and the PCG are jointly responsible for the regu
latory aspects concerning the use of radioactive materials at Scientia 
and for implementing the Department of Health's 'Regulations Concerning 
the Control of Electronic Products'. Advice was given on the protection 
of personnel against the hazards of ionizing radiation and the handling, 
storage and disposal of radioactive wastes were attended to. The upkeep 
of records and registers was continued. 

8.7.2 Commercial production of radioactive isotopes 

The routine supply of short-lived radioisotopes to South African hospitals 
and other organizations for diagnostic and research purposes was continued. 
A sunmary of the past year's production of short-lived isotopes for medi
cal applications is presented in table 8. Thirty six of the 1 2 1In con
signments were supplied as 111In-oxine for the labelling of blood plate
lets. 

Table 8 Medical radioisotopes delivered to South African hospitals 
and other organizations (with figures for previous year 
shown in brackets) 

Radioisotopes Con! signments Millicuries 

2 2Na 1 (0) 0,23 (0) 
2 8Mg 2 (0) 0,26 (0) 
6 7Ga 433 (358) 9103 (7877) 
7 7Br 0 (8) 0 (38) 

8 1Rb/ 8 1 mKr 321 (358) 14629 (15066) 
X 1 1ln 56 (39) 296 (200) 
123 j 4 (17) 8 (46) 

Six sealed 1 0 9Cd sources (100 mCi each) were manufactured and supplied 
to the Metallurgy Laboratory of the South African Chamber of Mines for 
use in portable X-ray flourescence gold analysers. 

A number of long-lived radioisotopes were also produced for export and 
details are summarised in table 9. 
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Table 9 Radioisotopes produced for export (with results for previous 
year shown in brackets) 

Radioiso topes Consignments Millicuries 

2 2Na 2 (2) 15 (25) 
5 5Fe 1 (2) 20 (120) 
8 5Sr 2 (1) 20 (20) 

1 0 9Cd 11 (16) 3110 (5220) 
1 3 9Ce 4 (3) 35 (22) 
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PART C THE VAN DE GRAAFF FACILITY 

SECTION 9 THE 6 MV VAN DE GRAAFF ACCELERATOR 

9.1 Operation 

The Accelerator facilities are used by research groups from several 
universities and research institutions separately and in collaboration 
with NAC staff. The users and students who have undertaken work with 
these facilities are listed elsewhere. The demand for accelerator 
time remains in excess of available time. During the 1984/85 year, 
beams of H + and H£, D +, He + and He + +, 1 6 0 + , and 4 0Ar + have been 
accelerated to energies ranging from 0,5 to 12 MeV. Because the proton 
yield of the ion sources in use is limited, higher-intensity proton 
beams can be obtained by accelerating H +

2 . More than 10 vA can be 
accelerated at an energy corresponding to half the terminal voltage. 
The accelerator continues to run smoothly with 6 MV terminal voltage 
for long runs using 12 MeV He + + beams. Monoenergetic neutron beams 
are obtained from proton bombardment of 7Li metal targets or proton 
or deuteron bombardment of tritium using a uranium furnace-storage system. 

More than 50% of the accelerator running time is still used for nuclear 
and atomic physics, more than 20% on nuclear analytical chemistry 
projects, and the remaining time goes mainly to solid state studies, 
biophysical and applied experiments and machine maintenance and 
conditioning. 

9.2 Maintenance 

Only minor problems were encountered in the operation of the accelerator. 
Heavy ions cause considerable sputtering in the crossed-field analyzer 
in the terminal. This gives rise to metal flakes which sometimes fall 
down and cause short-circuiting or block the beam apertures. Terminal 
components have to be periodically removed for cleaning and replacement 
if badly worn. The electricity supply is more stable since the provision 
of an 11 kV cable directly from the NAC substation to the Van de Graaff 
transformer. Some problems are being experienced with the aging closed 
water cooling system. The installation of a new system is being 
investigated. A major overhaul of the accelerator will be necessary 
in 1986 including tube and belt replacements. 
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SECTION 10 NUCLEAR REACTIONS AND STRUCTURE 

10.1 Neutron Physics 

Summary: This section reports on studies which involve neutrons either 
as incident particles or as emitted particles. Examples of 
the first type are (i) neutron inelastic scattering studies 
of ^^In, 1 5 9 T b and 2 3 2Th, and (ii) polarization measurements 
in neutron elastic scattering by protons and deuterons. Examples 
of the second type are (i) photodisintegration of the deuteron 
and (ii) spontaneous fission of 2 5 2Cf. 

10.1.1 Neutron inelastic cross sections of thorium-232 and level 
structure using (n,n') and (n,n'y) reactions 

W R McMurray, E Barnard*, I J van Heerden** and D T L Jones 

* NUCOR, Pretoria 
** University of Western Cape, Bellville 

Work on this nucleus was undertaken over a number of years { 1} but a 
final report was delayed due to the observation of anomalous peaks and 
angular distribution shapes in the neutron scattering cross sections. 
These were identified with the presence of oxygen in the thorium sample 
{2}. The cross section data obtained with the neutron time-of-flight 
technique have now been corrected for the oxygen resonance peak near 
1 MeV and the data is being prepared for publication. A similar study 
of uranium-238 also awaits publication {3}. 

References 

1. SUNI Annual Research Reports 1976, Item 1.1.1 and 1979, Item 1.1.5 
2. SUNI Annual Research Report, 1979, Item 1.1.4 
3. W R McMurray, SUNI Annual Research Report 1979, Item 1.1.5 

10.1.2 Fast-neutron cross sections of indium; decay scheme of 1 1 5In 
and optical model parameters 

A B Smith*, P T Guenther*, J F Whalen*, I J van Heerden** 
and W R McMurray 

* 
** 

Argonne National Laboratory, USA 
University of Western Cape, Bellville 

This investigation has been completed and published {1}. Broad-resolution 
neutron total cross sections of elemental indium were measured from 
0,8 to 4,5 MeV at intervals of about 50 keV. Differential neutron elastic 
scattering cross sections were measured from 1,5 to 3,8 MeV at intervals 
of 50 to 100 keV at 10 to 20 scattering angles. (n,n'y) measurements 
were made for neutron energies of 0,86 to 2,4 MeV at 100 keV intervals 
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and a reaction angle of 55°. The Y ~ r a v results were associated with 
the excitation of 36 levels in indium 115 and were used to deduce 
inelastic scattering cross sections for levels up to an excitation of 
1,9 MeV. The experimental results have been described in terms of the 
optical-statistical model and the nuclear level parameters. 

Reference 
1. A B Smith et al.. J. Phys. G: Nucl. Phys. U_ (1985) 125 

10.1.3 Level structure 1 5 9Tb 

I J van Heerden* and W R McMurray 
* University of Western Cape, Bellville 

An earlier (n,n'y) study of this nucleus was not sufficiently reliable 
with respect to the absolute normalisation of the inelastic neutron 
scattering cross sections, nor were the measurements made with good 
gamma energy resolution. Although c'etails of the complex level structure 
of 1 5 9 T b were unravelled from the earlier work {1} it was felt that 
data of better quality was necessary to confirm both the deduced level 
structure and the measured values of the cross sections. 

A new series of (n,n'y) measurements have been made at neutron energies 
ranging from 0,5 to 1,5 MeV. The de-excitation gammas from the sample 
were detected in an intrinsic Ge detector (with energy resolution of 
about 1,8 keV) placed at a reaction angle of 125°. Pulsed-beam 
time-gating techniques were employed to reduce background gamma events 
considerably. The spectra are stored on magnetic tape awaiting analysis. 
Reference 
1. SUNI Annual Research Report 1980, Item 1.1.4 

10.1.4 Photodisintegration of the deuteron near threshold 

F D Smit* and F D Brooks* 
* University of Cape Town 

The photodisintegration of the deuteron 2K(.y,n)*H close to threshold 
(2,226 MeV) has been studied, using 2,75 MeV gammas from 2<*Na sources 
produced at the NAC Van de Graaff using the 23Na(d,p)24Na reaction. 
The photodisintegrations occurred in a deuterated anthracene crystal 
(10 mm diameter x 20 mm long cylinder) and were clearly identified by 
multiparameter measurements including the photoproton energy signal 
from the crystal and the time-of-flight of the associated photoneutron 
to a neutron detector (stilbene crystal) at a distance of 170 mm. The 
energy dependence of the detection efficiency of the neutron detector 
was measured in situ, relative to a 6Li-loaded glass scintillator, using 
monoenergetic neutrons (selected by time-of-flight) from the 7Li(p,n)7Be 
reaction. A Monte Carlo simulation was undertaken to estimate and 
correct for the effects of multiple neutron scattering on the photoneutron 
measurements. 
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The angular distribution of the photoneutrons was studied from 
measurements at six laboratory angles ranging from 30° to 135° and 
compared with the form (a + b sin 20) expected for photon energies close 
to threshold. The results for three two-week runs made at intervals 
over a period of six months are in good agreement with one another. 
The combined results of these measurements give a value for the ratio 
a/b which is significantly higher than reported in several earlier 
measurements made prior to 1951. A few checks must still be made to 
finalize the present result but it is unlikely that they will remove 
this disagreement. The higher value of a/b appears to be consistent 
with trends shown by other recent photodisintegration measurements at 
higher photon energies. 

10.1.5 Polarization in n-p and n-d scattering at 16,9 and 21,6 MeV 

B R S Simpson, F D Brooks* and D T L Jones 

* University of Cape Town 

The analysing powers in n-p and n-d elastic scattering have been studied 
using the anthracene scintillation polarimeters as outlined in the 1984 
Annual Report, item 10.1.5. Preliminary results based on analyses of 
about one qjarter of the data gathered for n-p scattering at 21,6 MeV 
were presented last year. Further data reduction revealed that the 
effects of recoil proton escape from the scintillation crystal required 
a more careful correction procedure than that originally used. A 
satisfactory procedure has been devised and is now being applied. The 
result obtained in an analysis of a subset of one quarter of the n-
p data for the centre-of-mass scattering angle at 90° is A y = 
0,053 ± 0,004. The analysis of the rest of the n-p data as well as 
the n-d data is proceeding. 

10.1.6 Neutron spectrum from 2 5 2 C f fission 

M S Allie, F D Brooks* and W A Cilliers* 

* University of Cape Town 

In the 1984 Annual Report, item 10.1.6, we reported measurements of 
the neutron spectrum from spontaneous fission of 2 5 2 C f . The neutron 
spectrum reduced to the rest frame of the parent fragment was determined 
by observing a fragment velocity as well as the neutron velocity in 
each event detected. Fragment velocities were determined using thin 
film plastic scintillators for which the scintillation pulse-height 
response is, to a goou approximation, a linear function of the fragment 
velocity. 

These measurements are now being repeated under a stricter experimental 
geometry, in which the fission fragment direction is defined much more 
accurately than previously. The transformation from laboratory to 
fragment frame is therefore moie accurate although the event rate is 
reduced conciderably. 
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10.2 Charged-Particle Induced Reactions 
Summary: The separation of nuclear reaction and nuclear structure studies 

into neutron or charged-particle physics is somewhat artificial. 
However, the techniques differ in some significant respects. 
A chamber .milt specifically for par tide-gamma correlation 
measurements is still used exclusively for level structure 
and decay, mean lifetime, and angular distribution and 
correlation-measurements (see studies of **3Sc, 5 5 Mn and 2 2Ne). 
A i m diameter precision scattering chamber was used for a 
study of nuclear molecular resonance states observed in 5 
to 12 MeV a-scattering from 2 8Si. 

10.2.1 The level structure, gamma-ray branching and mean lifetimes 
of states in **3Sc, "Hn and z zNe 

S Froneman*, M P Janse van Rensburg*, L D Olivier**, W J Naudé* 
and J W Koen* 
* University of Stellenbosch 
** ESCOM 

The (a,p) reactions on l*0Ca, 5 2Cr and 1 9F were used at E a = 12 MeV to 
populate states in **3Sc, 5 5Mn and 2 2Ne. Decay gamma-rays were observed 
in coincidence with associated protons using an on-line multiparameter 
data acquisition system. Analysis of the data on **3Sc has been completed 
and the results were presented in the Ph D thesis of S Froneman {1}. 
Summaries of the results on 1*3Sc and those obtained for 5 5Mn are shown 
in figures 1 and 2 respectively. 

Reference 
1. S Froneman, Kernstruktuurstudie van **3Sc, Ph D Thesis (1985) 

10.2.2 Angular correlation measurements with (ot.pv) reactions 

S Froneman*, M G van der Merwe*, L I Olivier**, W J Naudé*, 
J A Stander* and W A Richter* 

* University of Stellenbosch 
** ESCOM 

Preliminary results on mixing ratios of gamma-ray transitions in **3Sc 
and 5 1V using Method II ol Litherland and Ferguson and the 1*°Ca(a,pY)'+3Sc 
and l|8Ti(a,PY) 5 1V reactions, have been reported {1}. A new set of data 
has been obtained for the reaction **8Ti(a,pY)51 V in order to improve 
statistics. The data on **3Sc was re-analysed in a careful study of 
the best possible theoretical fits to the data. The reaction 
19F(a,py)22Ne E a - 12 MeV has also been studied. Table 1 lists the 
final results obtained for 4 3Sc. 

Reference 
1. S Froneman et al., NAC Annual Report NAC/AR/84-01 (CSIR, 1984) 

p 169 
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Table 1. Mixing ratios of gamma-ray transitions in ^Hc 

Ej (keV) -» E f (keV) >\ + A Radiation-
type 

Mixing 
Ratio 

8 4 4 •*• 0 5 / 2 - + 7 / 2 " M1/E2 -0,09 ± 0,02 
880 -»• 152 V 2

+ . 3 / 2
+ M1/E2 1,18 ± 0,07 

1 158 •»• 152 3 / 2
+ * 3 / 2 + M1/E2 0,51 ± 0,05 

1 337 •*• 0 7 / 2 + + 7 / 2 - E1/M2 0,03 ± 0,07 
1 337 -»• 152 7 / 2 + ^ 3 / 2

+ E2/M3 -0,02 ± 0,03 
1 406 * 0 ? / 2 - . 7 / 2 " M1/E2 0,16 ± 0,05 
1 882 •*• 0 9 / 2 " ^ 7 / 2 " M1/E2 0,22 ± 0,03 
1 931 •*• 880 9 / 2

+ . V 2
+ E2/M3 -0,02 ± 0,03 

2 289 •»• 0 5/ 2". 7/2- M1/E2 -0,35 ± 0,04 
2 335 + 0 5/ 2". 7 / 2 " M1/E2 -0,12 ± 0,03 
2 382 -»• 853 3 / 2

+ . V2+ M1/E2 -0,49 ± 0,07 
I 551 •*• 1 337 / 2 -*• 7 / 2

+ E2/M3 -0,00 ± 0,04 
2 551 * 1 931 " / 2

+ * 9 / 2 + M1/E2 0,06 ± 0,04 
2 762 •»• 0 9/ 2". 7/ 2- M1/E2 -0,30 ± 0,03 
2 811 •*• 1 337 9 / 2 " + 7 / 2 + E1/M2 -0,02 ± 0,04 
2 988 -»• 1 829 1 5/ 2". U / 2 - E2/M3 -0,01 ± 0,05 

10.2.3 Spins of excited states in **3Sc and 5 5Mn 
S Froneman*, M P Janse van Rensburg*, W J Naudé*, J W Koen* 
and J A Stander* 

* University of Stellenbosch 

Spins of excited states in 4 3 Sc and 5 5 M n were determined by comparing 
1 | 0Ca(o,p)' t 3Sc, "•0 C a( O ) P Y)'»3 S c a n d 5 2 c r ( 0 f P Y ) 5 5 M n c r o 8 8 s e c t i o n s at E 0 - 12 
MeV with Hauser-Feshbach predictions and by taking upper limits of gamma 
transition strengths in 4 3 S c and 5 5 M n into account {1}. In addition, 
results of the l*°Ca(a ,py)'43Sc angular correlation study of the previous 
section were incorporated in the study of the **3Sc nucleus. 

Summaries of the results on l*3Sc and 5 5 M n are shown in figures 1 and 
2 respectively. Only the spins of states from the 1829 keV level in 
1 | 3Sc and the 1884 keV level in 5 5 M n are shown as the spins of the 
lower-lying levels are well known. 

Reference 

1. P M Endt, Atomic and Nuclear Data Tables 23 (1979) 3 
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184 

10.2.4 Shell-model calculations in the s-d and f-p shells 

W A Richter*. B A Brown**, B H Wildenthal***, R E Julies+, 
M G van der Merwe*, S Froneman* and W J Naudé* 

University of Stellenbosch 
National Superconducting Cyclotron Laboratory, Michigan 
State University, East Lansing 
Drexel University, Philadelphia 
University of the Western Cape, Bellville 

The results of the work done over the past two years with B A Brown 
and B H Wildenthal on the spin-tensor analysis of effective interactions 
in the Os-ld shell, have been summarized in a paper entitled: "Spin-tensor 
analysis of residual shell-model interactions in the ls-Od shell" which 
has been submitted for publication. The work on effective interactions 
will be carried a step further with the forthcoming visit of Prof Brown 
to Stellenbosch. 

Extensive shell-model calculations on "*3Sc have been carried out to 
complement experimental work done on this nucleus. A variety of 
model-spaces and interactions were investigated, and the final results 
for both positive and negative parity states were generally in good 
agreement with experiment. The results are presented in the Ph D thesis 
of S Froneman {1}. 

The project on modern shell-model programmes employing the second 
quantisation formalism, has also been completed {2}. 

Work on a programme to obtain effective interaction matrix elements 
by a fit to experimental level energies has been completed, and some 
preliminary fits have been carried out in the Of-lp shell. The object 
of this project is to obtain an interaction which is applicable to as 
wide a range of nuclei as possible. 

The new high-speed multi-word version of the original Oxford-she11-model 
code is presently running on a computer at the University of Stellenbosch, 
and will be used in future work involving shell-model calculations. 

References 

1. S Froneman, Kernstruktuurstudie van i|3Sc, Ph D Thesis (U. 
Stellenbosch, 1985) 

2. R E Julies, The application of the second quantisation formalism 
in nuclear shell-model calculations, M Sc Thesis (U. Western Cape, 
1984) 

10.2.5 Molecular states in the interaction of q-particles with 2 8Si 

D M Whittal, J J Lawrie, A A Cowley, W R McMurray and S J 
Mills 

* 
** 
*** 
+ 

Various theoretical studies (see e.g. ref. {1}) have suggested that 
some of the enhancements observed at large angles in the elastic 
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scattering of a-particles from certain target nuclei are due to the 
formation of molecular states. It should be recognized, however, that 
a number of other mechanisms {2} can also give rise to this so-called 
anomalous large angle scattering (ALAS), and it usually proves to be 
a tedious task to determine which mechanism is responsible for 
experimentally observed backward angle enhancements for a specific system 
and energy region. However, for the a-**°Ca system the existence of 
molecular states in the incident lab. energy region of 4 to 9 MeV have 
betn confirmed {3}, while a study of the a- l l 4C system {4} seemed to 
point to some inadequacy in the usual theoretical treatment of these 
states. 

The present study of the a-28Si system was stimulated by the fact that 
no appropriate experimental data are available for comparison with a 
recent theoretical prediction {5} that this system is likely to show 
strong molecular resonances below 12 MeV. Therefore, new data on 
2 8Si(a,a) 2 8Si should be invaluable towards a better understanding of 
the formation of molecular states in elastic a-particle scattering. 

Measurements were performed at the NAC's 6 MV Van de Graaff accelerator 
at incident laboratory energies between 5 and 12 MeV in steps of 100 
keV. At each incident energy an angular distribution was obtained between 
70° and 170° in steps of 5°. In order to cut the required beam time 
for the experiment down to a realistic level, the target thickness had 
to be chosen to exceed the value at which individual Ericsson-fluctuations 
could be resolved in the excitation functions. As these fluctuations 
are not of interest in the present study, the target thickness chosen 
was a compromise between adequate effective averaging of the statistical 
fluctuations and resolving the somewhat wider molecular resonances. 
As a result of this it can be expected that molecular states of odd 
J will be unaffected by the energy resolution. The structure in the 
peak shapes observed suggested that an average of 3 to 4 statistical 
fluctuations were in the energy range corresponding to the effective 
thickness of the target (approximately 250 ug/cra2). To determine whether 
the natural averaging obtained by means of the target thickness removed 
most of the statistical fluctuations, the observed elastic peaks were 
used to simulate the effect of different energy resolutions (i.e. target 
thickness) numerically. The results for a scattering angle of 170° 
are shown in figure 3, which indicates that the fluctuations observed 
in the excitation function between 7,4 and 9,5 MeV (6,5 and 8,3 MeV 
in the centre-of-mass sysLim) are not dominated by statistical effects. 

The measured excitation function at the largest scattering angle 
investigated (170°), where resonances should generally be most prominent, 
shows strong variations, with a width of 200 keV, separated by 400 keV, 
on average (figure 3). Angular distributions taken at two energies 
separated by only 200 keV (figure 4) clearly shows the rapid change 
in shape, which is qualitatively consistent with a resonant mechanism 
associated with a specific value of J. However, for a quantitative 
assessment of the angular distributions, the resonant -:ructure, which 
is coherent with the underlying optical potential elastic scattering 
and is incoherent with respect to the compound nuclear mechanism, has 
to be analysed properly. This analysis is at prese; * in progress. 
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the energy loss due to target thickness. The measured 
excitation function (bottom curve) is compared with values 
obtained by taking different averages which simulate targets 
thicker by 50% (middle curve) and 1007. (top curve). 

I 16 

70 80 90 100 110 120 130 140 150 160 170 180 
ANGLE (CM) 

Fig.4 Angular distributions for the reaction 2 8Si(a,a) 2 8Si at 
laboratory energies of 12 MeV (crosses) and 11,8 NeV (circles). 
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1C.3 Nuclear Physics Techniques 

Summary: Only new techniques or new information about existing techniques 
are reported in this section. The first item concerns the 
application of thin film plastic scintillators to the velocity 
determination of fission fragments. The second item refers 
to a novel spectrometer for energetic charged particles. 

10.3.1 Response of thin film plastic scintillators to fission fragments 

F D Brooks*, W A Cilliers* and M S Allie 

* University of Cape Town 

A paper based on the work described in the 1984 Annual Report, item 
10.3.1, has been submitted for publication. Measurements of the TFPS 
pulse-height response L as a function of fragment velocity v and film 
thickness t are reported for t in the range 1-15 pm. Over most of this 
range of t a linear relationship between L and v was observed and it 
was established that the fragment velocity could be determined to an 
accuracy of ±5% or better from the response measurement. The response 
L was found to depend sensitively on foil thickness t in the range t 
= 3-6 urn and there are indications that this might be due to surface 
effects in the scintillation mechanism. Further measurements are being 
carried out to study these effects. 

10.3.2 A particle spectrometer for angular distribution measurements 
from (n.p) and (n,d) reactions at 22 MeV 

W R McMurray and K Bharuth-Ram* 

* University of Durban-Westville, Durban 

A paper describing the construction and performance of the spectrometer 
has been published {1}. The spectrometer consists of three multiwire 
proportional counters followed by a curved scintillator (radius 200 
mm). The system provides for particle identification and background 
suppression. The sample material is in the form of a thin foil 
(10 x 25 mm x 20 rag/cm2) and is supported in the proportional counter 
sandwich. Energy spectra of the protons and deuterons emitted from the 
sample by energetic neutrons are observed with a resolution of about 
0,8 MeV over the observable energy range of 7 to 30 MeV. The system 
allows the simultaneous accumulation of data over an angular range of 
80° with an angular resolution as good as 3°. The spectrometer can be 
operated in vacuum and a chamber has been constructed for this purpose, 
but it is generally used at atmospheric pressure without a significant 
degradation of its capabilities. 

Reference 
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SECTION 11 ATOMIC PHYSICS 

11.1 Beam-foil Spectroscopy 

Summary: Beam-foil spectroscopy is a well-established technique for 
exciting outer-shell transitions which are generally not 
observable by other spectroscopic techniques. Energetic 
heavy-ion beams are accelerated by the Van de Graaff 
accelerator. Outer-shell excitations are induced by passing 
the beam through a thin carbon foil. The de-excitation 
radiation in the visible to ultraviolet region is observed 
in an optical spectrometer. The projects described in this 
section have investigated atomic spectra for ionised oxygen 
atoms (with 2 to 5 electrons stripped from the atom). 

11.1.1 Investigations of oxygen spectra by the beam-foil technique 

F J Coetzer*, T C Kotzé*, F J Mostert*, P van der Westhuizen* 

* University of Stellenbosch 

(i) Beam-foil lifetimes in 0 II 

Numerous investigations of oxygen spectra excited by the beam-foil inter
action have been reported in the last decade. However, the situation 
is still not completely satisfactory, since mean lifetimes for many 
transitions have been reported only once, while for other transitions 
significant discrepancies exist between the lifetimes reported by 
different authors. Furthermore, many lines have been suspected of being 
blended with neighbouring transitions. 

The work begun in 1984 on the 3p' 2F°, and 3d' 2 G levels has since been 
extended by performing spectral scans in the 200 nm - 500 nm wavelength 
region at 0,5 0,7 and 1 MeV beam energies. Lifetimes were also measured 
at 0,5 MeV since, according to the tables of Nikolaev et al. {1}, this 
is the most appropriate energy to measure energy levels in singly-ionized 
oxygen. All the decay curves were analyzed using the multi-exponential 
curve-fitting programme DISCRETE {2}, which determined both the lifetimes 
and the number of exponentials that gave the best, second-best, etc. 
fit to the experimental data. This programme produced the necessary 
smoothed functions needed for the programme CANDY {3}, which performed 
the ANDC (Arbitrarily Normalized Decay Curve) analysis. The ANDC analyses 
on the 3p' 2F° and 3d' 2G° levels were carried through by including 
cascades from higher-lying levels and results are shown in Table 1. 
The observed energy levels are shown schematically in figure 1, which 
also includes the decay curves measured for the 3p' 2F2/_ and 3d' 2G , 
energy levels. The result cf a spectrum at 1 MeV beam energy between 
450 nm and 475 nm is shown in figure 2. 
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Table 1. Lifetimes for the 3p' 'p' and 3d' '0 energy level* In Oil 

X (nn) Upper 
l e v e l 

Li fe t imes (ns) 
X (nn) Upper 

l e v e l This work Other experiment* Theory 

418,5 3 d ' >G7/j 5,0« t 0 , 2 6 a ) 

6,01 t 0,34 ( -1 ,18 i 0 ,18; 26,64 
t 4 , 0 0 ) b ) 

7 , 1 9 e ) 5.28 c > 

419,0 M * '« . / , 5,07 i 0 , 2 7 a ) 

6,10 i 0,37 «-1,27 • 0,44» 
26,90 • 4,84)b> 

7 , 1 9 e , > 7 . 0 * ' ; « , 8 C ) 

6 , 1 q l , 5 , 0 5 g l ; 6 , 9 9 h ) 

5,29 c » 

459,1 3P' >r\h 
10,05 t 0 , 5 0 a ) 

12,3» i 0,62 ( -2 ,75 i 0 , 1 7 J b ) 

1 0 , 7 5 * ' ; 
1 3 , 7 1 " , 14,0?' 

1 1 , 5 c ) , 9,84<" 

459,6 3P' ' F j / , 9,67 t 0 , 4 8 a ) 

12,47 • 0,62 ( -2 ,79 i 0 , 3 1 ) b ) 

1 1 , 5 C ) ; 9 , 8 6 d ' 

a) Result of the ANDC analysis. 

b) Result of multi-exponential curve fitting. Cascade lifetimes are 
given in parentheses. A negative value indicates a growing-in 
cascade. 

c) The Coulomb approximation. 

d) The single configuration Hartree-Fock approximation. 

e) Pinnington {4}. 

f) Liu et al. {5}. 

g) Druetta et al. {6}. 

h) Pinnington et al. {7}. 
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Fig. 1 Grotian diagram of observed energy levels in 0 II and decay 
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Fig.2 Spectrum at 1 MeV be^ energy for wavelengths between 450 and 475 nm. 
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(ii) Radiative lifetimes in 0 III 

It is an interesting fact that published values of the mean lifetimes 
of the 3p 3D levels in 0 III are higher than the 3p 3P and 3p 3 S levels 
since these levels decay to almost the same lower levels. It is argued 
that repopulation of the 3p 3D levels could be responsible for the higher 
mean lifetimes measured and that a cascade analysis would resolve these 
differences, especially by including the strong 3p 3D - 3d 3F° 
transitions. 

Decay curves were recorded at an accelerating voltage of 1 MV and slit 
widths of 100 pm, which were sufficiently small for obtaining spectra 
of good quality and reasonably high resolution. The Van de Graaff was 
able to supply oxygen beam currents of 4 uA. It was found through an 
ANDC investigation that decay of the 3d 3F° levels influenced the 
lifetimes of the 3p 3D levels to a large extent. The results are shown 
in Table 2. 

Tabic 2. Radiative lifetimes in 0 III 

x (na) Upper 
laval 

Lifetimes (n>) 1 x (na) Upper 
laval This work Othar experiment* Theory 

302,5 3p «P, 3,03 t 0,18"» 
3,03 t 0,18 (-0,59 t 0,18) b ) 

2,2#>, 2,8" 4,98c», 4,72d> 

304,3 3p 'P, 3,02 * 0,24*' 
3,02 l 0,24 (-0,93 * 0,35Jb) 

2,59'i 2,52h» 4,99c,> 4,73d» 

326,1 u %r\ 5,77 t 0,29 (-0,47 * 0,10) b ) 4,81,,> 5,70" 4,91c> 

375,5 3p «0, 4,67 * 0,23a) 

6,92 t 0,35 (-2,15 t 0,11)b» 
7,8", 5,02h» 9,64c» 

329,9 3p 'S, 2,67 t 0,08 (-0,28 i 0,15,b» 6,S7C>, 5,98d» 

a) Result of the ANDC analysis. 
b) Result of the multi-exponential curve fitting. Cascade lifetimes 

are given in parentheses. A negative value indicates a growing-in 
cascade. 

c) The Coulomb approximation {1}. 
d) The single configuration Hartree-Fock approximation {2}. 
e) Lewis et al. {3}. g) Kernahan et al. {5}. 
f) Druetta et al. {4}. h) Pinnington {6}. 
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(iii) Level lifetimes in 0 IV 

Energy levels were also observed in triply-ionized oxygen, using a beam 
energy of 1 MeV. We obtained spectral decays of the 3s2S - 3p 2P° transi
tions at 306,4 nm and 307,2 am. These transitions can be populated 
by transitions in both the visible and ultraviolet regions. The visible 
and near-ultraviolet transitions were not observed, however, and the 
vacuum ultraviolet transitions are theoretically weak; most have never 
been observed or listed in any tables. Cascading transitions from the 
3d 2D level into the 3p 2P° level were not observed simply because the 
3d 2D level has a very short lifetime. Buchet et al. {1} measured the 
lifetime of the 3d 2 D level through the 2d 2 2p 2P° - 2d 2 3d 2D transition 
at 23,85 nm and reported a lifetime of 0,025 ns. Such short lifetimes, 
however, cannot be detected with our experimental conditions since the 
time resolution is approximately 0,1 ns. Owing to the very short lifetime 
of the 3d 2D level, it is doubtful whether this level would make any 
significant contribution to the lifetime of the 3p 2P° level since only 
an extremely shore part of the decay curve for the 3p 2P° level is 
affected by the decay of the 3d 2D level. Some results are shown in 
Table 3. 

Table 3. Lifetime results for the 3p JP° energy level in 0 IV 

A in») Upper 
level 

Lifetime* (ns) 
A in») Upper 

level This work Other experiments Theory 

30«,4 

307,2 

3P 'P ? / i 

3P «Pfe 

1,45 i 0,26(-0,91 t 0,21» 
4,03 t 0,48)*' 

1,54 1 0,25 (-0,47 t 0,07; 
8,29 * 1,41»*' 

1,53 d ); 1,«3e> 

1,53d», 1,53«> 

6,86 b ); 6,40 c ) 

«,92 b ), «,45 c ) 

a) Result of multi-exponential curve fitting. Cascade lifetimes are 
given in parentheses. A negative value indicates a growing-in 
cascade. 

b) The Coulomb approximation Í2}. 
c) The single configuration Hartree-Fock method {3}. 
d) Druetta et al. {4}. 
e) Lewis et al. {5}. 
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11.1.2 The calculation of atomic wave functions in oxygen using the 
MCHF approximation 

F J Coetzer*, T C Kotzé* and P van der Westhuizen* 

* University of Stellenbosch 

Theoretical lifetimes are calculated to facilitate an unambiguous 
assignment of the measured lifetimes to a level. Many accurate 
theoretical data have resulted from the development and application 
of theoretical techniques which take into account inter-electron 
interactions. These methods all employ some form of a 
multiconfigurational expansion of the wave functions and are known as, 
e.g. the multiconfigurational Hartree-Fock (MCHF) model, the 
non-closed-shell many-electron theory (NCMET), etc. Lifetimes have 
already been calculated for all energy levels in 0 II, 0 III, 0 IV and 
0 V using the Coulomb approximation as well as the single configuration 
Hartree-Fock (SCHF) method. To facilitate MCHF calculations, the program 
WEIGHTS {1}, which calculates the coefficients of the Slater R k integrals 
{2}, has been implemented. MCHF calculations are at the moment being 
carried out for all energy levels in the oxygen spectrum for which an 
ANDC analysis is possible. 
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11.2 Inner-Shell Excitation Mechanisms in Ion-Atom Collisions 

11.2.1 3do excitation in slow Ar-Kr collisions 

R Bilau*. W R McMurray, U Wille**, R Shanker*, R Hippler*. 
H 0 Lutz* 

* University of Bielefeld, West Germany 
** Hahn Meitner Institut fur Kernforschung, Berlin 

The impact parameter dependence of Kr L-shell vacancy production in 
Ar-Kr collisions has been studied for collision energies from 0,97 MeV 
to 10 MeV. The experimental results have been theoretically analysed 
by assuming vacancy production in the quasimolecular 3do orbital to 
be the dominant primary mechanism via 346 - 3dir - 3do rotational coupling. 
The shape of the measured impact parameter dependence is satisfactorily 
reproduced if dynamically created vacancies are assumed to be initially 
present in both the 3d 5 and 3d it orbitals. This work has been submitted 
for publication. 
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SECTION 12 NUCLEAR ANALYSIS 

12.1 Improvement of Facilities 

Summary: The nuclear analytical chemistry facilities have been further 
improved with the completion of (i) a new target chamber for 
PIXE (particle induced X-ray emission) and XSQR (use of particle 
induced X-rays to excite X-ray fluorescence) techniques and 
(ii) a clean laboratory which has eliminated backgrounds due 
to dust particulates present in normal laboratories. 

12.1.1 PIXE and XSQR facilities 

T Swart, M Peisach and C A Pineda* 

* Cape Provincial Administration 

A new chamber, MICRODOT-2, has been designed and constructed along the 
lines of the previous chamber {1} but modified to accommodate a new 
Si(Li) detector and the use of XSQR. The new housing for the Si(Li) 
detector is situated at 90° to the beam and allows the detector to be 
positioned at distances between 15 and 215 mm from the surface of sample 
targets. This facility is particularly useful for the analysis of 
thick targets. The sample ladder fits into the chamber lid, which 
can be replaced by the lid for XSQR. Additional ports allow for the 
use of Ge(Li), intrinsic-Ge and surface barrier detectors. 

To eliminate the sparking discharge from insulated thick targets, the 
Chaudhri {2} method is used, where a thin carbon foil of a few microns 
is positioned about 1 cm in front ol the target. Electrons from the 
foil neutralise the charge build-up from the bombarding beam. Good 
results were obtained using 1 MeV proton beams. 

The computer program, AXIL, was acquired and installed on the computer 
at NAC. AXIL was developed {3} for fast deconvolution of complex X-ray 
spectra. The program provides the user with an analysis report on 
peak intensities, corrected for background and peak overlap. Also 
provided with the program is a library containing data on X-ray energies, 
peak shape corrections, absorption coefficients and background and 
calibration energy polynomials. 

The XSQR chamber {4} was constructed as an integral part of the new 
scattering chamber MICR0DOT-2. To accommodate the XSQR equipment the 
lid of MICRODOT-2 with its sample ladder is replaced by the primary 
target assembly for XSQR. 

The bombarding beam enters the chamber through a graphite-lined tunnel 
in the iron assembly on the chamber lid. Iron was chosen because the 
yield of gamma-rays is relatively lower than for other common construction 
materials, while graphite reduces the generation of interfering X-rays. 
The primary target is mounted normal to the beam on a water-cooled finger. 
The X-rays from the primary target pass through a graphite-lined 
collimator in the wall of the tunnel at an angle of about 60° and fall 
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onto the surface of the sample, which is one of 10 mounted on a manually 
operated sample changer, and viewed by a Si(Li) detector at right angles 
to the beam and in a plane normal to that defined by the bombarding 
proton beam and the collimated primary X-ray flux. In this way advantage 
is taken of possible reductions in scattered radiation due to polarization 
effects. The distance between the sample surface and the detector 
can be changed to cope with high count rates. The col lima ting head 
of the detector is designed to receive X-rays only from the sample face. 
All metal surfaces that could generate unwanted X-rays from the sample 
mount are covered with perspex. 
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12.1.2 Construction and use of clean laboratory 

M A B Pougnet, M Peisach and C A Pineda* 

* Cape Provincial Administration 

The clean laboratory { 1} has been completed and is equipped with a 
horizontal free-standing laminar-flow pure work station. Air is sucked 
into the room from the corridor through two filtering systems and exits 
through the fume cupboard, the only air outlet from the room. A separating 
wall provides an entrance area with a floor mat which has a tacky surface 
to reduce transfer of dust from the outside. With fresh filters the 
space of the work station is equivalent to a type 100 clean room, i.e. 
fewer than 100 particles of £ 1pm diameter per cubic foot of air. 

Other equipment in the room includes an oven for drying specimens and 
equipment, a 5-decimal digital balance, a hot plate, teflonware for 
acid cleaning of used containers and a percussive ball homogeniser for 
crushing and grinding of biological material. 

The room is being used for sample preparation and for homogenising 
biological samples of vines, leaves, roots, etc. by the liquid nitrogen 
embrittlement technique. Tests have been carried out on the efficiency 
of labelling biological samples with yttrium as an internal standard. 
Thin target preparations on terphan plastic backings have proved the 
value of the clean room by the fact that dust particles were not detected 
in subsequent analyses. 

Reference 
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p 192 



, 9 9 TftN: -Z«f400l|2. 

Basic Studies 

Basic studies in nuclear analytical techniques include the 
study of underlying assumptions (item 12.2.1) as well as the 
development and extension of techniques and the investigation 
of causes of lack of precision (12.2.3). 

The search for molecular effects in range corrections in the 
elemental determination by proton bombardment 
C Olivier* and M Peisach 
* University of Stellenbosch 

Measuring prompt high-energy charged particles or gamma-rays, where 
little or no attenuation of the outgoing reaction particles is 
experienced, the total count-rate N is denoted by 

N = K.c. J o(E).dE 
E . dE/dx th 

Here K is a proportionality factor, c the atomic concentration of the 
element under investigation, o(E) the reaction cross section at en rgy 
E, dE/dx the stopping power of the bombarding particle at the same energy 
and dx the incremental thickness of the target. E Q and E t n are 
respectively the initial bombarding energy and the effective energy 
threshold of the reaction. The constancy of the proportionality factor 
K, was checked experimentally on the assumption that Bragg's Law was 
valid and that available stopping power tables were sufficiently accurate. 
The proton bombardment of lithium was studied in matrices consisting 
of a wide range of chemically pure lithium compounds. Three different 
proton-induced reactions were used to analyse 19 pure lithium compounds 
of known composition. Prompt alpha particles were measured from the 
reaction 7 Li(p,a)'*He at E p * 1,5 MeV and prompt gamma-rays of 429 and 
479 keV from the reactions 7 Li(p,nv)7Be and 7Li(p,p'y)7Li respectively 
at Ep = 4,5 MeV. Excitation functions were measured for each of these 
reactions in the appropriate energy regions. The values of K were 
determined as a function of the average Z-value of the irradiated 
material. The results obtained for the three reactions are shown in 
figure 1, normalised to a mean value of unity. From these data the 
maximum value of any molecular effect was deduced to be < 5,5%. 

The initial phase of a similar study for sulphur was carried out in 
which the prompt gamma-rays, 2228,5-keV 3 2S p(4,l) and 22230,1-keV 3 2 S 
p(l,0) were measured. 

12.2.2 Determination of oxygen by deuteron-induced PIPPS** 
D Gihwala* and M Peisach 
* Peninsula Technikon, Bellville 

The standard analytical techniques for the determination of oxygen, 
such as vacuum and inert fusion methods, are tedious and time consuming. 

** Particle-induced prompt photon spectroscopy. 

12.2 

Summary: 

12.2.1 



200 

1.5 

1.0 

. 

• • • 
429 keV 

= tf- • • • • 

I L _ • • 

1-

1 1 . . i i . i 

l/l 
01 
-§ 1.5 
> 
i 

* : 

a 
E 0.5 

. 

• m 
479keV 

- • 

' • • • l l • • - l _ _ l 1 

• 

J _ l _ 1 1 

• • 

1 • 

-» 

i i i i i i 

0 5 10 15 20 
Average Atomic Number 

Fig. 1 The variation of the proportionality factor K with the 
•can atoaic number of the target Material normalized to 
a mean of unity in each case. 



201 

For this reason and because of the need to develop non-destructive 
methods, the technique of PIPPS was considered. Alpha-induced PIPPS 
showed analytically-significant gamma-rays for oxygen only at high 
bombarding energies {1}. The most important of the proton-induced 
gamma-rays {2} are those of 1041,9 keV and 1982,1 keV from the reactions 
1 80(p,ny) 1 8F and 180(p,p'-y)180 respectively, and these ar' useful for 
the determination of major and minor concentrations. 

When deuteron beams were used, an intense gamma-ray of 871 keV from 
the reaction 1 60(d,py) 1 70 «as produced which could potentially be used 
for trace determinations. A detailed investigation is currently being 
carried out on the sensitivity and precision attainable, by testing 
the method on standard steel samples with certified oxygen values from 
4 to 500 ug.g - 1• 

An excitation function for the yield of this gamma-ray was measured 
using a thick sample of CsN03. The yield of gamma-rays at a bombarding 
energy of 450 keV amounts to about 0,051 of that obtained with 2000 
keV deuterons. For analytical purposes therefore, the 871 keV gamma-ray 
can be considered as originating from a layer, the thickness of which 
corresponds to a loss of 1550 keV from an initially 2000 keV beam and 
the average bombarding energy {3} over this layer is 1225 keV. 
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12.2.3 Interference effects in deuteron-induced PIPPS 
M Peisach and D Cihwala* 
* Peninsula Technikon, Bellville 

Indications of unusual interference effects were observed during a study 
of the analytical applicability of deuteron-induced PIPPS for the 
determination of major elements in cements. The prompt gamma-ray 
spectrum obtained showed the presence of gamma-rays from 0, Na, Mg, 
Al, Si and Ca. However, the cross sections of (d,p) and (d,n) reactions 
are relatively large so that the probability of generating radionuclides 
during the bombardment was appreciable. Since such nuclides could 
in their decay emit the same gamma-rays that are generated promptly, 
they would represent a unique type of interference in prompt analysis. 
In general 2 types of activation processes could be envisaged viz. where 
a (d,p) reaction produced a ^'-emitting radionuclide which would yield 
the same gamma-ray as the (d,n) prompt reaction; and the corresponding 
case where a (d,n) reaction produced a 8 + -emitting radionuclide and 
the same gamma-ray would result by the delayed process as in the prompt 
(d,p) process. 

Examples of such interferences were observed for the prompt gamna-rays: 
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1014 keV 2 6Mg n(l,0) interfered with by the decay of 9,46« 2 7Mg; 
1779 keV 2 7A1 n(l,0), by the decay of 2,24« 2 8Al; 
1266 keV 3 0Si n(l,0), by the decay of 2,92h 3 1Si; 

and 2 5 keV 2 9Si p(l,0), by the decay of 2,5« 3 0P. 

12.2.4 PIXE analysis of thick targets 

C A Pineda* and M Peisach 

* Cape Provincial Administration 

The deteraination of absolute concentrations of Minor and trace eleMcnts 
in thick targets by PIXE presents a probleM even when the COMPOS it ion 
of the Major elements in the matrix is known. Although the concentration 
C z of an element is proportional to the yield of X-rays generated by 
the particle beam in the near-surface of the sample {1}, the 
proportionality constant contains parameters related to the geometry 
of measurement and the absorption of the beaa and the X-rays in the 
sample. These parameters could contain a large degree of uncertainty. 

The yield Y(z) of X-rays in the direction of the detector, generated 
by an integrated current Q is given by 

Y(z) = C 2 Kiz) Q I(z) (1) 

where K(z) is the geometry factor and I(zx corrects for losses of proton 
energy and the absorption of X-rays in the matrix. It is clear that 
for low X-ray energies, the most important factor is I(z) which is 
given by 

I(z) = J a (F).expl -u(z) f(9).Rj dE/S(E) (2) 
Eo Z 

K 
where az(E) is the X-ray production cross section relative to that at 

energy E 0, u(z) is the total mass attenuation coefficient for the X-rays 
of element z by the matrix, f(6) * cos a/cos 9 with a being the angle 
of incidence and 6 the take-off angle, R is the proton range given by 

f E dE 
* " ' SÍÊ) 

and S(E) is the proton stopping power of the matrix. 

The literature contains several tabulations of data for each of these 
parameters. The consistency of these data is being tested with different 
matrix materials. Data on values of K(z) were obtained from the 
irradiation of thin film standards, and the values obtained for elements 
important in the analysis of vines is shown in figure 2. 

Reference 

1. J L Campbell and J A Cook son, Nucl. Inst rum. & Methods 
B3 (1984) 185 
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12.3 Applications in Archaeology and Related Subjects 

ry: The identification of pottery, glass and ceramic sources is 
a powerful application of multi-elemental, non-destructive 
analysis when coupled with mathematical/statistical grouping 
methods. 

12.3.1 Coastal pottery studies in South-West Africa 

L Jacobson*, D Ginwala**, N Peisach and C A Pineda*** 

* The State Museum, Windhoek 
** Peninsula Technikon, Bellville 
*** Cape Provincial Administration 

In order to test whether the pottery found on an intensively settled 
prehistoric site at Walvis Bay originated from one or more sources, 
perhaps even far inland, a suite of samples from this site as well as 
from other sites along the coast and inland were analysed. As no clay 
sources are yet known it is only by determining the variability of The 
suite from one site and comparing it to other sites that one can make 
a statement about the possible presence of foreign vessels. 

An additional purpose of this study was to test whether design motif 
and lug shapes present on clay vessels correlated either positively 
or negatively with their trace element patterns. A positive correlation 
would suggest that different designs and shapes were geographically 
localised and hence could be used for sourcing pottery on a stylistic 
basis. A negative correlation would suggest that these ceramic 
attributes have a much wider regional distribution and were of no value 
in sourcing by style. 

A total of 70 samples were analysed and the data is being processed 
for multivariate statistical analysis. 

12.3.2 Analysis of trace metal composition for the identification 
of Woodstock glass 

M Peisach, C A Pineda*, H A B Pougnet and D Gihwala** 

* Cape Provincial Administration 
** Peninsula Technikon, Bellville 

The previously reported {1} study was extended to include specimens 
provided by the Caledon Museum and from the William Fehr Collection 
at the Castle in Cape Town. These specimens were analysed by PIXE 
at the external beam facility using protons of 2 MeV. Although these 
conditions of analysis were more favourable for the determination of 
K and Nn, the lower bombarding energy made the determination of Rb 
difficult. As a result, only one of the previously established {2} 
parameters for identifying Woodstock glass could be used. 
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The elements that were determined were K, Ca, Ti, Mn, Fe, Cu, Zn, As 
and Pl>. Data for the 16 specimens from Caledon and the 24 specimens 
from the Castle were added to the existing file froa previous analyses 
of glasses, and the data for a total of 114 glasses were submitted for 
correspondence analysis. Most of the objects obtained from the museums 
were grouped with the Woodstock set. However, there were two interesting 
observations: 

1. A Cape brandy glass, externally similar to a previously analysed 
specimen, was shown to be of non-Woodstock composition. This 
is in contrast to the generally assumed opinion that all Cape 
brandy glasses with the castellated tot mark were of early 
Cape origin. 

2. Classification according to the Mn/K count ratio produced 
evidence of ratios between 15 and 60 for samples which contained 
the same trace element profile as Woodstock glasses. 
Previously, all such glasses had Mn/K ratios exceeding 60 
while non-Woodstock type glasses had values below 15. 

References 
1. National Accelerator Centre Annual Report NAC/AR/84-01 (CSIR, 1984) 

p 199 
2. M Peisach, C A Pineda, D Gihwala and H N Vos, J. Trace Microprobe 

Tech. (in press) 

12.3.3 Examination of Chinese ceramics and pottery excavated in the 
Cape 
D Gihwala*, L Jacobson**, M Peisach, C A Pineda+ and H H Voa*+ 

* Peninsula Technikon, Bellville 
** The State Museum, Windhoek 
+ Cape Provincial Administration 
++ The Stellenbosch Museum, Stellenbosch 

The previously reported work {1} dealt with the analysis of the glazes 
of the excavated fragments of Chinese pottery. Contrary to the results 
obtained for glazes, the X-ray spectra measured from the body of the 
porcellaneous fragments showed little variation in appearance except 
changes in peak heights. Spectra obtained from the fine porcelain 
from the northern provinces and the coarse porcellaneous ceramics of 
South China are shown in figure 1, The high count rate observed for 
Fe implied a relatively small statistical error of counting, and was 
thus useful for normalising the data in order to eliminate errors due 
to the geometrical positioning of samples at the point of irradiation. 
The porcelain from northern China showed relatively high yields of K, 
Mn, Zn and Rb when compared with the yields from the coarse southern 
China ceramics. However, Ti was present in relatively larger 
concentrations in the latter. 
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Fig. 1 PIXE spectra are compared for a sample of quality porcelain from 
northern China (upper curve) with that from a coarse ceramic 
from the South. The peaks representing K, Mn, Zn and Rb are 
noticeably more prominent in the upper spectrum while the lower 
spectrum shows a relatively higher concentration of Ti. 
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The PIXE data for K, Ca, Ti, Mn, Cu, Zn, Rb Sr and Pb were expressed 
relative to the values obtained for Fe, and used for correspondence 
analysis. A plot of the first two axes of the correspondence analysis 
is shown in figure 2. 

The outstanding feature is the fact that all the representative points 
of the porcelain samples from the northern provinces fall in a tight 
group near the origin, and that no point representing a sample from 
other sources falls in the same group. Similarly, the group in the 
upper part of the plot consists solely of points representing the more 
coarse ceramic samples from the southern provinces. The points 
representing the porcellaneous samples from South China do not form 
a similar group, but are mostly well separated from the group of the 
southern ceramics and of the northern porcelains. The isolation of 
the point representing sample M indicates that this specimen is of an 
entirely different ceramic type. 

Reference 

1. National Accelerator Centre Annual Report NAC/AR/84-01 (CSIR, 1984) 
p 203 
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Applications in Industry and Agriculture 

The importance of trace eleaents in assisting or adversely 
affecting plant growth is well-established. Nuclear analytical 
techniques can again be effectively applied tc measure trace 
element composition and the relative effect of environmental 
conditions. 

The toxic effects of aluminium in vines 

E le Roux*, M Peisach, C A Pineda** and M A B Pougnet 

* Nederburg Wines, Huguenot 
** Cape Provincial Administration 

The previously reported work {1} was continued. In this season's 
investigations comparisons were effected between young roots and old 
roots and among three different types of treatment. As before, the 
plants were fed on Hoagland water culture solutions, with and without 
added aluminium. 

The control experiment was carried out without added aluminium. The 
second treatment consisted of plants grown on an aluminium-enriched 
medium, while the third treatment started off by growing the plants 
in the aluminium-enriched medium and thereafter transferring them to 
the same medium as the control. 

Samples of the roots were cut, freeze-dried and pulverised by the liquid 
nitrogen embrittlement technique. The powdered materials were compressed 
into pellets and analysed by PIXE. The elements Mg, Al, Si, P, S, 
CI, K and Ca were determined with a beam of 1 MeV protons. The 
analytical data showed large fluctuations in Si-content. It was 
therefore assumed that the Si-values were distorted by entrapped dust 
and soils, so that these data were ignored as a supplementary element 
in the correspondence analysis. One sample also contained an abnormally 
high Ca concentration and was also taken as a supplementary point. 

The correspondence analysis plot (see figure 1) cleatly distinguished 
the roots from Al-enriched media and showed the old and young roots 
as distinguishable sub-groups. Surprisingly, those roots that were 
transferred to the control medium and those grown entirely on the control 
medium grouped according to the age of the roots, with subgroups for 
the different treatments. 

Reference 

1. National Accelerator Centre Annual Report NAC/AR/84-01 (CSIR, 1984) 
p 207 
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Summary: 
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12.4.2 International collaboration on analysis of ecological materials 

M A B Pougnet, C A Pineda* and M Peisach 

* Cape Provincial Administration 

As the concern for environmental pollution and its impact on the ecology 
in hrnvily industrialised areas grows, more and more trace elements, 
potentially toxic to humans, animals and plants, have to be determined. 
An international collaboration programme organised by the University 
of Osnabriick, West Germany, has been launched in an effort to obtain 
a quantitative record of all detectable elements in samples drawn from 
different ecosystems. Already some 60 elements have been determined. 
However, it is desirable to expose the samples to a variety of analytical 
methods. Accordingly it was requested that the methods of PIXE and PIPPS 
be applied to samples originating from European sources. 

Pine needles from Austria, West Germany and Sweden, plant leaves, bog 
soils and minerals were prepared for analysis. The organic material 
was pulverised and homogenised by the liquid nitrogen embrittlement 
technique while the mineral soils were ground in a tungsten carbide 
mill. Where possible, pellets were compressed for routine PIXE and 
PIPPS analysis under proton bombardment for the determination of as 
many elements as possible, but especially Si, Sc, Rb, Sr, Sn and Sb, 
while oxygen was determined by deuteron-PIPPS. The data are being 
processed. The same samples will also be re-analysed by XSQR using 
appropriate primary targets. 
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12.5 Application of the XSQR Technique 

Summary: PIXE induced XRF (XSQR) is a relatively new extension to PIXE. 
The present work illustrates the advantages and disadvantages 
of the double process (XSQR) relative to the results obtained 
with PIXE alone. The Methods are shown to give complementary 
results with analytical precision in different elemental 
regions. 

12.5.1 XSQR : The technique of PIXE-induced XRF 

M Peisach, C A Pineda* and M A I Pougnet 
* Cape Provincial Administration 

When the charged particle beam is directed onto a primary target of 
a single element having X-rays with energies below that of the absorption 
edge of the main component of the matrix, direct and indirect interference 
from the main matrix element are eliminated. Both in-vacuum and external 
beam techniques have been used, but the latter is less sensitive because 
the geometrical arrangement is not as tight as is possible with in-vacuum 
analysis. 

The relative X-ray yields have been measured using a wide variety of 
primary targets and elemental samples from which data were accumulated 
to serve as reference data for analytical application and to enable 
a suitable choice of primary target to be made to meet the needs of 
some particular analytical problem. Since the sensitivity of the XRF 
analysis would depend on the intensity of the incident flux, primary 
targets were irradiated with proton (H+) beams of 1 - 2,5 uA or with 
H£ ion beams of up to 8 pA. Beam energies were, however, kept as low 
as possible to minimize the gamma-ray flux from the primary target. 
For most metals, beam energies of 2,5 HeV were sufficiently far below 
the Coulomb barrier to prevent excessive gamma-ray emission but at these 
energies K X-ray emission from primary targets of heavy elements was 
less efficient. 

The major disadvantages of the method are firstly, that the range of 
elements accessible for XRF analysis is limited and depends on the choice 
of the primary target. Secondly, scattered radiation from the primary 
target constitutes an added background against which the elements emitting 
the most energetic fluorescence X-rays have to be measured, thereby 
decreasing the sensitivity for determining those elements that should 
have been measured with the best sensitivity. 

12.5.2 The determination of some metal impurities in gold by XSQR 

M Peisach, C A Pineda* and M A B Pougnet 
* Cape Provincial Administration 

In PIXE analysis {1}, problems encountered are due to the high intensities 
of the Au, L X-rays. Since the L III absorption edge for Au is at 
11,919 keV, the heaviest primary trget that can be used for XSQR analysis 
in which the excitation of Au L X-rays is energetically impossible is 
Ge. This element yields Ka X-rays of 9,886 and 9,855 keV and Kg X-rays 
of 10,982 and 11,101 keV. 
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Fig. 1 PIXE-induced X-ray fluorescence spectra, of a standard gold 
disc, compared with a gold-based tooth alloy. A primary target 
of germanium was used. 
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Because the yield of fluorescent X-rays increases with a decreasing 
difference between the energies of the excitation radiation and that 
of the absorption edge, relatively high yields «ay be expected fron 
elements such as Zn and Cu having K absorption edges at 9,660 and 8,980 
keV respectively. Of course, heavy elements with L absorption edges 
below 9,886 keV will also be strongly excited. Thus, with the Ge primary 
target, L X-rays may be generated from the heavy elements up to Ta. 
Less intense L X-rays will be excited by the Ge KB X-rays from heavier 
elements. 

A typical X-ray spectrum obtained from an XSQR analysis of a gold dental 
alloy with a Ge primary is compared with that obtained from a standard 
gold disc in figure 1. The tooth alloy contained a high concentration 
of Cu, some Zn and traces of Fe and Co while the standard contained 
traces of Fe, Cu and Zn. The upper spectrum in figure 1 shows the 
escape peak of Fe. A similar escape peak from the scattered Ge Ko. 
X-ray, should have been observed at 8,145 keV but this peak was not 
resolvable from that due to the 8,047 keV Cu K X-ray. Determinations 
of Cu were therefore usually based on the measured intensity of the 
Cu Kg X-rays but corrections for the Ge interference in the Cu 
determination were also made from the measured intensity of the Ge Ka 
X-ray. However, such corrections should be unnecessary if an intrinsic-Ge 
detector were used in place of the Si(Li) detector. 

Interference-free sensitivities for XSQR analysis of gold matrices with 
a Ge primary target ranged from 5 pg.g-1 for Ti to 0,5 ug.g-1 for Zn. 
The sensitivity for Ga, from which only the Kg radiation from Ge could 
excite fluorescence, was 2 pg.g"1. 
Reference 
1. National Accelerator Centre Annual Report NAC/AR/84-01 (CSIR, 1984) 
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12.5.3 Multi-elemental analysis in geological and biological material 
by XSQR 
M Peisach, C A Pineda* and M A B Pougnet 
* Cape Provincial Administration 

When the X-ray energy spectra from XSQR and PIXE analyses of the same 
sample are compared, the advantages of each method are shown to complement 
the other. Such a comparison for the NBS standard Estuarine Sediment, 
SRM 1646 is shown in figure 2. The XSQR analysis used Pd as the primary 
target. 

Despite the use of the absorber, spectral evidence was obtained by PIXE 
for the presence of the lighter elements P, S and CI, even though the 
yield could not be used for analysis because of the very large absorption 
corrections that would have been needed. Sharply defined peaks well-
suited to analytical purposes were recorded in the energy region between 
2,62 keV (Cl Ka) and 8,64 keV (Zn Ka). At higher energies the 
intensities of the peaks decreased and the statistical uncertainty 
connected with the definition of the peaks increased, even though the 
background against which these peaks had to be measured was relatively 
low. Another disturbing feature was the intrusion of the sum peak 
from Fe. 
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Fig. 2 Comparison between the X-ray energy spectra from the NBS 
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By contrast, while the XSQR spectrum has analytically useful peaks for 
the minor elements Ca, Ti and Fe all of which were present in concentra
tions exceeding mg.g - 1 levels, it could not be used for determining 
trace elements at much lower concentrations in the same energy region. 
However, at X-ray energies above about 9 keV the definition of the 
spectral peaks improved noticeably and better precision and sensitivity 
were obtained for the determination of elements such as Rb, Sr, Zr and 
Nb. Since the high-concentration lower-Z elements are not excited 
to the same extent as in PIXE, there is no intrusion of sum peaks in 
the spectrum. 

Similar observations were made with the analysis of biological material. 
The X-ray energy spectra obtained by PIXE and XSQR from a sample of 
the NBS standard Orchard Leaves SRM 1571 are compared in figure 3. In 
this example the XSQR analysis used a primary target of Rh. 

12.5.4 Determination of silicon in petroleum oils by XSQR 

M Peisach, C A Pineda* and M A B Pougnet 

* Cape Provincial Administration 

During the refining of crude petroleum the presence of silicon in the 
form of silicon-organic compounds can be tolerated in the feed, but 
its presence in either the light or heavy fractions in concentrations 
above already established levels is detrimental to the quality of the 
product. Samples for the analysis of oils, were prepared by depositing 
measured volumes onto membrane filters of 0,2 ym pore size, and calibration 
standards, containing Si in concentrations between 2 and 40 ug.g'1, were 
prepared from a known silicon organometallic compound and silicon-free 
naphtha and diesel oils. These were used to test the applicability 
of PIXE. It was found {1} that the presence of other elements such 
as P, S, CI, K and Ca at relatively high concentrations and the 
bremsstrahlung effects in the filter support raises the background against 
which the Si has to be measured. 

To reduce the background in the region of the Si X-rays, the XSQR 
technique with a primary target of Ti was used. Samples were mounted 
in vacuo with paper backings to position the surface of the sample in 
the required plane. The calibration curve obtained with the prepared 
standards is shown in figure 4. Using this calibration, it was found 
that the root mean square error for the Si-content was ±2,02 pg.g - 1. 
A source of interference that has to be noted is the extent to which 
Si X-rays are excited by scattered Ti X-rays at the detector. 

Reference 

1. National Accelerator Centre Annual Report NAC/AR/84-01 (CSIR, 1984) 
p 206 
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12.6 Applications in Medicine 

Summary: Medical applications generally involve trace element analyses 
or the use of tracer radioisotopes. The first project reported 
here uses radioactive tracer material to study blood flow 
in a heart affected by some degree of heart failure. This 
is a continuation of a long-term association with the MRC 
Heart Research Unit in Cape Town. 

12.6.1 Use of low dose propranolol to prevent ventricular fibrillation 
during acute myocardial infarction 

C A Muller*. F T Thandroyen*, L H Opíe*, M Peisach and 
C A Pineda** 

* MRC Heart Research Unit, UCT 
** Cape Provincial Administration 

The beta-antagonist propranolol has been used successfully in the 
long-term prevention of cardiac arrhythmias following a heart attack 
(acute myocardial infarction). A recent multicentre clinical study 
revealed that propranolol is also able to prevent sudden death during 
the first 24 hours of a heart attack. The mechanism of this protective 
effect is, however unknown. 

The mechanism of protection against sudden death in the pig model of 
acute myocardial infarction was explored and the incidence of fatal 
ventricular arrhythmias as well as regional left ventricular blood flow 
in the absence and presence of propranolol was studied. Blood flow 
was measured by the introduction of ''3Sn and 1 5 3Gd microspheres into 
the blood circulation. Propranolol 0,1 mg/kg yielded plasma levels 
of the same magnitude as those described in the clinical study. 

Control 
Propranolol 0,1 mg/kg 
Propranolol 3,0 mg/kg 

Incidence of Blood flow in 
ventricular fibri llation ischemic myocardium 

14/16 19,2 ± 1,4 
3/12** 19,2 + 2,2 
8/9 13,2 ± 1,2* 

ml/100g/min 
* p<0,01 vs control 
** p<0,002 vs control 

The study revealed that propranolol may prevent sudden death by preventing 
fatal ventricular fibrillation. This protective effect is restricted 
to a low dose of propranolol. Higher doses may not be effective probably 
because of a decreased blood flow in the ischemic (damaged) myocardium. 
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12.6.2 Myocardial blood flow in the isolated perfused rat heart with 
acute myocardial infarction 

F T Thandroyen*, C A Muller*, L H Opie*, M Peisach and 
C A Pineda** 

* MRC Heart Research Unit, Department of Medicine, UCT 
** Cape Provincial Administration 

The isolated perfused rat heart with acute myocardial infarction is 
an established and widely used model in the analysis of myocardial 
metabolism, ventricular function, cell death and ventricular arrhythmias. 
However, one limitation is the absence of a method to assess regional 
myocardial blood flow. If this were possible, alterations in blood 
flow could be related to myocardial cell death and arrhythmias. 
Information pertaining to the mechanisms of such fatal ventricular 
arrhythmias may then become apparent. 

The regional blood flow was determined in isolated perfused rat hearts 
with coronary artery ligation. Microspheres (15 urn) labelled with 
1 1 3 S n or 1 5 3 G d were used. The spheres were tolerated well by the heart, 
without sequelae of additional cell damage or arrhythmias. The ischemic 
(damaged) left ventricle was separated from the non-ischemic (normal) 
left ventricle at the end of the experiment. The samples from each 
heart were then measured for radioactivity. Preliminary results suggest 
that blood flow in the damaged portion was reduced to between 5 and 
20 percent of the normal left ventricle. 

12.6.3 Radioactive impurities in 9 9 m T c generators 

C A Pineda*, N G Hartman**, M Peisach, G Felix** and 
M A B Pougnet 

* Cape Provincial Administration 
** Tygerberg Hospital, Bellville 

The study of the long-lived radionuclides present in 9 9 m T c eluates from 
generators, previously reported {1}, was completed. While most of 
the technetium fractions were used for medical purposes, some of the 
fractions drawn on days 1, 3 and 5 were kept for analysis. Gamma-ray 
spectra measured after the decay of 9 9 m T c showed the presence of one 
or more of the nuclides 9 9Mo, 1 0 3 R u , 1 3 1 1 and 1£*°La. From the 
quantitative estimation of these radionuclides, elution patterns of 
the contaminants were drawn up. One such pattern set is shown in figure 
1. Three radionuclides were detected from this generator. It appears 
that the concentrations of radio-lanthanum increased with fraction number 
during eact of the test days. On the other hand, radio-Ru levels 
appeared to increase during days 1 and 5 but decreased slowly during 
day 3. The activity of 9 9 M o appeared to follow an erratic pattern, 
but with a tendency to increase on days 1 and 5 and decrease on day 
3. Other generators showed different patterns, but since the rate 
of elution of the fractions was not known, and need not have been either 
constant or continuous, it is possible that the radioactivity elution 
patterns could have been related to the manner and frequency in which 
the generator was used. 
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Most of the generators used radio-molybdenum from fission products and 
hence contained fission products as long-lived impurities. A few 
generators, from which only 9 9Mo was observed, apparently obtained the 
radio-molybdenum from reactor irradiation of the metal. 

The 99Mo observed in the eluate was probably separated from the generator 
by radiation decomposition of the complexing agent. The most common 
impurity was i 0 3 R u and occasionally 1 3 i I and i l* 0La were detected. In 
only one case was 131T detected together with 9 9 M o , but without other 
radionuclides. 

Reference 

1. National Accelerator Centre Annual Report NAC/AR/84-01 (CSIR, 1984) 
p 209 
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SECTION 13 SOLID STATE AND MATERIALS RESEARCH 

13.1 Metal-Semiconductor Interactions 

Summary: This section of the report is concerned with the study of 
the metallisation, oxidation and doping of materials 
which are of importance to the micro-electronics industry. 
The Van de Graaff accelerator and radioactive tracers are 
used for studying surface and sub-surface behaviour of 
these materials. 

13.1.1 The influence of Au on the interaction of thin Co-films with 
single-crystal silicon 

H A Ras, J J Cruywagen* and R Pretorius 
* University of Stellenbosch 

The growth kinetics of cobalt silicide formation has been studied in 
the presence and absence of Au. Normally, when Au is absent, thin 
Co films react with single-crystal Si to form silicides in the sequence 
Co2Si, CoSi and CoSi2• The formation of all phases shows a square-root 
time-dependence and is therefore diffusion limited. Very small amounts 
of Au (as little as 14 A at the Si/Co interface) were found to change 
the growth rates as well as the sequence of formation of the different 
cobalt silicide phases. 

The effect of Au on the interaction between the Si substrate and the 
Co film is shown in figures 1(a) and (b) for an identical heat treatment 
at 440°C for samples with and without Au respectively. These plots 
show the percentage of the total cobalt in the form of the metal and 
the various cobalt silicide phases, as a function of heating time. 

In the presence of Au, C0SÍ2 is the first phase to form. This result 
is ascribed to the greater availability of Si because of the Au-Si 
eutectic at 375°C and is in agreement with the recent effective heat 
of formation rule for first phase formation as formulated by 
Pretorius {1}. C02SÍ also grows from the beginning due to interaction 
between free Co-metal and the underlying CoSÍ2- Gold is found to 
increase the rate of Co-metal consumption. In the presence of Au (see 
figure la) the time for total consumption of Co-metal is shown to be 
lowered from 182 min (13,5 (min)^) to 92 min (9,6 (min)H). An overall 
increase in interaction rate due to the presence of Au, is also evident 
from the fact that after heating for 300 min (17,3 (min)H), all the 
cobalt is in the form of C0SÍ2 whereas no C0SÍ2 has formed in the no-gold 
case. 

Another interesting effect of the presence of Au is the introduction 
of a very rough and indented surface topography. Figures 2(a) and 
(b) show SEM micrographs of the cobalt silicide surface at enlargements 
of 1000 X and 10000 X respectively. The images consist of projections 
at normal incidence and at 60° tilt to reveal the extent of topographic 
variation. The surface features isolated ridges ± 2 vm in width, 
separated by narrow troughs of ± h um deep. 
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Reference 

1. R Pretorius, Mat. Res. Soc. Sytnp. Proc, 25. (Elsevier Science, 
1984) p 15 

13.1.2 Formation and oxidation of titanium silicides 

M A Wandt and R Pretorius 

Metal silicides have been suggested as a replacement for poly-Si in 
MOSFET (metal-oxide silicon field-effect transistor) integrated circuits. 
The silicides have also attracted attention because of their low 
resistivities and their high temperature stability, properties sought-
after for interconnection runners in submicron VLSI (very large-scale 
integration) technology. Of all silicides, titanium disilicide has 
the lowest resistivity (T- 15pficm), considerably lower than that of 
doped poly-Si (1000 uficm to lOOficm depending on level of doping). To 
gain insight into the reaction mechanism of TÍSÍ2 formation, growth 
kinetics were determined by electron-beam evaporation of thin titanium 
films onto Si (xtal) substrates followed by subsequent annealing of 
these structures at different temperatures in a vacuum furnace and 
employing Rutherford backscattering (RBS) as an analytical tool. Hardly 
any reaction was found to take place up to 550°C. At higher 
temperatures, a sequential growth and successive layer structure of 
the mono- and disilicide was found (figure 3a). The sloping curve 
on the RBS spectra indicates non-uniform growth of these silicides. 
Above 700°C only TiSi2 formation was observed (figure 3b). The thin 
native oxide (Si02) layer at the Ti/Si(xtal) interface, as well as 
impurities (mainly oxygen) trapped in the deposited metal film pose 
a serious problem in reproducible TÍSÍ2 formation for device applications. 
The metal has a high gettering efficiency and even at vacuum-pressures 
better than 10~6 Torr, oxygen is incorporated in the sample. This 
oxygen contamination is found to control the reaction rate, thus 
accounting for the variety of kinetics data reported in the literature. 
Owing to the low solubility of oxygen in the disilicide, the advancing 
TiSi2/Ti interface self-cleans the silicide and further enriches the 
remaining metal layer with oxygen. 

Parameters governing oxidation of TiSi2, a necessary step in device 
production, were also investigated. At the onset of the oxidation 
reaction, excess Si in the non-stoichiometric TiSi2 film is oxidized 
and thermodynamic considerations predict the dissociation of the silicide 
and formation of metal oxides and/or metal-rich silicides, which was 
confirmed by RBS observations (figure 4). However, after thermal 
activation of the sample, i.e. when increasing the availability and 
mobility of substrate silicon, Si0 2 formation starts and Si0 2 oxide 
thickness on TiSi2 was observed to follow the same general oxidation 
relationship as a function of oxidation time, as silicon oxidation, 
with an activation energy of 1.7 eV, derived from the parabolic rate 
constants at different temperatures. To avoid the formation of a mixed 
Si02 and TiO top layer with poor insulator characteristics, samples 
have to be preheated in an inert atmosphere, prior to being exposed 
to oxidizing agents. Further studies on characterizing the grown 
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silicide structures electrically (e.g. sheet resistance) and 
electronically (e.g. Schottky barrier height) are currently in progress. 
To overcome problems connected with oxygen contamination during annealing, 
future investigations of heated substrate deposition techniques and 
rapid thermal processing of unreacted films are planned. 

13.1.3 The effect of oxygen on cobalt-silicide formation kinetics 

R Pretorius, G Berning* and M A Wandt 

* University of the Orange Free State 

It is well-known that the presence of impurities can drastically affect 
the interaction between metals and semiconductors. The effect of oxygen 
on the reaction between thin Co metal films and single-crystal silicon 
substrates is being investigated by depositing the Co metal at different 
oxygen partial pressures, in an attempt to vary the oxygen concentration 
in the metal layer. Samples were then heated in a vacuum tube furnace 
for 20 minutes at different temperatures. Rutherford backscattering 
spectra of samples prepared at pressures of 1 x 10" and 9 x 10 torr, 
after being heated at 440°C are shown in figure 5. It can be seen 
that an increase in the oxygen content of the Co film decreases the 
amount of silicide formation, to such an extent that hardly any 
interaction between the metal and silicon takes place at the higher 
oxygen pressure. Because backscattering spectrometry is not sensitive 
to light elements such as oxygen, the samples will be analysed by Auger 
spectroscopy at the University of the Orange Free State, to determine 
whether any oxygen "pile-up" effects occur at the silicide/cobalt 
interface. 

13.1.4 Use of radioactive Pd to study Pd?Si formation 

J Egan*, C Comrie* and R Pretorius 

* University of Cape Town 

In most near-noble metal-rich silicides the metal is the dominant moving 
species during the formation of the metal-rich silicide {1}. Pd, 
however, stands out as the single exception. Previous radioactive 
3 1 Si tracer experiments have indicated that both Pd and Si diffuse through 
Pd2Si during its formation {2}. This has recently been confirmed by 
E C Zingu {3} in inert tungsten marker experiments. The exact mechanism 
of diffusion has not as yet been established. In an attempt to determine 
this mechanism a project has been undertaken in which radioactive Pd 
tracers will be used. Thin layers of Pd (400A thick) are deposited 
on Si single-crystal substrates which are then subjected to neutron 
activation. During this activation process 1 0 9Pd (T^ • 13,47 hours) 
is formed by a (n,y) reaction. As the substrate is activated along with 
the palladium it is necessary to wait several days for the silicon to 
decay before proceeding with the experiment. 109pd decays emitting 
a gamma of 0,311 MeV energy, thus the presence of 1 0 9Pd can be detected 
with the aid of a Ge-Li detector. A further 1600A of Pd is evaporated 
on top of the activated Pd layer and the silicide is then formed by 
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annealing in a vacuum furnace. The position of the radioactive 
109 P d 

is then determined by sectioning techniques using an rf sputtering system. 
In some cases following the depositing of the initial 400 A Pd layer 
the metal rich silicide Pd2Si was formed prior to activation. It was, 
however, found that this resulted in serious interface problems when 
it came to depositing the subsequent Pd layer. Preliminary measurements 
appear to indicate that during the formation of Pd2Si the palladium 
moves by a vacancy mechanism. The main difficulty in this project 
has been in the production of very pure thin films of Pd and in the 
sectioning of the Pd2Si films. 
References 
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13.2 Laser Irradiation of Solids 

Summary: A high-power pulsed ruby laser is being used to melt surfaces 
very rapidly in order to incorporate dopants and allow epitaxial 
regrowth without defects, or to produce glassy surfaces which 
have very valuable properties. 

13.2.1 Computer simulation of explosive freezing during pulsed laser 
irradiation of amorphous silicon 

M S Allie and R Pretorius 

As silicon is fundamental to integrated circuit technology it is one 
of the most thoroughly studied materials. In particular, the crystalline 
and the molten states have been extensively investigated and their 
properties are well established. In contrast the amorphous state is 
relatively poorly characterised with regard to some of its basic 
thermodynamic and kinetic properties such as melting point, enthalpy 
and thermal conductivity. 

The recent interplay of experiment, theory, and computer modelling have 
indicated that the melt arising from pulsed laser irradiation of amorphous 
silicon can exist as an undercooled liquid as a result of the melting 
point and the enthalpy of the amorphous state being depressed with respect 
to the corresponding crystalline values. An interesting consequence 
of this state of affairs is that the latent heat released during the 
freezing of such an undercooled molten state leads to a self-propagating 
melt front within the remaining amorphous region of the sample {1}. 
From the point of view of laser-doping this could lead to dopant profiles 
which cannot be predicted by the conventional heat-flow model. Such 
behaviour is indeed demonstrated in recently reported experiments with 
Cu-implanted silicon {3}. Thus, in order to be able to use heat-flow 
calculations meaningfully it is necessary to incorporate the effects 
of undercooling into the conventional model. 

This model consists, essentially, of solving the one-dimensional heat 
diffusion equation with a single source term via the finite difference 
method in which the sample is divided into several slices of incremental 
thickness, Ax. We simulate the effects of the undercooling by 
introducing a second, localised, source term which arises from the release 
of latent heat when such an undercooled molten slice freezes. We assume 
that freezing of the slice commences when it experiences a temperature 
drop and the slice is at a liquid-solid interface. Excess heat that 
remains after the heat balance equation is applied is used to melt 
remaining amorphous material in the slice and thereafter to raise the 
temperature of the slice. 

Results of a computer simulation of such an "explosive-freezing" heat 
flow model are shown in figures 1 and 2. In the example 200 nm of 
amorphous silicon are deposited on a single crystal substrate and 
irradiated with a pulsed ruby laser of wavelength 694 nm. The energy 
density of the 50 nsec wide (FWHM) pulse is 0,6 J.cm - 2. Values for 
the thermal and optical parameters used in the calculation are taken 
from reference {2} (see table 1). We note that our results, at this 
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stage, are of a qualitative nature and are shown to demonstrate the 
salient effects that arise as a result of including the latent heat 
as a source term into the model. 

Figure 1 shows a plot of the maximum depth position of the melt front 
as a function of time. Curve AC is the prediction of the conventional 
heat-flow model, showing a maximum melt front penetration of approximately 
500 A. Curve AB, calculated via the explosive-freezing model, indicates, 
however, that a melt front propagates through to the original amorphous/ 
crystalline interface. From the surface solidification time (shown 
on the plot) it can be seen that at least two independent molten regions 
exist. This is also clear from figure 2 which .'hows the total amount 
of molten material as a function of time. These results agree well, 
qualitatively, with reported experiments {1,3}. Investigation is 
continuing with the aim of obtaining good quantitative agreement with 
experiment as well as to be able to predict the different regions of 
coarse-grained and fine-grained polycrystalline material seen in TEM 
studies. 

Table 1. Values of the parameters used in the model calculation (from 
ref.{2>) 

Parameter 
Crystalline and 
Polycrystalline 
silicon 

Amorphous 
Silicon 

melting temperature (K) 

latent heat of fusion (J.g - 1) 

density (g.cm-3) 

thermal conductivity (W.cm - 1.K _ 1) 

specific heat capacity (J.g _ 1.K - 1) 

reflectivity 

absorption coefficient (cm - 1) 

1700 1190 

1790 1260 

2,33 2,33 

1585 T - 1 » 2 3 for T < 1370 K 

0,221 for T £ 1370 K 

1,978 + 3,54xl0_4T - S.óxlO^T2 

0,34 0,40 

4 xlO 3 5 x 10*4 
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13.2.2 Laser epitaxy of deposited silicon 

D Adams*, M S Allie and R Pretorius 

* Cape Peninsula Technikon, Bellville 

In order to fabricate thick or heavily doped semiconductor layers an 
epitaxial deposition process such as chemical vapour deposition (CVD) 
can be employed. However, the necessity for high substrate temperatures 
and the fact that sharp dopant profiles cannot be attained, place 
limitations on epitaxial deposition. One way of overcoming the problem 
is to deposit an amorphous layer at low temperature and then to 
re-crystallise it by laser annealing. In the case of pulsed laser 
irradiation, crystallisation then proceeds via liquid phase epitaxy. 
Although laser-recrystallisation of silicon amorphised by ion-implantation 
is an established technique, the crystallisation of deposited amorphous 
silicon presents different problems. For example, the interface 
conditions such as the presence of a native oxide layer on the surface 
of the substrate will have an effect on the laser energy required for 
epitaxy. Furthermore, evaporated layers are known to have a 
non-homogeneous internal structure which make defect-free epitaxial 
regrowth difficult e.g. the presence of voids can lead to surface 
disruption. 

An investigation currently in progress aims to study the deposition 
conditions under which good epitaxy can be achieved as well as the laser 
characteristics that are required. As a first step, heat flow 
calculations are being performed in which amorphous layer thickness 
and laser energy are varied. Figure 3 shows the results of two such 
calculations in which a 100 nm amorphous silicon layer is processed 
by a pulsed laser at two different energy densities. Graph A shows 
the result of using an energy density which is high enough to melt all 
the amorphous material but is not sufficient to melt the underlying 
crystalline substrate which has a higher melting temperature and a larger 
enthalpy than the amorphous material. If the energy density of the 
laser pulse is large enough to melt into the substrate, the interface 
is characterised by a short dwell time during which the melt front remains 
at the interface depth before the temperature rises enough to exceed 
the melting point of crystalline silicon (graph B). The results shown 
assume that there is no oxide layer separating the amorphous and 
crystalline phases, as much higher laser energies will be required to 
wet the substrate in the presence of such a layer. This problem is 
related to the problem of re-crystallising very thick amorphous layers 
as the vaporisation temperature of silicon is easily exceeded at the 
sample surface, when the laser energy is increased. Future work will 
involve heat flow calculations in which the presence of a native oxide 
layer (Si0 2) is taken into account. Ways of overcoming the vaporisation 
problem by methods such as sequential laser pulsing of the sample, will 
also be investigated. 
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Nuclear Characterisation of Materials 

Rutherford backscattering of alpha particles is a standard 
technique for determining the surface composition and structure 
as a function of depth. Other techniques are being developed, 
e.g. to measure the hydrogen or boron content of surfaces 
(in the latter case by forward recoil using heavy-ion beams). 

The determination of hydrogen and boron in solids by elastic 
recoil detection 

R Pretorius and F Badenhorst* 

* University of Stellenbosch 

Elastic recoil detection (ERD) is similar to Rutherford backscattering 
analysis, but instead of measuring the scattered beam particle, the 
lighter recoiling target nucleus is detected. The ^(oijp^He and 
1 *B( ̂ O , 1 ' B ) 1 6 0 reactions will be used to determine hydrogen and boron 
depth profiles in solids. The lighter recoiling particle is measured 
at a forward angle of 30° with the beam incident to the target surface 
at a glancing angle of 15°. The boron profiling technique is still 
being developed. 

Hydrogenated amorphous silicon has become a very popular material for 
the fabrication of cheap solar cells. It is alsr a useful 
photo-sensitive material, the band-gap of the material increasing with 
hydrogen concentration, thus leading to a reduction in dark current 
and therefore a decreased background. In applications such as these 
it is important to be able to determine the hydrogen depth profiles 
in amorphous silicon. The hydrogen recoil spectrum for a 
Si<100>/SÍ3Nit/Si(a) sample is shown in figure 1, for an incident alpha 
energy of 2,5 MeV. To determine the hydrogen concentration in these 
layers a thick polystyrene sample is used as a standard and the hydrogen 
depth profile obtained from the measured spectrum is given in figure 
2. It can be seen that the hydrogen concentration in the nitride is 
30 atomic °L, which is nearly twice as high as that in the amorphous 
silicon layer. This is not too surprising as SÍ3N4 is formed by glow 
discharge of a mixture of SiH^ and NH3 gases. 

13.3.2 Characterization cf anti-reflection layers by Rutherford back-
scattering spectrometry 

R Pretorius and D Bezuidenhout* 

* Optical Sciences Division, NPRL, CSIR, Pretoria 

Analysis and characterization of various anti-reflection systems (ZnS, 
SiO, Si0 2, A1 20 3, MgF2 , Y 2 0 3 , etc.) were carried out for the Optical 
Sciences Division of the CSIR in Pretoria. Rutherford backscattering 
of alpha particles (usually 2 MeV) is ideally suited for such purposes 
as; it is a fast (approximately 5 minutes per sample), non-destructive 
technique, which provides concentration profiles to depths of about 
1 micron without the need to use standards. 

13.3 

Summary: 

13.3.1 
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With anti-reflection coatings such as v2°3 problems often arise due 
to absorption caused by the presence of H2O. This problem can be solved 
by driving off the water, during heating. In figure 3, backscattering 
spectra are shown of Y2O3 coatings on Ge which have been heated in vacuum 
(fig. 3b) and in the atmosphere (fig. 3c). It can be seen that some 
Ge oxidation has taken place during heating in the atmosphere, with 
the formation of about 400 A GeC*2 at the Ge/Y^ interface. This is 
undesirable as GeC*2 causes increased absorption over certain wavelengths. 
It is, however, very interesting to note that when an uncoated Ge 
substrate is heated in the atmosphere no formation of Ge02 (within the 
sensitivity of the backscattering technique, which is about 100 A for 
this case) can be observed (fig. 3a). It thus seems as if the presence 
of a Y 20 3 layer facilitates germanium oxidation during baking in the 
atmosphere. 



239 

00 

O 

8000 

6000 

CO00 

< 

£ 2000 

o 
UJ 
H-1 ^ooo 

(Q) 

• * * 
' ^ * * * » * * ^ , Ge 

*.* Y 
: 1 

(b) -x., *VWi *V. •V.V 

OO 

< 
CQ 

2000 

(cl 

4 0 0 0 -

2000 

Ge0 2 

step 

I 

W 
i 

Ge(100) 

(atmosphere) 

2MeV 
alphas 

Ge<100> Y 2 0 3 

2MeV 
< 
alphas 

500 C-2h 
(vacuum) 

Ge<100)^Y 20 

500*C-2h 
(atmosphere) 

2MeV 
< 
alphas 

w ' 
12 H 1.6 18 20 

ALPHA ENERGY (MeV) 

Backscatterlng spectra showing the formation of Ge0 2 when 
heating a Y2O3 coating in atmosphere (see spectrum c). No 
measurable Ge0 2 occurs when heating an uncoated germanium 
substrate (spectrum a). 



- T * N : Z««*OO»XO 240 

SECTION 14 RADIOBIOLOGY AND BIOPHYSICS 

Summary: One of the objectives of the National Accelerator Centre is 
to provide facilities for radiotherapy of cancer patients. 
It is therefore logical that some scientific effort be directed 
at the underlying molecular mechanisms involved in carcino
genesis and the effectiveness of particle irradiation on cell 
survival. 

14.1 Molecular Mechanisms Involved in Carcinogenesis and Mutagenesis 

M J Renan, L Steyn*, F van der Riet* and co-workers** 

* Dept of Medical Microbiology, UCT 
** Institute of Cancer Research, London, UK 

The aim of this project is the analysis of activated oncogenes, and 
the molecular mechanisms involved in carcinogenesis; this project is 
a continuation of the one described last year {1}. The investigation 
is being conducted on two fronts : theoretical and experimental. 

(a) Theoretical. The theoretical model described last year has been 
further refined. This model provides a framework which attempts 
to elucidate some of the molecular processes involved in 
carcinogenesis, whereby a carcinogen (such as radiation or a chemical 
agent) can disrupt the normal regulatory mechanisms of a cell. 
More specifically, the model postulates that an endogenous DNA 
segment (an LTR element, or long terminal repeat) can be induced 
to translocate from its normal position in the cell, and to insert 
in a new, and critical position, either on the same chromosome 
or even on another chromosome. This work has been published {2}. 

(b) Experimental. An LTR element, specific for the endogenous retroviral 
sequence ERV-1 in the human genome, has been cloned. This element 
has been radioactively labelled, and used in in-situ hybridization 
studies to locate the position of ERV-1 precisely in the human 
chromosome complement. Our results show that, in normal cells, 
ERV-1 maps to the long arm of chromosome 18, to band 18q21. 
Currently, we are attempting to determine whether or not this element 
is translocated in any transformed cells. A manuscript on this 
work is in preparation. 
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14.2 Analysis of Gene Regulatory Elements 

M J Renan 

Studies of the molecular mechanisms which govern gene transcription 
yield significant insights into the biology of the cell. In this project, 
sequence homologies have been identified in the control regions of several 
cellular genes (such as c-myct c-fos, and the receptor gene for T-cell 
growth factor) as well as in the control regions of two human T-cell 
Leukemia viruses: HTLV type I and type II. These results suggest a 
mechanism for the lymphoproliferative effects of the HTLV family of 
viruses. This work has been accepted for publication {1}. 

Reference 
1. M J Renan, Cancer Letters, accepted for publication 

14.3 The Dose-rate Effect of Proton Radiotherapy 

L Robinson*, H Breuer and L Bohm** 
* University of Cape Town 
** University of Stellenbosch 

The dose-rate effect of proton irradiation on cell survival is being 
investigated using V-79 Chinese Hamster lung fibroblast cells and the 
Van de Graaff accelerator of the National Accelerator Centre at Faure 
as a proton source. 

The cells are grown as monolayers in special vessels with 12 um Mylar 
bottoms {1}. They are then transported on ice to the Van de Graaff 
accelerator where they are irradiated with a monoenergetic proton beam 
at an energy of 4 MeV. The currents used vary between 0,03 and 3 nA 
and are measured by means of a simple but effective graphite Faraday 
Cup {2}. The current to dose-rate conversion is given by the following 
equation: 

LET x I x 100 
Dose-rate = rad/s 

D x A 
Where : LET (linear energy transfer) is in MeV/cm and is given by 

dE/dx in Janni's tables {3} 
I is the current in nA 
A is the cross-sectional area of the beam in cm2 

and D is the cell density in g/cm3 

The required dose is then achieved by exposing the cells to the beam 
for the required time. This is achieved by a timed beam-shutter system 
constructed by the Van de Graaff Group technical staff. 

After irradiation the cells are transported back to the radiotherapy 
laboratory at Tygerberg where they are plated out and incubated for 
colony scoring. In this way, "survival curves" can be constructed for 
experiments done at different dose-rates and the resulting curves 
compared. 
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Figure 1 shows three corrected survival curves done at dose-rates 
differing by about three orders of magnitude. A correction to the raw 
data was necessary to remove a small 'background' which is thought to 
originate from the beam profile having a slight inhomogeneity. It is 
hoped that the beam flux will be more uniform with the introduction 
of a thin scattering foil. A reasonable measurement of this beam profile 
will need to be taken. 

At present it would appear that there is no dose-rate effect on V-79 
cell survival for proton irradiation at an energy of 4 MeV and dose-rates 
between 150 and 15000 rad/s. 

The results of the work thus far have been presented at the 9th National 
Congress of Radiotherapists (1985). 
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SECTION 15 DATA ACQUISITION AMD PROCESSING 

15.1 Van de Graaff Data Processing Systeas 

The old coaputer systea, used priaarily for event tape sorting and data 
analysis, is increasingly showing its Age, especially after the 
end-of-year shutdown. Since then the coaputer has been down eighty 
percent of the tiae due to various interaittent faults. It took 
approximately four aonths to return the systea to a usable state after 
this shutdown. The old aagtape drives are also giving cause for concern, 
and have had a nuaber of breakdowns during the year. 

The aini-coaputer systeas, which are dedicated to on-line data acquisition 
activities, have operated reliably except for the floppy disk drives. 

A second aagnetic tape transport for the off-line counting rooa has 
been installed, and the histograa display unit has been replaced with 
a large format r,y-display. 

Apart froa the correction of one or two ainor bugs, no further developaent 
work has been performed on the Van de Graaff Group's coaputer systeas 
during the past year as aost effort was directed to building the data 
handling systea to serve experiaents based around the separated-sector 
cyclotron. 

15.2 Terminal in the Van de Graaff Laboratory 

A sixteen channel optically-isolated RS-422 line-driver/receiver unit 
has been constructed to link the Van de Graaff laboratory to the data 
handling coaputer systea in the cyclotron building soae 650 aetres 
distant. A colour graphics terainal, a video terainal, and a 350 
characters per second serial printer are currently connected to the 
system through this unit. An eight-pen plotter, which will also use 
this unit, has been ordered. 

A nuaber of analysis prograaaes, utilised extensively by users of the 
Van de Graaff Group's facilities, are now operating on the cyclotron 
data handling systea, and are routinely accessed via the peripherals 
connected to the communications link described above. 

15.3 Cyclotron Data Processing Facilities 

Considerable effort is being given to hardware and software developaent 
of the on- and off-line coaputer processing systeas for use by 
experimentalists using the cyclotron facilities. Progress in these 
tasks is outlined in this report by the Research Group (section 7). 
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SECTION 16 SERVICES 

16.1 AEC Regional isotope Unit 

The Van de Graaff Group has continued to provide laboratory and office 
space and facilities for the use of the AEC Isotope Unit stationed at 
Faure. Services are provided to the Cape community through the Isotope 
Unit. These include advice on safety in the handling and transport 
of radioactive material, advice on the availability of relevant 
radioactive source materials and/or application equipment and assistance 
with tracer studies (e.g. water and sediment movements; blockage or 
leaks in pipe systems, movement of birds or animals under the sea or 
under ground, etc). 

16.2 Calibration of Radiation Monitors 

All users of radioactive sources are obliged to possess radiation 
monitors. These have to be checked and calibrated periodically. A 
calibration facility was provided by the Van de Graaff Group a number 
of years ago when responsibility was vested in the then Atomic Energy 
Board. The calibration facility is still in regular use but plans have 
been prepared to extend its capabilities to make possible the calibration 
of the very high dose-rate monitors in parts of the cyclotron facilities. 
When these modifications have been completed, an approach will be made 
to the National Calibration Service of the NPRL for recognition as an 
approved laboratory (for calibration purposes). 
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PART D THE MEDICAL COMPONENT 

SECTION 17 

Summary: The buildings housing the patient-utility areas as well as the 
hospital block were completed towards the end of 1984. Work 
began before the end of 1984 on the Bioevaluation/Nuclear 
Medicine wing which is attached to the isotope production 
block. Some delays were experienced in the construction of 
the neutron therapy treatment system but it is hoped that the 
system will be delivered on site during August 1985. The 
decisions concerning the proton therapy facility were delayed 
until September 1985. 

17.1 Overseas Visitors 

Professor Peter Almond of the N D Anderson Hospital and Tumor Institute, 
University of Texas System Cancer Center, Houston, Texas, spent a week 
visiting the NAC. His trip was financed by the S A Medical Research 
Council and the National Cancer Association of S A. He is a noted 
medical physics authority especially in the fields of neutron and 
electron dosimetry and the physics of fast-neutron therapy. He gave 
seminars at the NAC and at Karl Bremer Hospital and also visited Croote 
Schuur Hospital. He attended the S A Association of Physicists in 
Medicine and Biology Congress and Summer School in Cape Town and visited 
the National Hospital in Bloemfontein and the Pretoria Cyclotron 
Facility. 

17.2 Committees 

The committees and working groups which are specifically concerned with 
the Medical Component met at various times during the year under 
review. These include the Biological Sciences Advisory Panel (BAP) and 
its Planning Subcommittee, the Dosimetry, Nuclear Medicine, Radiobiology 
and Radiotherapy Working Croups, the Joint Advisory Committee and the 
Commissioning Committee. In addition an ad hoc committee formulated a 
proposal for a proton therapy treatment system. 

17.3 Neutron Therapy 

Factory acceptance tests of the p(66)/Be NAC neutron isocentric 
treatment system {1} are scheduled for June 1985 and it is expected that 
the system will be delivered on site in August 1985. It is hoped that 
mechanical Installation will be complete by October 1985. Some delays 
have been experienced in the construction of the system; these delays 
have been mainly caused by problems encountered in the areas of beam 
transport, dose monitoring and control software» 

Construction of the concrete support plinths for the isocentric gantry, 
the patient support system and the beam line have been completed and the 
vault is ready for installation of the system. Design of the removable 
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ceiling (to allow rapid through-the-roof access to the system) has been 
completed. The design of the moving floor to allow gantry rotation of 
±185* is expected to be completed by August 1985. To effect significant 
cost savings an automatic control system, permitting fully synchronised 
operation with the rotating gantry has not been included in the design. 
The floor will be manually operated. The contract for the construction 
of the radiation safety interlock system {2} has been awarded. 

17.4 Charged Particle Therapy Proposal 

The final motivation for charged particle therapy and a modified 
proposal for a treatment system {3} was drawn up by an ad hoc committee 
and submitted to the BAP for consideration at their meeting in September 
1984. For various reasons it was decided to delay any recommendation on 
proton therapy for a further year (i.e. until the RAP meeting in 
September 1985). A summary of the parameters of the proposed charged 
particle therapy treatment system is given in table 1. The major 
differences between the present proposed treatment system and the 
earlier one {3} lie in the fact that the gantry rotation will be limited 
to ±90* and that an interchangeable lateral beam spreading system is 
proposed i.e. both a pencil beam scanning system and a broad beam, fixed 
modulation system. 

The expected central axis depth dose curves for the KAC neutron and 
proton therapy beans are given in figure 1. 

Table 1. Characteristics of the proposed charged particle 
therapy system 

Ion Maximum 
energy 
(MeV) 

Maximum Maximum range 
current in muscle 
(uA) (cm) 

hf 100 100 7,7 
*H+ 200 10 26,0 
3He++ 320 40 6,5 
V + + 320 40 2,6 

Beam diameter: 7 mm 
Beam direction: Isocentric 
Gantry rotation : ±90* 
Field sizes: < 20 cm x 20 cm 
Beam modlficati on system: Interchangeable:-

(a) Digital pencil 
(variable range 
modulation) 

beam scanner 
>, variable 

(b) Broad beam system (variable 
range, fixed modulation) 
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Fig. 1 Expected central axis depth dose curves for the NAC neutron 
and proton therapy beams compared to those of Co gamma rays 
and 8 MV X-rays. 
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17.5 Experimental Studies 

17.5.1 The neutron sensitivities of a ZP1300 Ceiger-Muller counter 

D T L Jones and W R McMurray 

The neutron sensitivities (k u) of a ZP1300/PTFE CM counter have been 
measured at several energies between 0,72 and 7,42 MeV {1}. 

Pulsed protons and deuterons on gas targets of deuterium and tritium 
gave monoenergetic neutron beams. Spectra were measured with the target 
cells filled and evacuated so that the spectra could be subtracted to 
give an accurate neutron yield. The neutron fluence was determined by 
simultaneous measurement of the time-of-flight spectra with an NE213 
scintillation counter. Figures 1 and 2 show typical GN counter 
time-of-flight spectra measured with the target filled and evacuated 
respectively. 

The ky values obtained in this work are shown in figure 1 in Section 
17.5.2. 

Reference 

1. D T L Jones and W R McMurray, Proc 5th Symp. on Neutron Dosimetry, 
Neuherberg-Munich, 1984 
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17.5.2 The k„-values of Geiger-Muller counters 

D T I Jones 

All available measurements of the ^-values (neutron sensitivities 
relative to the calibration gamma rays) of ZP1300/PTFF. and ZP1320/PTFE 
counters have been fitted with a function of the form 

log k„ « log a + b log E. 

The data used and the fitted lines are shown in figures 1 and 2 
respectively. The values of the fitted parameters are given in table 1. 

Table 1. Fit of parameters to CM counter data 

Counter 
type 

Energy range 
(MeV) 

Parameters* 
R 

Reduced 
x 2 

Counter 
type 

Energy range 
(MeV) a b R 

Reduced 
x 2 

ZP1300/PTFE 

ZP1320/PTFE 

0,57 - 15,65 

0,72 - 7,42 

0,25+0,01 

0,10+0,01 

0,78+0,03 

1,32+0,05 

0,96 

0,99 

2,95 

0,88 

*Log kyCE) - log a + b log E 
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PART E GENERAL 

SECTION 16 BUILDINGS 

Summary: Phase three of the building programme at Faure is now 
complete. The hospital, patient-handling, and isotope produc
tion wings and the gatehouse have been handed over. The 
nuclear medicine wing is still being constructed, and the 
siteworks are nearing completion. 

The first quarter of 1985 brought to an end the third phase of our 
building programme at the Faure campus. With the completion of this 
phase almost all of the buildings originally envisaged have been 
erected. A wing for nuclear medicine and isotope evaluation is still 
under construction, while funds for a central cafeteria and lecture 
theatre are not available at present. Visitors to the NAC are now met 
by security staff at the new gatehouse (figure 1) and directed to the 
relevant part of the site. All the roofs of buildings constructed 
during the earlier phases, as well as the cladding to the main cyclotron 
hall, have now been painted a uniform ivory colour, relieved by white 
guttering, to match the colours used on the roofs of the buildings 
completed under phase three. 

While the first two phases included the cyclotron hall, service 
buildings, workshops, offices and laboratories, the third phase 
consisted of the medical physics and radiobiology wings, a reception 
area and other areas required for examination of patients prior to 
radiotherapy treatment as well as two small operating theatres and a 
30-bed hospital (see figure 2), to be staffed and run by the Hospitals 
Department of the Cape Provincial Administration. 

Also included in phase three was the isotope production facility, 
comprising offices and laboratories, target preparation rooms, hot cells 
for physical and chemical processing of irradiated targets, quality 
control, packing and storage areas (figure 3). A sophisticated 
air-handling plant has also been installed to maintain pressure 
differentials between the various areas in which radioactive materials 
will be handled, and to filter all the air at intake and outlet. 

The entire site, which now incorporates the Van de Craaff accelerator 
buildings, has now been fenced, Internal roads have been tarred and vast 
areas have been grassed. At present the 200 m x 120 m neutron flight 
path area to the north of the cyclotron building is being levelled by 
bulldozers, and an earth wall has been constructed around it (figure 
A). Roadways are being laid for the 0, 30 and 60-degree flight paths 
radiating from the target area (at the north end of the experimental 
hall) and the whole area will soon be grassed. 

Shielding blocks and beams continue to be made: about half of all the 
moveable shielding has now been cast and delivered to site (figure 5). 
All the beams over SPC1 are now in place, while those for the SSC are 
stacked above the adjacent experimental target room, ready to be placed 
In position when the SSC is complete (figure 6). 
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'lg. 3 The isotope production facility. 

Fig. 4 The neutron flight path area In preparation. 
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Fig. 5 One of the concrete shielding beams 
experimental target areas. 

which will cover the 

Fig. 6 Shielding beams for the SSC vault ready for placing. 
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Reactions, Chester, 1984, p.253. 

19.2.3 Solid state and materials 

1. R Pretorlus, Prediction of slllcide first phase and phase 
sequence from heats of formation. Mat. Res. Soc. Proc. 25 
(1984) 15. 

2. E C Cahoon*, C Comrle*, R Pretorius, The reaction between thin 
Nl and Co films and their dlslllcldes. Mat. Res. Soc. Proc. 25 
(1984) 57. ~~ 
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19.3 

1. 

2. 

3-

4. 

6. 

7. 

8. 

10. 

11. 

12. 

13. 

SAC Reports 

NAC/84-09 

NAC/84-10 

NAC/84-11 

NAC/84-12 

MAC/84-13 

NAC/84-14 

NAC/84-15 

NAC/84-16 

NAC/84-17 

NAC/85-01 

NAC/85-02 

NAC/85-03 

NAC/85-04 

I Cloete 
Interfacing of accelerator instrumentation 
to the NAC control system. 

S J Burger 
Berekeninge vir momentum-en-fase-seleksie in 
SPS1. 

P M Cronje 
Eienskappe van 'n 200 MeV protonbundel. 

P M Cronje and W A C Mel 
Die invloed van SPM1 se steurveld op die 200 
MeV protonbundel. 

P F Rohver, S Schneider and A H Botha 
Power supply requirements for the two septum 
magnets SPM1 and SPM2. 

C C W Lloyd 
Reference alignment survey of injection 
beamline quadrupoles. 

J L Conradie, D T Fourie and J C Cornell 
Ontwerp van 'n stuurmagneet vir die hoe' 
energie bundellyn. 

P F Rohwer and S Schneider 
Design considerations for the first septum 
magnet (SPMl) of the SSC. 

S J Burger 
UDERIX: 'n Subroetine vir numeriese 
interpolasie en differensiasie met 
oneweredig gespasieerde argumente. 

P F Rohwer and S Schneider 
Calculations to obtain approximate field 
settings for the injection elements for 
given sector magnet settings. 

B R S Simpson 
Criteria for selecting the correct order 
polynomial model as applied during the 
standardization of radioisotopes. 

F M Nortier, C F Steyn, S J Mills and W L 
Rautenbach* 
Considerations for the initial production of 
1 2 3 I at the NAC. 

P R de Kock, P M Cronje and A H Botha 
'n Bundelverdlgter tussen SPS1 en die OSS. 
Die effek daarvan op die longltudinale 
faserulnte. 
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14. NAC/85-05 P R de Kock en P M Cronje 
Ondersoek na 'n sisteem van twee 
bundelverdigters vir die bundellyn van SPS2 
na die OSS. 

15. NAC/85-06 P R Dostal and J C Cornell 
Specifications for k=600 magnetic 
spectrometer components. 

16. NAC/85-07 B R Meyer and J A M T Dirkse 
Radiation protection at the National 
Accelerator Centre, Faure (March 1985). 

19.4 CSIR Research Reports 

1. Research Report B R Meyer 
595 The standardization of 1 3 3Ba: international 

comparison of results (June 1984). 

596 Standardization of 2 2Na. 
2. Research Report B R S Simpson and B R Meyer 

596 

19.5 Theses 

19.5.1 M.Sc degrees 

1. R E Julies*, University of the Western Cape. 
The application of the second quantisation formalism in nuclear 
shell-model calculations. 

2. M S Allie, University of Cape Town. 

Neutron spectrum from Cf spontaneous fission. 

19.5.2 M.Sc. (Eng.) degree 

1. I Cloete, Natal University. 
A control console system for a cyclotron facility. 

19.5.3 M.Sc. (Med.) degree 

1. DT L Jones, University of Cape Town. 
The neutron s e n s i t i v i t i e s of Geiger-Muller counters . 

19.5.4 Doctorate degrees 

1. S Froneman*, University of Stellenbosch. 
Kernstruktuurstudie van Sc. 

2. F J Mostert*, University of Stellenbosch. 
A beam-foil investigation of atomic energy-level lifetimes of 
an iso-electronic sequence. 

19.5.5 Diploma 

1. R A Broers, Cape Technlkon (Dipl.Tech. in Elec. Eng.) 
(1) Design and development of a vacuum control system for a 
cyclotron; and (ii) Design and development of a cryogenic 
temperature gauge. 
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SECTION 20 PAPERS AND LECTURES 

20.1 Papers presented at conferences 

20.1.1 29th Annual Conference of South African Institute of Physics, 
Cape Town, 9-13 July 1984 

1. M S Allie, F D Brooks*, W A Cilliers*, Neutron spectrum from 
2 5 2Cf fission. 

2. M S Allie, W A Cilliers*, F D Brooks*, Detection of fission 
fragments by thin film plastic scintillators. 

3. M S Allie, J Pilcher, R Pretorius, Heat-flow during pulsed-
laser irradiation of solids. 

4. A H Botha, S J Burger, P M Cronje, J H Hough, P J Celliers, W F 
van Heerden and J J Arnold, Verbetering van die Pretoria 
Siklotron se ekstraksiestelsel. 

5. S J Burger, Central region design studies for the first 
injector cyclotron at the NAC. 

6. C M Comrie*, J Leitner*, P Pretorius, Stability of palladium 
silicide. 

7. J L Conradie and J C Cornell, Harmonic analysis of quadrupole 
magnets at the NAC. 

8. A A Cowley, Eienskappe en parameters van 'n magnetiese spektro-
meter vir gebruik met die medium-energie bundels van die NVS. 

9. Z B du Toit, Resultate met die eerste interne bundel in die 
injektorsiklotron van die NVS. 

10. S Froneman*, M G van der Merwe*, W J Naudé*, J A Stander*. W A 
Richter*, HoekkorrelaslemetInge met die reaksles Ca(a,py). Sc 
en Ti(a,py) V en spins van energietoestande in Sc en V. 

11. G S Z Gu. sco, Electrolytic tank measurements at the NAC. 

12. M J H Hoffman* and P R de Kock, Draaimomentumkoppeling in die 
RPA-vergelykings. 

13. D T L Jones, Neutron Therapy and the NAC Facility. 

14. B R Meyer and J Steyn, Direkte metode vir Fe standaardi-
sering. 

15. S J Mills, Beplande eksperlmentele fasllitelte by die NVS se 
oopsektor-siklotron. 

16. L D Olivier*, J van Waart*, W J Naude*, J W Koen*, Eienskappe It 4 It A <in van energietoestande in * aK en "«'"Ti. 
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R Pretorius, Laser semiconductor processing* 

H A Ras, R Pretorius, J C Cruywagen*, The influence of gold on 
the solid-state interaction between cobalt and single crystal 
silicon. 

W A Richter*, B A Brown*, B H Wildenthal*, Analysis of recent 
effective interactions in the ls-Od shell. 

L Roels, Magneetveldmetings van die injektorsiklotron van die 
NVS. 

R Shanker*, R Bilau*, R Hippler*, H 0 Lutz*, W R McMurray, 
L-shell excitation in Ar-Kr, Kr-Kr and Kr-Xe collision systems. 

B R S Simpson, F D Brooks*, D T L Jones, Polarization in n-p 
scattering at 21,6 MeV. 

B R S Simpson, F D Brooks*, D T L Jones, The anthracene neutron 
scintillation polarimeter. 

F D Smit*, F D Brooks*, D W Mingay*, E Stadler*, Photo-disinte
gration of the deuteron by 2,75 MeV gammas. 

D M Whittal, A program to calculate the percentage out-scatter
ing from a detector. 

E C Zingu*, C Comrie*, R Pretorius, Atomic mobility measure
ments in metal silicide thin films. 

2 Symposium on the Defect Solid State 1984, Cape Town, July 1984 

R Pretorius, Metallisation of silicon devices. 

3 Int. Conf. on X-ray and Inner Shell Physics, Lelpsig, GDR, 
August 1984 

R Shanker*, U Wllle*, R Bilau*, R Hippler*, W R McMurray, 
H 0 Lutz*, Impact parameter dependence of Kr-L vacancy produc
tion in slow Ar-Kr and Kr-Xe collisions. 

4 The 5th Symposium on Neutron Dosimetry, Munich, 17-21 September 
1984 

J H Hough and P J Binns, The fast neutron therapy facility at 
the Pretoria Cyclotron. 

D T L Jones, W R McMurray, The ky-values of a ZP1300 Ceiger-
Mu'ller counter between 0,7 and 7,5 MeV. 

5 "Nature" Conference on the Molecular Biology of Cancer, Boston, 
September 1984 

M J Renan, Amplification of an endogenous LTR element in a 
human leukemia. 
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20.1.6 Congress of the Southern Africa Society of Nuclear Medicine, 
Cape Town, 11-12 October 1984 

1. P Andersen, The preparation of In-oxine. 

2. F J Haasbroek, Optimization of the production and utilization 
of 81Rb/81mKr-generators. 

20.1.7 Meeting of the American Phys. Soc, Nashville, USA, October 
1984 

A B Smith*, P T Guenther*, J F Whalen*, I J van Heerden*, W R 
McMurray, Neutron total, elastic and inelastic scattering cross 
sections of indium. 

20.1.8 American Heart Association's 57th Scientific Sessions, Miami 
Beach, Florida, USA, 12-15 November 1984 

C A Muller*, F T Thandroyen*, C W Hamm*, L H Opie*, C A 
Pineda*, M Peisach, Role of transsarcolemmal sodium inward 
current in the genesis of ischemic ventricular fibrillation in 
pig and rat. 

20.1.9 International Symposium on Ion Beam techniques in Art and 
Archaeology, Pont-a-Mousson, France, 17-20 February 1985 

M Peisach, Using nuclear analytical methods for attempts to 
establish the provenance of archaeological objects in the 
absence of reference artefacts. 

20.1.10 25th Anniversary Congress of the S A Association of Physicists 
in Medicine and Biology, Cape Town, 18-22 March 1985 

1. P J Binns and J H Hough, Physical parameters of the Pretoria 
neutron therapy beam. 

2. J H Hough and P J Binns, Photon contamination in the Pretoria 
fast neutron beam. 

3. D T L Jones, Dosimetry in Mixed Neutron-Gamma Fields. 

4. D T L Jones, The Neutron Sensitivities of Geiger-Mííller 
Counters. 

5. S J Mills, Die beplande radioisotoopproduksleprogram by die NVS 
se oopsektor-siklotron. 

6. J P Slabbert, W J Hulsman and S S J Venter, Die kwaliteit van 
die Pretoria snelneutronbundel. 

20.1.11 Second International Symposium on Analytical Chemistry In the 
Exp] --ltatlon, Mining and Processing of Materials, Pretoria, 
15-19 April, 1985. 

1. D Gihwala*, M Peisach, Cement analysis by PIPPS: comparison of 
the effect of different charged particle beams. 
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2. C Olivier*, M Pelsach, The search for molecular effects In 
range corrections: boron determination by proton bombardment. 

3. M Peisach, D Glhwala*, L Jacobson*, C A Pineda*, H N Vos*, The 
analysis of Chinese porcelains and ceramics. 

4. M Peisach, D Gihwala*, L Jacobson*, C A Pineda*, The determina
tion of some impurities in gold. 

20.1.12 The 9th Annual Congress of the S A Society of Radiotherapy, 
Cape Town, 18-20 April 1985 

1. J P Slabbert, The quality of the Pretoria fast neutron beam. 

2. L Robinson*, H Breuer, L BoTim*, The doserate effect of proton 
radiotherapy. 

20.1.13 International Symposium on Nuclear Analytic Chemistry, Halifax, 
Nova Scotia, 5-7 June 1985 

M Peisach, PIXE-induced XRF analysis. 

20.2 Other Papers and Lectures 

1. 13th P D Hahn Memorial Lecture given at joint meeting of Royal 
Society of S A and Royal Society of Chemistry, Cape Town, 
October 1984 

M Peisach, Surfaces and near-surfaces: the domain of nuclear 
analytical chemistry. 

2. Dept. of Radiotherapy, University of Stellenbosch, Feb. 1985 

M J Renan, Latest advances in oncogene research. 

3. Postgraduate Medical Centre, University of Cape Town, May 1985 

M J Renan, Oncogenes. 

4. Dept. of Cancer Biology, Harvard University School of Public 
Health, Boston, September 1984 

M J Renan, Analysis of endogenous retroviral elements In the 
human genome. 

5. Society of Architects, Planners, Engineers and Surveyors, June 
1985 

J C Cornell, The National Accelerator Centre. 

6. Cape Town Round Table, August 1984 

J C Cornell, The National Accelerator Centre. 

7. Somerset West Round Table, August 1984 

D Reltmann, The National Accelerator Centre. 

*Member of another institute. 



267 

20.3 Workshop on Physics at the National Accelerator Centre, Faure, 
25 August 1984 

1. AH Botha, Accelerator f a c i l i t i e s at the NAC. 

2. J C Cornell , Beam propert ies at the NAC. 

3. J P i l c h e r , Data a c q u i s i t i o n and a n a l y s i s computer systems. 

4. A A Cowley, Introduction to intermediate energy nuclear 
phys ics . 

5. D C Aschman*, (p ,n) experiments with long f l i g h t path neutron 
time of f l i g h t f a c i l i t y . 

6. F D Brooks*, Neutron-proton rad ioac t ive capture at Tn=100 MeV 

7. A Zucchiat t i* , New dipole resonances exc i ted in rad ia t ive 
capture. 

8. U von Wimmersperg*, Exploration with 50 - 200 MeV protons of 
p a r t i c l e s , including heavy-ion emiss ion . 

9. S J M i l l s , y -deexc i ta t ion of highly e x c i t e d n u c l e i . 

10. W J Naudé*, Nuclear s tructure and react ion mechanisms with 
l i g h t and heavy i ons . 

11. W A Richter*, Shell model c a l c u l a t i o n s in s-d and f-p s h e l l s . 

12. J P F Se l l schop*, Stacked f o i l s nuclear react ion s t u d i e s . 

13. F J Coetzer*, Beamfoil spectroscopy of heavy ions in the u l t r a 
v i o l e t and X-ray region using ECR sources . 

14. A A Cowley, Of f - she l l e f f e c t s in He(p,2p) r e a c t i o n s . 

20.4 NAC Colloquia 

1. June 21, 1984 
Die lOde Internasionale Konferensle oor Siklotrone en hul 
Toepassing: 
(a) Algemene indrukke - A H Botha, 
(b) Aksiale injeksie - S J Burger, 
(c) Ontwikkeling op die gebied van versnellerteorie -

P M Cronje 

2. August 8, 1984 
Isovector AX*0,1 strength observed in the ( He,t) reaction on 
some light nuclei. 
P Grasdijk, Kernfysisch Versneller Instltuut der Rijksuniversi-
teit, Gronigen, The Netherlands. 

3. October 9, 1984 
The use of radio isotopes in medicine. 
M C Letter , Faculty of Medicine, U0FS, Bloemfontein. 

4. March 13, 1985 
Fast neutron beam programme at the M D Anderson hospital and 
Tumor Institute. 
P Almond, M D Anderson Hospital and Tumor Institute, The 
University of Texas at Houston, USA. 
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SECTION 21 ADVISORY COMMITTEE AND ADVISORY PANELS 

21.1 Advisory Committee (1983 - 1985) 

Dr G Heymann (Chairman) - Council for Scientific & Industrial Research 
Mr L C Abrahamse - Syfrets Trust Limited 
Dr J K Basson - Nuclear Development Corporation 
Prof A J Brink - S A Medical Research Council 
Prof N D Clarence - Personal capacity 
Prof M J de Vries - University of Stellenbosch 
Prof D M Joubert - University of Pretoria 
Dr R L M Kotzé - Chairman, Biological Sciences Advisory Panel 
Dr N S Louv - Cape Provincial Administration 
Mr A J Myburgh - Department of Industries and Commerce 
Dr S Saunders - University of Cape Town 
Prof A Strashelm - Personal capacity 
Dr G I van Rooyen - Department of Health 
Dr H van Wyk - Transvaal Provincial Administration 
Dr J S V van Zijl - Council for Scientific & Industrial Research 
Dr D Reitmann - National Accelerator Centre 

21.2 Biological Sciences Advisory Panel (1984 - 1986) 

Dr R L M Kotzé (Chairman) - Personal capacity 
Prof J D Anderson - National Hospital, Bloemfontein 
Prof G de Muelenaere - H F Verwoerd Hospital, Pretoria 
Dr G Heymann - Council for Scientific & Industrial Research 
Prof M Iturralde - H F Verwoerd Hospital, Pretoria 
Prof J P Jordaan - Addington Hospital, Durban 
Prof J F Klopper - Tygerberg Hospital, Parow Valley 
Prof J Levin - Johannesburg General Hospital 
Dr N S Louw - Cape Provincial Administration 
Prof M G Letter - National Hospital, Bloemfontein 
Prof R Sealy - Groote Schuur Hospital, Cape Town 
Prof D Shackleton - Groote Schuur Hospital, Cape Town 
Prof B J Smit - Tygerberg Hospital, Parow Valley 
Dr J A Smith - Groote Schuur Hospital, Cape Town 
Dr E J van der Merwe - Tygerberg Hospital, Parow Valley 
Dr S Wynchank - S A Medical Research Council 
Dr D Reitmann - National Accelerator Centre 

21.3 Physical Sciences Advisory Panel (1984 - 1986) 

Dr G Heymann (Chairman) - Council for Scientific & Industrial Research 
Dr A A Cowley - National Accelerator Centre 
Prof C A Engelbrecht - University of Stellenbosch 
Dr P J Fourie - Nuclear Development Corporation 
Dr F J Haasbroek - National Accelerator Centre 
Prof R H Lemmer - University of the Witwatersrand 
Dr D Mingay - Nuclear Development Corporation 
Prof J Offermeier - University of Potchefstroom 
Dr M Peisach - National Accelerator Centre 
Prof J P F Sell8chop - University of the Witwatersrand 
Dr D van As - Nuclear Development Corporation 
Prof I J van Heerden - University of the Western Cape 
Mr W Weldemann - G H Marals and Partners 
Dr D Reitmann - National Accelerator Centre 
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SECTION 22 

DIRECTOR 

Accelerator Theory: 

Beam Transport Division: 

Control System Division: 

Electronics Division: 

STAFF MEMBERS 

D Reitmann 

ACCELERATOR CROUP 

A H Botha (Head) 
H N Jungwirth (Deputy) 

P M Cronje (Head) 
P R de Kock 
W A G Nel 

J C Cornell (Head) 
J L Conradie 
D T Fourie 
C C W Lloyd 

G F Burdzik (Head) 
K Visser (Deputy Head) 
R F Bouckaert 
R K Fisch 
W L J Hendrikse 
I H Kohler 
H W Mostert 
C R Penny 
J N J Truter 
H F Weehuizen 

I C de Villiers (Head) 
J S du Toit (Deputy Head) 
C Baartman 
0 D Beukes 
R M Bonett 
R H Boosey 
B M Bosch 
R Broers 
A du Plessls 
B C Greyling 
T M Human 
H Kettner 
M P A Klop 
J A Liebenberg 
A F M Patterson 
G S Price 
D Raavé 
S Schoeman 
N M Schreuder 
V Simons 
J J Solomons 
L Stawlszynski 
0 C Smith 
G J van der Merwe 
K J van Tubbergh 



270 

I n f l e c t i o n , Def lect ion S Schneider (Head) 
and Diagnost ics Div i s ion: H Gargan 

P T Mansfield 
P G Molteno 
P Rohwer 
P A van Schalkwyk 

Injec tor Div i s ion: Z B du Toit (Head) 
S J Burger 
P J C e l l i e r s 
E P Conard 
G S Z Guasco 
L M M Roels 

Magnets and Vacuum K N Jungwirth (Head) 
D iv i s ion : W G Cloete 

J G de V i l l i e r s 
B H 0 Eis inger 
L J Roodman 
L H 0 Schulein 
C J van Lamp 
M R P Will iams 

Mechanical Engineering P R Dostal (Head) 
D iv i s ion : C H Antonie 

I Antonie 
R A J Armbruster 
J P A Crafford 
J L C Delsink 
J Espinosa-Ramirez 
C J Foord 
M G Heritage 
Z Honner 
M Hurwitz 
A Kiefer 
J J Kotze 
A S Koopman 
V Meleer 
A Muller 
D Múller 
R G Northey 
A Oktober 
M 8 Ragaller 
R E Quantri l l 
R W H Schwartze 
T J Shackleton 
H A Smlt 
F M Smith 
J U L Smuts 
C J Stevens 
L Stuart 
C Talbot 
H G van Houten 
? A Visser 
M J C Webb 
V D R Wilkinson 
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R F Systems Division: J J Kritzinger (Head) 
J W Carstens 
R E F Fenemore 
Z Hajek 
P J Kriel 
M J van Niekerk 

ADMINISTRATION 

Cyclotron Operation 
Division: 

F J van Lith (In stitute Secretary) 
R Abrahams 
J I Allen 
A Anthony 
L Anthony 
C Barends 
V M Blewett 
A E M E J Bouckaert 
D M Carelse 
D De Kock 
M de Vries 
R R Dikgale 
B J Engelbrecht 
W J Fredericks 
S J Gordon 
M A Herbert 
G C Herring 
H J P Heyns 
D Hoogbaard 
li Isaacs 
J S M Koekemoer 
K Koopman 
A M Lewis 
H J Lindoor 
M L Makola 
S S Mazibuko 
H K Marais 
J Otto 
D Pietersen 
M Ross 
D M G Smith 
H H Swart 
D Theunissen 
E Theunissen 
Du T van der Merwe 
M A Venter 
F C Walters 
L Wanie 

PRETORIA CYCLOTRON GROUP 

Dr F J Haasbroek (Head) 

tv F van Heerden (Head) 
W S Coetzee 
S J P Eloff 
I S H Gilson 
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A J Oosthuizen 
R Schlichenmaier 
E Vorster 

Isotopes and Source 
Production Division: 

F J Haasbroek. (Head) 
P Andersen 
R J N Brits 
A P du Plessis 
P S Griffin 
A Rettenberger 
P M Smith-Jones 

Neutron Studies D i v i s i o n : J U Hough (Head) 
P J Binns 
L M Eagle 
M F MSrsner 
J P Slabbert 

RESEARCH GROUP 

S J Mills (Head) 

Radioisotope Production: S J Mil ls (Head) 
F M Nortier 
G F Steyn 

Light-ion Experiments 
Division: 

A A Cowley (Head) 
J J Lawrie 
D M Whittal 

Radioactivity Standards 
and Radiation Safety: 

B R Meyer (Head) 
N D Costa 
J A M T Dirkse 
B R S Simpson 

VAN DE GRAAFF GROUP 

W R McMurray (Head) 

Data Processing Division J Pilcher (Head) 
K Springhorn 
V C Wikner 

Nuclear, Atomic and 
Radiation Physics 
Division: 

W R McMurray (Head) 
11 J Kenan 

Nuclear Analytical 
Chemistry Division: 

M Peisach (Head) 
C Pineda (Cape Provincial Administration) 
M A Pougnet 

Ion-Sol id Interact ion 
Div is ion: 

R Pretorius (Head) 
M S A l l i e 
M Wandt 
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Van de Graaff Operation J I Kritzinger (Head) 
and Technical support H Schmitt (Deputy Head) 
Division: G F Ackermann 

P J Groenewald 
T Swart 
H K Antonie 
C J Cloete 
W J Cloete 
W P Gordon 
S H Hendricks 

NUCOR Isotope unit : C A R Bain ( u n t i l 31 .12 .84) 
J Hanekom 

MEDICAL COMPONENT 
(Cape Provincia l Administration) 

Medical Phys ics : D T L Jones (Head) 
H A Breuer (until 31.12.84) 
M A le Roux 



ACCELERATOR CROUP 
Head: A H Botha 

Deputy Head: H N Jungvirth 

ACCELERATOR THEORY 
Dead: P M Cronje 

BEAN TRANSPORT 
Head: J C Cornell 

CONTROL SYSTEM 
Head: C Burdalk 
Deputy: K VItier 

ELECTRONICS 
Head: J C de Vllllera 
Deputy: J S du Tolt 

INFLECTION,DEFLECTION 
AMD DIAGNOSTICS 
Head: S Schneld r 

INJECTORS 
Head: Z B du Tojt 

MAGNETS AND VACUUM 
Head: H N Junftvtb 

MECHANICAL ENGINEERING 
Head: P R Postal 

• F SYSTEM 
Head: J J krittlnger 

MEMBER OF EXECUTIVE 
G Heymann 

DIRECTOR 
D Reltaann 

ADMINISTRATION 
Inatitute Secretary: Í J van H t h 

PRETORIA CYCLOTRON GROUP 
Head: F J Haaabroek 

CYCLOTRON OPERATION 
Head: V F van Heerden 

ISOTOPES AND SOURCE 
PROL.'CTION 
Head: F J Haasbroek 

NEUTRON STUDIES 
Head: J H Hough 

RESEARCH GROUP 
Head: S J Mi 11a 

LIGHT-ION EXPERIMENTS 
Head: A A Cowley 

RADIOACTIVITY STANDARDS 
AND RADIATION SAFETY 
Head: B R Meyer 

RADIOISOTOPE PRODUCTION 
Head: S J Mills 

VAN DE CRAAFF GROUP 
Head: U R McHurray 

DATA PROCESSING 
Head: J Pllcher 

ION-SOLID INTERACTIONS 
Head: R Pretoriu» 

NUCLEAR. ATOMIC AND 
RADIATION PHYSICS 
Head: V S -^Murray 

NUCLEAR ANALYTICAL 
CHEMISTRY 
Head: H Pelaach 

VAN DE CRAAFF 
OPERATION AND 
TECHNICAL SUPPORT 
Head: J J Krltilnger 
Deputy: H Sehaltt 
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SECTION 23 RESEARCH COLLABORATORS 

The following is a list of person? collaborating in research and 
developmental work carried out at the NAC on the accelerators operating 
at present. 

23.1 Pretoria Cyclotron 

Hillbrow Hospital:-
Dept. of Radiotherapy: 

H F Verwoerd Hospital:-
Dept. of Radiotherapy: 

Medical University of South Africa:-
Dept. of Medical Physics: 

University of Pretoria:-
Dept. of Nuclear Medicine: 
Dept. of Chemistry: 

University of the Orange Free Stater-
Faculty of Medicine: 

Dept. of Biophysics: 

23.2 Van de Graaff Accelerator 

Argonne National Laboratory, USA: 

Cultural History Museum: 

Drexel University, Philadelphia, USA: 

ESCOM: 

Institute of Cancer Research, London: 

Hahn-Meitner Institut fíír Kernforschung 
Berlin, Germany: 

National Superconducting Cyclotron Lab. 
Michigan State University, USA: 

Nederburg Wines, Huguenot: 

Nuclear Development Corporation (AEC); 

Optical Sciences, NPRL: 

Peninsula Technikon, Bellvllle 
Dept. of Physical Sciences 

Mr G D Cilliers 
Mrs C M Cilliers 

Dr D J Savage 
Mrs A Kartkamp 

Dr W Pi Hoy 

Prof M Iturralde 
Prof R G Btfhmer 

Prof A du P Heyns 
Dr H Kotzé 

Prof M G Letter 

Dr P T Guenther 
Dr A B Smith 
Dr J F Whalen 

Mr M P S van der Merwe 

Dr B H Wlldenthal 

Mr L D Olivier 

Dr C Marshall and Dr B Reeves 

Dr U Wille 

Dr B A Brown 

Mr E Le Roux 

Dr E Barnard 

Dr D Bezuldenhoudt 

Dr D Glhwala 
Mr D Adams 
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S A Medical Research Council: 
Heart Research Unit: 
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