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The electrostatic extraction channel before installation in the separatcd-sector cyclotron. 
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SECTION 1 INTRODUCTION 

With the separated-sector cyclotron (SSC) now almost complete, the 
twelve-month period ending in June 1986 witnessed a number of major 
events in the history of the NAC. On the 9th of October 1985 protons 
were successfully accelerated to 66 MeV and to full extraction radius in 
the SSC for the first time. On the 17th and 18th October 1985 a 
symposium on experimental nuclear physics at intermediate energies was 
presented by the NAC. This was attended by 55 delegates and papers were 
presented by a number of distinguished physicists from abroad as well as 
local experts. The symposium was followed on the 18th of October 1985 
by the official opening of the accelerator facilities by the State 
President, Mr P W Botha. The ceremony was attended by a large number of 
dignitaries, invited guests, potential users and NAC staff members. 

On the 1st of May 1986 protons were accelerated to the full design 
energy of 200 MeV in the SSC for the first time. The design value of 
250 kV for the dee voltage in the SSC has been attained. The vacuum 
system, the diagnostic equipment and the injection system of the SSC 
perform according to expectation (see figure 1). During the year 
protons of different energies, as well as deuterons and helium ions, 
were successfully accelerated in the injector cyclotron (SPC1), shown in 
figure 2. 

Major emphasis has gradually shifted from assembly of the first two 
accelerators to the extraction system, 'high-energy' beam lines and 
facilities required by the users. The lsocentric system for neutron 
therapy was installed, radiobiology laboratories were equipped, 
facilities for radioisotope production and bio-evaluation were prepared 
and orders were placed for a polarized ion source, an ECR source for 
heavy ions, major components for the second injector (SPC2) as well as 
various components for a magnetic spectrometer. Shielding was built up 
around beamlines and target areas while radiation safety procedures were 
finalised and implemented. Potential users were Invited to submit 
proposals for research projects when external beams become available, 
hopefully towards the end of 1986. 

The Pretoria cyclotron has had to undergo a major overhaul after another 
ten years' of operation. During the rest of the year the production of 
radioisotopes and their supply to many local hospitals continued while 
further efforts were made to improve the quality, intensity and 
reliability of the external beam to make it suitable for neutron theray. 

The Van de Graaff accelerator continued to run well and serve a large 
number of users from all over the country in a broadly based 
experimental programme. 

At the conclusion of a successful report year it is a pleasure to thank 
all Individuals and companies, both local and abroad, who have 
contributed to the progress of the NAC. We are grateful for the 
interest and guidance received from prospective users and our various 
committees and we thank colleagues abroad for their support and 
continued Interest in this project. 
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Fig» l The top of the completed separated-sector cyclotron. 
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Fig. 2 The completed Injector cyclotron SPCi. 
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PART A THE 200 MEV CYCLOTRON FACILITY 

SECTION 2 THE INJECTOR CYCLOTRONS 

Summary: Protons at various energies up to 8 MeV have been accelerated 
and extracted from SPCl. An extraction efficiency of ~100% 
was obtained at maximum energy. Internal beams of deuterons 
and a-partlcles have also been accelerated. In general, the 
cyclotron performed satisfactorily. 

Two major breakdowns occurred at maximum rf-power due to 
overheating, and modifications were made to prevent this from 
happening again. 

The diagnostic system of SPCl was extended by designing and 
building a non-intercepting beam profile monitor. It has 
proved to be of big help in setting up SPCl for beam 
production. 

Most of the design parameters of SPC2 have been fixed and 
design calculations were made for various inflectors. Design 
of the central region is still in progress. Two external ion 
sources and components for the main magnet have been ordered. 

2.1 Injector Cyclotron SPCl 

2.1.1 Operation 

The completed light-ion injector cyclotron SPCl has been In operation 
for about a year. During this time beams of protons with energies 
ranging from 2,66 MeV to 8 MeV have been accelerated and extracted. The 
3,15 MeV and 8 MeV proton beams were transported along the transfer 
beamline and were successfully injected into the SSC 

The extraction efficiency of the 3,15 MeV beam, which was accelerated on 
the 4 MeV constant orbit geometry (COG), was ~30X. This poor extraction 
efficiency is mostly due to the fact that the inner jaw of the first 
r&dlal slit is too narrow and an appreciable percentage of wrongly-
phased particles get past on the Inside of this jaw and are then lost on 
the extraction channels. In the case of the 8 MeV proton beam, 
accelerated on the 8 MeV COG (34-tum orbit pattern), the beam passes 
very close to pillars in the central region and most of the 
wrongly-phased particles are lost here. The extraction efficiency for 
the 8 MeV beam produced when protons were accelerated for the first time 
to 200 MeV in the SSC was 90%, and after some optimization this figure 
was increased to 100%. The current measured in the beamline was 10 ̂ A. 

This much-improved extraction efficiency may of course also partly be 
due to a better luminosity of the ion source in the stronger magnetic 
field. This allows the use of very small beam-defining slits in the 
central region and therefore a smaller phase acceptance. Figure 1 shows 
the sharply defined peaks of the orbit pattern for a 3 \ik, 8 MeV beam at 
the extraction radius. For this beam the gap widths of the first and 
second radial silts were 0,7 mo and 1,0 mm respectively, and the height 
of the axial slit less than 1 mm. All three slits were positioned on 
the second turn. When the above-mentioned slit dimensions were 
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Increased to 1,0 on, 4,5 mm and 2,0 mm respectively, a current of 35 \iA 
was recorded at the extraction radius» Figure 2 shows an orbit pattern 
for a beam Intensity of more than 50 uA at extraction* 

The extraction system performed very satisfactorily. The working 
positions for the magnetic extraction channels MEK2 and MEK3 are 
identical with the calculated positions. MEKl had to be adjusted 
slightly - In the case of the 8 NeV beam the shift amounts to about 
3 ran. The voltage on the EEC was within 1Z of the calculated value. 

Exact comparison between calculated and operating excitation currents 
for MEKl and MEK2 is difficult. A change in the focusing current of 
MEKl not only changes the focusing but also has an Influence on the 
direction of the extracted beam. Furthermore, a shift in the position 
of the channel also strongly influences these properties because the 
main field has a strong field gradient in this region. At MEK2 a 
similar problem is encountered. Adjustment of the beam direction by 
means of the steering coils also changes the focusing power of the 
channel. Until now we have not had time to gather enough data to be 
able to make a thorough comparison between the calculated and optimised 
operating values. However, the extraction channels are functioning 
properly and we have good control over the extracted beam. 

Figure 3 shows the focusing effect of MEKl on a 1 uA, 8 MeV proton beam 
for various excitation currents through MEKl. These measurements were 
performed by means of the ZAR2 probe, about 150 mm behind MEKl. Making 
use of a wider beam of about 4 uA, defined by a first radial slit 
setting of 1 mm x 1 mm, the focusing becomes more obvious (figure 4). 
The observed beam width at half maximum Intensity changes from 12 mm for 
zero excitation current to 4 mm when an excitation current of 485 A is 
used. The double peak structure has not been observed before. We 
suspect that this may be an indication that the central region slit 
parameters used for these measurements had not been phase-selective 
enough. However, we need more time and measurements before trying to 
explain this. 

The focusing effect of MEK2 on the extracted beam, can be seen in 
figures 5 and 6. These photographs show the beam profile on the first 
harp. The upper trace reflects the horizontal distribution and the 
lower trace the vertical distribution of the proton beam. In figures 
5(a) and (b) the focusing currents are respectively 211 A and 61 A. The 
radial focusing and axial defocusing effect when the excitation current 
is increased is evident. 

The deflection of the beam is shown in figure 6. By changing the 
current through the steering colls from 292 A to 386 A, a shift of 10 mm 
is obtained at the harp, which is some 800 mm beyond MEK2. 

During a time when MEK2 had been removed for repairs, we also produced 
internal deuteron and a-particle beams. An 18 uA deuteron beam was 
accelerated to 3,75 MeV which is the injection energy needed for 
75,5 MeV deuterons from the SSC. The current was kept low to prevent 
unnecessary activation of SPC1 but it was clear that much larger 
currents could be produced. The energy at extraction radius for the a 
beam was 7,45 MeV which is the injection energy needed for 150 MeV 
a-partlcles from the SSC. A current of 10 uA was measured at extraction 
from SPC1. No specific problems were encountered and the ion source 
behaved satisfactorily during these runs. 
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The rf-system has now operated at maximum conditions sufficiently long 
to indicate the improvements required. In general, operation has been 
satisfactory. The frequencies which have been used are 
26,0 17,8 16,4 and 12,5 MHz. Rf-coupling between the two dees in the 
central region tends to make operation unstable. This is more 
noticeable when the ion source is further away from the cyclotron 
centre. Each resonator system has to be optimised carefully on its own 
before combined operation is possible. Stable operation is achieved 
when starting with boch trimmers in the correct position and with both 
phase control loops closed. 

The two 25 kW power amplifiers have given good service during the period 
under review. 

The control and protection systems for the resonators and power 
amplifiers have operated very well during the past year. The control 
from the SABUS microcomputer has now been supplemented by control from 
the main control console using the CAHAC mailbox system and appropriate 
programs In the minicomputer. The SPCl rf-system can now be controlled 
from the microcomputer terminal in the basement (where all control 
equipment is situated) or from a control console in the mair ^iitrol 
room (or wherever a control console is located). 

A fast resetting feature was added to the protection circuitry to enable 
fast restoration of resonator voltage after spark-over. This Is now 
being replaced by computer resetting, which will also enable the system 
to restart easily after an interruption of any duration. The latter 
requires repositioning of the trimmers and lowering of the power level 
before attempting to restart. Counting of spark-overs, as well as 
unattended operation of the system will then become possible. 
Interrupt-driven messages will be given on the main control console when 
a malfunction occurs. 

The vacuum pumping and control system for SPCl gave trouble-free 
service. Vacuum problems were mainly due to vacuum leaks, especially 
with electrical feedthrough connectors which start leaking after 
installation. On two occasions when very large water leaks occurred in 
SPCl, the vacuum control system closed the valves before any damage 
could be done to the vacuum pumps. During one of the shutdowns the 
Penning gauge heads were checked and found to be fairly dirty. These 
were all removed, cleaned and replaced again. 

The lowest pressure reached in SPCl was 8 x 10 Pa. Typically, the 
pressure was between 1 and 2 x 10" Pa without the ion source gas, and 
about 8 x 10" Pa with the Ion source operating. 

2.1.2 Major breakdowns and improvements 

In September 1985 a collision between the Ion-source and the second 
radial differential probe occurred. The water-cooled probe-head was 
broken, SPCl was completely flooded, and it took 3 weeks before beam 
production could start again. 

This accident took place because the safety Interlocking microprocessor 
did not come on again after a power failure. A watchdog unit has now 
been Incorporated in the system to prevent a similar accident from 
happening again. 
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During February 1986 we ran SPC1 for the first time at full power (i.e. 
at 26 MHz and 60 kV dee-voltage). Under these conditions the insulating 
material of the resonator voltage probes overheated, resulting in loss 
of the reference signal for amplitude stabilization. The overheating 
was aggrevated by the position of the probes which is in an area of high 
heat density on the copper pole-liner. We than reduced the area of the 
probe plate by 60Z and also used material with better high-temperature 
characteristics. Subsequent operation has been satisfactory. 

A number of stainless steel screws on the short-cicuiting plates were 
screwed into polystyrene and during maximum power operation two screws 
overheated and became so loose that they dropped out of their normal 
positions. Both caused extensive arcing between the short-circuiting 
plate and the inner cylinder. No serious damage was caused although 
relatively large amounts of steel and polystyrene were evaporated. The 
evaporated material could easily be removed from all rf-surfaces. 
Consequently all stainless steel screws in the short-circuiting plates 
which are exposed to any rf-heating were replaced by bronze screws. In 
addition they were secured by lock-nuts behind the polystyrene pieces. 
As part of the screw replacement all sectois were set more equally and 
accurately than before. Recent inspection indicated that the problem 
has been solved and the short-circuiting plates are in very good 
condition after at least 30 hours of operation at maximum power level. 

The second radial slit assembly located inside the east dee was also 
damaged when running at maximum power level and had to be modified. The 
slit has performed reliably during most of the year. Its mechanical and 
thermal performances are now well within specificatins and the latest 
Improvements performed on it are expected to provide long-term 
trouble-free operation. These improvements relate to the electrical 
connections of the jaws and their temperature probes. Little attention 
was paid to the routing of the wires Inside the dee until large induced 
radio-frequency currents caused them to melt, which lead to the 
destruction of one pillar by arcing. The pillar has been replaced, and 
a recurrence should be prevented, firstly by new sliding contacts 
(figure 7a) carrying the signals from the pillars to a set of busbars 
clamped to the inside of the top dee plate (figure 7b), and secondly by 
capacitors directly connecting the busbars to the dee plate (earth). 
These changes respectively eliminate pick-up loops hanging in the dee 
and high radio-frequency currents in the thin wires. 

During April the entire cooling system was polluted by CuO when a dummy 
load, which had not been used for several months, was switched into the 
system. All the cooling loops had to be cleaned and, In the process of 
recalibrating all the flow switches, the gradient coil of the second 
magnetic channel was inadvertently burnt out. Investigation showed up 
faulty wiring in the safety interlocking. In total about 3 weeks were 
lost. 

In May a vacuum leak occurred in the main bottom 0-ring of the vacuum 
chamber at a time when maximum rf-power was applied. Investigation 
showed that this was caused by the contact fingers on the pole liner 
which had been destroyed over a distance of 400 mm. These fingers make 
contact with the transition piece connected to the outer cylinder. 
Replacement required disassembly of most parts of SPC1. After 
disassembly it was established that the fingers were completely bent 
back over a distance of 50 mm during the original installation and 
therefore never made contact. Damage occurred at the position of 
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maximum current density* This increased the current density in the 
adjacent fingers to the point where they were destroyed by overheating. 
Some of this heat reached the O-ring, thus causing the vacuum leak which 
was the first symptom observed. The fingers were constructed from 
beryllium-copper and are silver-plated. The normal maximum current 
density in the damaged area is 30 amps (rms) per cm. The other fingers 
operating in positions of similar current density were in a satisfactory 
condition. As a precaution all fingers In the high-current regions have 
been replaced by a double-finger assembly. A set of beryllium-copper 
fingers are used on the inside to ensure adequate contact pressure. A 
set of fingers made from dispersion-strengthened copper fits on the 
outside and carries the rf-current. The temperature-rise of these 
fingers will be at least three times lower than the previous set. An 
accurate guide system was used to re-install the chamber in order to 
prevent damage to the fingers. 

As part of this maintenance the assembly and disassembly tools used were 
improved to simplify such a major operation. Assembly proceeded 
smoothly. The opportunity was also taken to repair some small cooling 
water leaks while the parts were accessible and to modify the 1st radial 
slit. The inner jaw was replaced with a wider one. a modification 
which should improve the extraction efficiency for all the beams 
accelerated on the 4 McV COG. 

2.1.3 New diagnostics 

A non-intercepting device capable of providing a dynamic picture of the 
accelerated beam inside the cyclotron, from centre to extraction radius, 
obviously has many advantages over a conventional stopping probe. Beam 
development and tuning may be substantially speeded up using the direct 
visual feedback, and routine production may be permanently monitored, 
allowing an early detection of malfunctions. Furthermore, the 
information may also be used in control loops in order to maximise beam 
extraction efficiency. 

We have studied the feasibility of such a beam position monitor, the 
principle of which is based on the ionisation of residual gas by the 
beam. The electrons released along the beam path are accelerated in a 
vertical electric field and collected on an array of tangential strips 
located off the cyclotron median plane. The current collected on each 
strip is proportional to the fraction of the beam passing opposite that 
strip, and the whole array therefore reflects a profile of the 
subsequent orbits at a given azimuth. The strips spacing defines the 
resolution of the IBPM (ionization beam position monitor). 

Preliminary calculations based on typical operating pressure and on 
relevant cross section data yielded an electron current to beam current 
ratio, or efficiency, of the order of 10" in the case of a 10 mm long 
collector, which makes the method relatively insensitive though 
practical for large beam currents (>1 |iA). 

A prototype has been manufactured and installed in SPCl in order to 
check the validity of these calculations as well as to uncover possible 
pitfalls (e.g. electrical noise or ionisation due to background 
radiation). Conventional printed-clrcuit technique was used to produce 
an array of 50 strips 0,8 am wide by 20 mm long at a 1 mm pitch. This 
plate, encased in a copper shield, was fastened to the bottom liner of 
the cyclotron. The cathode consists of a copper plate attached to 



9 

the top liner through insulators and connected to a high-voltage power 
supply. These paraaeters were selected in order to aatch the 
aaplifier-aultiplexer unit servicing the beaaline "harps", thus 
elialnating the need to develop dedicated electronics. 

The response of the IBPM was observed during aost of the beaa tests 
with protons and deuterons. A typical plot of the observed signals is 
shown in figure 8. The following conclusions aay be drawn: the 
efficiency lies between 10~ and 10 as predicted and a 10 \\k beaa 
could be located accurately. An optiaum signal-to-noise ratio occurs at 
a cathode voltage of around -500 volts. Generally, the little 
information provided by the SO aa long IBPM during those tests pre -«I so 
helpful in setting up the beaa that we have decided to go ahead wit • the 
developaent of this system for permanent use in SPC1. 
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3 An 8 MeV, 1 uA proton beam profile recorded on the second radial 
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4 Beam profiles similar to those shown in figure 3, but with the 
beam current increased to 4 uA. 
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(a) (b) 

Fig. 5 The beam profile, recorded at the first harp, showing the effect 
of the focusing coil of MF.K2. The upper trace in each set shows 
the horizontal distribution and the lower trace the vertical. 

(a) The focusing current is 211 and steering current is 58 A. 
(b) The focusing current is 61 A and the steering current is 

386 A. 

Fig. 6 The beam profile (as in figure 5) showing the effect of the 
steering coll (MEK2). In comparison with figure 5(b) the 
focusing current is 61 A and the steering current 292 A. 
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Fig. 7(a) The three sliding contacts above each slit jaw carry the beam 
current and temperature sensor signals to the busbars when the 
dee is assembled. They are mounted on boron nitride 
insulators. 

Fig. 7(b) The east dee top plate carrying the busbars and their 
filtering capacitors clamped and shielded from the beam by a 
copper plate. The beryllium copper bars are isolated from the 
dee plate by a Kapton sheet. 
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8 A typical plot of the observed signal on the ionization beam 
position monitor during the acceleration of a 50 pA proton beam 
to an energy of 3,15 MeV at extraction. 
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2.2 Injector Cyclotron SPC2 

2.2.1 Design parameters 

The second injector cyclotron SPC2 will be used to accelerate both light 
and heavy ions. It will have two 90* Tees and 4 accelerating gaps. The 
rf-8ystem will be similar to that of SPC1, but an extra tuning capacitor 
will permit operation at lower frequencies. The magnet poles will also 
have 4 sectors, like SPC1, but the edges of the sectors will be bevelled 
to modify the field in the central region {1}. The table below 
summarises the main characteristics of SPC2 as presently envisaged. 

Table 1 : Proposed SPC2 parameters 

Extraction radius: 0,4762 m 
Average magnetic field at extraction: 0,3 to 1,0 T 
Rf frequency range: 6 to 26 MHz 
Maximum peak dee voltage (above 8,6 MHz): 60 kV 
Maximum peak dee voltage (below 8,6 MHz): 25 kV 
Minimum peak dee voltage: 12 kV 
Harmonic numbers to be used: 2 and 6 

Calculations to determine maximum and minimum ion energies were 
performed using a representative set of ions. Taking into account the 
gap efficiency factor, the minimum and maximum number of turns required 
to cover the energy range were found. The entire spectrum of charge-to-
mass ratios and energies can only be covered by more than one constant 
geometry orbit. Constant geometry orbits having 8, 17 and 34 turns 
respectively, were selected for investigation. The entire range will 
almost be covered by 8 and 34 turn geometries. The frequency and 
magnetic field ranges permits a range of 3:1 in energy, but since the 
input energy from the ion sources is expected to vary over a range of 
2:1 at most, the geometry for 17 turns is included. 

2.2.2 Axial injection system and inflector design 
131 

The investigation of the design of inflectors {1} was extended to Xe 
with a charge-to-mass ratio of 0,145, accelerated at harmonic number 6 
on an 8-turn constant geometry orbit to 30,2 MeV. At an injection 
voltage of 20 kV the required height of the spiral inflector was found 
to be 91 mm. Lowering the injection voltage to 10 kV reduced the height 
to 74 mm, i.e. to within the acceptable limit. This will of course also 
necessitate the use of lower dee potentials and hence result in a 
greater number of orbital revolutions. The use of such a low extraction 
voltage on the ion source implies that the energy of the ions will not 
be variable to any extent. Another degree of freedom in the design of a 
spiral Inflector, not utilised up to this stage, is the tilting of the 
electrodes. The manufacture of such an Inflector is however much more 
complicated, and should only be considered as a possible alternative 
solution if all else proves unsuccessful. 
2.2.3 Magnetic field calculation of the central region 

The relaxation program RELAX3D {2} was used to calculate the magnetic 
potential of the central region in order to ascertain more accurately 
the magnetic field shape in the axial channel with a view to examining 
its effect on the axially injected ions. The results of the calculation 
are depicted graphically in figure 1, showing the projection of a 
horizontal plane lying 0,1 tn above the median plane. 
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2.2.4 Rf system 

Much of the equipment for the phase and amplitude control and 
stabilization for the second injector cyclotron has been constructed. 
The course and fine phase shifters, auto-tune units and phase and 
amplitude controllers (all similar to those of SPCl) have been 
completed, except for some of the plug-in boards which need to be 
soldered. 

The power amplifiers will be constructed similarly to those for SPCl, 
but with the low-frequency range extended to 6 MHz. Construction will 
start after completion of the buncher power amplifier. 

Parts for the two resonators will be ordered shortly. The main 
difference from the SPCl resonators will be the extension of the low 
frequency range to 6 MHz by addition of »* removable capacitor near each 
dee. The feasibility of such a capacitor was tested on SPCl. The 
coupling capacitors also need modification owing to the lower frequency. 

2.2.5 Electrolytic tank model 

A 3 x life8ize model of the central region of SPC2 is at present under 
construction and will be used to measure the electric potential field in 
the accelerating gap between the axial inflector and the first dee. The 
field will be measured in a horizontal plane corresponding to the median 
plane of the cyclotron. Figure 2 shows an outline drawing of the model 
and the perspex spacer used to align the model in the tank, seen from 
above. 

2.2.6 Components on order 

The steel components and the coils for the main magnet of SPC2 have been 
ordered and should be ready for magnetic field measurements during the 
first semester of 1987. 

Negotiations have been completed for an ECR-source for highly-charged 
heavy ions from gaseous as well as non-volatile elements, and the 
contract was signed in July 1985. The contract for the design and 
construction of a polarized proton and deuteron source was signed in 
December of the same year. Delivery of both of these sources is 
expected to occur early in 1988. 

2.2.7 Program development 

The need for a user-friendly program to draw line diagrams and figures, 
principally as background for plots of calculated particle orbits, or 
contour plots of calculated (RELAX3D) or measured (electrolytic tank) 
data distributions, gave rise to the evolution of a computer code named 
PROLYN. The main requirements aimed for are: 

ease of, and choice of modes for data entry and updating; 
reasonably free style of data input format allowing clarifying 
anotation; 
interactive monitor mode of execution with editing facilities; 
Instructions abbreviated to mnemonics of reasonable length and 
intelligibility; 
minimum of syntax rules and as free as possible; 
reasonably comprehensive set of error tests and messages to aid the 
user; 
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choice of output modes, i.e. batch or interactive; 
- ease of addition of new instructions as and when required. 

The program provides for the drawing of point to point lines as well as 
the generation of smooth curves using splines or arc-joining routines. 
Line types are freely available. Regular polygons can be drawn by 
giving only three pairs of coordinates. Data points can be identified 
using 9 different symbols. Vectors can be drawn with a variety of 
freely adjustable arrow heads using 5 modes of input. Multiply-nested 
polygons may be filled with freely adjustable patterns running from 
solid fill to dotted lines. Blocks of data may be temporarily stored 
obviating the repetition of input data for shapes that are identical 
except for position, orientation and/or scale. Windows may be selected 
to highlight portions of a large figure. Provision is made for the 
transformation of data coordinates before plotting. Labels or blocks of 
text may be positioned freely on the plot, using the standard or a 
special/Greek font. The special font may be extended as the need 
arises. 

The program can at present draw a background figure for orbit plots and 
then plot ion orbits as read from the output of the program 0CE5 {3}. 
It can also draw contour plots, reading the data for the contours from 
an input file compatible with the present contour code in use at the 
NAC. 
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plane lying 0,1 m above the median plane of SPC2 and showing the 
hole in the centre used for axial injection. 
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SECTION 3 THE SEPARATED-SECTOR CYCLOTRON 

3.1 Sector Magnets 

Summary: The four 350-ton sector magnets have been put into service 
successfully in the past year, and protons were accelerated 
with the separated-sector cyclotron (SSC) for the first time 
during October 1985 to 66 MeV, and to 200 MeV in May 1986. In 
both cases the predicted main excitation current had only to 
be reduced slightly to obtain the isochronous magnetic field 
required in the SSC for full transmission of the injected beam 
up to the extraction radius. All magnet components as well as 
the computer control of the 41 power supplies perform very 
well under operating conditions. By analysing the 40 million 
field data accumulated previously, the excitation 
characteristics of the magnets have been determined, and a 
data base has been established which now allows us to evaluate 
the magnetic field in the SSC to within a few parts in 10 for 
orbit calculations and more accurate predictions of current 
settings. A compact magnetic field measuring device with 
temperature control has been developed for general 
applications at the NAC. Existing field computation programs 
and equipment for magnetic field measurement have been 
maintained, and a calibration service for Hall plates was 
provided. 

3.1.1 General 

Development and operating characteristics of the sector magnets have 
been described previously {1,2,3} together with various results obtained 
from the field measurements for the SSC which were already complete in 
May 1985. During the past year most of the 40 million field data 
accumulated with these measurements have been analysed in order to 
determine the excitation characteristics of the magnets accurately. We 
aim to set the magnetic field in the SSC correctly within a few parts in 
10 for any ion and energy in order to avoid excessive field tuning and 
loss of beam time. This would be sufficient to ensure that the beam 
reaches extraction immediately and without losses once it has been 
properly injected, so that all beam properties required for fine-tuning, 
orbit centering and beam optimisation for extraction can be measured 
without delay. 

No problems have been experienced with the magnets when the remaining 
SSC components were installed and commissioned. Alignment checks 
showed, however, that the nose of sector magnet SM2 is positioned about 
1 mm higher than specified. The cause for this vertical misalignment 
could not be found, and we have decided to leave it unchanged at this 
stage, because no seriou3 effects on the beam are expected. 

3.1.2 Main excitation characteristics 

Five povrer supplies are used for the main excitation of the magnets 
generating base fields up to 1,25 T. Figure 1 shows the main excitation 
characteristics determined from the results of the base field 
measurements at six main (pole) coil currents (320 A, 640 A, 960 A, 
1280 A, 1472 A and 1600 A). The four independently-fed booster (yoke) 
coil currents are chosen such that the average field on equilibrium 
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orbits with a radius of 3351 mm at the centre-line of each sector is 
strictly proportional to the main excitation current (see section 3.7). 
The necessary adjustment of the standard yoke-coil currents used during 
the field measurements has been determined by matrix conversion taking 
the Interdependence of the magnets into account. For this purpose the 
field change obtained in the SSC when changing any of the four yoke-coix 
currents was evaluated at each main excitation level. The results can 
also be used to develop procedures for generating first and second field 
harmonics in the SSC. 

In figure 2 the fields measured on the centre-lines of the sectors are 
compared for three standard excitations with the same yoke-coil current 
for each magnet. Differences up to 0,8% are observed in the main 
excitation properties of the magnets. After the adjustments represented 
in figure 1, the field differences in the pole gap of the sector magnets 
are reduced considerably, but not completely (see figure 3). The field 
differences remaining at R=3351 mm are due to the slightly different 
azimuthal field shapes in the four sectors. This is illustrated in 
figure A where the ratio between average and hill fields obtained at 
several field levels is plotted for each sector. This field ratio is a 
measure for the azimuthal magnetic sector width and ideally should be 
equal for all sectors as well as independent of the field level when 
using our excitation mode. The differences between the sectors are less 
than 0,1% and variations of the azimuthal field shape remain within 
0,15% over the whole excitation range. At other radial positions, 
however, the field of the four magnets differs by up to 0,4%. Near 
injection the magnets SMI and SM4 have consistently lower fields than 
SM2 and SM3. This is caused by the passive influence of the second 
bending magnet BM2 situated in the central region of the SSC. 

The change of the radial field shape with increasing excitation is 
illustrated in figure 5 which clearly demonstrates the 'umbrella effect' 
which is usually encountered for such r.iagnets. This must be taken into 
account when interpolating the field data as a function of the main 
excitation current. Analysis showed that least-squares fitted 
polynomials of first,second and seventh degree are best suited for this 
purpose in our case. A base field obtained with this method is plotted 
in figure 7. The effective magnetic sector angle increases radially 
from 33,53" at injection to 33,82* at extraction and varies only by 
±0,02* in different sectors. 

3.1.3 Radial field trimming 

The radial field gradient required for isochronism of the ion orbits is 
produced by 29 trim-coils per magnet. On sector SMI, however, the first 
two trim-coils had to be left out to enable us to install the magnetic 
inflection channel (MIC), and the radial width of the third trim-roil 
(TC) had to be reduced. Thirty-six power supplies, each feeding either 
one or two successive trim-coils, are used for controlling the radial 
field shape in the SSC. Twenty-two of these supplies make provision for 
sector-independent field trimming. Each TC can produce a radial field 
increment up to 19 mT with a current of 500 A. The characteristics of 
TC fields are linear in current, but depend on the main excitation of 
the magnet. This is illustrated in figure 6 where the results obtained 
from the measurements at three field levels are compared. 

The field offset and the reduction in effectivity observed with 
increasing distance from a TC can be formulated by taking magnetic 
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circuit analysis into consideration {2}, because essentially these 
effects are caused by the reluctance of the steel. This has been used 
to correct unacceptably large reaanence effects of the separate 
TC fields aeasured on SM3, in order to make the field data suitable for 
evaluating combined TC fields by means of superposition. The results 
presented in figure 6 have been obtained after correcting the 
measurements accordingly. All separate TC fields deterained in this way 
at the six aain excitation currents on sectors SM3 (and only for TC3A 
on sector SMI) have been included in the data base for compiling the 
magnetic field in the SSC. For this purpose it is assumed that the 
excitation characteristics of the trim-coils are identical for the four 
magnets. Results of measurements have confirmed that such differences 
are negligible in practise. Least-squares fitted polynomials of the 
fora f(x) * ao + at, x + c at, x are currently used for interpolating 
the TC field data for other main excitations, where c - -1/(2,81). This 
choice has been aade after extensive investigations, but further tests 
are required before it can be regarded as final. 

Figure 8 shows the total TC effectivity and offset aeasured for the 
sector magnets when all trim-coils are excited simultaneously at 
various field levels. Results are given in percent of the total field 
Increase which could be expected between Injection and extraction for 
Infinite steel permeability. The apparent difference for sector SM4 is 
caused by the fact that the TC currents were set by hand on this magnet 
and not under computer control as for the others. The high TC 
effectivity and low total TC offset obtained can be attributed to the 
basic design of these colls with 14 of the TC current loops closing 
around injection and 15 around extraction. This has the advantage of 
considerably reducing the coupling between radial field trimming and 
aain excitation of the magnets. 

Radial field trimming is determined for each sector individually, 
because the trim-coils should also correct the remaining base field 
differences between the four magnets as much as the constraints of the 
power supplies available for this purpose allow. An average excitation 
is used for trim-coils which are connected in series to the same power 
supply. The main excitation is adjusted to compensate for the total TC 
offset, and the slight offset variations resulting from different TC 
currents in the four sectors are compensated by adjusting the yoke-coll 
currents in order to avoid excessive field harmonics in the SSC. 

Figure 9 shows an isochronous sector field compiled with this method 
from the data base using the excitation currents predicted for 200 MeV 
protons. Phase excursions of the well-centered accelerated beam 
determined with orbit integration remain within 60 degrees of the 
RF-phase in such fields (see section 3.7). 

3.1.4 Operation and performance 

The first acceleration of protons to 66 MeV and 200 MeV with the SSC has 
provided the opportunity to determine how well we can predict the 
required excitation of the magnets, and how the magnets behave under 
operational conditions. In both cases the magnetic field in the SSC was 
set too high by about 0,1% and . •* main excitation current had to be 
reduced somewhat before the beam could be fully accelerated up to the 
extraction radius. The beam reacts very smoothly to such small 
excitation changes, but they also seem to cause a slow field creep which 
has to be compensated by reverse adjustment after several hours. The 
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reduction of the 66 mm pole gap by -0,06 mm due to the vacuum forces has 
meanwhile been identified as the most probable cause for the higher 
field, because the field data are based on aeasureaents in air and thus 
cannot take such reductions into account. The necessary correction of 
the aaln excitation characteristics was applied recently for improved 
predictions which are In very good agreement with the excitations used 
for successful beam acceleration. 

Particularly encouraging is the fact that no adjustments at all have 
been necessary for the radial field trimming predicted for the two 
proton beams. The phase history of the beam in the SSC could 
unfortunately not be measured at that stage, but isochronism was at 
least good enough to allow about 400 turns for the 66 HeV protons and 
230 turns for 200 MeV protons* Further improvements of the magnetic 
field in the SSC will be possible only by taking into consideration the 
remaining Influence of all injection and extraction magnets when the 
beam diagnostic system is fully operational. 

3.1.5 Associated instrumentation and services 

Hore attention has been given during the past year to our equipment for 
general magnetic field measurements and the calibration of Hall-plates. 
Compact devices for accurate field measurements are required frequently 
at the NAC and should be available for applications in single or 
multi-probe configurations which are able to operate at ambient 
temperatures between 10*C and 35*C. A suitable probe head incorporating 
commercially available Hall-plates and a temperature control system 
which keeps the plate at 40*C ± 0,05 "C has been developed (see figure 
10). Its dimensions are only 60 x 15 x 5 mm overall an! the centre of 

the Hall-plate is located exactly 7,5 on from the front and sides, and 
2,5 mm from the top and bottom. An existing 8-channel temperature 
measurement system was converted to control up to four such probes and 
to read out their Hall-voltages with a resolution of 27 pp». 
Calibration against our NHR system has indicated that these devices are 
typically accurate within 100 ppm over a period of six months. The 
current source was not switched off for more than 12 hours at any time 
in this case. Among other applications the system has been used 
successfully with four probes for the field measurements of the MIC (see 
section 3.4). 
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9 The field for 200 MeV protons compiled in sector SM3 from the 
data base by means of interpolation and superposition for the 
predicted excitation, plotted at equal radial intervals. 

. 10 The components of a compact Hall-probe holder with temperature 
control, developed for general magnetic field measurements. 
The Hall plate (bottom) and integrated-circuit temperature 
sensor (top right) as well as the semiconductor heater 
(centre) and parts of the housing are shown in 2:1 scale. 



31 

3.2 Radio-Frequency System 

Summary: The radio-frequency system of the SSC provides the voltages 
required for the acceleration of the beam particles by means 
of two large resonators. The east resonator was tested on its 
own in the SSC vault during August 1985, while the west 
resonator was installed at the end of August. Both were 
evacuated as part of the SSC ring at the end of September and 
operated with 90 kV at 16,4 MHz to accelerate the first 
internal beam in the SSC to 66 MeV on 9 October. 

During October and November the resonators were tested at 
12,5 15,0 16,4 22,5 and 26 MHz and the influence of the 
magnetic field on multipacting and conditioning was 
investigated. Operation up to the maximum designed peak 
voltage of 250 kV was achieved after some initial problems 
were overcome. At maximum voltage a power level of 100 kV is 
reached in each resonator. 

Between December and February the bellows of the main 
capacitors were replaced by an improved version and the first 
extraction magnet (SFM1) was installed in the west resonator. 
During April the resonators were conditioned for the full 
range of magnetic field settings, and 240 kV at 26 MHz was 
used to accelerate an internal beam to 200 MeV. During the 
operation of the SSC the control system, which also provides 
phase and amplitude stabilization, and the power amplifiers 
have performed well. 

3.2.1 SSC resonators 

The two resonators were described in detail in previous annual reports. 

3.2.1.1 Completion oi the resonators 

The east resonator was the first to be installed in the SSC vault. It 
was ready for initial testing at the end of July 1985 after the 
Installation of the top and bottom short-circuiting plates, the two 
auto-tuning capacitors, the coupling capacitor and the cooling water 
pipes. The west resonator was lifted into the SSC vault on 28 August 
and was completed by 20 September. 

The bottom short-circuiting plates are installed by means of a trolley 
with an hydraulic platform giving a vertical stroke of 1,2 m. The top 
short-circuiting plates are installed with the overhead crane using a 
lifting device which ensures that the single lifting point is exactly 
above the centre of gravity. With these devices the short-circuiting 
plates can easily be removed for maintenance. Each resonator can be 
rolled back on a four-wheeled trolley from the normal operating position 
(where it is supported by brackets attached to the adjacent magnets). 
Hydraulic jacks are mounted on the trolley to lift the resonator. 
Ratchet arms drive two of the wheels through a chain reduction system to 
permit easy positioning of the resonator. Voltage probes were installed 
on each resonator to allow measurement of the resonator voltage. These 
signals are also used by the amplitude stabilization system. 

After installation of the two resonators, which form part of the SSC 
ring,the first pump-down of the vacuum chamber started on 21 September. 
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Then all necessary electrical connections were made, and both resonators 
were operational up to 70 kV at 16,4 MHz by 3 October. On 9 October the 
first beam was accelerated up to 66 MeV in the SSC using a peak voltage 
of 90 kV per resonator. 

Most parts of the east resonator can be seen in figure 1. The black 
cable from the power amplifier (located outside the SSC vault) is 
connected to the coupling capacitor (situated in the centre of the rear 
flange of the resonator chamber). The two cylindrical chambers mounted 
on the rear flange are pumping ports, each with a turbo-molecular pump 
attached below. The drive for each auto-tuning capacitor is situated 
between a pumping port and the coupling capacitor. The top outer 
cylinder is clearly visible with the drive for the top short-circuiting 
plate at the highest position. More detail of one half of this drive 
system is shown in figure 2. The links of the special "pushing chain" 
(which only allows bending in one direction and which works back-to-back 
with another identical chain) are shown together with the plastic pipes 
carrying the cooling water to the short-circuiting plate. The sprocket 
and pulleys on the right-hand side keep the outer part of the chain and 
the cooling pipes respectively in position. A dc motor operates the 
chains through synchronised sprockets (not visible) by means of a 
reduction gearbox. Although only the chains for the bottom 
short-circuiting plate have to push, the same system is used for both 
top and bottom for simplicity. The positioning system has proved to be 
very effective in operation. 

The mechanical and vacuum performance of both resonators have so far 
been excellent. 

3.2.1.2 Initial measurements 

After Installation of the short-circuiting plates and coupling 
capacitor, but before evacuation, Q-values were measured over the full 
frequency range. The results are tabulated in table 1 together with the 
results of later measurements of voltage and power levels. The Q-values 
agree closely with calculated values, specially in the frequency range 
above 8 MHz. The positions of the short-circuiting plates and the large 
tuning capacitors agreed within 1% with the scaled measurements obtained 
on the 1/5 scale model during 1980. 

Table 1 

Frequency Q-value Short-circuit Capacitor Power 
MHz Position* Position* for 250 kV 

mm mm kW 
27,5 15800 490 380 104 
26,0 16300 550 380 100 
22,4 16700 860 380 91 
18,2 17150 1380 380 8 
15,0 17100 2010 380 75 
12,5 16200 2850 380 71 
10,0 13400 2850 95 108 
8,7 11500 2850 55 140 
6,8 7300 2850 25 200 
5,6 6300 2850 15 -
4, 7 4300 2850 10 — 

*Position is given as the distance from the inner delta 
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Adjustment of the coupling capacitor enabled 50-ohm input impedance of 
the resonator to be obtained, with the reflected signal normally at 
least 50 dB below the forward signal. The frequency range of the 
auto-tuning capacitors was also verified. The tunable frequency range 
is in excess of that required, namely 4,7 to 28 MHz, but a voltage 
limitation occurs above 26 MHz due to excessive current density at the 
contacts of the short-circuiting plates. Mechanical stability and 
voltage sparkover may also limit operation below 6 MHz. 

3.2.2 Operation 

3.2.2.1 Initial experience 

After the initial evacuation of the east resonator it was very difficult 
to overcome multipacting and obtain voltage on the resonator. Fast 
rise-time pulsing up to 10 kW level was not sufficient. The coupling 
capacitor had to be moved 50 mm inward from the 50-ohm position before 
high-voltage operation could be achieved. Owing to the protection 
systems of the power amplifiers it is not a solution to increase the 
reflected-power trip level substantially since this leads to 
over-current tripping. Consequently a short-duration "kick-pulse" 
circuit was developed. Using a double-balanced mixer, a 50 kU drive 
level is applied to the resonator for 15 microseconds before reducing it 
to 10 kW. The rise-time of the power amplifier output is 1 microsecond 
under these conditions. By means of this pulsing it is much easier to 
start the RF voltage on a resonator, with the coupling capacitor in the 
normal 50-ohm Dosition. The power amplifier protection circuitry does 
not respond significantly to the 15-microsecond pulse. The RF drive is 
kept at a very low level for two seconds preceding the application of 
the kick-pulse to ensure that most ionization has disappeared. 
Sometimes an even longer off-time is required to enable clean starting. 
Multipacting requires approximately one microsecond to build up to the 
voltage clamping condition. Thus the 1 microsecond rise-time of the 
power amplifier is just adequate to allow good starting. 

3.2.2.2 Spurious oscillations 

During Initial operation, voltage on the east resonator was limited to 
90 kV owing to spurious tripping caused by excessive reflected power. 
It was experienced at 16,4 15 and 12,5 MHz and was found to be caused by 
a 1 MHz oscillation developing at a drive level above 10 kW when the 
amplifier was connected to the resonator. The oscillation did not occur 
at any power level when using the dummy load. The choke and capacitor 
for the voltage supply to the driver tube played a role in causing the 
oscillation, and addition of an extra capacitor cured the problem. A 
similar problem was not experienced with the west resonator. 

3.2.2.3 Sharp edges 

During October the voltages of the east and west resonators were limited 
to 120 and 150 kV respectively. Temporary fingers had been installed at 
the outer end of each Inner delta to ensure adequate contact during 
Initial operation. Some of these fingers were dislodged by successive 
evacuations of the resonators and protruded from the inner deltas. 
These sharp edges limited the voltage. Installation of more suitable 
fingers eliminated the problem and allowed full voltage (250 kV) to be 
attained at the end of November. 
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3.2.2.4 Influence of the magnetic field 

Multipacting in a resonator is a strong function of the stray magnetic 
field produced by the two adjacent sector magnets. When the main 
pole-gap field was less than 0,6 tesla it was relatively easy to start 
the RF voltage, but as the magnetic field was increased it became 
progressively more difficult to start. Multipacting is associated with 
a layer of contamination (mainly oil) deposited on the RF surfaces 
during the various manufacturing processes. This layer can be removed 
by conditioning. The most suitable method was found to be as follows: 
start the RF voltage at 22,5 MHz with a relatively low magnetic field, 
then slowly increase the magnetic field in steps while observing the 
vacuum condition. With each step the vacuum gets poorer, but recovers to 
the previous value in ten to fifteen minutes. Residual-gas analysis 
shows strong peaks of mass 28 (carbon monoxide) and mass 44 (carbon 
dioxide) during conditioning. With voltage at 150 kV it required 4 
hours to condition both resonators up to the maximum pole gap field of 
1,25 tesla, at the end of November. Further conditioning at 26 MHz up to 
250 kV was done in April. This condltinlng is normally a once-cnly 
process and is not affected by venting of the resonators. Since this 
conditioning it has been much easier to start the voltage on the 
resonators. 

3.2.2.5 Stability 

The mechanical stability and repeatability of both resonators are 
excellent. Two auto-tune capacitors were provided to ensure adequate 
tuning range at minimum frequency, but in the upper frequency range only 
one is moved. Only 3 mm movement is required to keep the resonator 
tuned at 26 MHz while the power is increased from a very low level up to 
the maximum of 100 kW. The maximum thermal time-constant of the 
resonator is approximately 5 minutes, showing that the cooling system is 
effective. 

In the tested frequency range (12 - 26 MHz) the resonators operated in 
open-loop mode with short-term phase variation of less than 1 degree. 
When the phase control loop Is closed, variation is of the order of 0,1 
degree. Amplitude stability is also good, even with no amplitude 
stabilization, owing to the low noise figure of the power amplifier (-75 
dB). The amplitude and phase stability must still be verified with beam 
operation when the probes and scanners for beam extraction become 
available. 

3.2.3 Improvements 

The bellows which permit- the movement of the two large capacitors on 
each re3onator while under vacuum, were replaced by an improved type. 
This overcomes the instability problem described in the previous report 
{1}. Each capacitor unit requires four bellows. The resonator trolleys 
were modified to enable the bottom capacitor units to be removed without 
moving a resonator. With the aid of suitable lifting equipment any of 
the capacitors can now be removed and replaced within eight hours. 

Two of the four auto-tuning capacitors developed small water leaks at 
the hard-soldered joint between copper and stainless steel. The drive 
systems were removed and the leaks were repaired with better hard-
soldering material. 
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The finite-element analysis of the resonator structure, perforned in 
1980, predicted 2 mm tilting of the outer cylinders in the direction of 
the cyclotron centre. This was observed in practice and consequently 
the contact fingers at the rear end of the inner delta halves made 
insufficient contact. An additional strengthening beam was installed 
next to each outer cylinder on the side of the cyclotron centre as shown 
in figure 3. The outer ends of each beam press on the edges of the 
resonator chamber top plate. Bolts at the centre of the beam screw into 
existing holes for the outer cylinder and a vacuum port to provide a 
force that counteracts the tilting of the cylinders and the inner delta 
halves. It is now possible to have the cylinders exactly vertical after 
evacuation. 

The connection of the special "pushing chain" (shown in figure 2) to the 
bottom short-circuiting plate was modified to ensure that the pushing 
force is divided evenly between the two back-to-back chains forming a 
support system. It is also important that the two driving sprockets are 
accurately synchronized by the driving gears. When the force is equally 
divided, the chain extends to 2,4 m without touching any supports while 
lifting the 250 kg mass of the short-circuiting plate. 

3.2.4 Installation of the first extraction magnet 

Between January and March the top half of the west resonator was removed 
to permit the Installation of the first extraction magnet (SPM1). It is 
mounted on the bottom half of the inner-delta, with the services 
supplied through the inner cylinder of the bottom transmission-line. 
After removal of the central 30% of the roof beams, a support frame is 
used to remove the top half of the resonator. It just clears the 
remaining roof beams to allow the top half to be stored outside the SSC 
vault. Legs on the support frame prevent damage to the upper half of 
the inner delta, which is the lowest part of the top section. Removal or 
replacement of 30% of the roof beams take 3 hours while the top half of 
a resonator takes eight hours. Nearly all likely maintenance operations 
have now been performed on the SSC resonators. The necessary equipment 
is available and has been tested in practice. 

3.2.5 SSC power amplifiers 

3.2.5.1 Automatic tuning 

The SSC power amplifiers have three tuned vacuum-tube stages, capable of 
delivering 175 watts, 17,5 kW and 150 kW respectively. These are 
preceded by two broadband solid-state stages capable of 4 watts and 40 
watts respectively. The overall gain is controlled by means of an 
electronic attenuator which precedes the 4 watt amplifier. Adjustment 
of the various tuning elements (inductors and capacitors) is by means of 
dc motor servo systems. In general the auto-tune mode will be used, In 
which the amplifier follows an automatic tuning sequence in response to 
a "tune" command, under control of its internal logic. In fine tuning 
of the amplifiers, the servos respond to the outputs of phase 
discriminators and, in the case of the output stage, to a loading 
comparator. The gain is set automatically during tuning to give a 
nominal 150 kW output. Once tuned, the servos are disabled, and the 
amplifier behaves linearly, i.e. the output follows the input. 
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3.2.5.2 Tuning procedure 

The automatic tuning procedure relies on the presence of a good 50-ohm 
load at the amplifier output. It cannot be carried out on the 
resonator, and so, to retune the amplifier following a frequency change, 
It is necessary to transfer the output to the dummy-load (to facilitate 
tuning), and then back to the resonator. Both amplifiers have a two-way 
transfer switch, switching between resonator and dummy-load. The 
dummy-load has a similar switch, to switch between east and west 
amplifiers. Thus the amplifiers share the same dummy-load for tuning. 
The transfer-switches are interlocked to the amplifiers in such a way 
that the driver and final-stages are biased off during the transfer, as 
a precaution against instability and accidental damage to the switches. 

To facilitate resonator conditioning, the amplifier SWR trip circuit was 
adapted to respond only to a set level of reflected power, irrespective 
of the forward power level. The response level is set to about 15 kW. 
To date the amplifiers have performed reasonably well. 

3.2.5.3 Remote control 

The remote control of the amplifier involves an exchange of command and 
status data between the remote control area and the amplifiers, via 
fibre-optic cables. Two power amplifier control interfaces were 
designed and built in prototype form, to facilitate control from the 
basement control area. Each of these serves as a data format converter 
between the amplifier, (via the fibre-optic links), and the cyclotron 
control system, a timing generator to control the exchange, and a manual 
control panel. 

The data exchange timing is asynchronous with the microcomputer control 
system, exchanging a set of data about every 6 ms. New command data may 
be strobed into the control interface at any time by the microcomputer 
via the rf-system control module, or entered from the front panel in 
manual mode. Status data Is available to the control system via a CAMAC 
24-bit change-of-stcte register. 

To date, the remote control system has performed well in "manual" mode, 
but full computer control has not yet been attempted. 

3.2.5.4 Phase and amplitude control 

Most of the equipment for phase and amplitude control Is identical to 
that used for the injector cyclotron (SPC1) and has been completed. The 
control of the auto-tuning capacitors is slightly different because two 
capacitors are used per resonator while there is only one per resonator 
for SPC1. The principle of control is however exactly the same. 

The SABUS microcomputer runs with a control program very similar to that 
for SPC1: consequently the control of the SSC rf system from the 
control consoles will be easy to implement. This will be done shortly. 
The resonator voltage signals will also be relayed to the main control 
room where they can be monitored on oscilloscopes to provide quick 
verification that the RF systems are operational. Automatic restarting 
will be implemented shortly to permit easy and unattended operation. 

Reference 

1. National Accelerator Centre Annual Report NAC/AR/85-01 (CS1R.1985) 
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Fig. 1 The east SSC resonator positioned hatveen the adjacent sector 
magnets. The RF power cable is on the left. Above the upper 
outer cylinder is the positioning nechaniBtn for the top 
short-circuiting plate and above it the SSC roof beams. 
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Fig. 2 A close-up of the free-standing part of one of the two chains for the positioning of the top 
short-circuiting plate. On the right is a pulley tensioning the movable cooling water pipe. The 
pulley is supported by a sprocket which rolls when the chain is moved. The fixed ends of the 
chain and the cooling pipes are at bottom left. The reduction gearbox for the positioning 
sprockets is on the left and the roof beams are visible in the background. 
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Fig. 3 The top of the SSC resonator chamber as 3een from the central 
region. The adjustable support beam is in front of the large 
outer cylinder. The cylindrical brace between the two sector 
magnets also helps to support the resonator. 
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3.3 Vacuum System 

Summary: The vacuum system of the SSC has been commissioned during the 
past year, and the cyclotron was evacuated successfully for 
the first time in September 1985. The operating pressure 
(~10~l* Pa) required for the first SSC beam has been reached 
with encouraging ease, although only a preliminary pumping 
system was installed at that stage. The good vacuum 
properties of the SSC were confirmed later, when all available 
pumps were installed and the system was fully operational. 
These properties can be attributed to a nearly leak-free 
system, the low outgassing rates apparently achieved for all 
surfaces which are exposed to the vacuum, and to the excellent 
performance of the pneumatic expansion seals between the eight 
separate chambers forming the vacuum envelope. 

The most serious set-back was experienced when it was 
established that the two large 6,5 m /s turbo-molecular pumps 
cannot be used on the SSC as originally planned, owing to 
excessive vibrations which damage delicate equipment Installed 
in the chambers. Fortunately these pumps are not necessary at 
present during normal operation, and they will be replaced 
with 2 m /s turbo-molecular pumps as soon as possible. Only a 
few leaks have had to be repaired on the SSC up to now, and an 
operating pressure in the 10" Pa range can be achieved 
regularly. After initial interference arising from a 
high-voltage power supply for the electrostatic extraction 
channel, the vacuum control system now gives trouble-free 
service. 

3.3.1 Vacuum envelope 

Our activities concerning the vacuum envelope of the SSC have Included 
mainly leak-testing and assistance with the installation of the 
resonators, the valley vacuum chambers and the many components inside 
them. Use is made of various types of metal seals wherever possible, 
and when the joints can be regarded as permanent. This has definitely 
contributed to the good vacuum performance of the SSC (see figure 1) and 
has the additional advantage that the sealing properties will not 
deteriorate during operation as a result of radiation damage. Some 
poorly soldered joints between stainless-steel and copper pipes have 
been found to be prone to sudden failure and leaking, and one such leak 
delayed operation of the SSC for some time. 

Installation and operation of the eight pneumatic expansion seals 
between the magnet vacuum chambers and adjoining resonators and valley 
vacuum chambers did not cause serious problems. When all chambers were 
in position the pneumatic stainless steel cushions were inflated with 
argon gas to 150 kPa (gauge), and the space between the two (inner and 
outer) 0-rings forming the guard vacuum on either side of the cushions 
(see figure 2) was evacuated to test each seal for leak-tightness. Two 
seals on the extraction (north) chamber leaked at the beginning, because 
the 0-rings had been forced out of their retaining strips when the 
chamber was lowered into its final position during installation. 

The guard vacuum is now about 50 Pa under typical operating conditions, 
for which the pneumatic pressure in the cushions is reduced to 100 kPa 
(gauge). Small leaks between the atmosphere and the guard vacuum still 
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exist, but have no influence on the pressure In the SSC. They are 
probably caused by vulcanised joints in the O-rings, «here the disaster 
of the cross-section is only 9 aa in soae cases instead of 10 an as 
elsevhere. The seals are operated manually at present froa a local 
control panel in the SSC-vault. A reaote control panel has been 
developed and Is now ready for installation. 

3.3.2 Vacuua puaping systea 

The following puaps are now installed for evacuating the SSC: 

- four 120 a /h two-stage rotary-vane puaps 
- four 350 a /h roots puaps 
- four 2 a /s turbo-aolecular puaps (2 per resonator) 
- two 5 a /s cryopuaps (1 per valley chaaber). 

One of the turbo-puaps does not coae up to speed at present and aust.be 
repaired. Two 50 A/s turbo-aolecular puaps backed up by two 16 a /h 
rotary vane puaps are used for regenerating the cryopuaps and to 
evacuate the parking chaabers of the bean diagnostic systea. A further 
four 16 a /h rotary-vane puaps are used to provide the guard vacua for 
the pneuaatic expansion seals and various sliding seals of the beaa 
diagnostic equipment and on the resonators. 

The rotary-vane puaps are used for evacuating the SSC froa ataospheric 
pressure (10 Pa). When the pressure reaches 7000 Pa the roots puaps 
are switched on and at 50 Pa the turbo-puaps are started. The pressure 
is then reduced to about 5 x 10 Pa before the cryopuaps are 
introduced. The vacuua in the low 10 Pa range required for 
switching on the resonators and electrostatic extraction channel can 
usually be obtained after 30 to 40 hours of puaping down froa 
ataospheric pressure. When the copper surfaces inside the resonators 
have been cleaned sufficiently of water vapour after two to three days 
rf-operation, the pressure is well below 10~ Pa in all parts of the 
SSC. Under these conditions the two cryopuaps are sufficient to 
aalntain the vacuua required in the SSC, because they also puap the 
resonators through the aperture of each aagnet vacuua chaaber which has 
a conductance of 2 a /s. 

Figure 3 shows a rotary-vane and roots puap set used for evacuating the 
SSC and backing the two turbopuaps installed on a resonator. One of 
these turbopuap stations is shown in figure 4. The arrangeaent aakes 
provision for vibration-decoupled support of the turbopunp and for 
adding a large cryopump should this become necessary when heavy ions are 
accelerated in the SSC. Figure 5 shows the cryopunp Installed on top of 
the extraction valley chaaber, as well as the saall turbopunp used for 
regenerating the cryopunp. The two helium coapressors for the cryopuaps 
will be noved to the basement of the SSC vault as soon as the required 
flexible pipes for extending the helium lines have been delivered. 

3.3.3 Vacuun control system 

The nlcroprocessor-based vacuum control system has been Installed and 
commissioned (see figure 6). The mimic panel gives the status of the 
pumps, valves and pressures at various points at a glance, and the 
equipment can be operated in either manual or automatic node via the 
keyboard. The steps to be keyed in for evacuating the SSC automatically 

http://aust.be
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are as follows: 

Select: Reatote-Panel, Auto-node, Program 8, Execute. 

In the manual node any puap can be svitched on and off and any valve 
opened and closed, provided there is no interlock preventing it. 

The vacuum control system has given reliable service during the last 9 
months. Recently the control electronics «as damaged by high voltage 
Interference which occurred when the electrostatic extraction channel 
(EEC) was being commissioned. The vacuum control system has been 
repaired, and the problems have not recurred, since another pover supply 
is now being used for the EEC. 
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Fig. 1 Pressure reduction during the f irs t evacuation of the SSC. 
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Fig. 2 Stainless steel cushion to compress O-rings between vacuum 
chamber flanges of the SSC. 
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Fig. 3 Rotary-vane and roots pump set used for evacuating the SSC and 
for backing turbomolecular pumps. 
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Fig. 4 Turbomolecular pump station on west resonator. 
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Fig. 5 Turbomolecular pump under north valley. 
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Fig. 5 Cryopump on the north valley vacuum chamber. 
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Fig. 6 The SSC vacuum control 
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3.4 Injection 

Summary: During the past year the central region of the SSC was finally 
installed with ail its services. The magnetic inflection 
channel (MIC) was assembled and mounted onto its driving 
mechanism. Magnetic field measurements were carried out to 
determine the effect of the MIC on the sector magnet field. 
All the individual items and components were tested under 
operating conditions and the first bean was successfully 
injected into the SSC. From the first operating experiences 
one can conclude that the injection system functions as 
anticipated and that the commissioning phase has thus come to 
an end. 

3.4.1 The central region components 

The final assembly and installation of Che central region assembly of 
the SSC together with all the electrical power and signal connections as 
well as the cooling water and pneumatic supplies has been concluded. We 
are satisfied with the performance of all the magnetic and diagnostic 
components under real operating conditions, i.e. with beam injected into 
the SSC. Figure 1 gives an impression of the crowded central region. 

Spare coils are now on order for the first and second bending magnets in 
this area. 

The harp in front of the magnetic inflection channel was also installed 
and proved to be a very valuable device during beam injection. 

3.4.2 The magnetic inflection channel (MIC) 

During the previous winter the MT.C was astentbled and installed in the 
pole-gap of one of the sector magnets, and mounted onto its driving 
mechanism. Some minor alterations to the routing and fixing of the 
power cables and cooling water pipes were carried out to facilitate 
easier installation of the MIC and to make better use of the limited 
available space. 

Magnetic field me&surements were carried out to study the influence of 
both the active and the passive magnetic field components of the MIC 
field on the field distribution of sector magnet SMI. Some of the 
results are illustrated in figures 2 to 5. The MIC decreases the field 
over the sector magnet pole area by less than initially anticipated, 
i.e. typically by a maximum of 2 mT for a 1,25 T base field at a radius 
of 1,5 m on the magnet centre-line. Calculations are presently being 
carried out to determine the effect of these field distortions on the 
beam orbits. 

Compensating techniques will most probably have to be implemented, e.g. 
specific booster-coil current settings to compensate for such a first-
harmonic field component. 

After the initial beam acceleration trials the MIC was removed from the 
pole-gap to improve the protection frota the beam provided for the coil, 
and the cable routing of the 12 beam current measurement cables from 
collimators and liners to the vacuum feedthrough. At the same time 
thermistors were mounted onto toe MIC supply conductors (inside the 
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vacuum enclosure) to monitor the extreme coil tettperatures; these 
signals are also used as hardware Interlock, signals to the MIC power 
supply if a certain temperature threshhold is exceeded. This removal of 
the MIC oroved aiso the feasibility of taking It out as well as 
reinstalling it through the valley vacuum chamber while both the chamber 
and ttx» east resonctor are in their position and bolted to the magnet 
vacuum chamber. It was evident, however, that half of the central 
region has to bfc removed in order to have easy access from the outside 
to *he MIC drive and vacuum feedthrough flange. 

The hydraulic drive mechanism has been successfully tested under vacuum 
and with full MIC and sector magnet power. Slight modifications will be 
made to the hydraulic powar pack for easier maintenance. 

The electronic stepping motor driver and position controller for the MIC 
has been installed in the SSC electronics area, and the MIC position can 
be set either locally, or with th* microprocessor which is now linked to 
the air.lcoaputer for direct control froo the control room. 

The MIC power supply Is now also under computer control and its setting-
up procedure, which is similar to that of the trim-coils, is 
incorporated into the computer program defining the sector magnet field 
setting procedure. 

A spare MIC, complete with collimators, liners etc-, is presently being 
assembled. 

3.A.3 Commissioning of the bean injection system 

After the initial trials to inject the beam through the injection valley 
vacuum chamber into the central region it became evident that another 
small steering magnet was necessary at the end of the transfer beamllne 
after the last quadrupole triplet. With the addition of this steerer 
(made ln-house) the beam could be directed through the injection 
collimator. 

The first evidence of successfully injecting a beam into the SSC was 
recorded on the 1st October 1985 when a lpA beam current was measured on 
the beam stop in its Innermost position. Some very exciting days were 
experienced until the eventual climax when at 23hl5 on Wednesday the 9th 
October 1985, a lpA proton beam was injected and accelerated for the 
first time out to the extraction radius to an energy of 66 MeV. (This 
is the beam energy required for applications such as neutron therapy and 
isotope production). This historic event took place only 14 days after 
the initial pump-down of the SSC ring. 

During the first beam acceleration trials we Injected 3,15 MeV protons 
(for acceleration up to 66 MeV) with a maximum available dee voltage at 
that stage of only about 70 kV. We thus had to make use of precessional 
injection in order to Increase the orbit separation to clear the MIC 
after the first turn; this can be clearly seen from the plots of the 
orbit distributions illustrated in section 3.6. However, during the 
8 MeV proton beam injection (for acceleration to 200 MeV) the maximum 
dee voltage of about 250 kV at extraction was available and thus allowed 
us to obtain the required 43 mm orbit separation at the MIC exit. 

After the first few hours of beam injection into the SSC we dare to 
conclude that our concept of only a limited number of injection channels 
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with a wide acceptance - the MIC has a gap width of about 50 mm -
(contrary to other separated-sector cyclotron injection systems), proved 
to be the right choice. Without much optimizaton virtually 100Z beam 
transmission is achieved through the Injection system. We are 
furthermore very pleased with the stability, repeatability and ease of 
operation. The latter is mainly due to the diagnostic devices (harps 
and scanners) in the central region and the ability to measure the 
intercepted beam currents from the MIC collimators and liners (i.e. 
altogether 12 possible beam current measurements). 
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Fig. 1 A view of the crowded central region of the SSC as seen from 
the top of the injection valley vacuum chamber. As the beam 
enters the central region it is first bent by 18* to the left 
by bending magnet BM1 and then by 88* to the right by bending 
magnet BM2 before entering the magnetic inflection channel in 
the pole-gap of sector magnet SMI (upper right). The 
remainder of the central region vacuum enclosure is mainly 
occupied by a harp in front of BM1, a beam profile scanner and 
capacitlve phase probe between BM1 and BM2, and a second harp 
between BM2 and the MIC. 
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distribution along the centre-line of sector aagnet SMI (i.e. 
outside the MIC). The solid line is the measured field 
distribution of a 1,25 T base field without the MIC Installed 
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to the two extreme positions of the MIC, for the injection of 
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The field deviation due to the presence of the MIC in the 
pole-gap of SMI, measured along the centre-line of the sector 
magnet at a base field of 1,25 T. Positions 1 and 2 of the 
MIC are as defined In figure 2. 
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Fig. 4 The Magnetic field distribution along the centre-line of SMI 
required for the acceleration of 100 MeV protons (solid line). 
The Magnetic field disturbance due to the corresponding MIC 
field «as measured at four different points along the hill 
centre-line. The saall increase in the sector aagnet field 
(without the MIC) at radii smaller than 1500 • is due to the 
first two triat-colls being omitted from this sector magnet. 
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Fig. 5 The excitation curve of the MIC (active component only). For 
the injection of 8 MeV protons an active MIC field of about 
0,22 T is superimposed onto a 1,07 T passive field due to the 
MIC shims in the sector magnet field. 



56 

3.5 Extraction 

Summary: During the past year the completion of the extraction system 
received high priority. The electrostatic extraction channel 
(EEC) and the first and second septum magnets (SPM1 and SPM2) 
have been manufactured, installed and tested. Field 
measurements were carried out on SFM1 and SPM2. We are very 
satisfied with the performance of all three extraction 
components. The power supplies for these components have been 
delivered and tested. Voltages up to 120 kV were achieved 
across a 15 mm gap in the EEC, and current densities up to 
180 A/mm in the septum conductors of SPM2 did not pose any 
cooling problems. We expect that beam extraction from the SSC 
can be accomplished during the next beam acceleration trials 
in the near future. 

3.5.1 The electrostatic extraction channel (EEC) 

During the past year all the components for the EEC (as described in 
previous Annual Reports) were manufactured and the whole channel was 
assembled. Special attention was paid to the detail design of the EEC 
copper collimators, which have to dissipate up to 10 kU of beam power 
(see section 3.6). Figures 1 to 3 show the assembled electrostatic 
extraction channel. 

Extensive vacuum and electrical tests on the EEC were carried out in the 
test vacuum chamber in the laboratory. The protection cover, housing 
the high-voltage vacuum feed through and the last section of the high-
voltage supply cable, were modified (i.e. the housing dimensions were 
increased and better insulating material was used) to withstand the 
high-voltage requirements. 

During the Initial electrical conditioning phase, the discharges mainly 
occurred across the BeO Insulators. The conditioning was carried out 
with a 15 mm gap width between the septum and cathode, and the maximum 
output of the high-voltage power supply, i.e. 120 kV, was reached after 
only about 12 hours. This voltage could be maintained without sparkover 
and with leakage currents lower than 5 uA. Special care was taken to 
limit the energy of the discharges during conditioning by using a very 
short supply cable between the damping resistor and the EEC. The 
calculated electrostatic field of the EEC for the extraction of 200 HeV 
protons is 50 kV/cm (i.e. for the maximum gap width of 15 mm the voltage 
must be 75 kV). We are thus very pleased with the high-voltage 
performance of the EEC. 

The driving mechanism (with four independent drives) was tested under 
vacuum conditions and operated to our full satisfaction. 

The EEC has now been Installed on the SSC valley vacuum chamber and the 
high-voltage supply, via the 5 NQ damping resistor, has been connected. 
All other services required for the EEC, e.g. cooling water, cables for 
position control and beam current measurement etc., have been 
installed. We started with high-voltage tests on the EEC in its final 
position but these had to be temporarily postponed when problems arose 
with interference (i.e. voltage surges) induced In other cables (e.g. 
cables connected to vacuum and diagnostic equipment) during high-voltage 
discharges. A number of proposed remedies have been carried out and we 
are now on the verge of recommencing the high-voltage tests. 
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3.3.2 The first septum magnet (SPH1) 

Extensive magnetic field measurements were carried out on SPMl during 
winter last year. Measurements were taken at various excitation 
currents with and without the magnetic shield. The power supply for the 
magnetic inflection channel (HIC) had to be used during these tests, 
because of a delay in the delivery of the SPMl power supply (which only 
arrived at the end of last year). The magnetic field distribution along 
the gap centre-line in the median plane, as well as the effective length 
of the magnet is illustrated in figure 4. Although the iron is only 
300 mm long the effective length Is about 330 mm. The excitation curve 
of SPMl is shown in figure 5. Since we do not envisage that flux 
densities higher than 0,2 T will be required for SPMl, a hard-wired 
limit of 800 A was set on the SPMl power supply (which can actually 
deliver 1000). The homogeneity inside the magnet and the stray field 
outside the septum conductors is illustrated In figure 6. The 
homogeneity is better than 99Z over the available gap width and the 
stray field is typically <5 mT for the extraction of 200 MeV protons. 
We are pleased with these results which correspond well with our initial 
computed design values carried out with the computer program VEP02. 

The SPMl scanner was delivered and mounted onto the magnet. The 
scanner's dc motor is Indirectly water-cooled. The SPMl entrance 
collimator has been designed, manufactured and mounted. The stepping 
motors for the entrance and exit drives also have a water-cooled jacket 
around them as they must operate In vacuum. All services (cooling 
water, supply conductors, signal cables etc.) have been installed in the 
inner transmission line and the Inner delta of the west resonator. The 
magnet has been aligned and the encoder values calibrated. The 
assembled SPMl with its drives and supply of services inside the inner 
delta is shown in figure 7. 

Of initial concern was always the heating of the stainless-steel cooling 
water couplings and the flexible braided-copper leads, both of which 
were designed to carry the maximum supply current of up to 1000 A in 
vacuum. Despite the fact that the temperature of these cooling-water 
couplings (which were specially modified with a copper sleeve to carry 
the supply current) exceeded 100*C for a supply current of 1000 A, we 
used this method because of the very limited space inside the inner 
delta. The heat dissipated in the short flexible braided-copper leads 
which allow movement of the magnet, has to be conducted to water-cooled 
copper blocks at both ends, as it is impractical to cool these flexible 
leads directly. Temperatures up to 150*C were recorded at the middle of 
these leads for an excitation current of 800 A. We considered this to 
be still acceptable. A graph showing the temperaures recorded at 
various critical locations is illustrated in figure 8 for the whole 
excitation range. Thermistors were installed to monitor the upper and 
lower coil halves (at the cooling water exit) and a hardware alarm has 
been implemented if the coil temperature reaches 50 *C. The temperature-
control electronics has been manufactured and installed and is 
operational. 

The operation of the magnet and driving mechanism has been tested under 
rf and vacuum conditions. The positioning of the magnet is now also 
under microprocessor control. 

During recent repair work on a vacuum leak at a soldered joint on the 
magnet we were able to confirm that the magnet with its scanner can be 
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taken out of the SSC through the pumping port at the rear of the 
resonator, leaving the base plate and the drives behind. This was an 
important test, as otherwise some roof beams have to be removed in order 
to lift the upper half of the resonator for access to the magnet. 

3.5.3 The second septum magnet (SPM2) 

During the past year much attention was devoted to this magnet because 
it was the last outstanding component needed to extract the beam from 
the SSC. The detail design of this magnet with its support and drive 
mechanism was completed. The coil as well as the other major components 
were manufactured locally and assembled in our workshop. The assembled 
magnet is shown in figures 9 and 10. Particularly difficult were the 
numerous vacuum-tight solder joints to insulators, manifolds and to 
different conductT shapes, especially because of their close proximity 
to each other. It should be noted that each of the 18 electrical turns 
is individually water-cooled with the inlet water manifolds inside the 
vacuum enclosure and a separate vacuum feedthrough for every cooling 
circuit to allow us to monitor its water flow. 

In addition to these joints, a small copper housing for thermistors had 
to be soldered onto the outlet conductor of each cooling circuit. These 
thermistors will be used to monitor the outlet water temperture near to 
the coil inside the vacuum. The temperature control electronics has 
been manufactured (see section 6.2) and installed. A hardware interlock 
signal is sent to the SPM2 power supply if a certain temperature 
threshhold is exceeded. 

The 2000 A, 80 V power supply for SPM2 was eventually delivered in March 
1986, a few months overdue because of manufacturing difficulties. After 
final water-flow and vacuum tests the magnet was connected to its power 
supply for magnetic field measurements and power tests. These were 
carried out in the basement of the SSC vault where all the services were 
already available. 

The measured excitation curve for the magnet is shown in figure 11. 
Since the required flux density for the extraction of 200 MeV protons is 
0,94 T, we have set a hardware limit of 1800 A on the power supply, as 
it is unlikely that a flux density larger than 1,4 T will ever be 
required. Detailed studies of the magnetic field measurement results 
are in progress. The magnetic field distribution at the magnet entrance 
is illustrated in figure 12 for an excitation current of 1400 A. The 
magnetic field distribution in the median plane along the pole-gap 
centre-line and the effective length of the magnet are shown in figure 
13. The radial field distribution in the pole-gap as well as the stray 
field just outside the septum is illustrated in figure 14. The field 
homogeneity in the available pole-gap is better than 99%; this and the 
magnitude of the stray field correspond with the initial design values 
computed with the program VEP02. 

For an excitation current of 1800 A the current density in the 
4 mmx 4 mm water-cooled septum conductors is about 180 A/mm . We were 
very pleased that no cooling problems were encountered at these 
exceptionally high current densities. For an average water flow of 
about 3,7 X/min in each cooling circuit, the temperature Increase of the 
cooling water (between inlet and outlet) is about 35'C for an excitation 
current of 1800 A (i.e. 90% of the maximum power supply output). 
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The magnet has now been mounted onto the rear wall of the extraction 
valley vacuum chamber (see figure 15) and all services to the magnet and 
its drive mechanism have been connected. The SSC was pumped down 
without any major leaks in the magnet assembly. 

The second septum magnet is therefore ready for beam extraction. 

A spare coil and yoke parts for a spare SPM2 have been delivered. The 
manufacture of the remaining components and assembly of a spare SPM2 has 
been planned. 

3.5.4 Present status 

All the extraction components have now been installed in the SSC and 
linked to their respective power supplies and services. All the 
stepping motor driver modules are operational. All other signal cables 
for beam current measurement from collimators and liners and for 
temperature measurement have been installed and linked to their 
respective electronic modules on the mezzanine floor. 

We expect to close the SSC and to pump down again before the end of June 
1986. The first beam we plan to extract is the 66 MeV proton beam used 
for neutron therapy and isotope production. Some beam-centering 
optimization still has to be carried out at injection to ensure 
favourable conditions for beam extraction. 
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Fig. 2 A view of the exit side of the EEC showing the chrome-plated 
copper cathode supported by four BeO insulators as well as the 
septum foil strips and tensioning mechanism. The long 
beryllium-copper springs at the top and bottom will pull the 
foil strips away from the median plane (and thus from the gap) 
in the event of breakage. 
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Fig. 3 The EEC installed in its final position on the injection 
valley vacuum chamber. The Independent drive mechanisms, the 
cover housing the high-voltage feedthrough as well as the 
high-voltage damping resistor (on the floor) are clearly 
visible. Part of the transfer beamline from SPC1 can be seen 
on the right hand side. 
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Fig. 4 The magnetic field distribution measured in the median plane 
along the pole-gap centre-line of the first septum magnet, 
SPMl. The length of the iron (i.e. 300 mm) as well as the 
effective length of the magnet (i.e. about 330 mm) is shown 
diagrammatically. The respective excitation current is 700 A. 
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Fig. 5 The excitation curve of SPMl is denoted by the solid line. The 
dotted line represents the theoretical excitation curve assuming 
an infinite magnetic permeability. 
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Fig. 6 The magnetic field distribution in the pole-gap of SPMl, i.e. between the septum conductors and the 
return conductors, is shown with and without the magnetic shield (left). The homogeneity is better 
than 99%. The effectiveness of the magnetic shield in reducing the stray field just outside the 
septum is clearly illustrated (right). For both cases the excitation current is 700 A. 



SPMl and Its drive mechanism and base plate, mounted on a stiffening rib on the bottom half 
of the inner delta of the west resonator. The scanner unit is mounted on top of the magnet 
with scanner blades at the entrance and exit. The entrance is protected by a water-cooled 
copper collimator. The entrance and exit drive mechanisms are shown in the foreground, while 
the flexible cables for the supply current as well as the bellows for the cooling water are 
shown to the left of the magnet. 
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Fig. 8 The temperature of cooling water measured at various points 
versus the excitation current of SPMl: at the exit of the upper 
(Tj) and lower (T2) cooling circuits, the current-carrying 
stainless steel cooling-water couplings of the upper (T 3) and 
lower (Ti,) cooling circuits of the coll, as well as the maximum 
temperature of the flexible bralded-copper leads associated with 
the upper (T5) and lower (Tg) coil halves. The water flow in 
the upper and lower cooling circuits was 2,46 A/min and 
2,64 Jl/mln, respectively. 



Fit,. 9 The assembled SPM2 seen from its entrance side. Note the pivot for the rotational motion below 
the water-cooled copper collimators at the magnet entrance, and the drive mechanism outside the 
vacuum enclosure (left). The copper adaptors between the septum conductors and the larger return 
conductors can be clearly seen for each turn. The coil is held in the pole-gap by a solid clamp, 
which also holds the water-cooled outer liner and the magnetic shield in position. 
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Fig. 10 A view of the exit side of SPM2 with its linear and rotational 
drive mechanisms. Note the flexible bellows carrying the 
outlet cooling-water of the 18 individual cooling circuits and 
the terminals for the flexible power cables and the inlet water 
manifold (far right). 
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Fig. 11 The measured excitation curve for SPM2 (solid line) and the 
theoretical curve (dotted line) assuming infinite magnetic 
permeability for the iron. Even at 1800 A these two curves 
differ by only 2%. Approximately 1200 A is required for 
extraction of 200 MeV protons. 
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Fig. 12 A three-dimensional representation of the magnetic field 
distribution for an excitation current of 1400 A, measured at 
the SPM2 entrance. The position of the septum, separating the 
pole-gap field and the stray field outside the magnet, is 
illustrated diagrammatlcally. The stray field is minimized by 
means of a 1 mm thick, high-permeablllty magnetic shield 
clamped to the outside of the septum and protected by the outer 
water-cooled copper liner. 
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Fig. 13 The magnetic field distribution of SPM2 measured along the pole-gap centre-line in the median 
plane of the magnet. The relative position of the iron pole and the effective edges are 
illustrated diagrammatlcally. The excitation current is 1400 A. 
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Fig. 14 The radial field distribution (left) measured in the pole-gap of SPM2 (i.e. between the septum and 
return conductors) for an excitation current of 1700 A. The field homogeneity is better than 99,5% 
across the available gap width, as expected. The stray field just outside the septum is shown for 
various excitation currents (right). The magnetic shield saturates at high magnet excitations 
resulting in a higher stray field, but which is still better than expected. 
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Fig. 15 View of the extraction valley vacuum chamber. From the right 
i.e. the direction of the beam, we have: 

(i) a viewing port onto which we will eventually mount the 
extraction probe, 

(ii) the big flange onto which the second septum magnet is 
mounted with all its cooling-water supplies, 

(iii) the multi-head probe with its semi-transparent cover, 

(iv) the extraction collimator flange (with counter-weight) 
mounted onto the big flange which will actually carry the 
stationary phase probes, and 

(v) part of the first bending magnet in the high-energy 
beamline on the far left. 
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3.6 Beam Diagnostics 

Summary: Good progress has been made during the past year with the 
implementation of a beam diagnostic system, many components of 
which were used during the first beam acceleration trials in 
the SSC. The diagnostic components in the central region have 
been installed and linked to their respective electronic 
systems. The multi-head probes and the beam stop have been 
manufactured, installed and tested under operating 
conditions. An injection collimator has been designed and 
installed. The axial graphite collimators were mounted inside 
the north valley vacuum chamber. An extraction collimator was 
designed to dissipate up to 10 kW of beam power, manufactured 
and installed. All the collimators in front of the various 
extraction components have been mounted. The scanner on the 
first septum magnet was delivered, together with its 
electronic system; both have been installed and are 
opratlonal. The detail design of two Identical extraction 
probes (harps) is nearing completion. The main beam current 
measurement system has been manufactured and implemented, 
while the development of a current measurement system for the 
harps of the extraction probes is underway. Excellent 
performance was obtained in tests with the beam phase 
measurement system. The closed-circuit TV system is 
operational. 

3.6.1 Central region beam diagnostics 

Two harps, a beam profile scanner and a capacitlve phase probe have been 
installed in the central region of the SSC (see figure 1 of section 
3.4). All the signal cables and services (i.e. compressed air supply 
etc.) have been installed. These components have been used regularly 
during beam injection, and contributed greatly to the ease with which 
the injection system operates. 

All cables have now been laid to allow us to operate the MIC from the 
'high-energy' electronics area, since only a maximum of 8 harps can be 
serviced from the low-energy harp electronics. 

3.6.2 Multi-head probes and beam stop 

The location and oositioning requirements of these probes as well as the 
functions of the various heads»have been described in previous Annual 
Reports. During the past year the detail designs of the probe-heads 
(i.e. the 3-finger differential head, the tomography head, the 
four-finger probe-head, the capacitive phase probe as well as the 
beam-stop head) have been completed. The drive, support mechanism and 
all the probe-heads were manufactured, installed, aligned, calibrated 
and tested (see figures 1 to 3). The alignment of the drives with the 
two Independent sets of rails with a total length of about 8 m inside 
and outside the vacuum chamber, as well as the alignment of the rails In 
the parking chamber and the gimble and the rear shaft support had to be 
carried out very carefully, since any misalignment impedes the 
rotational motion of the shaft. 

During the first beam trials in the SSC in October last year, only the 
beam stop and the second multi-head probe (without the four-finger 
probe) were installed. The first multi-head probe (i.e. the one in the 
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south valley) and all the remaining heads were installed during the last 
few months. 

The electronic stepping motor drivers and control modules have been 
installed (see figure 6 of section 6.2) and the probes have been driven 
regularly in local mode during beam trials. They can now also be 
controlled via the local microprocessor or from the control console in 
the control room. 

A hardware interlock has been implemented to avoid rotation of the two 
probe-heads if the beam stop is not driven in fully, or conversely, to 
prevent the beam stop from being driven out if a probe-head has not been 
rotated into the beam plane. This prevents possible damage to the 
various probe-heads under operating conditions. 

The second multi-head probe and the beam stop were used during the first 
acceleration of protons to 66 and later 200 MeV. We are very pleased 
with their operation and performance. The first beam ever accelerated 
in the SSC, i.e. the 3,15 MeV proton beam accelerated to 66 MeV, is 
shown in figure A, whereas the first 8-to-200 MeV proton beam 
accelerated is illustrated in figures 5 and 6. For both runs the beam 
was taken out up to the extraction radius with the beam stop. The beam 
intensity was deliberately limited to 1 |jA to minimize the activation of 
the machine. During both runs little time was devoted to obtaining 
centred orbits - this is a major task lying ahead, in order to optimize 
the beam for extraction. 

During the acceleration of a proton beam to 66 MeV we unfortunately 
could not increase the rf voltage to more than 70 kV. This necessitated 
precessional injection in order to increase the orbit separation 
sufficiently to clear the MIC coil on the first turn (the orbit plot in 
figure 4 displays this clearly). The main sector magnet field had to be 
lowered by an equivalent of 0,3% of the main coil current to ensure beam 
acceleration up to the extraction radius. 

During the first proton beam acceleration to 200 MeV (see figure 6) we 
unfortunately selected Incorrect booster-coil currents with differences 
of up to 11 A, which must have resulted in large beam oscillations. We 
conclude that this may have been one of the main reasons for the 
poorly-centred orbit pattern and the fact that we lost about 60% of the 
accelerated beam over the last 5 mm before the beam stop at the computed 
extraction radius. The main sector magnet field again had to be lowered 
from Its initial compu.sd setting by about 6 gauss (equivalent to 0,5% 
main coil current) in order to ensure continuous beam acceleration up to 
the extraction radius. The reason for this is explained in more detail 
in section 3.1. 

3.6.3 The Injection collimator 

After leaving the transfer beamline the beam is guided by the last 
steering magnet (and to a certain extent also by the main sector magnet 
stray field) through the valley vacuum chamber into the central region. 
A collimator was designed, manufactured and installed inside the valley 
vacuum chamber in front of the port leading to the central region vacuum 
enclosure (see figure 2). The collimator is made of 10 mm thick 
graphita pieces bolted onto a copper base with an intermediate boron 
nitrite sheet to provide the necessary electrical Insulation as well as 
a good heat conduction path. The intercepted beam current can be 
measured from each of the 10 graphite sections. The collimator is not 
water-cooled. We were very satisfied with its performance. 
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From the outset we considered this collimator design to be only an 
intermediate solution as we were aware that it would only suffice for 
beam intensities of a few uA. The necessary man-power will in due 
course become available in the drawing office and we have already 
scheduled the design of a water-cooled collimator. This will also have 
an adjustable vertical gap width to intercept the beam pulses deflected 
by the pulse selector at the end of the transfer bearrline. 

3.6.4 The axial graphite collimators 

The design of the axial graphite collimators has been described in the 
previous Annual Report. They have now been manufactured and mounted 
symmetrically about the median plane against the inner side wall of the 
extiaction valley vacuum chamber as shown in figure 7. The axial gap 
was set to 26 mm. Each of the 10 pairs of indirectly water-cooled 
graphite blocks is insulated and linked to the current measurement 
system. Initial difficulties were experienced with poor insulation 
resistance of the anodized aluminium clamps due to bad anodization 
techniques. 

3.6.5 The extraction collimator 

The ex.'.action collimator is situated in front of the 100 mm diameter 
port through which the beam leaves the extraction valley vacuum chamber 
after fin«il deflection by the second septum magnet (see figure 8). The 
collimator consists of four well-cooled copper blocks with an aperture 
of 26 mm x 50 mm at the centre, as shown in figure 9. It is supported 
from a small flange which is mounted onto the big phase-probe flange, 
which will eventually carry the stationary phase probes in the SSC. 
This collimator has been designed, manufactured and installed. 

Extensive cooling calculations were carried out with a computer program 
to ensure sufficient cooling for the various beam requirements e.g. for 
100 uA of 100 MeV protons with a 13 mm penetration depth, as well as for 
10 |jA of 200 MeV protons with a 43 mm penetration depth In copper. 

3.6.6 Collimators for the injection and extraction components 

All these water-cooled copper collimators have been manufactured and 
installed. In addition, a copper plate was welded onto the left and 
right entrance collimators of the MIC to provide better protection for 
the coll, as some blackening due to beam interception had already 
occurred on the exposed MIC coil. 

Three-dimensional cooling calculations were carried out with a computer 
program (which solves the 3-dimensional Poission equation for the 
dissipation of heat) in order to optimize the cooling duct configuration 
in these collimators for various beam intensit'es and penetration depths 
of the ion beams. In this way the maximum tei.peratures were lowered to 
acceptable levels. 

Figures 10 to 12 illustrate some Interesting results of these cooling 
calculations. 

3.6.7 Scanner on the first septum magnet 

The beam position scanner specially designed for the first septum magnet 
SPM1 has been delivered and mounted as shown in figure 13 (see also 
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section 3.5.2). The complete unit is now installed inside the inner 
delta of the west resonator. The beam scanner electronics, which drives 
the scanner as well as collects, processes and stores the beam signal 
information has also been delivered, installed in the SSC electronics 
area and linked to the scanner. The system is operational. 

We had to insert an rf-filter for the beam current measurement from the 
scanner blades, to reduce the considerable rf-noise due to the close 
proximity to the accelerating gap. Unfortunately this filter had a 
serious effect on the signal phase-shift, resulting in incorrect beam 
position information. This problem was solved by the omission of the 
input resistor to the electronics. For future low-intensity operation 
the peak noise level of 3 nA (mainly induced in the supply cables and 
not due to the scanner itself), has to be reduced. 

3.6.8 The extraction probes (harps) 

The detail design of the two identical extraction probes is nearing 
completion. One is to be installed in front of the electrostatic 
extraction channel and the other in front of the second septum magnet to 
aid with the extraction of the beam. Both probes carry a harp with 48 
vertical wires and 7 horizontal tantalum blades mounted on a big 
aluminium fork (illustrated in figure 14), to determine the horizontal 
and vertical beam distribution, respectively. The fork is mounted on a 
shaft which can be driven by a stepping motor. These probes have been 
designed to scan just the last few orbits near the extraction radius. 
The manufacturing of components has already started. We hope to install 
these probes by early spring. 

3.6.9 The beam current measurement system 

The beam current measurement system for the SSC was described in detail 
in the previous Annual Report. The system consists of 4 cardframes 
containing beam current measurement modules. These have all been 
tested, installed and used under operating conditions. The current 
measurement data is now also available on the control console as static 
measurements. During beam acceleration trials, the dynamic measurements 
with moving probes were still obtained directly from the local analogue 
output. However, the synchronization pulses from the position 
controller are now available and the dynamic measurement software has 
been installed in the local microprocessor. The whole system, together 
with a graphics display, should be running from the control console in 
due course. Two of the 4 current measurement cardframes have been 
allocated exclusively for the dynamic measurements. The beam current 
measurement electronics is shown in figure 15. The intercepted beam 
currents are displayed numerically and as a bar graph on a local screen 
in the electronics area. 

3.6.10 Current measurement electronics for the extraction probes 

All the components for one electronic system to serve both harps of the 
extraction probes are on order, and manufacture will commence as soon as 
the current measurement electronics for the high-energy beamline is 
operational We intend to standardize on the same current measurement 
modules as mentioned above. The harp electronics consists of 32 
cardframes of amplifier modules as well as a multiplexer to service up 
to 4 harps. The data-handling and display with a local microprocessor 
is receiving attention. 
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3.6.11 The beam phase measurement system 

The performance of the beam phase measurement electronics was tested 
before installation in the low-energy electronics area, close to the 
transfer beamline phase probe multiplexer. The phase response over 0* 
to 360 * was shown to be accurate to less than one degree of error down 
to the minimum intended signal level, at several rf-frequencies. A 
signal generator was used to represent the dee frequency derived from 
the resonator as a reference phase input; it was also used to drive a 
spectrum generator to develop harmonics of significant level up to 1 GHz 
to confirm that the system rejects these harmonics which are present in 
the beam pulse train from a capacitive phase probe. Phase was measured 
with this signal set at levels of the second harmonic component (on 
which phase is measured also under operating conditions) ranging from 
-27 dBm to -127 dBm, corresponding to phase probe signals derived from 
100 uA to 1 nA proton beams. Phase invariance of the system was 
confirmed over this dynamic range to less than one degree variation. 
The noise performance was shown to be adequate for the minimum applied 
signal level. Calibrated coaxial air-lines were used to generate known 
phase increments. The performance was tested at a dee frequency of 
16,3735 MHz (used for the acceleration of protons up to 66 MeV), at 
18,4432 MHz (for the acceleration of 100 MeV protons), and at the 
maximum frequency of 27 MHz. We expect the same excellent performance 
also at the lower frequencies. 

Some minor modifications are presently being carried out for easier 
remote control with a local microprocessor. The software for this 
microprocessor control is being developed. 

This phase measurement system is also to be used with the capacitive 
phase probes in the beamlines. Coaxial cables approximately 40 m long 
connect these capacitive phase probes to the two coaxial relay 
multiplexers serving the low-energy and high-energy beamlines, 
respectively. Each set of cables was balanced in electrical length with 
a tolerance of 25 picoseconds, by phase comparison at 100 MHz. The pair 
of cables from the capacitive phase probes mounted on the two multi-head 
probes of the SSC were similarly balanced and installed. 

3.6.12 The closed-circuit TV system 

During the past year the TV monitors and the remote control modules for 
the cameras have been installed in the control desk of the control 
room. Cameras have been put up in the SSC vault and the system is now 
operational. 
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Fig. 1 The support and drive mechanisms of the first multi-head probe 
(front) and the beam stop (centre) next to the last quadrupole 
triplet of the transfer beamllne before the beam enters the 
injection valley vacuum chamber. 

Fig. 2 The injection valley vacuum chamber with the first multi-head 
probe (right) and the beam stop (left) driven in fully. Each is 
carried by a carriage on a rail inside the vacuum chamber. The 
Injection collimator, with 10 graphite blocks with independent 
current measurement, can be seen (left) where the beam enters 
the central region. 
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Fig. 3 The multi-head probe with the four different probe heads. The 
heads are carried by a trolley running on a rail. A rotation of 
the shaft through 90* swings the next probe head into the beam 
plane. Starting at the top in a clock-wise sequence are: 

(i) the tomography probe with its three 0,25 mm spring-
tensioned tungsten wires to determine the radial beam 
distribution as well as beam cross-section (mainly at high 
beam energies), 

(ii) the EAR probe with its copper head and the three insulated 
tantalum fingers behind the head to determine the axial 
and radial beam distribution and beam centering near 
injection (i.e. up to 35 MeV protons), 

(iii) the capacitive phase probe with its two copper pick-up 
plates symmetrically spaced about the median plane (the 
signals from these two pick-up plates are led out through 
the long hollow shaft via special cables of Identical 
electrical length, to the power-combiner at the rear of 
the probe) and 

(iv) the four-finger probe with the 0,1 mm tantalum fingers to 
determine the axial and radial beam distribution (mainly 
at high energies). 
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Fig. 4 The orbit pattern obtained with the EM probe head (of MPH2) 
when the first beam of protons was accelerated from 3,15 to 
66 MeV on the 9th October 1985. The intercepted beam current on 
the middle finger of the EAR probe (over the 1 mm which it 
protrudes beyond the copper head) is plotted against radial 
distance from the cyclotron centre. After about three metres we 
observe a rapid increase in beam current, because the proton 
beam has reached a sufficient energy (about 35 MeV) to penetrate 
through the copper head to the tantalum finger behind it. The 
probe was then stopped: other probes are used to observe the 
orbit pattern further out. As the rf voltage was limited to 
about 70 kV (peak) at that stage, we had to make use of 
precessional injection to ensure that the beam passed around the 
MIC after the first revolution. The non-centred beam can be 
clearly seen from the uneven spacing of the peaks. 
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Fig. 5 One of the first orbit patterns measured with the middle finger 
of the EM probe-head on the multi-head probe 2 (i.e. in the 
north valley) during acceleration of protons from 8 to 200 MeV. 
A peak accelerating voltage of about 240 kV at extraction "as 
used. The beam penetration effect described above is illustrated 
by the dc component of the beam current beyond about 1,8 tn. 
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Fig. 6 The first 8-to-200 MeV proton orbit pattern over the whole 
radial range of the SSC as measured with the vertical wire on 
the tomography probe-head. The orbits were obviously not well-
centred during these initial beam acceleration trials as can be 
seen from the precesslonal acceleration effects (see text). 
During this run the beam was intercepted at the extraction 
radius with the beam stop. 

Fig. 7 The axial graphite collimators mounted symmetrically about the 
median plane against the side wall of the north valley vacuum 
chamber facing sector magnet SMI. Only the outer five of the 
ten collimator pairs are visible. The thickness of the graphite 
blocks increases with radius owing to larger beam penetration 
depths. 
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Fig. 9 

A vi.iw inside the extraction valley vacuum chamber facing part 
of the rear wall. In the direction of the beam we see the 
second septum magnet (left) with the second multi-head probe 
behind it and the copper extraction collimator (right). 

Front view of the extraction collimator. Considerable care was 
taken to determine the optimum cooling duct configuration inside 
these copper blocks to provide sufficient cooling for beam power 
dissipation up to 10 kW of 100 MeV protons penetrating up to 
13 mm, and 2 kW for the 200 MeV beam penetrating up to 43 mm. 
Each of the four copper blocks is Individually insulated. 
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Fig. 10 Typical results of cooling computations for collimators are 
shown; in this case for the top and/or bottom collimator of the 
electrostatic extraction channel. The upper figure shows one of 
the worst conditions of a 100 MeV (10 kW) proton beam 
penetrating the water-cooled copper collimator as shown by the 
dotted area. The rectangle bordered by the dashed line 
represents the area used for the computation as represented also 
in the left figure i.e. In the median plane. The shaded areas 
indicate the cooling ducts. On the left the Isotherms are shown 
- the maximum temperature is 231*C. The assumption was made 
that: the cooling water temperature remains at a pessimistic 
100*C and that the cooling water has no effective stopping power 
on the beam. A three-dimensional projection of the temperature 
distribution in that part of the collimator under consideration 
is shown on the right. 
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Pig. 11 The temperature distribution in the median plane of the probe 
holder used for two heads on the multi-head probes* The layout 
of the cooling ducts and the 100 MeV proton beam penetration 
(dotted area) is shown on the right. The shaded area on the 
right represents the volume under consideration, i.e. the 
grid-size used to model the problem. The isotherms (left) 
clearly show the location of the high temperature spots for this 
cooling duct spacing - the maximum temperature is 461 *C. Again 
the worst conditions were considered with a 10 kW beam power 
over a 6 mm beam diameter. The same assumptions were made as 
mentioned in figure 10. These results should be compared with 
the 3~dimensional plot in figure 12. 
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Fig. 12 The three-dimensional projection of the temperature distribution 
for the configuration presented in figure 11. The location of 
the cooling ducts is clearly visible. 

Fig. 13 The beam position scanner on the first septum magnet (SPMl) 
inside the inner delta of the wast resonator. (The top half of 
the inner delta has been removed). The dc motor rotates the 
long axle and the tantalum blades at entrance (a) and exit (b). 
The magnet entrance is protected by a copper collimator (c). 
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Fig. 14 Layout of the harp which Is to be mounted onto the front end of 
the shaft of the extraction probe. One such probe Is to be 
Installed In front of the EEC, the other in front of SPM2. The 
horizontal tantalum blades will provide information on the 
vertical beam intensity distribution. 
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Fig. 15 Beam current measurement electronics for the SSC. A cardframes 
with amplifier modules are shown (bottom left); the upper two 
are for static measurements. The cardframe above the amplifiers 
contains the 'Bitbus' master and microprocessor. Currents are 
displayed numerically and as a bar graph on the screen (top 
left). The terminal provides local control facilities. Data 
is transferred to the mailbox in CAMAC (upper right). 
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3.7 Orbit Calculations 

Summary: The orbit code was modified in order to be able to calculate 
injection orbits, to study beam depolarization in cyclotron 
magnets and to calculate the effect of a proposed pulse 
selector on accelerated beams in the separated-sector 
cyclotron. Improvements were made to programs which predict 
current settings for the main colls and trim-coils of the four 
sector magnets. 

3.7.1 Orbit calculation program 

The orbit calculation program COC (Cyclotron Orbit Code) {1} employs a 
numerical multi-step method to solve a set of coupled first-order 
differential equations describing the motion of a number of charged 
particles in given magnetic and electric fields. 

Recently it became necessary, in order to implement several applications 
described in the sections that follow, to change the number and type of 
differential equations integrated by the code. The program structure 
was modified so that the explicit dependence on the specific input data 
and type of equations integrated is limited to two routines only. The 
first routine is the main program which reads the input data, defines 
the initial conditions and number of differential equations and prints 
output data. The second is a subroutine which defines the derivatives 
of the variables of the motion, i.e. defines the actual structure of the 
differential equations. All other routines perform functions which are 
independent of the input data and structure of the differential 
equations. 

New routines were programmed for specific applications to obtain three 
new versions of the orbit code. 

A version COCT, which integrates the equations of motion with time as 
independent variable, was used to calculate injection orbits. 

A version COCP was used to calculate the depolarization of polarized 
particle beams during acceleration in a cyclotron. 

A version COCS was obtained to study the effect of a pulse selector, 
placed in the injection (south) valley chamber, on beams accelerated in 
the separated sector cyclotron. 

Field processing programs were written to provide fields from measured 
data for all versions of COC, to enable calculations to be made for any 
of the cyclotrons operated by the NAC, namely the separated-sector 
cyclotron SSC, the injector solid-pole cyclotron SPCl and the cyclotron 
of the Pretoria Cyclotron Group. 

Programs were written to perform processing and plotting of orbit code 
output data, e.g. plotting beam envelopes, phase-space diagrams, 
betatron focusing frequencies, polarization data and actual orbits. 

3.7.2 Calculation of Injection orbits 

In normal versions of the orbit code the azimuthal angle is used as 
independent variable with the result that orbits are limited to those 
for which this angle is either increasing or decreasing. Also, In order 



89 

to obtain numerical accuracy, the absolute value of the radial momentum 
cannot be too large (less than 500 mrad). This method is convenient and 
fast, because magnetic field values are available on grid lines 
corresponding to fixed Increments of the independent variable. 

For injection orbits, which are nearly radial, it is necessary to use 
time as the independent variable. A disadvantage is that the numerical 
integration is more time-consuming as integration points do not coincide 
with field grid points and the field has to be interpolated. This does 
not pose a problem as injection orbits are short in length, compared 
with accelerated orbits. 

A version COCT of the orbit code was written to integrate the 
differential equations with time as independent variable. 

Orbit calculations were made in measured magnetic fields to determine 
the position of the injection orbit in the injection (south) valley 
chamber. These calculations were required since the position of the 
injection orbit was previously known only from calculations made in 
calculated sector fields. The calculations showed that an additional 15 
mrad (0,85°) deflection to the right (east) is required at the point 
where the beam enters the valley through the Injection port and a magnet 
was installed to provide the required deflection. 

3.7.3 Calculation of beam depolarization 

A study was undertaken to determine the degree of depolarization which 
takes place when beams of polarized particles are accelerated in the 
cyclotrons of the M C and transported through the beamlines. 

The study was limited to particles polarized vertically, i.e. in the 
z-directlon. The spin of a particle so polarized simply precesses about 
the vertical as long as the particles encounters magnetic fields having 
vertical components only. However, any horizontal field component 
causes the spin to process about a non-vertical direction and 
depolarization will follow. 

Horizontal field components are encountered in beamlines at the entrance 
and exit of beamllne components and in the cyclotrons at sector edges 
(to obtain vertical focusing). In isochronous cyclotrons a horizontal 
component is also present in sectors owing to the field which is 
increasing with radius. The horizontal field components are zero at the 
median plane (z»0), but increase with distance z from this plane. It is 
apparent that some degree of depolarization will occur at each transit 
of a field edge or cyclotron sector, for any particle not moving in the 
median plane. 

In beamlines a study found that the depolarization effects are 
negligible, firstly because the depolarization is small for each 
beamllne element (of which there are only a limited number), and, 
secondly because depolarization effects can be made to cancel owing to 
the combined effect of entrance and exit edges and also by employing a 
combination of elements such as quadrupole triplets. 

In cyclotrons the situation is more difficult in that, although the 
depolarization due to a single passage through a sector is small, there 
may be very many sectors to pass through (up to 800 In the SSC). Owing 
to the focusing in cyclotrons, particle oscillations may couple to the 
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spin precession, resulting in a resonant depolarization of the polarized 
beam. 

Numerical calculations were performed to calculate depolarization 
effects during acceleration in the cyclotrons of the NAC. A version 
COCP of the orbit code was programmed to integrate the equations of 
classical spin motion in an electromagnetic field {2}: 

— » Q x S , 
dt 

where the axial vector Q is given by 

2 - - 3-IW)* - (rDa ^ 
my *" v 

Here q and m are the charge and mass respectively of the particle, y is 
the Lorentz energy factor, v is the velocity, B the magnetic field, a * 
(g~2)/2 the gyromagnetic anomaly and g the gyromagnetic ratio. The 
vector S can be considered either as the polarization of an ensemble of 
particles or as the classical representation of the spin of a single 
particle. 

Calculations were performed for polarized protons and deuterons 
accelerated In SPC2 and in the SSC. In the solid-pole cyclotron 
depolarization is negligible for all particles at all energies. In the 
separated-sector cyclotron there is no depolarization of any deuteron 
beam, but a certain degree of resonant depolarization occurs for proton 
beams. The result of a calculation is given in figure 1 for a proton 
accelerated to 200 MeV, starting 1 mm above the median plane in a state 
of vertical polarization. From the figure it is seen that a resonant 
depolarization of 3Z occurs between turn numbers 20 and 40. 
Calculations were also performed for the acceleration of protons at 
other energies starting at different positions above the median plane. 
The results are summarized in figure 2 and show that depolarization can 
be limited to approximately 15Z in beams of half-height less than 
2,5 mm. 

3.7.A Effect of a pulse selector on accelerated beams 

The design of a pulse selector in the transfer beamline between SPCl and 
the SSC was discussed in the previous annual report {3}. Further study 
has shown that more efficient operation of the pulse selector can be 
obtained if it is placed in the port where the beam passes into the 
injection (south) valley chamber of the cyclotron. Unfortunately this 
implies that the selector protrudes into the vacuum chamber and that it 
is crossed by many turns of the beam during the final stages of 
acceleration. 

Although the effect of a single crossing is small (divergence 0,070 mrad 
and vertical displacement 0,002 mm on the width of the selector for 
200 MeV protons), the effect cannot be ignored because many crossings of 
the selector are made, e.g. 119 of 233 turns for 200 heV protons. Also 
drift effects and the relative phase of vertical betatron oscillations 
must be taken into account to determine if resonant conditions are 
possible. 

• 
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A numerical solution was obtained because analytical methods cannot 
easily be applied to solve the problem (owing to the large number of 
turns). The orbit code was modified to obtain a version COCS which 
employs a modified equation of motion for the vertical motion 

ÍPz.ËÍq (E +VB.-V.B), 
de de 2 r e er 

which i s the same as the equation used normally, except for the addition 
of an e lec tr ic f ie ld component E z representing the selector f i e ld , 
given by 

E z - E 0 " E A c c s ^ t + fs }. 

The pulse frequency (rf-frequency) of the cyclotron is a multiple n s 

(the pulse selection factor) of the angular frequency w s of the 
selector. 

Calculations were performed for protons at several energies for all 
pulse rejection factors envisaged. An example of the results obtained 
is given in figure 3. From the calculations it is concluded that the 
maximum increase in the half-height of any of the proton beams is not 
more than 0,30 mm. 

3.7.5 Current settings for trim-colls and sector magnets 

The procedure employed in predicting magnet current settings was 
discussed in the previous annual report {4}. Since then the field 
measurements on the magnets of the SSC have been completed. The base 
field data, corrected trim-coil data and data predicting field changes 
owing to changes in additional coll currents have been loaded onto the 
SSC master data file. 

In order to obtain a linear relationship between the change in field and 
the main coil current at the reference radius, field values in the 
master field were modified to correct for a change in additional coil 
currents. At the same time additional coil current settings were 
obtained as a function of the field excitation. 

From the data on the master file complete fields over four sectors are 
compiled from the predicted current settings. Isochronization is still 
performed sector by sector, starting from interpolated base fields. For 
each sector, from the isochronization data along the sector hill line, 
current predictions for an isochronous field are obtained. The 
predictions, obtained for all four sectors, are used to calculate an 
average main coil current, corrected additional coll currents, and 
averaged trim-coil currents. 

The possibility of fitting field data with polynomials are being 
investigated, which could lead to a substantial reduction in the disc 
storage required by the master file. 
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Fig. 1 Depolarization of a proton accelerated to 200 MeV in the SSC. 
The initial vertical amplitude is z-1 mm. The initial 
polarization state is Sz-1, S x-S y»0, where the z-axis is 
taken to be up, the x-axis south and the y-axis east. The 
horizontal projection of the polarization is given by S x v. 
The variables are plotted once per turn in the east resonator. 
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Fig. 2 Depolarization of protons accelerated in the separated-sector 
cyclotron. The i n i t i a l polarization i s taken as S z = i a n ( j 
Sx-Sy-0, the z-axis i s vert ical . 
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Fig. 3 Effect of the pulse selector (n8«4) on a proton accelerated 
to 200 MeV in the SSC. The initial vertical displacement of 
the proton is DZ-0 mm. The vertical displacement (DZ) and 
vertical divergence (DPZ/P, i.e. the vertical momentum 
relative to the total momentum) are plotted once per turn in 
the east resonator. 
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SECTION 4 THE CONTROL SYSTEM 

Summary: The hardware of the NAC control system consists of a number of 
16-bit minicomputers, 8-bit microcomputers, the CAMAC network 
known as the Executive or Systeir Crate system, and control 
consoles connected to the minicomputers by CAMAC parallel 
branches. Activities during che last year have concentrated 
on the further interfacing to the control system of the 
accelerator, specifically the separated-sector cyclotron (SSQ 
and the high-energy beamlines, on increasing the reliability 
of the control system, and on microprocessor activities which 
include the manufacture of vacuum control systems, local 
control systems for stepping motors and for an rf-system, a 
microcomputer-based current measuring system, and the 
fabrication and implementation of a modified interlocking 
system and area-clear monitors. 

4.1 Minicomputer Activities 

4.1.1 Configuration of the minicomputers 

It was mentioned in the last annual report that a fourth minicomputer 
had been acquired. This has allowed us to arrange the computers in a 
configuration that should be stable for some time to come. 

Two of the minicomputers are linked to the CAMAC system. The first 
minicomputer handles all the demand processing including all operator 
input from the consoles and any unsolicited interrupts from the control 
system. It also performs the routine but considerable task of updating 
the console displays of the control system status. The second computer 
performs the task of data acquisition: it drives a graphics display 
monitor and acquires data from the beam diagnostics equipment such as 
the profile grids and scanners and the radial differential probes. 
These processes are initiated by the operator via the first computer and 
utilise the full capability of the second while they are operational. 

The third computer is used for software development for the control 
system. It is linked by shared disc to the first two computers, thus 
allowing a program developer to shift his completed programs by file 
transfer from this computer to the target computers where they are 
executed. 

The fourth computer is completely separate from the others and has its 
own CAMAC executive crate. It is used for hardware development of both 
computer and CAMAC hardware, and software driver development and 
testing. Later it will be used for magnetic field mapping of the second 
injector cyclotron SPC2 which is in the planning stage. 

4.1.2 Direct memory access driver hardware 

This project was previously described in section 4.1.6 of {1}. It ran 
into difficulties when the hardware unpredictably went into an 
indeterminate state during data transfer. Subsequent to this two 
significant faults were detected relating to the operation of the 
commercially-available executive crate. Now that these have been 
rectified the project will be resumed when time permits. 
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4.1.3 Shared memory for the minicomputers 

This project is proceeding slowly. The circuit boards have been 
produced and a card frame has been constructed complete with battery 
backup facilities. The latter was produced by the Electronics 
Division. The modified memory controller for the minicomputers is 
currently being tested. 

4.1.A Modification of the CAMAC executive crate and computer 
Interface 

Once the new computer configuration was operational, it was found to be 
particularly unreliable when both systems were accessing CAMAC heavily. 
After an intensive and protracted effort at fault-finding, three faults 
were isolated. Firstly, one of the set of firmware ROMs in the 
minicomputers was found to be faulty. Secondly, one of the status 
returns from CAMAC to the minicomputers was supplied asynchronously 
instead of synchronously as specified by the minicomputer manufacturer. 

Thirdly, with two computers contending for access to the CAMAC hardware, 
it was noted that the arbitration circuit controlling the access was 
failing to resolve the contention rather frequently. The original 
serial arbitration circuit was replaced with a parallel synchronous 
type. 

These changes have resulted in a significant improvement in the 
reliability of the system. It is so much better that it is no longer 
necessary to have a member of the control group on site when the control 
system is used after hours. 

4.1.5 Graphics software 

A high-speed graphics package has been developed for displaying data 
from the profile grids and scanners. Its development is now largely 
complete. The display package, which receives data from the data 
acquisition program via a common memory area, is composed of three 
separate sections. The first part checks to see whether or not the 
source (i.e. harp or scanner) of the latest data has changed, and 
whether or not a change of scale factor has occurred. If there has been 
a change, either in source or scale factor, a new set of axes is drawn 
before execution is transferred to the second part. The second part 
takes the raw data and processes it for display, while the third part is 
used to produce hard copy on a graphics plotter. The package performs 
well, updating a picture of 94 points at a rate of 8,3 pictures per 
second. 

Another graphics package to be developed is the display of data acquired 
from the multihead probes. The use of a commercial package is being 
investigated as the emphasis in this application is on flexibility of 
use rather than rate of data processing. 

4.2 Control Application Software 

4.2.1 Profile grids and scanners 

Development of both the hardware and software for the control of these 
devices and the display of their data is complete. A maximum of any two 
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of these devices can be displayed at a time. The computer configuration 
used and the performance achieved is described above in 4.1.1 and 4.1.5 
respectively. 

4.2.2 Graphic display of the radial distribution of the beam in the 
SSC 

Work has commenced on the development of a software package that will 
acquire data from the multihead probes while they are in motion. This 
involves communicating with the microcomputers that respectively control 
the probe motion and beam current electronics in preparation for 
acquisition of the data. The data is then acquired, processed and 
displayed. The hardware setup and control is performed by one 
computer. This software is now being tested. The data acquisition 
function is performed by the second computer and forms part of the 
graphics display project described in section 4.1.5. 

4.2.3 Power supply control 

The existing power supply control programs were modified and integrated 
with the control console software to provide remote control of the power 
supplies of the SSC inflection magnets BMl, BM2 and the magnetic 
inflection channel (MIC) as well as the SSC extraction magnets SPMl and 
SPM2. Control of twenty-six power supplies for magnets on the 
high-energy beamlines to the experimental, therapy and isotope 
production areas was also Implemented during the year. 

The control program for conditioning and setting of the SSC magnetic 
field by the cycling of the forty-seven different coil currents in a 
strict time-sequence was improved. A similar program for adjusting the 
fields of thirty-four focusing, bending and steering magnets on the 
transfer beamline J was written, tested and implemented. Touch-panel 
activated control programs were also written to ramp all power supplies 
of a particular subsystem to zero before switching them off. 

4.2.4 SPC1 rf-system control 

As was described in last year's annual report, the injector cyclotron's 
rf system is controlled at a local level by a SABUS microcomputer which 
interfaces to a CAMAC crate. The minicomputers control and monitor the 
rf system by issuing high-level commands to and reading data from the 
local rf microcomputer via a mailbox memory. Minicomputer programs 
which implement the mailbox communication have been written and tested. 

4.2.5 Control of stepping motors 

Past experiences with the control of stepping motors had shown that 
local microcomputers could be used very profitably in reducing the 
control load on the minicomputers {1}. Most of the stepping motors of 
the accelerator, including those of the injector cyclotron SPCl, the 
transfer beamline, the separated-sector cyclotron SSC and the 
high-energy beamlines have been put under the local control of several 
microcomputers. The local micros interface to the stepping motors via 
local CAMAC crates and stepping motor controller modules, and they make 
use of a general purpose control program described in last year's annual 
report {1}. The minicomputers control and monitor the stepping motors 
by issuing high-level commands to and reading the status data from the 
local microcomputers via mailbox memory modules. The minicomputer 
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programs for control and monitoring of the stepping motors via the 
mailbox have been written and tested. 

4.3 Microprocessor Developments 

4.3.1 Vacuum control 

Two SABUS microcomputer systems for controlling the SSC north valley and 
east resonator vacuum system and the south valley and west resonator 
vacuum system were completed, tested and installed. The software for 
the necessary interlocking and control was written and tested and is 
operating satisfactorily. Manual control of individual components, and 
automatic sequences for the evacuation and venting of different sections 
are provided. 

The hardware for controlling the three vacu.an pumping stations for the 
isotope production, neutron therapy and nuclear physics beamlines has 
bean completed and installed, and is currently being tested and 
integrated with the software. The software for controlling these 
components has been written and is at present being tested and 
implemented on the two systems for neutron therapy and isotope 
production, respectively. 

4.3.2 The safety interlocking system 

The modified interlocking system which was reported in last year's 
annual report has been installed and is functioning satisfactorily. 
Hardware and software have been added as more and more of the cyclotron 
facility has had to be interlocked. Currently the system consists of a 
master CPU handling two input/output crates with 256 inputs and 256 
outputs and two slave CPU's each handling 128 inputs and 128 outputs. 
Descriptive interlocking messages are sent by the slaves to the master 
via an RS-422 link for display on a terminal. 

4.3 .3 Area-clear monitor 

A SABUS microcomputer with an 80-bit opto-isolator card and two 32-bit 
relay output cards is used for controlling the clear procedure for the 
different radiation areas. It is interfaced to micro-switches on the 
access doors, strategically placed watchman station switches which have 
to be activated, informative LEDs, audio and visual warning alarms, and 
also to the central safety interlocking system. The software to 
implement the clear procedure for each radiation area has been written, 
tested and Installed. The system is functioning satisfactorily. 

4.3.4 Use of RS-485 (Bitbus) modules in an auto-ranging current 
measurement system 

An auto-ranging current measurement system, which was designed by 
members of the Beam Diagnostics Division in association with a member of 
the Control Division, is described more fully elsewhere. It makes use 
of a SABUS microcomputer, and communication modules based on the RS-435 
standard electrical specifications and a variation of the SDLC 
communication protocol known as the Bitbus. Proprietary remote-
controller (slave) and Bitbus-controller (master) boards were bought and 
an interface to the SABUS microcomputer was designed and constructed, 
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enabling the SABUS microcomputer to communicate with the master modules 
and through the Bitbus link with the slaves. The SABUS software was 
written in Pascal. Time-critical portions in the Bitbus microprocessors 
were written in Assembler to optimize program execution speed. 

4.4 Local Manufacture of Hardware 

In the past it has been NAC policy to buy technical equipment rather 
than manufacture it in-house, and the only fabrication by the Control 
Division has been of special CAMAC modules and SABUS components. During 
the last year, however, the drop In the value of the Rand relative to 
that of our main trading partners has caused imported equipment, 
particularly CAMAC equipment, to become prohibitively expensive. In 
many cases we have also had to contend with long delivery times. We 
have therefore started producing electronic components which are used in 
large quantities and are of a relatively simple design. Modern 
technology has been employed in the design of the new modules in order 
to minimize chip count and construction time. For the CAMAC modules 
produced thus far, the average construction costs including labour (but 
excluding development costs) have been about 20% - 25% of present landed 
prices. CAMAC modules which are being produced locally include an 
auxiliary crate controller, a minimum crate controller which is used 
with the auxiliary crate controller and a local microcomputer to control 
a crate not linked by parallel branch of serial highway, a 24-bit output 
register, a differential branch extender and a 16-bit input/output 
register. 

We have also designed a stepping motor controller to replace existing 
CAMAC modules. As all our stepping motors are being controlled via 
local microcomputers anyway, this module is being produced as a SABUS 
card. V-binary encoders can be read Into the module directly, as it 
provides RC filtering. Furthermore it provides four phases for stepping 
motor positioning in either half or full step mode. Brake control Is 
also available. Prototypes of this module have worked satisfactorily 
and it will go Into production shortly. 

Reference 

1. National Accelerator Centre Annual Report NAC/AR/85-01 (CSIR 1985) 
p 90 

2. Ibid, p 88 
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SECTION 5 THE BEAM TRANSPORT SYSTEM 

5.1 Magnets 

Summary: The transfer beamline between SPCl and the SSC is operational, 
and has been used successfully to transport proton beams of up 
to 8 MeV into the SSC. An additional 2,3* steering magnet has 
been built and inserted at the end of this line to compensate 
for stray return flux between the SSC sector magnets. 

Measurements of effective length, harmonic content and 
magnetic centre have been completed on the 60 quadrupole 
magnets of the 'high-energy' beamlines. Field mapping has 
also been completed for the entrance and exit regions of the 
large 90* dipole magnets for the double monochromator serving 
the experimental target areas, as well as for the 90* dipole 
for the vertical isotope production beamline. 

The 'high-energy' beamlines leading to the isotope production 
and neutron therapy vaults respectively, have been completed, 
as has the double-monochromator beamline up to the 60* 
switching magnet, which is presently being installed. 

The detail design of the beam swinger will shortly be 
addressed by our own mechanical drawing office. Tenders for 
many of the components for a K»600 magnetic spectrometer hav* 
baen awarded. 

5.1.1 The transfer beamline 

The transfer beamline has been used successfully to transport proton 
beams of several different energies from the injector cyclotron to the 
SSC. We have found that the dipole magnet field settings required are 
slightly but consistently diferent from the predicted values. We 
interpret this to mean that the energy of the particles delivered from 
the injector cyclotron differs slightly from that expected. The most 
difficult aspect of using this beamline turns out, not unexpectedly, to 
be the lack of precise knowledge of the beam parameters at the entrance 
to the line, i.e. after moving through the fringe field of the injector 
magnet and the extraction channels. It is, for example, very difficult 
to determine the correlations between momentum and radial position or 
divergence. These correlations have been ignored to date, and the 
quadrupoles which are intended to correct for such non-zero correlations 
have been switched off up to now. When higher beam currents and larger 
emittances are encountered, we shall have to set these quadrupoles 
correctly. 

The beam currents measured at various points along the beamline were 
(for a typical run) 7,5 mlcroamps at the first Faraday cup (immediately 
after extraction from SFC1) and 4,5 microamps at the last Faraday cup 
(just prior to injection into the SSC), with the difference being 
accounted for by the currents measured on various slits en route. 

A problem was encountered when injection was attempted for the first 
time, in that the stray field between the sector magnets is negative for 
the first part of the beam path through the injection-valley vacuum 
chamber. This had not been taken into account earlier, as the beamline 
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design had been finalized at a time when only calculated SSC magnetic 
field data was available. We have also later used the measured field 
for a single magnet as a check, but the negative field values only occur 
when two adjacent sector magnets are energized. The amount of 
additional deflection required was approximately 2 degrees. 

The Beam Transport team rapidly designed an air-cooled magnet {1} to 
provide this deflection, while the workshop was mobilized to machine the 
steel for the yoke and poles and to wind the coils. Exactly one week 
later the magnet was installed (albeit somewhat precariously) on the 
last section of beamline before the injection valley vacuum chamber, and 
the beam was correctly injected into the SSC. The magnet can deflect 
12 MeV protons by up to 2,3* and is shown in figure 1. 

5.1.2 Field mapping 

Measurement {2} of the effective lengths, harmonic content and magnetic 
centres of the 60 quadrupoles for the 'high-energy' beamline has 
continued and is now complete. The effective lengths were measured 
using a Hall probe in a temperature-controlled enclosure on a 
microprocessor-controlled x,y-table, as reported last year. Figure 2 
summarizes the effective lengths measured for four sets of magnets, 
i.e. types Q75L, Q75M, Q75H and Q100. It will be seen that the spread 
of values for each type is smaller than ±0,25% despite the fact that 
some of the measurements were done by hand at an early stage before the 
microprocessor-control was Installed. 

5.1.3 Demagnetization 

When beamline8 are used in which the beam passes through a magnet which 
is switched off, it is often important that the beam should not be 
deflected or focused by the magnet in question. To this end, a 
demagnetization procedure has been determined, by calculations followed 
by experimental measurements {3}. Figure 3 illustrates the process, 
whereby maximum current is delivered for a fixed period, followed by 
ramping down to a predetermined negative value (~10% of maximum), for 
several cycles. 

Table 1. Degaussing parameters* for beamline magnets 

Magnet Imax Imin tl t2 t3 
Rise Fall No. of 

type (A) (A) (s) (s) (8) (A/s) (A/s) cycles 

Q75S 100 -7,60 60 60 60 10 -10 
Q150S 100 -11,50 60 60 60 10 -10 
Q75L 100 -17,87 60 60 60 10 -10 
Q75M 100 -10,00 60 60 60 10 -10 
Q75H 100 -8,60 60 60 60 10 -10 
Q100H 100 -9,50 60 60 60 10 -10 

D30' 226 -19,84 120 120 120 2,5 "2,5 
D45' 185 -31,54 120 120 120 2,5 "2,5 
D90' 269 -13,50 120 120 15 2,5 -2,5 10 
D90*(V) 185 -22,79 120 120 120 2,5 -2,5 1 

STEERER 5,5 -2,34 60 60 60 2,5 -1,5 1 

*Refer to figure 3. 
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Table 1 shows the values determined experimentally for various types of 
quadrupole (Q) and dipole magnet (D). In practice one reverse pulse is 
all that is necessary, except for the very large (2-metre radius) 
dipoles of the double monochromator. 71» times and ramp-rates for each 
magnet are read into the computer control system, and the magnets 
selected are automatically degaussed when this is requested by the 
operator. 

5.1.4 External beamllnes 

The 'high-energy' beamlines are still being assembled. However, a 
number of sections have already been completed, while stands and magnets 
are being placed in position along the remaining lines. (Refer to 
figure 4). The bean-line immediately after extraction from the SSC has 
been completed, and may be seen in figure 5. The beam can be switched 
towards the isotope production area by using the fast 'kicker* magnet 
which is now installed and is visible in figure 6 at the junction of the 
'X' (extraction) and 'I' (isotope) beamlines. The rest of the 'I' 
beamline has been assembled as far as the final switching magnet, 
(figure 7) but without the 90* dipole which will later serve the 
basement isotope production vault. This magnet is already on site, and 
has been mapped ready for installation. 

The 'X' beamline is shown in figure 8, up to the first 90* dipole of the 
double-monochromator. Behind this magnet, the undeflected beam will 
pass down the 'T' (therapy) beamline shown in figure 9. The ±45* 
switching magnet which will be installed here has recently been 
delivered, but will not be installed at first, as the left and 
right-hand switched beamlines 'TL' and 'TR' are not required 
immediately. The isocentric neutron therapy unit is located on the 
central therapy line 'TC', and the switcher is therefore not needed for 
its operation or testing. The switcher is shown in figure 10. 

The 'P' (physics) beamline extends from the first 90* monochromator 
magnet, passing through a 3-metre thick hand-stacked shielding wall into 
a long beamline tunnel. Figure 11 shows this beamline, looking back 
from the vicinity of the second 90* monochromator dipole towards the 
shielding wall. After rounding this second 90* bend, the 'R' (research) 
beamline has been assembled and wired-up as far as of the ±60* switching 
magnet which will serve the various experimental target vaults. This 
beamline is shown in figure 12, looking back from the position of the 
switching magnet. This magnet is so large (3m x 1,8 m * 1,3 m) and 
heavy (about 56 tonnes) that it has been transported in 'knocked-down' 
form and assembled in its final location (figure 13). 

Two pairs of steering magnets for correcting horizontal and vertical 
offsets have been included at the start of each new section of 
beamline. Sixty of these air-cooled magnets were manufactured in our 
own workshops {4}. 

5.1.5 Beam swinger 
r 

The beam swinger was referred to a number of companies for quotations 
for either design and manufacture, or design only, but economic 
considerations have led us to design the magnets and vacuum chambers 
ourselves, and then to have local firms manufacture the various 
components. The shielding blocks and beams for the beam swinger area 
have been cast, but are being held in storage at the casting yard until 



103 

we can accommodate them. The neutron time-of-flight paths have been 
laid out (up to 200 m long) at 0*, 30* and 60*. (The shorter 90* flight 
path is inside the building.) 

5.1.6 Spectrometer 

Tenders have been awarded for the two dipoles and one quadrupole magnet 
which will be assembled to form a K=»600 QDD spectrometer, as well a*> for 
the power supplies, carriage and track. The carriage and track are 
presently being manufactured by a local engineering firm, and 
installation of the track will commence shortly, in parallel with the 
manufacture of the rest of the track. 

References 

1. J L Conradie, NAC Report NAC/86-06 

2. J L Conradie, M.Sc Thesis, (University of Stellenbosch, 1986) 

3. J L Conradie and D T Fourle, NAC Report NAC/86-02 

4. J L Conradie and J C Cornell, NAC Report NAC/85-09 

5. J C Cornell, NAC Report NAC/85-08 



104 

> * # • • 

Ms 

u - Ï Ï Á ^ 

f i * 

:«; 

Fig. 1 The transfer beamllne just before the beam enters the SSC, 
showing the extra steerer. (See text). 
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Fig. 3 The degaussing process used for the larger dipole magnets. For 
quadrupoles only one negative cycle is necessary. Refer to the 
text and to table 1 for more details. 
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Fig. 4 Layout of the facility: beamline magnets which are already installed are coloured black. 



Fig. 5 The start of the beamline immediately after extraction. The beam moves from right to left. The 
first dipole (centre) and the quadrupoles (left) can be removed complete with stands to allow the 
extraction valley vacuum chamber to be rolled back. 
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Fig. 6 The fast 'kicker' magnet (centre), located at the point where the isotope production beamline 
branches off from the extraction beamline, at the exit from the SSC vault» 
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Fig. 7 The isotope production beamline, with the ±30* switching magnet 
in place (centre). Only three of the exit ports visible will be 
used initially. Three neutron shutters can be seen (right), 
mounted in the shielding wall between the magnet vault and the 
isotope production vault. 
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Fig. 9 The 90* monochromator magnet (left) and the 'T' beamline leading 
to the vault housing the isocentric neutron therapy unit. 

mnifwrmfmr! 

Fig. 10 The ±45' switching magnet for the radiotherapy beamlines, prior 
to placing. 



Fig. 11 The 'P' beamline, showing the nine quadrupoles located between the monochromator 
visible). (The beam travels from left to right of the picture.) 



J4 i tr*0*t\ and nart of the 'R* beamline leading to the experimental 
Fig. 12 The second monochromator dipole (right) and part jot tne 

beamlines. (Here the beam travels from right to left.) 
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5.2 Beam Diagnostics for Beamlines 

Summary: The first proton beams have been transported along the 
transfer beamline and the diagnostic components have thus been 
used and tested under real operating conditions. The various 
electronic systems have been linked to the control system and 
the equipment can now be operated from the control console. 
We are satisfied with the performance of the diagnostic system 
for the transfer beamline. 

The beam diagnostic components for the high-energy beamlines 
up to the isotope production and neutron therapy vaults and 
the first experimental target rooms have been installed. The 
high-energy slits have been delivered. The scanner and harp 
electronics have been installed and linked to their respective 
components in the beamlines. The pneumatic actuator control 
electronics has been manufactured, installed and is 
operational; provision has been made for special control 
features of the equipment in the therapy beamline. The 
high-voltage bias supply for the Faraday cups has been 
implemented. The installation of the beam current measurement 
system is nearing completion although part of it is already 
operational. A coaxial relay multiplexer for the capacitlve 
phase probe signals has been manufactured and installed. The 
diagnostic equipment for the beamlines to isotope production 
and neutron therapy is thus ready for operation. 

5.2.1 Beam diagnostics for the transfer beamline 

5.2.1.1 First operational experience 

During the past year the beam diagnostic components in the long section 
towards the SSC have all been aligned and all the outstanding cable-work 
has been completed. The diagnostic components and their electronics 
have been used under real operating conditions with beam. We are very 
satisfied with the performance of this equipment. The first 2,66 MeV 
proton beam was taken down the first section of the beamline and out of 
the SPCl vault up to the Faraday cup FC10 at the buncher position on the 
7th of August 1985. A day later the same beam was taken up to the end 
of the transfer beamline for the first time and stopped on the last 
Faraday cup FC19 in front of the south-valley vacuum chamber of the 
SSC. The beam current was typically 7,5 uA on FC01 (i.e. extracted from 
SPCl) and 4,5 yA on FC19 (in front of the SSC) which Implies 60% beam 
transmission. 3,15 MeV protons have also been transported down the 
transfer beamline. However, not much time was available to Improve the 
beam transmission as our main objective was to accelerate the beam in 
the SSC. This is a major task lying ahead. 

The ease with which the beam can be monitored and thus guided through 
the transfer beamline is to be attributed mainly to the beam diagnostic 
system installed - an essential feature for future operation requiring 
fast beam-energy (and particle) variations. 

5.2.1.2 The diagnostic equipment under remote control 

During the last few months the harp and scanner electronic systems have 
been linked to the minicomputer via a specially designed CAMAC interface 
module. We can now obtain the beam position and the beam profile from 
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harps and scanners on a graphics display in the main control room. A 
hard-copy facility, i.e. a high-performance graphics plotter, reserved 
for such tasks, has been delivered and is operational. A typical plot of 
the beam distribution in the beamline is Illustrated in figure 1. 

All the beam diagnostic components on pneumatic actuators (i.e. Faraday 
cups, harps, capacitive phase probes and one scanner) and stepping motor 
drives (i.e. the slit-systems) can now be positioned from the control 
console. When selecting 'a harp from the touch-panel on the control 
console, both the harp electronics and the actuator control module are 
addressed and the harp is automatically driven into the beam. A maximum 
of two harps can be selected and displayed simultaneously. 

The beam current measurement system is operational and the data from all 
80 channels can now be displayed with the aid of a local microprocessor 
on a local screen or at the control console. We are very satisfied with 
the performance of this system. 

The automation of the beam emittance measurement procedure did not 
receive any further attention during the past year due to its low 
priority. This task is however scheduled for the near future. 

5.2.2 Beam diagnostics for the high-energy beamlines 

The detailed layout of the location and orientation of the beam 
diagnostic components in the high-energy beamlines, from the respective 
switching magnets in front of the isotope production and neutron therapy 
vaults and experimental areas up to the respective targets, has now been 
completed. 

All the proposed harps, scanners, Faraday cups, a coaxial Faraday cup, 
slit-systems, capacitive phase probes, segmented apertures and segmented 
scrapers have now been installed and vacuum tested in the 'X', 'I', 'T', 
•TC', 'P' and 'R' lines. (See figure 4 of section 5.1.) The first 
vertical slit in the 'X' line (i.e. after dipole BIX) has been 
temporarily replaced by a harp to aid in the extraction of the beam. A 
new special diagnostic chamber for the installation of a harp, a 
horizontal and vertical slit-system as well as a Faraday cup has been 
contemplated to replace the present first diagnostic chamber. Apart 
from a few cables to air-pressure and high-voltage sensors all the other 
signal cables have been laid and fitted with connectors both at the 
electronics and at the beamline ends. The diagnostic components in the 
'X', 'I', 'T' and 'TC' lines have been aligned. Cooling water and 
compressed-air lines have been laid. The enclosure for the high-energy 
electronics area and the installation of racks has been completed. Most 
of the electronic systems have been installed (see figure 2). The 
beamline from the SSC to the isocentric system In the neutron therapy 
vault is thus ready for beam transportation. Figures 5 to 12 in section 
5.1 show sections of the assembled beamline with the diagnostic 
components installed. 

5.2.2.1 The high-energy slits 

The high-energy slit systems (see figure 3) were delivered much later 
than initially anticipated due to problems with the soldering technique 
of the water-cooled copper jaws, which have to dissipate up to 10 kW of 
beam power. These have now been installed in the high-energy beamlines. 
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5.2.2.2 Stepping motor control electronics for slits 

The stepping motor control electronics for the slit systems has been 
manufactured and installed. It is based on a multiplexing system to 
share the same electronic driver with more than one stepping motor as 
described in section 6.2.1. 

5.2.2.3 Scanners and scanner electronics 

Three scanner electronic units, each serving up to 8 beam profile 
scanners, have now been installed in the high-energy electronics area. 
Consecutive scanners in the beamlines have been allocated to these 
electronic units sequentially so that data from more than two 
consecutive scanners in the beamline can be acquired and possibly also 
displayed (in future) by the minicomputer. These scanner electronic 
units are identical to the one installed for the transfer beamline and 
no new development work for interfacing it to the control system is thus 
necessary. 

At present the scanners can be driven manually from the electronics area 
by means of specially-built local control modules simulating the CAMAC 
interface. The electrical characteristics of all potentiometers on the 
scanners have been recorded - this information is essential when 
aligning the scanners mechanically to ensure correct position indication 
(e.g. a bright blip) relative to the beamline axis. 

5.2.2.4 Harp and harp electronics 

One harp electronic system, identical to the one installed for the 
transfer beamline, has been installed in the high-energy electronics 
area. Some of the harp cables from the 'I' line still have to be 
connected to the electronics* A new Jiake of special cable consisting of 
50 individually-screened coaxial low-noise cables contained in a jacket, 
has been acquired and installed. The harp in front of the MIC has now 
also been linked to this electronic system as only a maximum of 8 harps 
can be serviced by the low-energy electronic system. 

5.2.2.5 Pneumatic actuator control electronics 

Two pneumatic actuator control cardframes have been manufactured and 
installed in the high-energy electronics area (see figure 4). The one 
contains the maximum of 16 modules to serve the diagnostic components 
(i.e. Faraday cups and harps) in the beamlines to the isotope production 
vaults and experimental areas. The other cardframe contains only 10 
modules which have been allocated to the Faraday cups and neutron 
shutters in the three therapy lines; these components are linked to 
their dedicated pneumatic actuator control via a special multiplexer, 
which will allow one of four different CAMAC systems (e.g. the local 
neutron therapy control system or the main control computer) to control 
these components according to a predefined priority sequence. This 
multiplexer has been designed, manufactured, installed and tested. All 
electrical connections have been made to the equipment installed In the 
beamlines. 

The electronic components for two additional cardframes (with 16 
modules) have been acquired aad their manufacture is to commence in due 
course. One cardframe is to be built for all the remaining neutron 
shutters (i.e. except those for the therapy lines). Apart from minor 
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changes on the front panel the same module as was designed for the 
Faraday cups and harps will be used for the neutron shutters. The 
fourth cardframe is intended for the remaining diagnostic component? 
still to be installed in future. 

The above-mentioned 4 cardframes will be linked to the central safety 
interlock system and to CAMAC for remote control with the mini
computer. At present the actuators can be operated manually from the 
electronics. 

5.2.2.6 Faraday cup bias supply 

A cardframe with a maximum of 15 plug-in high-voltage-sensing nodules, 
as well as the high-voltage distribution to the Faraday cup screens, has 
been manufactured and installed. A 3 kV power supply has been acquired 
and installed to supply the high-voltage bias to all Faraday cups in the 
high-energy beamlines. Special high-voltage sensors have been mounted 
onto the Faraday cups to ensure accurate beam current measurement. This 
system is alsc linked to vacuum sensors in the various beamline sections 
to ensure that no high-voltage can be applied if the beamline section is 
vented, to minimize the risk to personnel. 

5.2.2.7 Beam current measurement system 

A beam current measurement system, consisting of seven cardframes each 
containing 32 amplifier channels, is being built. The system, together 
with a local microprocessor, a terminal and display screen, has been 
installed. Of the seven cardframes four have been fitted with amplifier 
modules to serve the 'X', 'I', 'T' and 'TC' lines. The remaining 
modules will be installed in due course. All the electrical connections 
to the diagnostic equipment in the beamlines have been made. The 
programming for the microrrocessor and the minicomputer has been 
completed. Part of the system is thus operational. 

5.2.2.8 Coaxial relay multiplexer 

A coaxial relay multiplexer has been built and installed. Any one of 
the capacitive phase probes in the high-energy beamlines can be 
multiplexed and thus linked to the central beam phase measurement 
system, which will eventually reside in the control room. Identical 
electrical cable-lengths have been installed for the 5 capacitive phase 
probes* 
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Fig. 1 Some typical plots of the beam distribution as obtained from a 
harp (top) or a beam profile scanner (bottom) in the transfer 
beamline. This data is displayed graphically on a screen in the 
control room where a hard-copy facility is also available. The 
horizontal beam distribution is displayed from left to right and 
the vertical (i.e. top to bottom) distribution is displayed 
similarly. The beamline centre is indicated by the dotted line. 
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Fig. 2 The electronic equipment installed for the beam diagnostic 
systems of the high-energy beatnlines- It comprises a beam 
current measurement system, three scanner electronic systems, 
one harp electronic system, the pneumatic actuator control 
electronics, a 3 kV bias supply and distribution for Faraday 
cups, a coaxial relay multiplexer for beam pulse time-structure 
information, stepping motor control electronics and the CAMAC 
interface. 
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Fig. 3 The high-energy beamline slit system with its driving mechanism 
is shown at the top. A rear view of the water-cooled copper 
jaws is shown at the bottom. The jaws can stop protons up to 
200 MeV and dissipated 10 kW of beam power (for 100 MeV 
protons). 
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Fig. 4 Pneumatic actuator control electronics for harps, Faraday cups and neutron shutters for the 'X', 'I' 
and *T' lines. The multiplexer (below) allows more than one control system (with a predefined 
priority sequence) to control the Faraday cups and neutrons shutters in the therapy beamline. 
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5.3 Beamline Vacuum Systea 

Su—ary: The vacuua system for the transfer beaaline gave reliable 
service during the past year. 

Installation of the vacuua systea for the main parts of the 
high-energy beaalines has been completed except for a small 
section in the isotope production area and the two therapy 
lines which are not required at present. All the pumps, 
valves and gauges from the SSC to the experimental area have 
been installed. 

The control systems for the high-energy beamlines have been 
manufactured, installed and partly commissioned. 

5.3.1 Transfer beaaline 

The transfer beamline vacuum systea gave reliable service during its 
first year of operation. The only problem was that one 510 i/s 
turbopuap was daaaged due to blade failure, probably after overheating. 
It has been replaced with a 330 lis turbo-pump. 

During normal operation the pressure in the three sections J-l, J-2 and 
J-3 of the beamline was typically in the 10" Pa range. 

5.3.2 'High-energy' beamlines 

The installation of the vacuum envelope on the high-energy beamlines was 
completed up to the various user-areas, except for a small section on 
the isotope production line and those therapy lines which are not 
required at present. All the pumps, valves and gauges have been 
installed on the beamlines that are already complete. Figures I, 2 and 
3 show three different pumps on these beamlines. 

Fiure 4 shows one of the three vacuum control units. It consists of a 
mimic panel on which the pressures at various positions are displayed by 
means of LEDs. The positions and numbers of all the pumps and valves 
are given and their status is indicated by means of red and green 
LEDs. 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 the automatic mode provision is made for venting the 
beamlines to atmosphere and for evacuating from atmospheric pressure. 

The three vacuum control systems have been installed and the necessary 
cabling was completed recently. Commissioning of the first pumping 
sections is progressing well. 
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Fig. 1 A 330 lis turbomolecular pump mounted on a diagnostic chamber 
on the 'X' beamllne. 
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Fig. 2 A 120 l/s turbomolecular pump on a beamltne. 
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Fig. 3 A 50 JL/s turbotnolecular pump on a beamline. 
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Fig. 4 Part of the vacuum control system for the high-energy beamllne. 
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5.4 Buncher 

Summary: The buncher is required to reduce the beam pulse length to a 
small enough value at injection into the SSC to allow the 
acceleration of beam currents up to 100 microamps without 
serious beam loss. It will be situated in the beamline at a 
point approximately half-way between SPC1 and the SSC, where 
the beam is focused to a horizontal and vertical waist. 

5.4.1 Buncher resonator 

The frequency of operation is double that of the resonators of the 
cyclotrons, in order to fit the buncher into the available space and to 
reduce the voltage and power requirements. The maximum power of 15 kW 
will be required to produce 156 kV peak at 52 MHz, the maximum 
frequency. Since the voltage needed reduces with frequency, it was 
possible to choose a resonator with a fixed short-circuiting plate and 
with two adjustable capacitor plates (each with a 200 mm range) to 
reduce the resonance frequency to the 12 MHz minimum required. 

The electrical and mechanical design has been completed and mechanical 
detailing is now in progress. Some manufacture has started already. A 
new feature incorporated into the design is sliding contact fingers for 
the adjustable capacitors. The fingers are friction-mounted on 
flattened water-cooled pipes and are installed as modules between the 
stationary and moving parts. The fingers are punched out of 0,15 mm 
thick dispersion-strengthened copper plate and are separated by 2 mm 
thick copper spacers. Initial tests have given encouraging results. 
More detail of the mechanical aspects of the buncher resonator is given 
in section 6.1. 

5.4.2 Buncher power amplifier 

This is in the detail design stage at present. The high-power stage 
will use a 25 kW water-cooled tetrode valve identical to those used in 
the SPC1 power amplifiers. It will be housed in a cabinet which is 
mounted directly on the buncher resonator. The anode of the valve will 
connect directly to the capacitive coupling system, which will 
incorporate an integral dc blocking capacitor. A nominal load impedance 
of 700 ohms has been chosen, which will be set by varying the position 
(and hence capacitance), of the coupling capacitor. It is intended that 
the coupling capacitor should double as the fine-tuning mechanism for 
the resonator, and this will cause slight deviations from the nominal 
load Impedance. Provided the deviations are small enough no further 
fine-tuning system should be required. If necessary, a small tuning 
loop can be added later. T.ie anode ht decoupling network and the grid 
input network have both been designed and checked experimentally, 
barring any improvements which may be required once the amplifier itself 
is assembled. 

5.4.3 Buncher driver amplifier 

The high-power stage will require about 300 watts drive for 15 kW 
output. The driver amplifier will be located in a low-radiation area, 
together with the power supplies for the high-power stage. A 
solid-state driver amplifier, capable of delivering 500 watts CW over a 
5 to 55 MHz bandwidth, has been developed by the Rf-Syntems Division 
since December. 
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For compactness and efficiency a high-frequency switched-mode power 
supply was also developed successfully. Production of 16 units, each 
capable of supplying 50 volts at 10 amps with 89% efficiency, is in 
progress. The high efficiency is attributable to the use of high-power 
mosfets. 

The rf-section consists of 4 power modules, the outputs of which are 
combined in a hybrid power combiner* A module can provide 200 watt CV 
from 5 to 55 MHz. The extended bandwidth is made possible by broadband 
rf power-mosfets. The successful development has been completed and 
construction of 16 modules has started. These 4 driver amplifiers will 
be used for the first and second buncher and also for the second 
injector cyclotron. They have superior capability compared to the 
driver amplifiers used for SPC1. 
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5.5 Pulse Selector 

Summary: A pulse selector is necessary for some experiments to enable a 
longer time between beam pulses to be obtained. This is 
achieved by deflecting some of the pulses so that they can be 
intercepted by a collimator. Two deflecting plates will be 
installed at the point of entry of the injection beamline into 
the injection valley chamber. The collimator will be situated 
near the central region. 

5.5.1 Rf-system 

The selection factor will range from 1 in 2 to 1 in 7. The required 
frequency range is 2,85 to 7,85 MHz, with the maximum power and voltage 
(11,25 kV) requirement occurring at 3,716 MHz. Various resonator 
configurations were investigated and the most suitable appears to be a 
parallel tuned circuit where the capacitance (50 pF) is due to the 
deflection plates and their shielding. The coil forming the variable 
inductor (8 to 62,5 microhenries) is made from 4,5 am diameter copper 
tubing and has a diameter of 250 mm. The coil is water cooled. An 
air-insulated coupling capacitor, adjustable between 8 and 17 pF, is 
used to provide an impedance of 50 ohms over the frequency range. 

Rf-power will be provided by an existing 1 kW distributed amplifier with 
50 ohm output. (This is a spare unit for the SPC1 rf-system.) Tests 
have showed that 650 watts of rf-power is required when the coil is used 
with a 50 pF air capacitor without any shielding (Q-value * 160). When 
the coil is enclosed in the proper cabinet (70 x 70 x 70 cm) the Q-value 
increases to 270 and the power requirement for 11,25 kV at 3,716 MHz 
decreases to 300 watts. The resonator is complete except for the drive 
system of the tuning coil. 

The design of the deflection plates has started and the variable 
frequency-dividing circuit has been developed. 
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SECTION 6 MECHANICAL AND ELECTRICAL ENGINEERING 

6.1 Mechanical Engineering 

[Most of the work undertaken by the mechanical engineering section is 
reported in more detail by the other sections of the accelerator group. 
Items of special mechanical significance are discussed here.} 

Summary: The major design work which received attention over the year 
was: 

(i) the SSC Injection and extraction collimators, 
(ii) the EP1 & EP2 probes, 
(ill) the septum magnet SPM2, 
(Iv) the buncher, 
(v) heads for the multi-head probes, 

(vi) supports for switching magnets, 
(vii) beam stops for the experimental beamlines, and 
(viii) a rotary target-handling system for isotope production. 

The major components that were manufactured, tested and 
installed during the past year, either by our personnel or 
contractors under our supervision, were: 

(i) the injection and extraction collimators, 
(ii) septum magnet SPM1 inside the SSC resonator, 
(iii) septum magnet SPM2 on the SSC extraction valley chamber, 
(iv) the electrostatic extraction channel on the SSC injection 

valley chamber, 
(v) multi-head probes for the SSC 
(vi) the high-energy beamline cooling water distribution 

system, 
(vii) the pneumatic system for the high-energy beamline 

diagnostic equipment, 
(viii) braces between SSC magnets, and 
(ix) axial graphite collimators. 

6.1.1 Septum magnet SPM1 

This extraction component was installed in the rear of the SSC resonator 
after exhaustive tests. The coil which carries 1000 amps was 
successfully tested. 

The whole assembly is remotely adjustable by using special stepping 
motors suitable for a radiation environment. All services are piped 
through the lower inner conductor of the resonator and are flexible 
close to the coil. If required, the magnet assembly can be removed from 
the rear of the resonator in a comparatively short time. 

6.1.2 Septum magnet SPM2 

This extremely complex assembly was designed and made locally. The coil 
which consists of two different conductor sizes and eighteen hydraulic 
circuits was made locally. The soft-iron magnet was machined and 
nickel-plated for corrosion protection. A maximum current of 2000 amps 
can be applied, and the complete assembly of the magnet on its own 
rectangular flange weighs approximately one tonne. 
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Four water inlet connections are provided. Cooling is also provided fc 
its collimator and liner. 

Adjustment of the position of the coil assembly is done by stepping 
motors mounted on the outside of the mounting flange. These allow 
parallel as well as angular adjustment, and operate through bellows. 
The connections from the coil to the flange for water and power are 
flexible to allow for this adjustment. 

6.1.3 Beam stop for scattering chamber 

Three of these units are being manufactured at present. They consist of 
a mild steel case containing an aluminium liner and a cylindrical block 
of aluminium at its base which is split up into segments (figure 1). 
The beam strikes these segments and the heat so produced is radiated 
through the mild steel case. A fan unit is provided to remove the heat 
from the outside of the case by forced convection. A single fan, which 
will cool a number of these units, will eventually be provided in each 
of the experimental areas. 

6.1.4 Buncher 

This item has reached an advanced stage in our design office. After 
manufacture it will be mounted in the low-energy beamline half-way 
between the SPC1 and SSC. It consists of a rectangular copper case with 
the cylindrical copper outer conductor of a transmission line mounted 
underneath it (figure 2). This supports an inner conductor which in 
turn supports a rectangular copper electrode in the centre of the case. 

Because of the finite length of the particle packets in SPC1, not all 
particles have the same speed, as the different particles in a packet 
crosu the accelerating gaps at different times. The energy spread in the 
beam from the injector causes the bear, pulse length to increase during 
the time which the beam spends in the transfer beamline. The function 
of the buncher is to slow down the faster particles and accelerate the 
slower particles, so that by the time a particle packet reaches the SSC, 
it is bunched together again to an acceptable length. Long beam packets 
would result in a large energy spread at the SSC extraction radius, and 
consequently poor beam quality and low extraction efficiency for the 
SSC. 

The beam enters the buncher case near the top and after crossing the 
first acceleration gap passes through a hole in the rectangular plate. 
The coupling capacitor (which will also serve as a trimming capacitor) 
is mounted on the top of the copper case. 

Two large capacitor plates which are mounted at right angles to the beam 
path are able to move in and out with a stroke of 200 mm in order to 
allow for the frequency range. The capacitor plates are electrically 
connected to the case through angular contacts which are supported on 
the case. The drive mechanism for these plates is shown in figure 3. 

6.1.5 Rotary target-handling system 

This system will be Installed in the target area where isotopes will he 
produced. 
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It consists of three rotating holders, each able to hold five targets 
which «ay contain a solid, liquid or gas» These are rotated in front of 
the beam window and pushed against this window by a pusher-ant which 
also supplies the cooling water to the target. 

Facilities are provided on some of the rotating holders to pass gas 
through a particular target if required. Also different target 
thicknesses can be used. The area containing this equipaent will be 
highly radioactive, and thus a high degree of automation is required. 

The «echanism is encased in a mild steel container 350 am thick with an 
outer coating of plastic material 150 mm thick. The drives and services 
are mounted outside this shielding. (See figures 4 and 5). 

6.1.6 Cooling system 

The design of the cooling system did not allow for the inefficient use 
of large quantities of water which the power supplies were found to 
require after installation. It was therefore decided to install an 
additional cooling circuit, circuit number 6, which would supply about 
20 litres of demineralised water per second to the power supplies. 

The original contractor was commissioned to do the Installation and, in 
order to cut costs, two stainless steel pumps which were on site were 
used. Money was also saved by using a smaller heat-exchanger which will 
use chilled water on the secondary side. This will not cause a large 
increase in power consumption because the maximum temperature rise on 
the return water from the power supplies will be small. 

The lmpellors of the pumps will be trimmed after commissioning to give a 
delivery pressure of approximately half that of accelerator circuits 1 
to 4 as the pressure drop across the power supplies is far lower than 
the coils being cooled on circuits 1 to 4. 

The additional water that will be available in circuit AC4 will now be 
used on SPC2, when this is finally built. The original assumption was 
that SPC2 would consume about the same quantity of water as SPC1. 
However, as the design of SPC2 was firmed up, this quantity was 
increased owing to the more complex ion sources. 

The manifolds running under the power supplies will be modified so that 
water is fed in from both ends instead of just one end at present* This 
is being done in order to reduce the pressure drop along this small bore 
pipework. 

All pipework for this project has been fabricated on site. Installation 
of pipework cabling and controls as well as commissioning was completed 
by mid-June. 

The cooling system for the high-energy beamllne was constructed during 
the past year. This system was extended from the SSC to the isocentric 
neutron therapy unit, as well as to the Isotope production area and 
into the experimental areas. 
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Fig. 1 General arrangement of a beam «top and segmented Faraday cup. 



Fig. 2 The buncher, aeen In the direction of the bean (at left) and from the side (at right). 
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Fig. 4 Side view of a rotary target-handling device for isotope production. The beam enters from the left 
through the beam pipe (lower centre). Targets are placed to the right of a thin window by one of 
the three rotary holders (right) 
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Fig. 5 Detail of one of the rotary target holders shown In figure 4. 
Five targets can be held by one such holder. The exit window of 
the beam pipe is shown in the lower (vacant) position. 



140 

6.2 Electrical Engineering 

Summary: The position control electronics for 12 slit systems in the 
high-energy beamline has been completed and tested. Two 
versions of a temperature-sensing and alarm system have been 
completed, providing temperature checks at 131 and 22 points 
respectively, in the SSC. Other items constructed and 
Installed include a stepping motor position controller test 
unit, 14 position control units for the SSC, and the first of 
four control units for the short-circuit plates of the SSC 
resonators. 

6.2.1 The high-energy beamline slit control system 

The position control electronics for the first twelve slits in the high-
energy beamline has been completed and tested. This system consists of 
four multiplexer units. Each unit is capable of controlling four slit 
systems consisting of two stepping motors for the independent movement 
of the two jaws, two 13-bit V-binary shaft encoders, two magnetic brakes 
and five limit-switches. Each jaw is fitted with two limit-switches to 
control the limits of its inner and outward movements plus an additional 
switch to prevent the jaws from touching. The circuit for these 
multiplexers together with a full description of their operation was 
given in the 1985 annual report. 

The twelve slits are required for the extraction beamline, the therapy 
beamline, the research beamlines and the isotope beamline. The 
electronics and cabling for these lines are being done simultaneously 
although the extraction and therapy beamlines will be commissioned 
before the others. Figure 1 shows the completed control system. 

6.2.2 Temperature-sensing and alarm system 

Two versions of this system were completed. The first checks the 
temperature at 131 points in the vacuum chambers of the separated-sector 
cyclotron. The second checks and gives a digital readout of two points 
each on the MIC and SPMl as well as 18 points on SPM2. 

Only if all 131 points on the vacuum chambers are determined to be below 
the alarm temperature is an "OK" signal sent to the computer. The same 
applies to the other systems. 

Figure 2 shows the circuit diagram of the temperature transmitter 
checking a point in the vacuum chamber. The temperature sensor has a 
nominal value of 100 ohms at O'C. This resistance rises by 3,9 ohms for 
every ten-degree rise in temperature. The sensor forms a bridge with 
R2, R3 and R4 and as its resistance varies so does the voltage at pin 4 
of IC2. 1C2 is a comparator with its reference voltage adjustable via 
RVl. If the voltage at pin A is below the alarm threshhold, determined 
by RVl, the transmitter indicates "OK". If the voltage rises above the 
theshhold an alarm signal is produced. The transmitter has a self-check 
facility which is described in the monitor description below. 

Figure 3 shows the circuit diagram of the temperature transmitter 
checking the MIC, SPMl and SPM2. This is basically the same as the 
transmitter above but it has an additional analog output. This output 
is the analog equivalent of the temperature and is read on a digital 
meter. A thumbwheel switch allows a specific channel to he selected. 
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Figure 4 shows the circuit diagram of the temperature monitor. This 
module is common to both systems described above. If a temperature 
alarm occurs relay RL1 releases and, even if the alarm clears, will not 
energise unless the monitor is reset by the front-panel pushbutton. As 
mentioned above, the monitor initiates a self-check cycle in the 
transmitter module. This self-check increases the failsafe design of 
the system. For example if the temperature sensor or its cable should 
s'ort-clrcuit, an alarm would be initiated during the self-check. On 
a tomatic every channel executes a self-check about every 50 seconds. 
Tr a channel fails on self-check the monitor will respond as if a normal 
alarm had occurred. 

Construction of the whole system was completed with very few problems 
and, owing to its modular design, teething problems were easily 
overcome. Because of the many cables involved, several breakout panels 
were required. These proved worthwhile in creating order, and this will 
greatly assist fault-finding if problems arise in the future. 

Figure 5 shows the front of the temperature sensing system. 

6.2.3 Stepping motor position controller test unit 

A simulator unit for testing the stepping motor position controllers was 
designed and constructed. The unit tests all the local functions such 
as the stepping motor driver, the magnetic brakes and the position of 
the encoder as well as the links to the various CAMAC modules. The 
simulator is also used for adjusting the stepping motor current and the 
magnetic brake current. A program was written on a microcomputer to 
generate V-binary code which was then stored In an EPROM. The 
Information stored in the EPROM is used to simulate an encoder which 
generates V-binary output. Three sets of EPROMS containing binary, 
V-blnary and bed codes are clocked simultaneously by an internal clock 
enabling the simulator to scan automatically through selected values 
over the entire encoder range while testing the encoder functions of the 
position controller. 

6.2.4 Position control units for the separated-sector cyclotron 

Figure 6 shows the electronics for positioning the following units: the 
electrostatic channel, the first and second septum magnets, the first 
and second multi-head probes and the beamstop. A total of 14 units are 
involved each consisting of a stepping motor driver, a stepping motor, 
an encoder and the control and Interlocking electronics. All the units 
have been constructed and installed. 

6.2.5 The SSC short-circuit plate control system 

The equipment for controlling the short-circuit plates of the SSC has 
been completed. The equipment is comprised of four units for driving 
the four short-circuit plates. Each unit consists of a dc motor driver 
and a microcomputer interface unit which controls the positioning of the 
short-circuit plates by driving the motor to an address whi;h has 
previously been entered into a memory. The acceleration, deceleration 
and maximum speed reached are also controlled by the microcomputer. One 
of these units has been fully tested on a short-circuit plate. 
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Fig. 1 Electronics for the slit control system of the high-energy 
beamline. 
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Fig. 3 Circuit diagram of temperature transmitter with additional analogue output for direct metering. 



145 

í*;;S 

V 

il 
\A 

!í 
^S-, 

si - 1 * Si 

-^•(Al 

i« £. 5' 

L_ L-l 
s a||B Vf H*l 

v v v y v 

8 

g 

B « 
eo 

3 

O 

c o e 
« 
3 
4J 

<0 

V 
o. 
B 
V 
H 

00 
• H 

c l c c S I c -

vwwwwvwv 



146 

milium i 
iiiiiiiiiii I i t * * • • * » 

* * * * * * 
• m m 

i k 

• • ? 
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Fig. 6 Position control electronics for the SSC. 
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SECTION 7 THE RESEARCH GROUP 

7.1 Experimental Nuclear Physics 

Summary: The analysis of the measurements on the elastic scattering of 
a-particles on Si reported In the previous annual report 
{1}, has been completed (see section 11). 

Development of experimental facilities as well as 
data-handling hardware and software for the experimental 
research programme at the SSC progressed as anticipated, 
except that the beam swinger system has been delayed. 
Contracts have also recently been concluded for the 
manufacture of most of the major components of a K • 600 
magnetic spectrometer. 

7.1.1 Experimental facilities 

Development of three of the four experimental facilities envisaged last 
year {2} Is progressing as planned. These facilities, namely a 1,5 m 
diameter scattering chamber, a y-ray correlation table and a high-energy 
y-ray detector, are expected to be available during the early stages of 
the experimental research programme at the SSC. The fourth facility, a 
beam swinger system for neutron time-of-flight measurements, 
unfortunately had to be delayed owing to manpower limitations, but the 
mechanical design of this system will soon commence In our mechanical 
engineering drawing office. 

The scattering chamber has been assembled and aligned in its final 
position. Hardware to accommodate the detectors to be used in initial 
experiments has been manufactured, and the vacuum system has been 
designed and commissioned. The vacuum integrity of the scattering 
chamber has been confirmed, with a final pressure of ~10 Pa. Until 
the vacuum control system is completed, however, the pumpdown will have 
to be controlled manually. 

The y-ray correlation table has been assembled in its vault and is ready 
for use (see figure 1). 

The y-ray detector for energies between ~10 to 100 MeV has been 
assembled at the CS1R Schó'nland Centre, and in preliminary tests it 
performed as anticipated. Upon completion of the acceptance tests, the 
detector will be ready to be shipped to the NAC. 

Lastly, contracts have recently been awarded for the majority of the 
components needed for construction of a K - 600 spectrometer, with 
delivery due to start during the next year. The design of these 
components is largely based on drawings generously supplied by an 
overseas cyclotron facility which has recently installed such a 
spectrometer. 

7.1.2 Data handling 

J Pilcher, C Wikner and K Springhorn 

Two additional magnetic tape drives (for the data acquisition and data 
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analysis computer systems respectively) were delivered recently. This 
completes the purchase of all major components required for the data 
handling system. The drives provide 1600/6250 bpi density and 25/75 ips 
start-stop/streaming speeds. 

Hardware failures were experienced during the year on the disk 
controller, one of the central processor boards of the analysis computer 
and one of the above-mentioned tape drives. Also, both colour graphics 
terminals have had failures of their 5-volt power supplies. 

A number of CAMAC modules for the acquisition system have been 
constructed during the course of the year, including interfaces to the 
fast N1M ADCs. The bulk memory and live histogram display is now 
operational. 

The largest consumer of labour In recent months has been the cabling 
between the experimental areas and the patch panels in the data 
collection room, and the tidying of under-floor cabling. 

The graphics subroutine library, which allows programmers to make use of 
the "standard Calcomp" calls, was extended to support the two pen 
plotters which were delivered during the year. One plotter is situated 
in the Van de Craaff terminal room, and the other in the cyclotron data 
collection room. 

Also completed during the year was a handler to support the NACbus 
interface, and the associated bulk memory and histogram display, which 
is connected to the data acquisition computer system. Application 
software to allow users access to this facility is being developed. 

The suite of data acquisition programs was updated during the course of 
the year to the latest available versions. Some problems are still 
being experienced with the software, and it is hoped that most of these 
will be resolved when further updates are installed within the coning 
months. 

A set of data acquisition files to control acquisition and analysis of 
data from the first experiment planned for the cyclotron beam has been 
written, and tested as far as is possible at present. These appear to 
run satisfactorily, and a full test will be performed under realistic 
operating conditions, when a beam is available. 

References 

1. National Accelerator Centre Annual Report NAC/AR/85-01 (CSIR, 1985) 
p 184 

2. Ibid, p 139 
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7.2 Standards of Radioactivity 

B R Meyer and Bit S Simpson 

Su—ry: A Co sample was standardized and a sample was sent to the 
International Reference System (SIR) of the BIPH for a 
comparative measurement. Comparison with the SIR average 
indicates that the quoted activity is higher, but a proper 
assessment is difficult. 

The NAC also participated In the international comparison of 
Cd activity measurements organised by the BIPM. The 

activity was measured using two methods based on liquid 
scintillation coincidence counting. The results of the 
intercomparison are still awaited. 

The new 15-fold coincidence counting system came into 
operation and has been proven successful. An accurate 
ionization chamber has also been purchased and tested. 

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

A standardization of Co was undertaken with the aim of submitting a 
sample to SIR for comparative measurement in their special ionization 
chamber. This is a difficult Isotope to standardize reliably, because 
it has a structured electron-capture spectrum superimposed on low-energy 
conversion electrons, which can lead to high-order efficiency 
functions. However, a first-order function was obtained using the NAC 
liquid scintillation coincidence counting system. 

Comparison with the SIR values (see figure 1) indicates that our 
measured activity is about 0,972 higher than the average. However, it 
should be kept in mind that the SIR values have a large spread and that 
the average is probably not very accurate. 

7.2.2 Maintenance of laboratory standards 
1 39 A primary standard of Ce was prepared for the Pretoria Cyclotron 

Group (PCG). 

The Radioisotope Production Division at Faure also requested the 
standardization of a Eu sample. Three standards (two for them and 
one for the PCC) were prepared, the primary use being for the efficiency 
calibration of germanium y-ray detectors. Difficulties were encountered 
when attempting an absolute activity measurement, probably due to the 
complex decay scheme. However, it is hoped that after further 
investigation a reliable measurement will be obtained. In the interim 
period, the activity was calibrated indirectly by comparison with a Co 
standard. A relative measurement was made with a germanium detector, 
using the 122 keV y-ray peak. The resulting %u activity was checked 
against a SIR-certified Co standard, and good agreement was found. 

7.2.3 International comparison of activity measurements 

After the successful completion of the restricted trial comparison of 
activity measurements of Cd {1 }, the BIPM launched the full-scale 
intercomparison of this isotope, with the reference date being set for 
1986.03.01. 
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The highly pure primary material for this comparison was supplied by the 
NAC and sent to a standardization laboratory in Hungary, from where the 
prepared samples were then distributed to the participating 
laboratories. 

The NAC measured the activity using two direct methods: 

(1) Liquid scintillation counting of the internal conversion 
electrons (4«e-4ie coincidence counting); and 

(11) coincidence counting of internal conversion electrons and 
K X-rays (4x(LS)e-X). 

The results of the comparison are awaited with interest. 

7.2.4 Ins trumenta 11on 

B R Meyer, J Pilcher, D A Raavé, B R S Simpson and C Wikner 

The coincidence counting system has been extended to allow for up to 
fifteen data points to be measured simultaneously by introducing a 
15-channel 2- and 3-fold coincidence unit and a 32-channel scaler into 
the system {2}. A new computer program was written to handle the data 
acquisition requirements of the system. The operation of the new system 
was carefully tested before a comparative activity measurement of a 

Ce solution was performed, using the new system and the previous 
3-fold system. The measurements agreed within experimental error, 
confirming the correct operation of the upgraded counting system. A 
number of timing single-channel analyzers needed to complete the system 
have been acquired. 

An accurate ionization chamber for radioisotope calibration in the 
standardization laboratory was purchased, and has been tested. At 
present a lead shield enclosure is being built around the chamber. When 
this is completed, the tedious process of calibrating the chamber 
accurately will be undertaken. 
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7.3 Radioisotope Production 

Summary: The development of a microcomputer-based remote control and 
monitoring system for target handling and target irradiation 
procedures Is well advanced. The electric rail target 
transport system was installed, while the design of a 
remotely-controlled multiple target facility for the first 
beamline has been completed and some of its components are 
already being manufactured. Systems for water cooling of 
various combinations of targets of different configurations, 
as well as for helium-gas cooling of beam foil windows have 
been proposed. Instrumentation racks and general service 
lines were installed at the hot cells and a shielded facility 
for the transfer of radioactivity between hot cells has been 
designed. A counting room for the measurement of radio
activity has been established and a SPECT y-camera was 
installed in the Nuclear Medicine Block. Other equipment 
acquired includes an atomic absorption spectrophotometer and a 
high-peformance liquid chromotograph. A collection system for 
the recovery of ^ from irradiated Nal targets has been 
prepared, while improved methods for the preparation and 
quality control of iodine-labelled Hlppuran and MIBC have been 
developed. 

7.3.1 Facilities and equipment 

7.3.1.1 Process control system 

F M Nortier, D A Raavé and G F Steyn 

A microcomputer-based system for the remote control and monitoring of 
target handling and target irradiation Is in an advanced stage of 
development. The system will consist of a "main" microcomputer 
interfaced with several secondary microcomputers dedicated to the 
various remote stations, as well as other data acquisition and control 
instrumentation. Control of the system will be from the control room in 
the Radioisotope Production Block (Block D), and most of the cabling 
between the control room and the remote stations planned at present has 
already been laid. Equipment which will eventually be controlled and/or 
monitored by means of this system includes the target transport system, 
target transfer systems and target magazines at the various irradiation 
stations, loading and off-loading mechanisms at the receiving hot 
cell(s) and the storage facility, the water cooling system for targets 
and the helium-gas cooling system for beam foils. The system will also 
be employed for the monitoring of target performance during Irradiation, 
as well as for interlocking purposes. 

7.3.1.2 Target transport system 

S J Mills and D A Raavé 

As envisaged In last year's annual report {1}, the remotely-controlled 
electric rail transport system for the transport of targets between the 
Irradiation vaults, hot-cell complex and storage facility was Installed 
during the second half of 1985. Some teething problems are still being 
experienced with the system, but these are expected to be rectified 
before it is needed on a routine basis. 
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7.3.1.3 Target handling systems 

S J Mills, F M Nortier, W L Rautenbach*. H A Smit and G F 
Steyn 

*Dept. of Physics, University of Stellenbosch 

The design of a remotely-controlled multiple target facility has been 
completed and some of the components are at present being manufactured. 
The facility will consist of three target wheels behind each other, each 
with five target holder positions, and will provide for different 
combinations of a variety of targets to be irradiated in series. The 
whole facility will be locally shielded, and target holder transfer 
between it and the target transport system will be effected by means of 
a remotely-controlled cransfer mechanism, the design of which has also 
been completed. 

A system for the transfer of targets from the target transport system 
into the containment box of the receiving hot cell, as well as a 
loading and off-loading mechanism at the storage facility, still have to 
be designed and manufactured. 

7.3.1.4 Target water cooling system 

M Hurwitz, S J Mills, F M Nortier, W L Rautenbach* and G F 
Steyn 

*Dept. of Physics, University of Stellenbosch 

Targets for the production of radioisotopes at Faure will dissipate up 
to 10 kW of heat during irradiation. Design criteria for the target 
water cooling system have now been established and are characterized by 
the flexibility and proper control of the water flow rate and pressure 
of each individual target capsule, as governed by the different 
configurations to be used. Target mafoHals with low thermal 
conductivities are, for example, cooled in a configuration requiring a 
high flow rate and the lowest possible water pressure, while targets 
designed to yield high specific activities call for the use of swirl 
flow cooling techniques, requiring both high flow rates and high 
pressures {2}. 

A cooling system with a capacity of 140 litres per minute at a maximum 
head of 70 bar has been proposed. The rystem includes full pressure and 
flow control, as well as the monitoring of temperature, flow and 
pressure. The possibility of evacuating the main storage tank permits 
operation at ultra-low pressures. The control and monitoring will be 
done remotely by means of a dedicated microcomputer, linked via a 
suitable interface to the process control computer (see 7.3.1.1). 

7.3.1.5 Helium cooling system for beam foils 

F M Nortier and C F Steyn 

In many applications it will be convenient to isolate the radioisotope 
production target(s) from the vacuum of the beamline. A double 
metal-foil window system is envisaged for this purpose; the foils being 
thin enough to cause very little degradation of the beam, but still 
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sufficiently strong mechanically. The heat dissipated in the foils can 
then be removed by blowing gas through the space between the two foils. 
A gas cooling system has been proposed {3} that will be capable of 
cooling power densities in excess of 100 W/cm , the cooling medium being 
helium gas at room temperature. The helium will be circulated in a 
closed loop by a suitable pump. The loop includes suitable filters, the 
double foil window system and a heat exchanger. The average loop 
pressure will be 1 bar. The whole system will be evacuated before being 
filled with helium. Control and monitoring will be done remotely (see 
7.3.1.1). 

7.3.1.6 Hot cells 

P J Fourie*, S J Mills, M E Smith* and P M Smith-Jones 

•Isotope Production Centre, AEC 

Instrumentation racks have been installed along the front face of the 
hot cells (see figure 1). 

Service lines for general services such as water, drainage, compressed 
air, gas, electricity and lighting have been laid to each hot cell. 

A shielded facility for the entry, exit or transfer of radioactive 
material through the rear ports of the cells (see figure 2) has been 
designed with the assistance of the Isotope Production Centre of the 
AEC, and will be manufactured shortly. This facility will run on a 
fixed track extending tha whole length of the row of hot cells and will 
be easy to move by hand from one hot cell to another. 

7.3.1.7 Measurement equipment for radioactivity 

S J Mills, P M Smith-Jones and C J Stevens 

Attention has been given to the measurement of the activity and the 
determination of the radionuclide purity of samples, and a counting 
room has been established for this purpose. An intrinsic germanium 
y-ray detector was purchased and coupled to a previously-acquired 8K 
multichannel analyser with automatic qualitative and quantitative 
•y-spectrum analysis capabilities. An accurate and stable calibration 
bench for the detector was also designed and manufactured and the 
absolute photopeak efficiency as a function of Y~ r ay energy determined 
for various source-to-detector distances. The use of a removable 
collimator in front of the shielded detector allows for measurements 
over a large range of activities. 

Two ionization-chamber radionuclide calibrators have also been 
purchased, one for installation in the hot cells and the other for use 
in the counting room. 

7.3.1.8 Chemical laboratory equipment 

P M Smith-Jones and R F Verbruggen 

Major pieces of equipment have been purchased or are on order for the 
preparation and/or quality control of radiochemicals or radiopharmaceu
ticals, as well as for related research and development work. These 
include an atomic absorption spectrophotometer with a graphite furnace, 
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a high-performance liquid chromatograph (HPLC), a freeze dryer, a 
laminar-flow cabinet, a drying oven, an incubation oven and a water 
purification system. A large variety of smaller items and glassware 
was, of course, also acquired in order to equip the chemical and 
radiopharmaceutical laboratories and prepare for the radioisotope 
production programme at Faure. 

7.3.1.9 Gamma camera 

Building construction of the Nuclear Medicine Block (Block N) was 
completed early in the year under review. On the recommendation of the 
Nuclear Medicine Work Committee of the Biological Sciences Advisory 
Panel of the NAC, a single-photon-emission computerized tomography 
(SPECT) -̂ -camera was installed in this block in January 1986 (figure 3), 
and is available for use by the Radioisotope Production Division in the 
bio-evaluation of their products. 

7.3.2 Methods and procedures 

7.3.2.1 Recovery of n. from Nal targets 

P M Smith-Jones 

An investigation into the recovery of TCe from a sodium iodide target 
for the production of T has been initiated and is at present awaiting 
first external beams from the SSC. The proposed method {4} is a batch 
production method whereby the target is dissolved in HC1 and a purging 
gas (for instance helium) is used to remove radioxenons from the 
solution. A dry ice trap is used to collect any iodine or volatile 
components of the gas stream, while a liquid nitrogen trap is used to 
retain the radioxenons. After a suitable decay period, the product, 

I, is removed by washing with dilute sodium hydroxide. 

7.3.2.2 Kit preparation and rapid quality control of *I-labelled 
Hippuran 

R F Verbruggen 

Several iodine exchange techniques have been published for the labelling 
of Hippuran, but almost none of them is fully satisfactory, because of 
poor radiochemical or chemical purity of the endproduct and/or a time-
consuming procedure and/or low specific activity. The following 
procedure for the kit preparation of *I-labelled Hippuran was therefore 
developed at the NAC: 

To prepare the standard multidose vials for kit preparation 10 mi water 
containing 25 mg o-oiodohippuric acid (purified by recrystallisation of 
5 g from a 100 ml 40% ethanol/water solution) and 30 mg ascorbic acid, 
is dispensed through a 0,22 u filter over 10 sterile and apyrogenic 
10 mi vials. The solutions are then frozen with carbon dioxide, 
lyophillzed and the vials stoppered and sealed in laminar flow. The 
o-iodohippuric acid is labelled by adding up to 925 MBq (25 mCi) 
iodate-, periodate- and reductant-free Na I (or Na I), diluted in 
1 mi sterile water. This solution is then heated for 5 to 10 min in 
boiling water and, after cooling, a 0,5 mi sterile water solution 
containing 2,35 mg NaHC03 and 10,39 mg NaCl is added to obtain an 
injection-ready solution at a pH of 6,5 - 7. 



158 

To obtain a quick quality control of this solution, a HPLC separation 
method is applied (C18 10 \i column (30 cm - 3,9 mm), 254 nm UV detector, 
Nal(Tl) detector + electronics). An eluent of MeOH/HgO/acetic acid -
30/70/0,1 (pH - 3,9) is used at a flow rate of 1,5 mA/min (2600 psi). 
This set-up permits a complete separation in 20 min of all the major 
compounds which can be expected in the solution, namely I -, *I~, 
labelled or unlabelled o-iodohippuric acid and ascorbic acid, as well as 
the side products regularly found in commercially-available solutions, 
such as hippuric acid, benzoic acid and labelled or unlabelled 
o-iodobenzoic acid. 

131 The radiochromatograms of 23 -labelled Hippuran solutions prepared 
according to the method described above showed >99,7 ±0,18% 
o-[ J-iodohippuric acid, <0,3 ± 0,18% *I~ and no detectable amounts 
of o-[*IJiodobenzoic acid. The UV chromatograms of these solutions 
showed no organic substances other than ascorbic acid and Hippuran. A 
comparative study of isotonic solutions stored at 4*C showed more than 
99,0% labelled Hippuran alter 7 days (figure 4). This means that the 
addition of stablizing agents, such as benzyl alcohol and p.hydroxy 
benzoic acid, is unnecessary. 

In conclusion, it can be stated that this mild labelling method is fast 
(less than 10 min) very simple (without purification), reproducible 
(±0,18%), economical (99,7% labelling) and yields a radiochemically very 
pure endproduct (no traces of o-[*Ijiodobenzoic acid) with a specific 
activity up to 370 MBq/mg (10 mCi/mg). 

7.3.2.3 Synthesis, kit-labelling and quality control of I- and 
1123I-MIBG 

R F Verbruggen 

The efficacy of TI-MIBG (metoiodobenzylguanidine) in the diagnosis of 
pheochromocytoma and myocardial as well as adrenomedullary abnormalities 
on the one hand and of I-MIBG in the treatment of pheochromocytoma on 
the other hand, has recently been demonstrated. 

The unlabelled MIBG.0.5H^0^ has been synthesized as follows {5}: A 
mixture of metaiodobenzylamine.HCl and cyanimide is stirred and heated 
at 100°C for four hours. The resulting glassy solid is dissolved in H 20 
and precipitated as NIBG bicarbonate by addition of a KHCO3 solution. 
The desired MIBC sulfate is obtained by dissolving the MIBG bicarbonate 
in a H2S0i, solution and purified by recrystallisation out of EtOH/H20. 
To verify that the product is MIBG, the following analyses have been 
performed: melting point (at the AEC), UV, IR, NMR and mass 
spectroscopy (all at the University of Cape Town). 

A HPLC quality control in less than 10 min has also been developed to 
verify the chemical purity of the MIBG: C18 10 p. column (30 cm - 3,9 
mm), 254 nm UV detector, 1 mJl/min flow rate (1900 psi), eluents: 
Me0H/H20/acet.acid/40/60/0,1 + 1 g/i guanidinium carbonate. The 
guanidinium carbonate is added to reduce back tailing, and consequently 
to obtain a better separation. The chemical purity (>99,8%) made 
further preparative separation unnecessary. The same set-up, with a 
Nal(Tl) detector + electronics in series, served for the quality control 
of the labelled compound. 

The labelled material Is synthesized via an ascorbic acid - Cu(I) 
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facilitated exchange of MIBG with Na h or Na * I {6}. The procedure 
is as follows: a 10 \iX Cu/acetic acid solution (15 pg Cu(NO3)2.3H20/10ta 
acet.acid (100Z)) and the desired quantity of reductant-, iodate- and 
periodate-free radioiodine (< 50 \il (100 nCi/mi); for larger volumes 
(< 100 uJl) of activity, the initial volume of 40 \il of H 20 is reduced) 
is added to a mini vial with conical bottom containing 0,5 mg MIBC, 5 mg 
ascorbic acid. After mixing the septum closed vial is heated. A 
heating time of 15 min and a temperature of 100 *C were found to be 
adequate. Under these conditions no labelled or unlabelled side 
products are synthesized and a quantitative labelling yield (> 99,9%) is 
obtained which makes a supplementary purification unnecessary. Heating 
for 5 min or more at 150*C resulted in the same yield, but oxidation of 
the ascorbic acid was noticed. 

After labelling, the solution is made isotonic and brought on a pH of 
5,5 - 6,5 by addition of 3 m A H ^ containing 26 mg KHC03. 

Deiodination of the following three injection-ready solutions of 0,8 
mCi 1 3 1I each, was measured as a function of time stored at 4*C: 

(a) Solution as described above; 
(b) solution (a) + 1% benzylalcohol; and 
(c) solution (a) + 0,2% parahydroxybenzoic acid. 

Although the deiodination is already low owing to the use of a reductor 
such as ascorbic acid in the reaction medium, the results showed that 
the decomposition due to the radiolysis which accompanies the radio
active decay can be diminished by the addition of radical absorbers such 
as benzylalcohol, parahydroxybenzoic acid, etc. 

One can conclude that with the quantitative labelling yield of up to 10 
mCl/mg, radiochemical purity, reproducibility, simplicity and speed, 
this labelling procedure is suitable as kit form preparation. 
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Fig. 2 Rear view of hot cells, with lead sliding door of one cell 
opened to show rear port in containment box. 
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Fig. 3 SPECT gamma-camera Installed In the Nuclear Medicine Block. 



162 

>-
> 

225 

TIME (MIN) 

Fig. A Radiochromatogram of a seven-day-old injection-ready Hippuran 
solution. 1: 1 3 1 I _ (0 ,63%); 2: [ 1 3 1IJHippuran (99,37%). 



163 

7.4 Radiation Safety and Regulatory Aspects 

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

Su—ary: The NAC has obtained licences for beam production to its full 
capacity in SPC1 as well as for internal beans up to 200 MeV, 
luA in the SSC. Application has also been made for the 
production of external beams with the SSC. 

All initially planned radiation protection systems in and 
around the accelerators have been installed and checked as far 
as possible. These include the area radiation monitoring 
system and equipment for evacuation of vaults and maintaining 
access control-
Air monitoring systems in the exhausts from the radioisotope 
production areas and accelerator vaults have been designed. 
A system for the management of radioactive waste has also been 
planned. 

Routine tasks of the Radiation Safety Division such as 
training of radiation workers, personnel dosimetry, 
arrangement of medical examinations and maintenance of safety 
around the accelerator vaults were continued. 

Personnel doses during the past year were negligible because 
activation of cyclotron components is still very low. 

7.4.1 Regulatory aspects 

Under the Regulations Concerning the Control of Electronic Products the 
NAC now has a licence to run SPC1 to its full specified capacity. 
Another licence to produce internal proton beams up to 200 MeV, luA in 
the SSC was obtained for the initial beam tests. Application for a 
licence to produce external beams in the high-energy beamline area and 
one of the radiotherapy vaults was made and similar applications for the 
isotope production vaults and experimental physics areas are to follow 
shortly. 

On 1 June 1986 the Department of Health (DoH) took over the regulatory 
duties of the AEC regarding the control over radioactive materials, and 
licensing of the activities that are to take place in Block D 
(Radioisotope Production) will now be handled by the DoH. 

7.4.2 Radiation safety beam interlock system 

The new radiation monitoring system was installed where possible and Is 
operational in all areas In which tests with accelerated particle beams 
have taken place or are to take place in the near future. The locally-
designed radiation alarm boxes were also installed and found to work 
satisfactorily. 

Procedures and equipment for the evacuation of personnel from dangerous 
vaults before beam production have been established. For this purpose a 
system with push-buttons inside the vaults, small gates with 
microswitches for sub-area evacuation, double microswitches and warning 
lights on all access doors, evacuation alarm bells and rotating beacon 
lights, all coupled to the safety computer, has been locally designed, 
manufactured and installed. 
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Specifications for the radiation safety interlock system of the whole 
facility, excluding only the radiotherapy vaults, have been drawn up. 

7.A.3 Air monitoring 

A proposal for the monitoring of air from the isotope production vaults 
and hot cells was presented to the Licensing Branch of the AEC and 
has been approved by them. For the routine measurement of radioactive 
releases from the stacks of the radioisotope production vaults and hot 
cells, only Nal detectors, installed permanently near the outlets, will 
be used. A feasibility study proved that this was a viable method. The 
same technique will be used on the outlets of the SSC vault and 
high-energy beamline areas- An air sampling system for iodines, 
particulates and noble gas will be built locally for spot checks. 

7.A.4 Personnel dosimetry 

The Radiation Safety Division now controls personnel dosimetry and 
medical examinations for the whole site. This includes the Van de 
Craaff Croup and other departments like ESD. 

The old film badges have recently been replaced with thermoluminescence 
dosimeters (TLD's), also supplied by the SABS. TLD's are now issued to 
approximately 180 persons on a four-weekly basis. Approximately 20 
persons also wear neutron film badges. 

Radiation levels all over the site, except inside the accelerator vaults 
during beam production, have been negligible thus far, with the result 
that no measurable doses have been picked up by personnel. 

7.4.5 Training of radiation workers 

Besides the routine training course for new employees, a series of 
lectures were given to familiarize personnel with the rapidly changing 
radiation safety situation at the NAC. 

One member of the Radiation Safety Division spent a ironth at Pelindaba 
to gain practical experience, while another visited a number of overseas 
facilities similar to the NAC. 

7.4.6 Radioactive waste management 

A radioactive waste management system for the NAC has been planned. 
Solid waste will be collected from all over the site and stored in a 
room to be built in the basement of Block D. Sealed radioactive sources 
and high specific activity liquid waste will also be stored in this 
room. For low specific activity liquid waste, which will be collected 
in the sumps in the basement of Block D, a storage tank system will be 
installed. Dilution for disposal into the sewerage system or decay of 
the shorter-lived isotopes will take place In these tanks. 

Disposal of longer-lived solid and liquid waste will take place via the 
AEC or ESCOM. 
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SECTION 8 PARTICLE THERAPY 

Summary: The Installation of the isocentric neutron therapy system was 
completed during the second half of 1985. Final commissioning 
is currently scheduled to commence in July 1986. A new 
concept for proton therapy has been proposed and will be 
considered shortly. 

8.1 Neutron Therapy 

Acceptance tests of the p(66)/Be NAC neutron isocentric treatment system 
{1} were undertaken at the manufacturers' premises In the United Kingdom 
during June 1985. The tests were satisfactory and the system was 
shipped to the NAC in August 1985. Thereafter the system was installed 
over a 6-week period by the manufacturer's personnel with the assistance 
of NAC staff. No major problems were encountered and the mechanical and 
electrical tests conducted after the installation proved satisfactory, 
although there were some software problems which were later largely 
resolved. The "high-energy" beamline to the neutron therapy unit Is 
complete and it is currently expected that final commissioning of the 
system will begin in July 1986, as soon as a stable 66 MeV proton beam 
is available from the separated sector cyclotron. A photograph of the 
treatment system is shown in figure 1. 

The portal X-ray system has been installed. Some changes have been made 
to the original configuration: a remote exposure station is now located 
within the treatment vault and the control unit has been placed in the 
entrance maze just outside the treatment vault. This was done as a 
compromise between convenience and the avoidance of possible radiation 
damage to the control unit. 

The installation of the moving floor, which will permit ±185° rotation 
of the isocentric gantry, is almost complete. Essentially the floor 
consists of two sliding sections, each comprising two main parts, viz a 
solid section which runs on bearings and a trailing slatted section 
which runs on conveyor wheels. The latter section retracts below floor 
level when the floor is opened to permit rotation of the treatment 
head. The leading edges of the solid sections have spring-loaded 
sliding fingers which enable the floor to close around the couch column 
when the latter is rotated from the 0° position. Apart from the rails, 
bearings and support structures, most of the floor is constructed of 
wood. Initially the floor will be manually operated by means of a push 
button pendant suspended from the ceiling, but this system can be 
upgraded to fully automated operation in the future. Interlocks and 
safety devices prevent collision between the floor and the gantry or the 
couch. 

The room clearance and radiation safety interlock system {2} has been 
Installed in the neutron therapy vault, while the design and planning of 
the cosmetic finish and services in the vault has reached an advanced 
stage. This work will only be completed once the treatment unit has 
been commissioned. 
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A computerised dose-distrlbutlon measuring system, Including a film 
densitometer, for use with the NAC radiotherapy beams has been purchased 
and commissioned. The system permits the automatic collection of the 
dosimetric data which is required for treatment planning purposes, and 
will also be used for routine checks, quality assurance purposes and for 
research. 

Assuming that there are no major setbacks, the physical and biological 
calibrations of the neutron therapy beam should commence in September or 
October 1986. Allowing approximately nine months for this phase, 
patient treatment could begin in May or June 1987. 

8.2 Proton Therapy 

Because of the high cost of the previous proposal for an isocentric 
proton treatment system {3} a revised proposal for the proton therapy 
treatment facilities has been drawn up. The new proposal is for proton 
therapy to be undertaken in two treatment vaults. As soon as possible a 
horizontal beam line for up to 200 MeV protons will be provided. Field 
sizes between 20 x 20 mm and 200 x 200 mm will be obtainable using 
static beam spreading devices. The smallest field sizes will be used 
for the treatment of choroidal melanomas, arteriovenous malformations, 
pituitary and other small lesions. Treatment of shallow lesioi.s with 
the 66 MeV proton beam (range • 36 mm in water) will be possible on 
neutron treatment days when the beam is not being utilised In the 
neutron therapy vault. 

Two or three years later a vertical beam will be Installed in the other 
treatment vault. Protons of variable energy up to 200 MeV will be 
utilised, inter alia, for intra-operative therapy. This beam delivery 
system will be designed In such a way that it could be converted to an 
isocentric facility at a later date, when consideration will also be 
given to incorporating a pencil beam spot-scanning system in the 
treatment unit. 

If the revised proposal is accepted by the relevant advisory bodies, 
design of the horizontal proton beam therapy system could begin during 
1987. 

References 

1. National Accelerator Centre Annual Report NAC/AR/83-01 (CSIR, 1983) 
p 230 

2. National Accelerator Centre Annual Report NAC/AR/84-01 (CSIR, 1984) 
p 250 

3. National Accelerator Centre Annual Report NAC/AR/85-01 (CSIR, 1985) 
p 247 



167 

s 

Fig. 1 The iaocentric neutron therapy unit installed in the treatment 
vault. The movable floor has sLnce been installed. 
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PART B THE PRETORIA CYCLOTRON FACILITY 

SECTION 9 

9.1 Introduction 

The primary facility at the Group's disposal is a 110 cm cyclotron with 
an external beamline leading to a separate experimental hall which inclu
des a fast neutron therapy facility. The cyclotron is equipped for the 
bombardment of both internal and external targets for the production 
of radioisotopes. 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. The 
fast neutron therapy facility which was created in collaboration with 
the Johannesburg, H.F. Verwoerd and Hillbrow hospitals of the Transvaal 
Provincial Administration could as yet not be commissioned due to 
problems experienced in realising suitable external deuteron beams for 
neutron generation. Biological calibrations have mostly been completed 
with the emphasis of the radiobiological programme shifting to low-dose 
effects and synergistic phenomena in mixed fields. Physical measurements 
were directed at quantifying more subtle parameters such as kerma ratios 
and gas ionization energies with the aid of measured neutron spectra 
Services to industry and other organizations are rendered in the form 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. 
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9.2 Cyclotron Operation and Development 

Summary: After suspecting misaligned pole plates as the underlying cause 
of the vertical dispersion and displacement of the extracted 
beam, it was decided to undertake a major service of the 
cyclotron during the first quarter of 1986. The main vacuum 
chamber was removed, the O-rings replaced and the magnetic 
field measured. Other improvements included the installation 
of a new electromechanical drive system for the capacitor plates, 
modifications to the vacuum valve of the isotope production 
chamber, the installation of a new chiller for the deflector and 
the upgrading of the main magnet stabilizer with a new shunt. 
During this period two programmable controllers were commissioned 
to interlock the water flow circuitry with the existing inter
lock subsystems, a new power supply was installed for the ion 
source filament and new vacuum sensors located on the therapy 
beamline. The frequent interruptions and breakdowns during 
the past year have highlighted once more the need for support 
from the Faure personnel and two major improvements are to be 
jointly undertaken; a theoretical study of particle orbits 
at the central region of the cyclotron with the aim of improving 
orbital separation and the design of an electromechanical drive 
system for the ion source. 

9.2.1 Maintenance and development 

Concerted efforts have been made during the past few years to improve the 
efficiency of the beam extraction system and the operational reliability 
of the cyclotron. The achievement of these goals has, however, been 
hampered by manpower shortages and insufficient funds. To further aggra
vate the situation, it seemed that misalignment of the upper pole plate 
was producing a dispersion of the beam in the z-direction. In addition, 
this malfunction resulted in a displacement of the beam from the median 
plane. As a consequence the extraction of the internal beam was severely 
compromised. These factors led to further losses in the therapy beamline 
and ultimately far less than the previously stated 15% of the internal 
beam could be directed onto the Be target. Under these conditions, it 
rot only became impossible to produce a suitable neutron beam but the 
physical and radiobiological programmes were also being affected. 

Solving of the problems relating to the pole plates necessitated partial 
dismantling of the cyclotron to remove the main vacuum chamber. Several 
other items required attention and it was decided to postpone the major 
overhaul to coincide with the annual servicing of the machine at the 
beginning of 1986. This scheduling would also minimize the disruption 
to the isotope production programme. 

The upper and lower pole plates respectively form the cover and base of 
the main vacuum chamber. After the chamber had been removed, it was 
found that the O-rings on the circumferences of the plates had hardened 
due to ageing and radiation damage. Consequently the upper plate could 
no longer move freely when the main magnet was energized and was subject 
to jamming in random positions. To prevent a recurrence of the problem, 
the (3 5,5 mm O-rings were replaced with a 0 4,7 mm ring. The pole-gap 
was measured (Faure personnel) to determine the exact height of the 
spacers between the pole plates and the pole pieces. The correction 
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shims were secured more firmly and after re-installing the cleaned vacuum 
chamber, the magnetic field was mapped. The measured values were within 
the tolerance range. 

The potassium chromate addr?d to the cooling water gave vise to high 
leakage currents and the resulting electrolytic action corroded the 
coolant couplings to the coils of the main magnet. The couplings were 
replaced and the use of the additive discontinued. 

Several items received attention during the overhaul of the machine: 

i) Radiation damage to the plastic components in the hydraulic 
drive system of the capacitor plates has led to numerous 
failures and necessitated the design and installation of a 
new electromechanical system. The response time of the new 
system needs to be shortened and the electric motors pre
sently used will be replaced by stepper motors. 

ii) The drive mechanism of the vacuum valve on the production 
chamber was modified to facilitate easier access to vacuum 
seals and 0-rings. In the past it has been necessary to 
uncouple the chamber completely from the cyclotron before 
servicing the vacuum valve. 

iii) A new chiller with increased flow capacity was installed to 
supply coolant to the deflector, the septum and ultimately 
to the turbo vacuum pump to be installed during the 1987 
service. The old chiller is now being used to supply cooling 
water to external targets. 

iv) Several septums have been damaged in the past during beam 
extraction and it was decided to fit a 0,5 mm thick tung
sten pre-septum for protection. Due to insufficient cooling, 
however, the pre-septum melted shortly after installation. 
A re-designed septum (Faure personnel) should ensure better 
cooling for a 1 mm thick pre-septum. 

v) A new shunt (internal resistance 3 times greater than the 
old unit) for the main magnet power supply was provided 
by Faure personnel and installed with their assistance. 
Modifications were carried out on the main magnet stabilizer 
to provide optimum matching to the new shunt. Under opera
tional conditions the magnet stability has greatly improved 
and the measured short—term beam stability was found to be 
better than 6 x 10~ 5. 

vi) Two programmable controllers were incorporated to interlock 
information regarding the status of each water flow circuit 
with the existing sui system interlocks of the cyclotron. 

vii) A new power supply for the ion source filament was installed. 

viii) New vacuum sensors were located on the therapy beamline. 

ix) The cyclotron control circuitry was upgraded and new cables 
laid to both the cyclotron vault and annexe. 
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After the service had been completed by mid-April of this year, the machine 
was again performing satisfactorily. However, it is now apparent, more 
than ever before, that patient treatment cannot commence until the ex
traction efficiency and general running reliability of the cyclotron has 
been improved. The two most pressing needs which require the support 
of Faure personnel are the following: 

i) A theoretical study of particle orbits at the central 
region of the cyclotron with a view to improving orbital 
separation. The implementation of two options are being 
investigated; the installation of a slit system and/or 
a re-designed puller. 

ii) An entirely new design for the ion source drive system. 
The present hydraulic system has never functioned entirely 
satisfactorily and is a source of frequent interruptions. 
An electromechanical system is being considered as a 
replacement. 

Due to other high priority demands and lack of funds, the following pro
jects have once again been postponed: 

i) Manufacture of new short-circuit plates 

ii) Modifications to the internal target exchanger 

iii) Manufacture of a target transport-system. 

The PCG workshop was fully occupied with the manufacturing of cyclotron 
components and production targets whilst at the same time meeting the 
demands of the various research programmes. 

9.2.2 Utilization 

The shut-down period of approximately 3j months plus an unusually high 
frequency of interruptions have severely hampered the utilization of the 
cyclotron. The operational time amounted to 5113 hours as opposed to 
5640 hours the previous year, whilst the time lost through interruptions 
soared from 9,9% to 24,6%. 

A breakdown of the cyclotron time is presented in table 1. 
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Table 1 Cyclotron operation (shut-down period not included) 

Hours % 

Planned service 179 3,5 

Interruptions 1259 24,6 

Radioisotope production 3416 66,8 

Experiments 259 5,1 

Total 5113 100 Total 

9.3 Production of Radioisotopes 

Summary: The development and improvement of production procedures and 
the upgrading and extension of production facilities were con
tinued. Further work was done on the possible simultaneous pro
duction of 5 7 C o and 1 0 9 C d , and production of 6 7 G a , 7 7 B r , 
1 1 1In-oxine and 1 3 9 C e . A simple solution has been found to 
increase the efficiency of the zirconium phosphate 8 1 R b / 
generator to about 80%. Special attention was also given to 
quality of our l x lIn-chloride product for labelling In-oxi 
and In-tropolone. 

the 
ine 

Final applications for the registration of 1 1 1In-oxine and 
81 il appl 

>/ f l l f iKr Rb/°'L""Kr generators have been submitted to the Registrar 
of Medicines. Various improvements and extensions have also 
been introduced to our production facilities. 

9.3.1 Separation of 5 l >Mn, 5 7 C o and 1 0 9 C d from a composite enriched 
5 6 F e , 1 0 9 A g target 

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

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

A previously reported separation method {1} has been applied to a bombard
ed target under normal production conditions. Cadmium-109, Co and 
5 1*Mn were isolated with efficiencies of 98,8%, 98,2% and 99,9% respective
ly. No 6 5 Z n or cross contamination of radioisotopes was detected in the 
refined products. Cobalt - 56 levels were however, slightly higher than 
anticipated and further work is needed regarding the target design to make 
this a viable production method. 

9.3.2 Production of 6 7 G a 

R J N Brits and F J Haasbroek 

Gallium-67 is produced weekly on Friday nights by deuteron bombardment of 
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natural zinc. Due to the time needed for the contaminating 6 6Ga to decay 
to acceptable levels, the product can only be used from Wednesday mornings 
onwards. The Nuclear Medicine departments of the local hospitals have 
requested the supply of 6 7Ga with suitably low 6 6Ga levels for use earlier 
in the week. Accordingly alternative production routes and schedules 
are being investigated. Attention is being given to the use of electro
plated zinc targets {2}, possibly consisting of enriched Zn, to yield 
higher production rates to enable us to bombard targets earlier than at 
present. 

9.3.3 Production of 7 7Br 

R J N Brits and C Mason-Jones 

Bromine-77 is produced on a small scale at the PCG by a-bombardment of 
natural AS2O3 wrapped in Al foil. The current method requires the addition 
of carrier Br followed by distillation {3} and ion exchange separation 
Í4}. An improved distillation apparatus was constructed with which 7 7Br 
yields of about 80% were realized without the addition of Br carrier and 
by directly collecting the 7 7Br in methanol at room temperature. There 
are indications that a significant proportion of the 7 7Br escapes from 
the target during bombardment. To curb these losses further work needs 
to be done. 

9.3.4 Development of a a i R b / 8 i m Kr generator 

R J N Brits, F J Haasbroek and M Iturralde* 

* University of Pretoria 

Various attempts were made to improve the 
8im K r 

yield from 8 1Rb adsorbed 
onto zirconium phosphate {1}. Although the yield increased from 60% to 
80% when the eluting air was bubbled through hot water, the procedure led 
to undesirable condensation in the pipe leading to the breathing apparatus. 
Another method entailed the separation of 8 1Rb from the NaBr solution. 
The separated 8 1Rb is then loaded onto AG 50W-X8 resin from which a good 

yield can be obtained. This process, however, proved to be labor
ious, time-consuming and not suitable for routine production. During these 
studies it was found that washing the zirconium phosphate with dilute HC1, 
after loading the 8 1Rb, increased the 8 i mKr yield to about 80%. More 
experimental evidt.ice is needed to confirm the routine applicability of 
this approach. 
9.3.5 Production of xllIn-oxine 

P Andersen and F J Haasbroek 

This project {5} has been continued. The effect of added iron on the 
labelling efficiency of 111In-oxine for platelets was investigated. Ba
boon blood platelets were labelled in vitro with l l xIn and the isolated 
blood platelets incubated with 111In-oxine with and without the addition 
of 1 yg/ml Fe 3 . The excess of 1 1 1In required to obtain the desired number 
of labelled platelets was 19,4 ± 9,1% without the Fe 3 and 68,5 ± 10,7% with 
Fe 3 . It is therefore essential to prepare 111In-oxine from chemically 
pure components and to use a reliable separation method to isolate the *In 
from the Ag target material thereby producing a product with very low levels 
of metal contamination. 
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9.3.6 Labelling of blood platelets with In-tropolone 

P Andersen and P Wessels* 

* University of the Orange Free State 

Indium-111-tropolone can be used as an alternative for 111 In-oxine and 
has a few production advantages. The X 1 1ln can be delivered in a slightly 
acid solution and the tropolone added during the labelling procedure. 
It is only necessary to isolate the blood platelets from the red blood 
cells and not from the plasma as is the case with the labelling with 
1 1 In-oxine. Separation from the red bloodcells only is less harmful 
to the blood platelets. An investigation into the suitability of our 

In-product for labelling blood platelets in vitro wi th " ^ n -
tropolone has been initiated. 

9.3.7 Quality control of xllIn-chloride and 1 1 1In-oxine 

P Andersen, R J N Brits, F J Haasbroek, C Mason-Jones and 
F W E Strelow* 

* National Chemical Research Laboratory, CSIR 

The chemical purity of our xllInCl3-product has been evaluated. Three 
dummy separation runs were performed with inactive target material and 
the final solutions analysed for silver, copper and iron by the National 
Chemical Research Laboratory. No copper was detected and the combined 
mass of iron and silver d:.d not exceed 4,0 yg in any of these solutions. 
The total maximum metal concentration in a similar commercial x l lInCl3~ 
product is specified as 2 pg/ml in a 10 mCi/ml solution, i.e. 0,2 ug/mCi. 
To meet this specification it was decided to produce a minimum of 20 mCi 

In per target. It was also decided to perform quality tests on each 
batch. In 7 production runs, the highest metal concentration was 0,19 
ug/mCi. 

9.3.8 :i39Ce/La separation 

R J N Brits, C Mason-Jones and P Andersen 

A liquid-liquid extraction method {6} to perform this separation was 
abandoned some time ago because the operations were considered unsafe for 
use with radioactive solutions. An alternative method uses an ion-exchange 
process but requires a great deal of preparation and attention {4}. A 
remotely-controlled solvent extraction apparatus, which performed well 
during the first 1 3 9Ce/La production run, was therefore developed. A 
disadvantage of this extraction method is that a small amount of potassium 
is present in the final product. Experimental evidence indicates that the 
purity of the product can be improved in future productions. 

9.3.9 Registration of radiopharmaceuticals as medicines 

P Andersen and F J Haasbroek 

Final applications for the registration of 111In-oxine for the labelling 
of blood platelets and of 8 1 R b / 8 1 Kr-generators have been submitted to 
the Registrar of Medicines. The Medicines Control Council has carried 
out an inspection of our production methods and facilities and a more 
comprehensive documentation system was recommended. 
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9.3.10 Development of facilities 

P Andersen, R J N Brits, A P du Plessis, F J Haasbroek and 
C Mason-Jones 

The development of closed system facilities to perform chemical separa
tions remotely has been continued {7}. As most of the separations con
sist of basically the same series of distinct operations, special compact 
"modules" are being developed to perform each of these operations effi
ciently. The advantages of these modules are that they are interchange
able and can be easily rearranged or replaced by improved versions. 
Since the modules are closed systems, contamination from outside and the 
release of corrosive vapours from the unit is minimized. A unit based on 
these concepts was developed for the In/Ag separation. The ion-
exchange step is performed with a peristaltic pump and a modified ion-
exchange column. Evaporation of the final acid eluate is performed 
rapidly with the aid of a hot-air gun and a teflon-coated vacuum pump. 
The unit has proved easy to use and saves operator time. 

67 A peristaltic pump system previously used for Ca-cltrate dispensing 
has been found to be more suitable for In-chloride. A programmable 
syringe system which can dispense different volumes accurately has been 
installed for Ca-citrate dispensing because the quantities required by 
different users vary considerably. Both these dispensing systems give 
reproducible results and are easy and fast to operate. 

An existing facility was improved to produce pyrogen-free distilled water 
from an enclosed distillation system. The system consists of a deioniser, 
a double distlllator, a 2-litre container for fresh distilled pyrogen-
free water and a 20 litre container for distilled water. The quality of 
the water is within the ultrapure range and has a conductivity of 
~0,2 nS.cm-1. 

Filtration equipment and a microscope were obtained for particle and 
microbiological monitoring of the air in sterile areas. A peristaltic 
pump was adapted for use with an enclosed sterility test system obtained 
commercially. An incubator was purchased and four clean-air cabinets 
constructed as extensions of quality control facilities in the pharmaceu
tical laboratory. 

A redundant Atomic Absorption Spectrophotometer with a graphite furnace 
attachment was obtained from the Atmospheric Sciences Division of the 
NPRL. This instrument is used for quality control of radioactive pro
ducts and also for the analyses of samples originating from development 
and research work. To prevent radioactivity from escaping to the atmos
phere, the exhaust gases from the instrument are filtered through a stack 
of custom-made filters. Although the instrument is quite old and has 
certain shortcomings, it is performing satisfactorily. 
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9.4 Neutron Therapy Facility 

J H Hough and P J Binns 

Summary: The status of the completed dose monitoring system remains un
changed. Commissioning will commence once a high-intensity 
beam becomes available. 

9.4.1 Dose monitoring system 

The status of the dose monitoring system has remained unchanged for 18 
months and final acceptance tests can only proceed after high-intensity 
deuteron beams (30 - 40 uA) are delivered to the Be target. 

9.5 Radiation Physics 

Summary: Intercomparison measurements were performed at the MRC Cyclotron, 
Clatterbridge (U.K.). Discrepancies between the previously 
stated doses of Hammersmith Hospital, London and the doses mea
sured at NAC (Pretoria) have been resolved with the introduction 
of a simple correction factor. Spectral energy measurements 
have been performed in air at SSD and in-phantom for the neutron 
therapy beam. The average energy E of the in-air spectrum 
together with values for the average kerma ratio (K /K ) and the 
ratio of the average energies required to create an ion pair in 
the A150/TE gas ionization chamber were determined. Cognizance 
regarding radiation protection measures has been taken concer
ning recent ICRP recommendations doubling the quality factor 
for fast neutrons. Modifications to the safety interlock system 
of the neutron therapy facility were implemented to allow for 
the independent use of the kilocurie 6 0Co radiation unit. 

9.5.1 Clatterbridge intercomparison 

J H Hough and S W Blake* 

* MRC Cyclotron, Clatterbridge (UK) 

An intercomparison of TE chamber responses was undertaken by measuring the 
total absorbed dose at different depths in a water phantom exposed to the 
p(65) + Be neutron therapy beam of the MRC Cyclotron at Clatterbridge 
(U.K.). The NAC (Pretoria) ionization chamber used in these measurements 
was calibrated at Clatterbridge using the hospital reference standard. 
Clatterbridge TE gas and instrumentation were used throughout. To monitor 
differences in electrometer responses, a current source (̂  34 pA) was 
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designed to relate the responses of the Clatterbridge and Pretoria 
electrometers. Differences in the composition of the TE gas mixtures 
used at the two centres were quantified by means of measurements with 
and without TE gas. After applying the physical constants proposed 
in the draft supplement to the European and American protocols for neu
tron dosimetry {l}, good agreement for the total absorbed dose measure
ments was achieved {2}. 

9.5.2 Adoption of the European Protocol 

J H Hough and P J Binns 

In the evaluation of beam quality by means of various biological endpoints, 
it is essential that no ambiguity exists regarding the absorbed doses 
stated by different research groups. In determining various radio
biological parameters {3}, it became apparent that there were discrepan
cies between doses measured at the MRC Cyclotron, Hammersmith Hospital 
(London) and those measured at the CSIR Cyclotron (Pretoria). These 
differences are now attributed to Hammersmith's deferred adoption of the 
European Protocol {4}, necessitating that a correction factor of 1,097 
be applied to previous Hammersmith data {5} when comparing RBE values 
determined at the two centres. 

An announcement of the change has recently been made {6} so as not to 
prejudice radiobiological assessments currently being performed at 
Clatterbridge. Two factors are pertinent to the physical dosimetry 
of the neutron beam: 

i) The neutron-only doses used at Hammersmith have, in fact, 
been higher by a factor of 1,053 than previously quoted 
values. 

ii) To include the photon dose at Hammersmith, 17. should be 
added to the neutron-only dose measured at 5 cm depth 
in a 10 x 10 cm field. In clinical practice this value 
is of course not constant and will vary with the tissue 
target being considered. 

Thus, for tissue at 5 cm depth, the Hammersmith 15,60 Gy neutron-only dose 
translates to 15,60 x 1,053 x 1 ,07 = 17,58 Gy total dose, based on the 
European protocol. 

Bearing in mind the smaller photon component in the Pretoria beam {7}, 
the 1,097 correction factor used for adjusting the RBE values is compa
tible with the 1,053 x 1,07 = 1,127 factor now stated by Hammersmith. 

9.5.3 Spectral energy measurements 

P J Binns and J H Hough 

Various basic physical parameters are needed to convert a specific dosi
meter reading in air to tissue kerma or lo absorbed dose in a phantom. 
In a neutron radiation field, spectral information is required for the 
evaluation of these parameters. Using a 5 cm x 5 cm NE213 liquid scintil
lator as a proton recoil spectrometer, neutron spectra were measured in the 
collimated d(16) + Be neutron beam of the Pretoria therapy facility. The 
neutron events were identified by means of pulse shape discrimination and 
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a well-established computer code (FORIST) was employed to unfold the 
acquired pulse height data {8}. Measurements were performed in air at 
SSD and at different depths in a water phantom for a range of field 
sizes. In figure 1 the Pretoria spectrum for a 5 x 5 cm field is compa
red with that obtained at Hammersmith for a 5,5 x 5,5 cm field using a 
smaller 2,5 cm x 2,5 cm scintillator {9}. The two spectra are very simi
lar as might be expected since the neutron source conditions are equiva
lent (16 MeV deuterons impinging on a thick target) and identical colli
mators were installed at both institutions. The variation in the spec
tral distribution with depth within the water phantom is illustrated in 
figure 2. 

Using the data obtained for an 11 x 11 cm field the mean neutron energy 
E n and average kerma ratio (K^/K^N were calculated as 6,33 MeV and 
0,991 respectively. E n is In good agreement with the empirical value 
of 6,10 MeV given by Lone et al {10} whilst (K t/K m) differs by 0,6% from 
the value used at Hammersmith Hospital. Published tables of kerma factors 
{11 } were used in the determination of the kerma ratio. The ratio of the 
average energies required to create an ion pair in the A150/TE-gas ioni
zation chamber (Wfj/Wc) was also calculated using the 11 * 11 cm spectrum 
and data tissue-equivalent gas {12}. A value of 1,063 was obtained for 
Wfl/Wc (C and N respectively referring to the photon calibration and 
neutron radiation sources). This is within the 1,061 - 1,068 range 
prescribed by the European Protocol {4}. 

9.5.4 Radiation protection 

J H Hough, P J Binns and R Schlichenmaier 

Previously when operating with a high-intensity external beam current, 
background radiation levels In the vicinity of the access hatch to the 
experimental hall have necessitated the cordoning-off of part of the 
adjacent parking area. Recommendations published in the past year by the 
ICRP {13}, doubling the quality factor for fast neutrons to Q » 20, have 
exacerbated this situation to such an extent that extra shielding will be 
required in positions where the maximum permissible level {25 uSvh- ) 
is now being exceeded. 

The safety interlock system of the Co unit was initially designed to 
allow for simultaneous neutron and photon irradiations. More convenient 
access to the cyclotron vault via the experimental hall, however, 
required that the Co unit be operated independently until the tandem 
neutron/photon facility is realised. Additional safety precautions were 
Implemented with the Installation of a light-activated barrier and a 
flashing warning sign in the entrance passage to the therapy vault. 

9.5.5 Photon radiation facility 

J H Hough 

Due to the unavailability of the neutron beam during the past year, the 
Co unit located in the therapy vault has proved its worth to the radio-

biology programme. Personnel from both Faure and Pretoria have also used 
the facility to determine various ionization chamber characteristics. 
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Fig. 1 

Comparison of spectra obtained at 
Pretoria (solid curve) and 
Hammersmith Hospital (histogram). 
The field dimensions for the two 
measurements were 5 x 5 cm and 
5,5 x 5,5 cm respectively. The 
dashed portion of the histogram 
delineates a 25% correction to 
the Hammersmith spectrum, neces
sitated by the orparticle contri
bution to the recoil proton spec
trum. The FORIST unfolding code 
used to obtain the Pretoria Spec
trum accounts for the orparticle 
contribution. The two spectra 
were normalized at the 7 MeV 
peak. 

5 10 
Energy (MeV) 

Fig. 2 

Spectra demonstrating changes in 
the incident radiation field as 
observed at different depths 
within the phantom. Owing to the 
large perturbation caused by the 
presence of the scintillator/PMT 
assembly, these measurements will 
need confirming using a smaller 
detector (1,5 cm x 1,5 cm) and a 
light guide. 
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9.6 Radiobiology 

Summary: A technique was developed to decrease significantly the experi
mental uncertainties related to cell survival data. This tech
nique, single cell mapping, was applied in the iow-dose region 
( 1 - 3 Gy) to determine neutron and photon OER values from 
which the HGF could be calculated. Using chromosome abbera-
tions as a biological endpoint, the dicentric frequency was 
determined as a function of dose in both neutron and photon 
fields. This study will eventuate in an investigation of 
synergistic effects in mixed n-y radiation fields. The mean 
inactivation dose concept was empirically tested to assess 
its value in the analysis of survival data and for intercom-
parison studies. 

9.6.1 Hypoxic gain factor for fast neutrons at low doses 

J P Slabbert and L M Eagle 

Conflicting reports on the oxygen enhancement ratio (OER) and its dependence 
on low-LET radiation {1} have challenged the validity of the hypoxic gain 
factor (HGF) for fast neutrons in the therapeutic dose range (1-3 Gy). 
Evaluation of this dose modifying factor at low doses is hampered by the 
large uncertainties encountered when conventional assay techniques are 
applied. In an attempt to improve the precision of survival type measu
rements, a method was developed in which the fate of individual cells 
are followed after irradiation. In co-operation with NEERI and NPRL, 
chromium grids were etched onto glass discs (optical grade). These, 
together with matching unetched discs, formed the upper and lower glass 
surfaces of cylindrical growth chambers with stainless steel walls, 
(figure 3). The grid facilitates the positional identification of each 
plated cell (single cell mapping). In figure 4 the uncertainties associated 
with the conventional dilution technique and the single cell mapping 
procedure are illustrated. The latter method was used to determine the 
OER for V79 fibroblasts following irradiation with 6 0Co photons and 
d(16) + Be neutrons. Preliminary results shown in figure 5 indicate 
an HGF of 1,2 at 2 Gy. This value should be compared with an HGF of 
1,8 calculated at higher doses from the distal portion of the survival 
curves obtained using the dilution technique {2}. 

A great number of man-hours would be required to acquire sufficient data 
for the proposed study. To ensure the viability of the new technique, 
a computerized system is being developed for rap'"1 relocation of identified 
cell colonies. 

9.6.2 Dicentric formation of V79 fibroblasts 

J P Slabbert and M R Morsner 

A study of synergistic effects in mixed n-y radiation fields has been ini
tiated at the PCG with the purpose of constructing various calibration 
curves. The development of effective techniques to quantify absorbed doses 
pertaining to unspecified radiation fields is of prime importance in the 
area of radiation protection. Here V79 fibroblasts are used in the first 
part of a study that will eventuate in the irradiation of human lymphocytes. 
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Monolayers of cultured V79 fibroblasts were irradiated during the plateau 
phase to induce chromosome abberations in the G1 phase. Colcemid and 
hypotonic KC1 treatments were used to prepare first mitosis post-irra
diated cells for metaphase spreads. A minimum of 200 metaphase spreads 
from each sample were scored for dicentric formation and plotted as a 
function of dose (figure 6). The photon results compare favourably with 
a similar study {3} using 1 3 7Cs as reference radiation. The neutron 
measurement, however, yielded a lower dicentric frequency than might be 
expected when compared with 4,2 and 15 MeV neutron beams. 

9.6.3 A comparison between D and u 

J P Slabbert, H L Jones, J 3 Galpin* and L Bohm** 

* NRIMS, CSIR 
** University of Stellenbosch 

The mean inactivation dose (D) has been proposed as a one-dimensional para
meter to describe the radiation sensitivity of a given cell population {4}. 
The concept has proved to be beneficial in characterizing different his
tological groups and for comparing results obtained at different insti
tutions. The aim of this investigation was to establish whether the 
parameter D was truly superior or whether the inherent uncertainties 
associated_with conventional experimental methods contributed to a prefe
rence for D over D . 

o 
In the first part of the study, V79 cells were irradiated with 6 0Co pho
tons and 9 survival curves generated in quick succession. To minimize 
experimental errors, the cells were obtained from a common dilution 
route and seeded according to their expected survival before the irradia
tion. More than 40 surviving fractions were subsequently used to con
struct each of the 9 survival curves (2-14 Gy) and D and D values 
calculated using the linear-quadratic and mult i-target models respectively. 
From the analyzed results summarized in table 2, it con be concluded that 
in seeking greater accuracy, D is not significantly superior to D^. 
This is reflected in the similar values calculated for the coefficient 
of variation. 

To assess the value of the D concept for intercomparison studies, survival 
data generated over a period of 14 months at Tygerberg (Univ. of Stellen
bosch) and at the Pretoria cyclotron was compared. V79 cells were irra
diated with 6 CCo photons at both centres; similar experimental techniques 
were applied and the same data analysis performed. The results are pre
sented in the cumulative probability frequency plot in figure 7. The 
graph clearly indicates a preference for the D parameter when comparing 
data from the two centres. Finally an analysis of 6 0Co and fast neutron 
data acquired at the PCG (table 3) demonstrates that smaller uncertainties 
are achieved when D values are calculated from the neutron data. No 
preference is evident from the 6 0Co data where the coefficient of variance 
for each of the parameters was found to be identical. 

These results have vindicated the use of D in those instances where 
special techniques can be applied to reduce survival uncertainties. 
The finding in a recent theoretical study of the mean inactivation dose 
that D appears to be subject, to greater variability {5}, concurs with the 
data presented here. 
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Table 2 Analysis of parameters deduced from survival curves (V79 
fibroblasts - 6 0Co photons). 

EXP. D N D 
o 

i//ê~ 
No. (Gy) (Gy) 

1 3,38 6,43 1,63 6,00 

2 3,32 7,93 1,48 5,67 

3 3,22 25,45 1,16 5,04 

4 2,83 7,93 1,41 6,31 

5 3,40 7,01 1,56 5,90 

6 3,31 13,15 1,36 5,67 

7 3,42 15,18 1,33 5,44 

8 2,95 9,95 1,36 5,93 

9 3,70 19,50 1,32 5,28 

X 3,28 12,50 1,40 5,69 

cv% 8 52 10 7 

References 

1. B Palcic and L D Skarsgard, Radiat. Res. _K)0_ (1984) 328 

2. National Accelerator Annual Report NAC/AR/85-01 (CSIR, 1985) p 171 

3. J Zoetelief, in "Dosimetry and biological effects of fast neutrons", 
PhD Thesis (Vadéli, Den Haag, 1981) p 137 

4. B Fertil et al, Radiat. Res. 9̂i (1984) 73 

5. S L Tucker, Radiat. Res. 225_ (1986) 18 



Table 3 Analysis of survival data following60Co and fast neutron irradiation of V79 fibroblasts at NAC (Pretoria) 

6°Co photons 6,3 MeV neutrons 

EXP. D N D o 1//F 5 N D 
0 

1//Ê" 

No (Gy) (Gy) (Gy) (Gy) 

1 2 ,55 6 ,03 1,39 6 ,41 1,12 3,76 0 ,59 2 ,50 

2 2 ,17 JO,51 1,20 6 ,94 0 ,84 1,56 0 ,71 5 ,30 

3 3,33 4 , 3 0 1,72 6 ,14 0 ,95 1,75 0 ,73 3,87 

4 3,30 4 ,27 1,75 6 ,44 1,08 4 , 1 0 0 ,71 3,98 

5 2 , 8 3 8 ,83 1,38 6 ,09 0 ,80 1,76 0 ,69 6 ,50 

6 2 , 3 8 10,83 1,20 6,36 0 ,89 1,63 0 ,76 6 ,73 

7 3,15 13,33 1,28 5,57 

X 2,82 8 ,30 1,42 6 ,28 0 ,95 2 ,43 0 ,70 4 ,81 

cv2 16 42 16 7 14 48 8 34 
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3 Circular growth chambers used in the single cell mapping 
technique. Four 12 mm x 12 mm grids are etched onto the glass 
disc, each grid containing 64 identifiable 2,25 mm squares. 

DOSE tCRATI 

V79 survival following irradiation with Co photons. The 
results obtained with the conventional dilution technique and the 
single cell mapping procedure are respectively shown in curves 
(a) and (b). The linear quadratic model was used to obtain the 
best fit to the experimental data points and the envelopes depict 
the 95% confidence limits associated with each curve. 
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5 OER values for V79 fibroblasts in the 1 - 10 Gy dose range. The 
survival curves from which the ratios were calculated, were 
generated by means of the single cell mapping procedure. 
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6 Frequency of dicentric formation In V79 cells. Solid curves and 
Pretoria data: (A) b UCo, and (•) 6,33 MeV neutrons. The broken 

generated using the parameters which gave the best 
ita obtained at Rijswijk {3}: 1 3 7Cs,—o—4,2 MeV 

curves were 
fit to the data obtained at Rijswijk 
neutrons. —»—15 MeV neutrons. 
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1 2 3 4 
MEAN LETHAL / INACTIVATION DOSE (GRAY) 

Intercomparison of D and D 0 values calculated from survival data 
generated at Pretoria and Tygerberg. In a cumulative probability 
frequency plot, variations in the survival parameters are graphi
cally illustrated. 
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9.7 Services to Industry and other Organizations 

9.7.1 Health physics 

Physicists of the NPRL and the PCG are joiutly 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. The handling, 
storage and disposal of radioactive wastes for the PCG and other CS1R 
institutes were undertaken and the upkeep of records and registers 
war continued. 

9.7.2 Commercial production of radioactive isotopes 

The supply of short-lived radioisotopes to South African hospitals and 
other organizations was adversely affected by the problems experienced 
with the operation of Pretoria-cyclotron and the subsequent overhaul 
of the machine. A summary of the past year's production of short-lived 
isotopes for diagnostic and research purposes is presented in table 4. 
Twenty eight of the l x lIn consignments were supplied as 111In-oxine for 
the labelling of blood platelets. 

Table 4 Medical radioisotopes delivered to South African hospitals 
and other organizations (with figures for previous year 
shown in brackets) 

Radioisotopes Consignments Mi l l icur ies 

6 7 Ga 307(433) 6375( 9103) 
7 V Br 6( 0) 15( 0) 

8 1 R b / e : m K r 221(321) 8502(14629) 

X 1 1 l n 48( 56) 239( 296) 

1 2 3 j 3( 4) 29( 8) 

Six sealed 1 0 9Cd sources (5 x 100 mCi and 1 x 50 mCi) were manufactured and 
supplied to two local users. 

A 24 mCi 1 0 9Cd sample was donated to the Bureau International des Poids 
et Mesures for an international comparison of measurements. As in the 
past a number of long-lived radioisotopes were also produced for export 
and details are summarised in table 5. 
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Table 5 Radioisotopes produced for export (with results for previous 
year shown in brackets) 

Radio i so topes Con signments M i l l i c u r i e s 

2 2 N a 0( 2) 0( 15) 

5 5 F e 0( 1) 0( 20) 

8 5 S r K 2) 10( 20) 

1 0 9 C d 12(11) 4065(3110) 

1 3 9 C e 5( 4) 60( 35) 
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PART C THE VAN DE GRAAFF FACILITY 

SECTION 10 THE 6 MV VAN DE GRAAFF ACCELERATOR 

10.1 Operation 

The accelerator and associated facilities are used by research groups 
from several universities and research organisations, either separately, 
or together with NAC staff. Users and students who have participated 
in the work reported in this annual report are listed in sections 21 
and 22. 

The demand for accelerator time has reduced noticeably but is still 
sufficient to fill the available running time. During the calender 
year 1985 the accelerator was operational for 6450 hours, bringing its 
total operating time up to 113 456 hours since its installation in 1964. 
The accelerator is thus still being used at a higher than average level. 

Beams of H +, H 2
+ , D +, He +, He + +, 1 6 0 + and l»°Ar+ have been provided at 

energies ranging from 0,5 to 12 MeV. Beam pulsing has mostly been 
used for neutron time-of-flight experiments but is also being applied 
to heavy-ion particle identification. About 607. of useful machine 
time is devoted to nuclear and atomic physics, 26% to nuclear analytical 
chemistry, 10% to surface studies and the remainder to biophysical studies 
and educational programmes. 

10.2 Maintenance 

The accelerator ran very smoothly over the period under review. The 
pumping station at the switching magnet was replaced and the old pump 
used for off-line vacuum systems where reliability is not a prime 
consideration. Component parts are being more carefully monitored 
and modified to adhere to stricter safety standards. Some minor problems 
arose from leaking 0-rings, a faulty column resistor and a faulty 
capacitor in a terminal power supply. More frequent maintenance is 
now required for the closed-circuit water cooling system pumps. A 
replacement system is being planned. The 400 V motor-generators which 
are used to generate a stable current for the analyzer magnets are now 
23 years old. An electronic supply will have to be bought or built. 
The most urgent need is for replacement of the charging belt. The 
present belt was installed in November 1980 and has run for over 32 
000 hours. An unused belt is awaiting installation. 
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SECTION 11 NUCLEAR REACTIONS AND STRUCTURE 

Summary: The work reported here aims either to extend the available 
information on the level structure of nuclei and/or to provide 
new and refined information about specific nuclear reaction 
mechanisms and nuclear interactions. 

11.1 Reactions Involving Neutrons 

11.1.1 Neutron inelastic cross sections and level structure of 2 3 2 T h 
and 238p u s j n g (n,n') and (n.n'-y) reactions 

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

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

This is a long-term study {1} which has been completed and is being 
prepared for publication. 

Reference 

1. W R McMurray et al., National Accelerator Centre Annual Report 
NAC/AR/85-01 (CSIR, 1985) p 177 

11.1.2 Level Structure of l59Tb 

I J van Heerden*, W R McMurray and R Carolissen* 

* University of the Western Cape, Bellville 

In terms of the Nilsson model most low-lying levels of a distorted odd-A 
nucleus such as 1 5 9Tb can be understood as single-particle states with 
rotational bands built onto them. Mixing of states belonging to 
different oscillator shells can also occur. Previous (n,n'y) measurements 
carried out at the NAC Van de Craaff (Faure) and the AEC Van de Graaff 
(Pelindaba) in an effort to obtain a complete decay scheme of 1 5 9Tb, 
had some unresolved normalisation problems and inconsistencies. 

In a recent set of measurements at Faure at E n 0,5 to 1,5 MeV, both 
7Li and 5 6Fe samples were used to minimise the normalisation uncertainties 
previously encountered. As before, pulsed beam gating techniques were 
used to discriminate against n-induced backgrounds in a germanium detector 
placed at the reaction angle of 125°. The high-resolution y spectra 
thus obtained have been analysed for absolute inelastic scattering cross 
sections. 

The new set of excitation curves appear to be self-consistent and should 
clarify the energy-level scheme previously deduced. We are planning 
to describe the cross sections in terms of the optical-statistical model 
and the level parameters. 
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11.1.3 Polarization in n-p elastic scattering at 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 elastic scattering have been studied using 
the anthracene scintillation polarimeter as outlined in the 1984 Annual 
Report, item 10.1.5. 

The results of a number of measurements made at E n = 21,6 NeV are being 
finalized so that a combined result of analysing power values at 
centre-of-mass scattering angles can be made available for publication. 
Analysis of a subset of the data has produced the following set of 
polarization values: 

cm p 
n rnp 
90° 0,048 ± 0,0045 
110° 0,031 ± 0,004 
130° 0,025 + 0,009 
150° 0,010 ± 0,013 

The final values will be compared with the Paris potential predictions. 
These predictions are at present being computed by the theoretical group 
of the NPRL. 

In an attempt at reducing the background correction due to escape events, 
a measurement was performed to investigate the detection of recoil protons 
escaping from a small anthracene scintillation crystal when bombarded 
by 22 MeV neutrons. A plastic scintillator was directly coupled to the 
end of the cylindrically shaped crystal. The plastic scintillator 
has p. different time response to that of the crystal which results in 
the PSD pulse of the escaping proton being smaller than that of the 
non-escaping events. This leads to a cleaner spectrum with most of 
the escape events being separated from the main body of data. An 
optimised design, possibly in conjunction with a thin wafer-like crystal, 
is envisaged for future work on polarization measurements using the 
scintillation crystal polarimeter. This arrangement will reduce the 
difficulties presently encountered during analysis of the asymmetry 
data. 
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11.1.4 Photodisintegration of the deuteron near threshold 

F D Smit* and F D Brooks** 

* AEC Isotope Unit, NAC, Faure 
** University of Cape Town 

In the 1985 Annual Report, item 10.1.4, we reported measurements of 
the angular distribution of photoneutrons from the 2H(Y,n) 1 H reaction 
at six angles between 30° and 135° for EL. = 2,75 MeV. The analysis 
of the data has now been completed. 

The data were gathered in three separate series of runs. The weighted 
means of these data (see figure 1) were fitted to o(0) = (a + bsin20) 
and the a/b ratio determined. This fit gave a/b = 1,93 ± 0,015 from 
which am/ae = 0,29 ± 0,021 was calculated. 

These results agree with other published measurements at this energy 
with the exception of the measurement cf Bishop et al.{l} which has 
the smallest standard deviation of previous measurements. 

The present measurements also agree with theoretical calculations {2}, 
which predict an enhancement in the total cross section due to the 
explicit inclusion of meson exchange current and isobar configuration 
effects, unlike the Bishop measurements which do not. 

References 

1. C R Bishop, L E Beghian and H Halban, Phys. Rev. 83 (1951) 1052 

2. H Arenhovel, W Fabian and H C Miller, Phys. Lett. _52B (1974) 303, 
and H C Miller and H Arenhovel, private communication (1986) 

11.1.5 Preliminary investigation of neutron-proton radiative capture 
at E„ = 21,7 MeV 

F D Brooks*, D G Aschman*, W A Cilliers*, M S Allie*, W R 
McMurray, D T L Jones, B R Simpson, J V Pilcher and F D Smit** 

* University of Cape Town 
** Atomic Energy Corporation 

Recent studies, theoretical and experimental, of deuteron photodisinte
gration and its inverse, n-p radiative capture, have revealed that this 
basic nuclear system is still poorly understood {1}. The energy region 
10-200 MeV is regarded as particularly favourable for these studies. 
An exploratory experiment has been performed at 21,7 MeV using 3H(d,n) 
neutrons obtained from the NAC Van de Graaff accelerator. 

With a cross section 101* times smaller than that Tor neutron elastic 
scattering, the measurement of n-p radiative capture presents challenging 
difficulties. To identify the capture reaction against this high 
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Fig. 1 The measured angular distribution data points for photoneutrons 
from deuteron photodisintegration at 2,75 MeV and the best-
fit curve of the form (a + b sin2b). 
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background, we have developed a new technique based on refined pulse 
shape discrimination with a liquid scintillator used as proton target. 
The 21,7 MeV neutrons selected by time-of-flight gating were incident 
on a 5 cm diam by 5 cm deep NE 213 liquid scintillator. A radiative 
(n-p) capture event is indicated by a fast coincidence (10 ns) between 
the *»» 11 MeV recoil deuteron in the scintillator and a corresponding 
i 13 MeV gamma-ray detected in one of the Nal(Tl) detectors placed at 
suitable angles to the incoming neutron beam. Five parameters were 
stored on buffer tape for each accepted event: (l)-(3) pulse heights 
from the scintillator detectors; (4) the NE 213 pulse shape signal; 
and (5) the time output for the NE 213 and Nal coincidence measurements. 

Off-line analysis of the data showed that the n-p capture events could 
be clearly identified. Figure 2 contains pulse height spectra for events 
satisfying all the identification ciiteria (pulse shape cuts and energy 
windows). Peaks corresponding to n-p capture events are clearly separated 
from remaining background events. Unfortunately, the event-rate is 
too low for statistically significant measurements at this energy. 
However, we plan to use these techniques in measurements at higher neutron 
energies using neutrons generated by the NAC cyclotron facility. 

Reference 

1. J M Cameron, S. Afr. J. Phys. (to be published) 

11.1.6 A study of the 9 0Zr(n,d) 8 9Y reaction at 22 MeV 

A C Bawa*, K Bharuth-Ram* and W R McMurray 

* University of Durban-Westville 

The angular distribution of deuterons from the reaction 9°Zr(n,d)89Y 
has been studied at E n = 22 MeV using a spectrometer that permitted 
the simultaneous accumulation of data over an angular range of 80°. The 
spectrometer {1} consists of three multi-wire proportional counters 
followed by a plastic scintillator. The target in the form of a 
15 mg/cm2 foil is sandwiched between the first two proportional counters, 
the first of which acts in anti-coincidence mode. The other two 
proportional counters act as two "AE" detectors, and the scintillator 
as an energy "E" detector, thus providing AE-E particle identification. 
The energy information from the scintillator is obtained by summing 
the outputs A and B from the two photomultipliers at the two ends of 
the scintillator, and the angle information from the empirical ratio 
(A-B)/(A+B). 

The deuteron spectra show two prominent peaks corresponding to transi
tions to the ground state and to *v 1,6 MeV excitation in 8 9 Y. The 
angular distributions are shown in figure 3, together with DWBA fits 
in which the 9"Zr ground state was taken to be {2}s 

4.(0) - a^ (pjj)2 - b^(g 9/ 2) 2; 

where a 2 • 0,72 and b 2 - 0,28. 
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Differential cross sections for 9 0Zr(n,d) 8 9Y reactions at 
22 MeV. The data points are compared with DWBA predictions 
for the relevant reaction channels. 
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The spectroscopic factors deduced from a preliminary analysis of the 
data are listed in table 1. 

Table 1. Spectroscopic factors (C2S) for the 9 0Zr(n,d) 8 9Y reaction 

Ex(MeV) J* (C2S) 

0 1/2" 1,8 ± 0,4 
1,51 3/2' 1,5 ± 0,4 
1,76 5/2" 0,7 ± 0,3 

References 

1. W R McMurray and K Bharuth-Ram, S. Afr. J. Phys. 8 (1985) 22 

2. A Adams, D Adam, 0 Bersillon and S Joly, Nuovo Cimento _3_3 (1976) 171 
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11.2 Reactions Induced by g-Particles 

11.2.1 Elastic scattering of ot-particles from 2 8Si 

J J Lawrie, D M Whittal, A A Cowley, S J Mills and W 1 McMurray 

As described previously {1}, the investigation of a + 2 8Si between 5 
and 12 MeV was stimulated by a theoretical prediction {2} which suggested 
that molecular resonances similar to those observed in a + 4 0Ca at low 
energies {3} should be encountered in that energy region. 

In an attempt to extract details of possible non-statistical resonances 
from the experimental data, an analysis which is in principle equivalent 
to that of ref. {3} was exploited. Consequently, it was also assumed 
that the resonant mechanism is coherent with an underlying optical 
potential elastic scattering contribution. The compound nuclear 
mechanism was taken to be incoherent with the direct components. These 
compound nuclear cross sections were determined by means of 
Hauser-Feshbach calculations scaled to the experimental values at 
off-resonance energies between 5 and 6 MeV. For these calculations, 
as well as the background part of the direct mechanism, appropriate 
optical model parameters from the literature {4} were used. The presence 
of a possible resonance similar to that observed in a + **°Ca requires 
that inclusion of the resonant contribution with appropriate parameters 
in the calculated angular distributions gives good agreement with the 
experimental quantities. 

Comparison of the theoretical and experimental angular distributions 
near the fluctuation at 6 MeV (cm.) observed in the excitation function 
shown in figure 1, suggests the presence of a resonance in this energy 
region which is consistent with an angular momentum value of J=3. 
However, the excellent agreement between theoretical and experimental 
angular distributions found for this resonance (see figure 2), could 
not be reproduced foi any of the other fluctuations in the excitation 
functions. This suggests that the fluctuations observed for the reaction 
a + 28 si may not be comparable to those of a + "^Ca. 

Although the experimental conditions such as target-thickness and 
energy-step size have been carefully selected to facilitate a comparison 
between 2 8Si and **Qca as targets, we have been unable to establish the 
theoretically expected similarity. 

References 

1. National Accelerator Centre Annual Report NAC/AR/85-01 (CSIR, 1985) 
p 184 

2. K Langanke, R Stademann and D Frekers, Phys. Rev. C29 (1984) 40 

3. D Frekers, R Santo and K Langanke, Nucl. Phys. A394 (1983) 189 

4. W Wuhr, A Hoffmann and G Philipp, Z. Phys. 2b9_ (1974) 365 
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Fig. 1 Excitation function for the scattering of o-particles from 
2 8Si at a centre-of-mass scattering angle of 170°. 
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Fig. 2 Comparison between t heoretical and experimental angular 
distributions in the .egion of the resonance centred at an 
incident centre-of-mass energy of 6 MeV. 
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11.2.2 The level structure, gamma-ray branching and mean lifetimes 
of states in **3Sc, 5 5Mn, 2 2Ne a n d 2$AT 

M P Janse van Rensburg*, L D Olivier**, S Froneman***, D J 
Swanepoel**, W J Naudé* and J W Koen* 

* University of Stellenbosch 
** ESCOM 
*** AEC 

The (a,p) reactions on l*0Ca, 5 2Cr, 1 9 F and 2 6Mg were used at E a = 12 MeV 
to populate states in I*3Sc, "Mn, 2 2Ne and 2 9A1. Gamma-rays were 
observed in coincidence with associated protons using an on-line data 
acquisition system. Results for **3Sc are discussed in the PhD thesis 
of S Froneman {1}. The analysis of 5 5Mn has also been completed {2} 
and the data for the results are summarised in figure 3. 

References 

1. S Froneman, Kernstruktuurstudie van 1*3Sc, PhD thesis (U.Stell. 1985). 

2. M P Janse van Rensburg, Eienskappe van energietoestande in 5 5Mn, 
MSc thesis (U. Stell. 1985). 

11.2.3 Angular correlation measurements using (q.py) reactions leading 
to "3Sc, Sly, 22 N e and 2 9A1 levels 

M G van der Merwe*, S Froneman**, L D Olivier***, 
R E Julies****, W J Naudé*. J A Stander* and J W Koen* 

* University of Stellenbosch 
** AEC 
*** ESCOM 
**** University of the Western Cape 

Mixing ratios of gamma-ray transitions in **3Sc, 5 1V, 2 2Ne and 2 9A1 using 
(a,py) reactions with Method II of Litherland and Ferguson, have been 
determined. Results for y-ray transitions in **3Sc have been reported 
{1}. A paper describing the work on 5 1V has been accepted for 
publication {2}. 

References 
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11.2.4 Spins of excited states in t > 3Sc, 5 5 M n and 5 1V and shell-model 
predictions for **3sc 

S Froneman*, M P Janse van Rensburg**, M G van der Merwe**, 
W J Naudé**, J A Stander** and W A Richter** 

* AEC 
** University of Stellenbosch 

Using the results of the angular correlation study (section 11.2.3 of 
this report) spin possibilities were obtained for the five energy levels 
at 3569, 3614, 3631, 3664 and 3683 keV in 5 1V where this property 
has not previously been determined. In addition, a spin assignment was 
made for the 3215 keV level (see figure 4). The other spin values for 
the levels of 5 1 V shown in figure 4, are taken from the literature. 

For 1*3Sc and 5 5Mn nuclei, spins of their excited states were determined 
by comparing (a,p) and (ct.py) cross sections at E a = 12 MeV with 
Hauser-Feshbach predictions while also taking the uppe: limits of gamma 
transition strengths into account. For **3Sc, spin possibilities obtained 
from the angular correlation study oi section 11.2.3 were also considered. 

The results for 5 5Mn are summarised in figure 3 of section 11.2.3 and 
discussed in the MSc thesis of M P Janse van Rensburg. 

Shell-model calculations complementary to the experimental work on Sc 
were carried out on one of the NAC computers, using the new Oxford-Buenos 
Aires Shell-Model Code (OXBASH) of W D M Rae, N S Godwin, A Etchegoyen 
and B A Brown. Because a reliable empirical two-body interaction is 
lacking in the Of-lp shell, the approach of McCrory il) was adopted 
in employing a realistic two-body interaction (Kuo-Brown Í2)) and 
renormalizing some of the most important matrix elements empirically 
by substituting values obtained from fits {3} to experimental data. 
Sixteen matrix elements involving the Of7/2 a n d lp 3/2subshells were 
treated in this way. 

The energy level spectrum obtained from a full f-p shell calculation 
was a slight improvement over that of McGrory, but could of course not 
predict those experimental states expected to contain large admixtures 
of 5p-2h configurations {4}. For each calculated state up to 3,5 MeV 
excitation an experimental counterpart could be identified. Of the 
four strongest E2 transitions between negative parity states, three 
were well reproduced with effective charges of e p « 1,4 e and e n * 0,6 e, 
as were the ground state magnetic moment and electric quadrupole moment. 

For the positive parity states preliminary calculations were done with 
(Od3/2 lSj/2^-1 (0f 7/ 2 IP3/2) configurations, again with the empirical 
values for the dominant (Of 7/ 2, IP3/2) matrix elements and Kuo-Brown 
values for the remainder. Although a reasonably good reproduction 
of the positive parity spectrum was obtained, very large effective charges 
(e p, e n 1 3-4) were required to obtain agreement with the experimental 
B(E2) values. These unrealistic values probably reflect truncation 
effects and suggest that the model space should be extended to incorporate 
excitations involving the 0d 5/ 2, OÍ5/2 and lpj/2 subshell. Further 
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calculations along these lines are envisaged with the new programme 
and we hope that spurious effects can be eliminated in the larger basis. 
The largest (J,T) dimensions for the T = \ states are 4308( 3/2 +), 
5558( 5/2 +), 5982(7/2+), 5663(9/2+) and 4804( H/2 +). 

Similarly, admixing 5p-2h configurations (albeit with some truncation) 
into the negative parity states will show whether large basis shell-model 
calculations can reproduce the low-lying negative parity states not 
yet accounted for. 
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SECTION 12 ATONIC PHYSICS 

12.1 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. 

12.1.1 Radiative lifetimes in 0 II 

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

* University of Stellenbosch 

Detailed measurements on the 3p'2F° and 3d'2G levels in 0 II were carried 
out. The most prominent cascades that repopulate these levels were 
explicitly included in the analysis through the application of the 
arbitrarily normalized decay curve (ANDC) procedure. The results are 
shown in table 1 which includes theoretical calculations as well as 
measurements performed by other workers. 

Table 1. Lifetimes obtained from curve fitting and ANDC analysis in 0 II. 
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12.1.2 Level lifetimes in 0 IV 

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

* University of Stellenbosch 

The radiative lifetimes of the 3p 2 Pi j<^ and 3p 2?3/2° energy levels in 
0 IV were measured. Cascading contributions from the 3d 2D levels were 
investigated via transitions around 340 nm. The results are shown 
in table 2 which includes theoretically calculated values as well as 
results obtained by other authors. 
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Table 2. Results obtained from curve f i t t i n g in the cxygen 0 IV spectrum. 

Observed Tabulated Lifetimes (ns) 
wave= wavelength 
length Upper Other 
(nm) (nm) Level Ion This work experiments Theory 

306,4 306,4 3p 2 P 3 / 2 IV 1,45t0,26(-0,91 1,53'!; 1,63 6,86 +; 6,40+ 
±0,21; 4,03+ 
0,48)* 

307,2 307,2 3p 2 Pi / 2 IV 1,54Í0,25(-0,47 1,53ii;1,53* 6,92 + ; 6,45Í; 
+0,07; 8.29 6,80§ 
11,41)* 

i/in A 3 4 0 . 4 3d 2D 3/2 IV 10,05t0,20(1,01 0,03§ 
^ U » 4 340,6 3p' ,Di /2 IV 10,10)* 9,54 + 

341,0 3puD 5/2 IV 9,49* 
341,2 341,2 3d2Ds/2 IV 12,3910,61* 0,03§ 

341,4 3d 2D 3/2 IV 0,03§ 

*Result obtained from multi-exponential curve f i t t ing. Cascade lifetimes are 
given in parenthesis. A negative value indicates a growing-in cascade. 

+The Coulomb approximation. 

+The single configuration Hartree-Fock method. 
§Wiese et a l . { U 
I! Druetta et al {2} 
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SECTION 13 NUCLEAR ANALYTICAL CHEMISTRY 

13.1 Improvement of Facilities 

Summary: A transportable target holder has been constructed for the 
use of samples that are reactive to oxygen and/or moisture. 
Targets mounted under an inert atmosphere can be inserted 
at the irradiation site without exposure to air. Further 
improvements have been and are being made at the MICR0D0T-2 
site to enhance reproducibility in positioning detectors, 
lead shielding and large samples. 

13.1.1 Construction of transportable sealed chamber 

T Swart and M Peisach 

The problem of target oxidation or of target interaction with atmospheric 
gases and moisture has arisen from time to time, but recently highly 
reactive targets had to be transferred, and a definitive solution to 
the problem was devised. A sealable target holder was constructed 
from aluminium for the transport and irradiation of samples sensitive 
to atmospheric gases and humidity (see figure 1). 

Samples are mounted onto a 4-sample ladder in a glove box under an inert 
gas atmosphere, usually dry argon. The samples are then wound back 
into a cylindrical container by means of a screw-threaded steel arm 
(A) until the 0-ring at the base of the ladder, D, closes off the chamber 
with its argon atmosphere. The sealed container can then be removed 
from the glove box and transported to the irradiation chamber. To 
prevent the steel thread cutting into the softer aluminium, the portion 
of the thread that passes through the aluminium cap was sleeved with 
steel. 

The sealed container is then mounted onto the scattering chamber at 
the shoulders, B. After evacuating the scattering chamber and back-
washing with argon several times, the targets can be wound into the 
irradiation position in the scattering chamber, which is then finally 
evacuated ready for irradiation. 

The apparatus was tested with oxygen-sensitive materials, and found 
to work successfully. 

13.1.2 Installation of detector-positioning platforms 

C Olivier* and T Swart 

* University of Stellenbosch 

At the irradiation site of MICRODOT-2, where up to 5 detecting devices 
can be u<*ed simultaneously, it is essential that reproducible positioning 
of those detectors that require the use of cryostats should be possible 
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Container used for the transport and irradiation of samples 
sensitive to atmospheric gases and humidity: A is threaded 
steel; B, shoulders for mounting onto the scattering chamber; 
C, the sample support ladder; and D, an 0-ring seal. 
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in order to reduce time wastage at the start of a new analysis run. 
Previously, every time a cryostat was moved, it was tedious to re-position 
it with respect to height and direction. 

The improved installation consists of a heavy base plate with a sturdy 
central support arm, on which are mounted two platforms, each of which 
can rotate 150° about the central support with the restriction that 
the two platforms cannot overlap. Each platform stands on rails within 
a steel framework, so that free movement is possible radially for a 
distance of about 30 cm. This allows for the removal from and 
replacement in, the measuring position. Once the appropriate detector 
position has been selected, the platform may be fixed on the rails using 
locking devices. Levelling screws enable each platform to be separately 
fixed in the horizontal plane. These platforms were designed to carry 
the cryustats of the Ge(Li), Si(Li) and Intrinsic Ge detectors. 

13.1.3 Acquisition and use of analytical accessories 

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

* Cape Provincial Administration 

The method of adding yttrium as an internal standard when preparing 
powdered biological samples by the Mikrodismembrator technique, was 
found to introduce a relative standard deviation of 7%. This unacceptable 
high value was traced to loss of material when the container was immersed 
into liquid nitrogen. New teflon containers, each fitted with its 
own clampling device, are being tested. The clamping devices are intended 
to eliminate several sources of error. Firstly, at the cooling stage, 
there was the possibility that liquid nitrogen could enter the container. 
With the clamp in position, this should no longer be possible. Secondly, 
at the brittle fracture stage, some fine dust of the powdered sample, 
which tended to seep outward, should now be retained. Thirdly, wher 
the cold container was opened, atmospheric moisture condensed into it, 
causing difficulties in subsequent re-mixing. This should now be greatly 
reduced. 

A substantial addition to the existing range of standard reference 
materials has been made by the acquisition of 7 new reference materials 
from the National Institute for Environmental Studies of the Japan 
Environmental Agency. These standards include biological material, 
sediment and vehicle exhaust particulates. Targets have been prepared 
and their use for calibration and method development are being evaluated. 
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Basic Studies 

Basic studies in nuclear analytical techniques include the 
examination of underlying assumptions and the development 
and extension of techniques involving the use of ion beams 
for elemental and mass analysis. 

Search for molecular effects in range corrections; the elemental 
determination of sulphur by proton bombardment 

C Olivier* and M Peisach 

* University of Stellenbosch 

The previously reported study {1} on possible molecular effects as shown 
by variations in the charged particle stopping power of compounds was 
continued for sulphur. 

A total of 23 sulphur compounds were chosen and their mean atomic numbers 
were calculated from the molecular composition. The measurement of 
the combined yield of the 2228-keV 3 2 S p(4,l) and the 2230-keV 3 2 S p(l,0) 
prompt gamma-rays from the reaction 3 2 S (p,p'Y)32S induced by 5 MeV 
protons was chosen to investigate the possible molecular effects in 
range corrections in sulphur compounds. 

The excitation function was measured by bombarding a thick target of 
zinc sulphide with protons ranging in energy from 5050 keV down to an 
effective threshold of 3250 keV, in steps of 50 keV (see figure 1). The 
excitation function showed a marked increase in yield above about 4460 
keV. This is due to the exciting of the 4458-keV level, which decays 
virtually entirely to the 2230-keV level, emitting a 2228-keV prompt 
gamma-ray in coincidence with the 2230-keV one. For this investigation 
it was sufficient to measure relative yields. No attempt was made to 
obtain absolute data. 

The normalised K-values { 1} are shown as a function of the mean atomic 
number in figure 2. It was noted that there was an apparent trend 
towards lower values with increasing mean Z, but no conclusions can 
be drawn from the available data. From the measured and normalised 
data the size of any molecular effect cannot exceed 7,06%. This value 
is of the same order as the 8,3% found for fluorine {2}, 8,8% for boron 
{3} and 5,5% for lithium {4}. 
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Summary: 
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Fig. 1 The combined excitation function for the prompt gamma-rays 
2228-keV 3 2S p(4,l) and 2230-keV 3 2S p(l,0) obtained from 
proton irradiation of a thick target of zinc sulphide. 
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Fig. 2 The variation of the proportionality factor K with the mean 
atomic number of the target material. K-values have been 
normalised to a mean of unity. 
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13.2.2 The effect of the Matrix in the determination of sulphur by 
PIPPS 

C Olivier*, M Peisach, H J Norland* and B S de Wet* 

* University of Stellenbosch 

The effect of dilution and spike addition on the stopping power of the 
matrix was studied for the determination of sulphur by PIPPS. The 
case of sulphur determination in coal was used as an example. 

When the matrix of a sample differs from that of the available standard, 
it is common practice either to add a small quantity of the analyte 
(spike) or to use a dilution method. In this investigation the change 
in the stopping power of the matrix caused b> the spike was studied 
in connection with the former approach, and the search for the type 
of diluent that would cause least variation in the analysis of samples 
of varying composition was undertaken in connection with the latter. 

In a thick target containing analyte at a concentration c, the yield, 
N, of a nuclear reaction product is 

H = K.c. / t h o(E) ( Íl ) _ 1 dE = K.c.I 
c dx 
&o 

where o(E) is the reaction cross section, dE/dx the stopping power of the 
sample and K is a proportionality constant, the value of which is 
determined by the measuring conditions. Integration extends from the 
bombarding energy E 0 to the effective threshold E t n . With PIPPS, the 
attenuation of the gamma-rays is negligible. Thus, the effect of spiking 
or dilution will reflect changes in I. 

Calculation of the I-value of matrices of different atomic numbers 
showed that, for the addition of 17L HgS (as the source of sulphur), the 
best sensitivity is attainable for matrices of low Z. Furthermore, 
if the sulphur content added to the matrix is increased, a carbon matrix 
will be less dependent on the mean Z of the added sulphide than would 
a heavy matrix, such as bismuth (see figure 3). 

Using a series of standards consisting of known weights of ZnS in pure 
graphite it was found that a mean yield was 253,51 counts/pC for 1% 
sulphur with a relative standard deviation of 3,9%. However, with 
this value, the results for standard coals were unacceptably high. This 
confirmed that for accurate analysis a standard with a matrix different 
from that of the sample could not be used. 

When standard coals were spiked with ZnS, it was found that the apparent 
sulphur content of the unspiked coal increased w'.th the relative amount 
of epike added (see figure 4). By using the coal itself as its own 
standard, and back-extrapolating to zero spike, the true sulphur content 
was obtained. 



214 

Z 1-0 
- Carbon matrix 

0.1 
i 10 T 
Sulphide Content / % by mass 

20 

Fig. 3 The dependence of the value of the integral on the sulphide 
content in a light (carbon) and heavy (bismuth) matrix when 
spiked with light (BeS) and heavy (HgS) metal sulphides. 
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Fig. A The variation of the apparent sulphur content in an unspiked 
coal as determined by the spiking technique, as a function 
of the amount of spiking material added to the sample. 
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13.2.3 Stopping power effects of the spiking material in proton-induced 
prompt nuclear analysis 

C Olivier* 

* University of Stellenbosch 

The total yield N of prompt high-energy alpha particles and gamma-rays 
from a proton induced nuclear reaction on a thick target is given by 

Eth i 
N = K.c. J r(E) (Íi) dE = K.c.I (see section 13.2.2) 

Apart from the concentration c, the value of the integral I will also 
have an effect on the measured yield N. By calculating the value of 
I for the known composition {1} of the gem mineral sugilite with varying 
added quantities of known amounts of LijO, the effect of the added LÍ2O 
on the value of I was determined. In these calculations the stopping 
powers of the elemental constituents were added according to Bragg's 
law to obtain the stopping powers of the mixtures: any molecular effects 
were therefore ignored. These stopping powers were calculated in energy 
steps of 10 keV from the threshold of the reaction to 1500 keV in the 
case of the alpha particles from the reaction 7Li(p,a)'*He and to 4500 
keV for gamma-rays of 429 and 479 keV from the reactions 7Li(p,ny)7Be 
and 7LÍ(P,P'Y) Li respectively. The appropriate cross sections of 
the reactions were obtained either from experimental values or 
interpolated linearly between two data points. 

In all three cases a linear relationship was found between the values 
of I and the percentage LÍ2O added to the known sugilite matrix for 
LÍ2O concentrations i 867.. From the above it was possible to obtain 
an insight into the extent to which spiking affects the accuracy of 
the analytical results. It was shown that the relative percentage errors 
introduced by spiking with 17., 57. and 107. LÍ2P increase dramatically 
as the actual Li 20 concentration in the matrix increases. For example, 
when measuring the 479-keV gamma-ray, the addition of a 17. spike to 
a matrix containing 3,57. Li 20 will cause a relative error of 4,357. and 
the value rises to 32,357. for a Li 20 concentration of 857.. In a previous 
investigation {2} a synthetic simulated matrix was prepared to determine 
the lithium content of sugilite. Correcting for the shorter range of 
the protons in the simulated matrix a concentration of 3,587. Li 20 was 
obtained. 

References 

1. D H Cornell and A Utterly, Dept of Geology, US (private communica
tion) 1981 

2. C Olivier, D Gihwala, M Peisach, C A Pineda and H S Pienaar, J 
Radioanal. Chem. 76 (1983) 241 
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13.2.4 Radioactive interference effects in deuteron-induced PIPPS 
H Peisach and D Gihwala* 
* Peninsula Technikon, Bellville 

Unusual interference effects have been observed in deuteron-induced 
PIPPS on targets of Mg, Al and Si. When a (d,p) reaction in a target 
fonts a radioactive product decaying by beta-eaission, the gaaaa-ray 
observed will be the saae as that produced in the (d,n) reaction en 
the saae target nuclide. Similarly, a (d,n) reaction leading to a 
positron-decaying product gives the same gaaaa-rays as those fro» a 
(d,p) reaction. However, the radiation froa the radiodecay process 
will be delayed according to the half-life of the radionuclide, so that 
the contribution of the radioactive decay to the yield of the Measured 
gaaaa-ray will depend on the duration of the irradiation of the target 
before the aeasureaen;: of the proapt gaaaa-ray starts. 

If the proapt aeasureaent is aade over a period At, starting a tiae t 
after the irradiation of the target had started (pre-irradiation), the 
measured count C is 

C = eft» [ 0!lAt + o2At + fii <e-*<t+&t> - e-At)J 

where 4 is the flux of deuterons on a saaple containing II atoas of the 
target nuclide, o\ is the cross section for the production of the 
radioactive species and o 2 that for the proapt reaction leading to the 
aeasured gaaaa-ray. The radioactive species eaits the aeasured gaaaa-ray 
with a relative intensity I. 

The first two ten» in the square brackets represent the contribution 
of the radioactive decay and the proapt reactions respectively, under 
saturation conditions. The third tera represents the loss of expected 
counts during the tiae when the activity of the radionuclide is still 
below its saturation value, and is a aeasure of the extent to which 
radioactive build up interferes with the quantitative analysis using 
PIPPS. 
Four cases of radioactive interference were found with 2 MeV deuterons: 

(i) 2 6 M g ( d > p ) 2 7 M g + 2 7 A 1 . 2 6 M g ( d > n ) 2 7 A 1 

(ii) 2 7 A 1 ( d ) P ) 2 8 A l _> 28 S i . 2 7 A 1 ( d f n ) 2 8 S i 

(iii) 3 0 S i ( d > p ) 3 1 S i + 31p . 30 S i( d > n)31p 
(iv) 29Si(d,n)30p - 30 s i . 2 9 S i ( d > p ) 3 0 S i 

The importance of the errors that may arise from such radioactive 
interference is shown in figure 5. The relative count-loss falls with 
pre-irradiation time, but for an acceptable 1% loss and a 500-second 
counting time, pre-irradiations of 2500, 470, 325 and 38000 seconds 
are necessary for the radionuclides 2 7Mg, 2 8A1, 3 0 P and 3 1Si respectively. 

The effect of extending the count duration is shown in figure 6. Count 
losses of 13% for Al and 34% for Mg would still be experienced if counting 
started with no pre-irradiation and lasted for 1000 seconds. Once count 
loss curves have been established, correction for count-losses can be 
effected. 
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13.2.5 Determination of oxygen by deuteron-induced PIPPS 

D Gihwala* and N Peisach 

* Peninsula lechnikon, Bellville 

The previously reported work {1} was continued with the analysis of 
oxygen on silicon wafers and in steels, to establish the sensitivity 
and precision attainable. 

Using thick targets of caesium nitrate, and the oxides of yttrium, 
lanthanum, samarium and thulium, the excitation function for the formation 
of the 871-keV 1 6 0 p(l,0) prompt gamma-ray was measured over the energy 
range of 800 to 2150 keV. From the excitation function E^-values were 
calculated for correcting the yields from samples with different matrices. 
The differential excitation function with back-extrapolation to low 
energies is shown in figure 7, and the E^-values are listed in table 1, 
for various values of the deuteron energy Ej. 

Table 1 Values for the generation of the prompt gamma-ray of 871 keV 
under deuteron bombardment 

=d E» Ed E. Ed E. 
(keV) (keV) (keV) (keV) (keV) (keV) 

2175 1644 1700 1305 1200 928 
2150 1620 1650 1283 1150 900 
2100 1590 1600 1249 1100 879 
2050 1559 1550 1206 1050 848 
2000 1523 1500 1166 1000 814 
1950 1459 1450 1111 950 754 
1900 1425 1400 1034 900 704 
1850 1398 1350 1048 850 658 
1800 1370 1300 1006 800 645 
1750 1342 1250 965 

Silicon wafers oxidised under controlled conditions and analysed by 
Rutherford backscattering were used to test the accuracy of the method. 
Over the oxide thickness range of 200 to 1300 nm the measured count 
was proportional to the oxide thickness within the precision of both 
methods of analysis. The results are shown in figure 8. 

The precision of the method was evaluated from 20 replicate analyses 
of a steel sample. The mean yield was 504,0 counts/yC from a sample 
with an oxygen content of 120 yg/g, with a relative standard deviation 
of 3,8%. With decreasing oxygen content the relative standard deviation 
increased, from a value of 2,1% at 500 ug oxygen per g to 19,2% at 
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Oeuteron Energy /keV 

Differential excitation function for the production of the 
871-keV 1 6 0 p ( l , 0 ) prompt gamma-ray, as calculated from the 
irradiation of caesium nitrate and the oxides of La, Sm and 
Tm, with deuteron beams. 

2500r 

155 Í08T 
Oxide Thickness /nm 

Comparison between the prompt gamma-ray count rate and the 
thickness of oxide films on silicon wafers as determined by 
Rutherford-backscattering. 
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50 wg/g- A comparison of results for standard samples frost the US Bureau 
of Standards showed good agreement with known values and that the method 
was free from bias. 

The method was thus suitable for rapid, accurate and precise determination 
of oxygen down to concentrations of 50 yg/g-

Reference 

1. National Accelerator Centre Annual Report KAC/AR/85-01 (CSIR, 1985) 
p 201 

13.2.6 Ion beam desorption mass-spectrometry using time-of-flight 
measurement 

M A B Pougnet and M Peisach 

A long-term investigation has been started on the possible use of ion 
beams to desorb surface components from thick targets and to measure 
the masses of the desorbed fractions by time-of-flight and energy 
measurements. The investigation will use the 6 MV Van de Graaff 
accelerator to develop the necessary techniques before progressing to 
the use of more energetic beams from the cyclotron. 

Work has started using 4 MeV alpha particles in the 90-cm scattering 
chamber {1}. The time-to-pulse-height converter uses a start signal 
from a silicon surface-barrier detector positioned at the end of the 
flight path, and a stop signal from a beam pick-u;> with the accelerator 
used in the pulsed mode. 

Reference 

1. R Verbruggen and W R McMurray, Nucl. Instrua. & Methods, 104 (1972) 
197 

13.2.7 ?IXE analysis of thick targets 

C A Pineda* and M Peisach 

* Cape Provincial Adminsitration 

The analysis of materials by PIXE usually requires the preparation of 
thin samples. This often involves difficult and time-consuming target 
preparation with attendant ribks of contamination, elemental loss, or 
sample non-uniformity. The need for non-destructive analysis (e.g. 
of historical artefacts) led to the growing interest in thick target 
PIXE analysis where minimal manipulation of the material is required. 
However, X-ray attenuation and projectile stopping power in the sample 
matrix complicates the calculation of elemental concentrations. 
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The yield Y(z) of X-rays generated in the surface of the target in the 
direction of the detector solid angle generated by an integrated current 
Q is given by 

Y(z) ' Cz K(z) QI(z), 

where K(z) is a geometric factor which includes parameters such as the 
X-ray cross sections and the detector efficiency, I(z) is an integral 
factor which corrects for the matrix effects. This term plays an 
important role in the calculation of concentration mainly for the light 
and middle transition elements- We have been interested this year 
in the measurement of the geometric factor for different experimental 
conditions. 

As has been reported {1}, the calculation of C z for thick targets can 
be achieved by using sensitivity functions obtained by irradiation of 
thin or thick targets. Accordingly we have irradiated mostly the stable 
elements (with proton energies of 1, 2, 3 and 4 MeV), prepared as a 
thin film evaporated onto Mylar or as a thick pellet of about 1 mm 
thickness, and using pure elements or compounds. These sensitivity 
functions in counts/ugg-1/uC have been used to calculate elemental 
concentrations in a wide variety of NBS Standard Reference Materials 
which includes biological and mineral matrices. 

The sparking on the surface material was discussed previously for 1 MeV 
protons {2}. When using 4 MeV protons the carbon foil was replaced 
by a Hostaphan foil of 2 or 6 um. This foil did not perform 
satisfactorily. It would appear that the efficiency of the foils degraded 
with time. Therefore a 5 pm pure aluminium foil was used, and in this 
way a constant shape of the background was obtained for samples with 
similar matrix composition. 

References 
1. J L Campbell and J A Cookson, Nucl. Instrum. & Methods, B3 (1984) 

185 
2. National Accelerator Centre Annual Report NAC/AR/85-01 (CSIR, 1985) 
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13.2.8 Analysis of middle-Z elements by nuclear methods 

M Peisach, D Cahen* and R Tenne** 

* Dept of Structural Chemistry, Weizmann Institute of 
Science, Rehovot, Israel 

** Dept of Material Science, Weizraann Institute of Science, 
Rehovot, Israel 

With accelerated particles having energies of a few MeV, nuclear 
analytical methods are insensitive for the determination of middle-Z 
elements, because the Coulomb barriers are relatively high. For this 
reason attention was directed to mass sensitive methods, such as elastic 
scattering, and to atomic emissions using PIXE. 



Trial experiments to test the applicability of Rutherford backscattering 
at 140° with **He+ ions of 2 MeV have failed to distinguish between Cd 
and In. This is not surprising because the rate of change of the 
scattering energy factor k with target mass at M-100 and energy E at 
this scattering angle is 0,00121/E. Even with the resolution attainable 
with modern surface-barrier detectors, a mass uncertainty of 6 mass 
units may be expected. 

However, in an analysis of a matrix CuInSe2 suspected of containing 
an impurity of iodine, accurate simulation of backscattering spectra 
with the program RUMP {1}, produced quantitative differences between 
the simulated and measured spectra that gave indications of the possible 
presence of iodine. Although the results were statistically poor, 
the observation warranted continuing with further investigation. In 
a parallel investigation PIXE analyses were carried out on similar 
matrices. Qualitative data indicated a possible presence of iodine. 
As before, the results were statistically poor, but further experimental 
work is continuing. 

Reference 

1. L Doolittle, Cornell University, Ithaca, NY (1985) private communication 
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13.3 Applications in Archaeology 

Summary: The identification of the origins of archaeological artefacts 
is a powerful application of multi-elemental and non
destructive analysis coupled with statistical grouping methods. 

13.3.1 Elemental analysis of Spanish pottery 

L Jacobson*, M Peisach, C A Pineda**, D Gihwala+ and K W 
Butzer++ 

* The State Museum, Windhoek 
** Cape Provincial Administration 
+ Peninsula Technikon, Bellville 
++ University of Texas, USA 

Elemental analyses using PIXE and PIPPS has been applied to a suite 
of pottery samples from the Valencia region of Spain. The majority 
of samples originated from the Muslim hamlet of Beniali, occupied between 
AD 1342 and 1526. 

In addition a selection of mediaeval sherds from a number of other sites 
were analyzed. These included: 1) sherds from the Islamic levels in 
the city of Valencia, 2) green and black Majolica from Paterna and 3) 
traditional sherds from Vail d'Uxo (specialising in fire-resistant ware) 
and Tereuel (where pottery remains similar to mediaeval counterparts). 

The aim of the analysis is to demonstrate two major axes of mediaeval 
exchange that supplied pottery to Beniali: long distances for luxury 
wares and short distances for domestic wares. Further subdivision 
of these two specific centers may also be possible. 

Fourteen elements were analysed and the data have been processed by 
correspondence analysis using the mainframe computer at the University 
of Cape Town. 

A number of samples show high lead concentration and it is thought that 
this element could have been introduced into the fabric as a result 
of lead glazes bleeding into the body of the vessels. 

13.3.2 Early potsherd trade in northern and north-west Botswana 

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

* The State Museum, Windhoek 
** Cape Provincial Administration 

In order to determine trade patterns of potsherds in northern and north
west Botswana, a set of pottery samples of the EIA (early Iron Age) as 
well as the LSA (late Stone Age) were analysed by PIXE and PIPPS using 
the external beam facility at the Van de Graaff. The initial study 
will be to test whether there is any variability in the pottery samples. 
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The main problem to be resolved is whether the EIA samples were traded 
into the western Sandveld. The western Sandveld was traditionally 
inhabited by hunter-gatherers who were highly mobile and who visited 
neighbouring Iron Age people for the purpose of trade. The elemental 
concentrations found in the inner and outer surfaces and in the body 
of the potsherds have been submitted to correspondence analysis. 

13.3.3 Studies to identify Woodstock glass 

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

* Cape Provincial Administration 

A set of intact glasses supplied by the South African Cultural History 
Museum was analysed by PIXE with 4,5 MeV protons at the external beam 
facility using a Ni exit window. Although the nickel did not interfere 
with the analysis, the background radiation in the energy region where 
middle transition elements are found, was higher than expected, probably 
due to gamma-ray excitation. The set of glasses comprised four jelly 
glasses with fern decoration, three short-stemmed wine glasses and a 
sherry glass, all supposed to have been manufactured in the Woodstock 
period. 

Data from these specimens were added to the existing file of 114 glasses 
and submitted for correspondence analysis at the mainframe computer 
of the University of Cape Town. From the appearance of the spectra 
it seemed that all the specimens were indeed of Woodstock glass. After 
spectrum stripping the Mn/K ratios were calculated and found to have 
a mean value of 968. Despite the fact that these values were 
considerably higher than previously recorded {1}, a high value is 
consistent with Woodstock manufacture. The analysis indicates that 
this set of glasses was unlikely to have been of foreign origin. 

Reference 

1. National Accelerator Centre Annual Report NAC/AR/85-01 (CSIR, 1985) 
p 205 
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13.4 Applications in Industry and Agriculture 

Summary: The Van de Graaff laboratory participated in an international 
collaboration on the elemental analysis of ecological reference 
materials. Many nuclear techniques find application in industry 
and agriculture. Surface activation has been usefully applied 
to the observation of motor engine wear. 

13.4.1 International collaboration on analysis of ecological materials 

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

* Cape Provincial Administration 

Some 18 Standard Reference Materials, biological and geological, from 
the National Bureau of Standards, the International Atomic Energy Agency 
and the South African Reference Materials were used for calibration 
purposes and for testing the methods for the analysis of ecological 
materials. 

Relatively high-Z elements were analysed without interference. 
Concentration levels for Rb and Sr ranged from 2,5 to 124 ug/g and from 
<1 to 149 ug/g respectively, in both plant materials and soil samples. 
Scandium levels were too low for quantification. The analysis of Sn 
and Sb were not satisfactory with the Si(Li) detector and await the 
arrival of a new intrinsic-germanium detector. These two elements 
occur in nature in very low concentrations. 

The silicon analyses require correction for matrix effects, as a result 
of differences between the matrices of samples and standards. A computer 
programme needed to make these corrections is being developed to process 
the data. Correction will also have to be made for the Sr content 
of samples because of the interference betv.een Sr L X-rays and Si K 
X-rays. 

Like silicon, oxygen analyses too have to be corrected for differences 
between sample matrices and those of the standards. In many cases, 
however, the reference standards do not report oxygen concentrations, 
so the number of standards available is limited. 

13.4.2 The use of the "Thin-Layer Activation Method" for measuring 
motor engine wear 

C A Pineda*, M Peisach, D Naeser** and J Hanekom*** 

* Cape Provincial Administration 
** Energy Research Institute, UCT 
*** AEC Isotope Unit, Faure 

This report concerns part of a research project undertaken to ascertain 
the wear rate of engines operating on methanol relative to that obtained 
with petrol operation, and the effect of specially formulated engine 
oils on the rate of wear. 
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The "Thin Layer Activation Method" was used. This involves the radio-
activation of a thin surface layer of the wearing components. Engine 
wear is measured by the loss of radioactivity of the activated components 
or increase in radioactivity in the engine oil due to the build-up of 
wear-debris in the oil. 

The engine piston ring and the cylinder liners were activated at the 
CSIR cyclotron at Pretoria using a 16 MeV deuteron beam. The piston 
ring was activated to 31 Ci and the cylinders to 48 Ci. In the process 
of activation the naturally occurring stable isotope 5 6Fe is converted 
to 6 0Co which has a 78-day half-life. 

Oil samples were collected at regular intervals and subsequently counted 
on the off-line counting facility in the Van de Graaff laboratory. The 
results obtained from the oil samples showed a significant increase 
in engine wear rate when operated with methanol (some 25 times higher 
than that obtained with petrol). The use of the heavy-duty engine 
oil reduced engine wear to about 1/3 of the original value. 
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13.5 Applications of the XSQR Technique 

Summary: The double process of PIXE-induced XRF (XSQR) is an extension 
of the PIXE technique which can give improved analytical 
precision in selected elemental regions. 

13.5.1 Determination of light elements with Mo L X-ray excitation 

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

* Cape Provincial Administration 

The XSQR technique uses nearly monoenergetic X-rays from the proton 
bombardment of a primary target to excite X-ray fluorescence for 
analytical purposes. With the proper choice of primary targets, 
interferences from high-Z components in a matrix may be eliminated. 
The determination of light elements like Si and Al in biological materials 
is difficult due to the prescence of L X-ray interferences from high-Z 
elements and silicon excape peaks from the Ka of K and Ca. To solve 
this problem a primary target of Mo has been used to excite the Si (1,74 
keV) and Al (1,487 keV) K X-rays with Mo La X-rays which have an energy 
of 2,293 keV. 

NBS biological materials as well as all the vine samples {1} already 
analysed by PIXE, have been remeasured using the in-vacuum XSQR technique. 
The data are being processed and will be compared with the PIXE 
measurements using 1 MeV protons. 

Reference 

1. National Accelerator Centre Annual Report NAC/AR/85-01 (CSIR, 1985) 
p 209 
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13.6 Applications in Medicine 

Summary: Medical applications generally involve trace-element analyses 
or the use of tracer radioisotopes. A trace-element study 
is reported here. 

13.6.1 Trace-elements in the blood serum of siblings and mothers 

C A Pineda*, M Peisach, H de V Heese** and W S Dempster** 

* Cape Provincial Administration 
** Institute of Child Health, UCT 

Results on the clustering of groups of babies and mothers previously 
reported {1} were used to motivate the continuation of this project 
for the determination of trace-element patterns in and between siblings 
and mothers. This study involved the determination of Cu and Zn by 
atomic absorption spectrometry (AAS) at the Institute of Child Health, 
Red Cross War Memorial Children's Hospital, and the trace-element pattern 
as measured by PIXE at the Van de Graaff, Faure. In an attempt to decide 
whether such patterns are biologically influenced, samples from mothers 
and identical and non-identical twins were obtained at 3 months, 6 months 
and 12 months post partum. 

A total of 112 samples have been analysed by AAS. Zn and Cu were found 
to range from 0,5 - 1,94 ppm, and 0,61 - 3,4 ppm respectively. The 
same sample materials were analysed by PIXE and the (yttrium) internal 
standard technique was used to calculate elemental concentration of 
Cu and Zn. The range of concentration for Cu was 2-30 ppm and for Zn, 
7-50 ppm. It would appear that the PIXE results are much higher than 
those obtained by AAS. The reasons for these differences are being 
investigated. 

Reference 

1. National Accelerator Centre Annual Report NAC/AR/84-01 (CSIR, 1984) 
p 213 
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SECTION 14 SOLID STATE AND MATERIALS RESEARCH 

14.1. Solid State Interactions in Thin-Film Structures 

Summary This work is concerned with the study of thin-film systems 
which are of importance to the micro-electronics industry. 
Basic aspects of silicon process technology, such as 
metallisation, oxidation, and doping, are being investigated. 
Ion-beams from the Van de Graaff accelerator are used for 
characterisation, while radioactive tracers provide information 
about interaction mechanisms. Extensive use is also made 
of electron microscopy to determine the microstructure of 
the materials being studied. 

14.1.1 The influence of oxygen contamination on the interaction of 
thin Co and Ni films with silicon 

H A Ras, J J Cruywagen* and R Pretorius 

* University of Stellenbosch 

Thin silicide films are important in VLSI (very large-scale integration) 
devices as interconnections and contacts. However, the reproducibility 
of a thin silicide film may be affected by the presence of impurities 
such as oxygen. The normal course of Co and Ni silicide formation 
interactions is governed by the specific diffusion mechanisms involved. 
In this investigation the effect of oxygen on the formation of cobalt 
and nickel silicides was studied as a function of temperature and of 
oxygen content. 

Oxygen was introduced into the metal layers in the structures Si<100>/M 
(M = Co or Ni of about 130 nm thick), by bleeding O2 gas into the 
evaporation ambient during the evaporation of the metal. Uniform oxygen 
doping was obtained throughout the respective layers by maintaining 
a constant ambient pressure. Samples thus prepared and with different 
oxygen content were heated at different temperatures to evaluate the 
effect of oxygen. 

Figures Ka)-(c) show Rutherford-backscattering spectra for samples 
with oxygen in Ni. The vertical arrows indicate the energy position 
of the respective elements when they are located at the sample surface. 
The expected height positions of the different phases involved are also 
indicated. Case 1(a) represents Ni silicide formation without 
intentional oxygen contamination. Identical heat treatments are shown 
in Kb) and 1(c) for oxygen content of 8 at.% and 15 at.7. respectively. 
During Ni2Si formation oxygen originally present in the Ni layer piles 
up at the Ni2Si/Ni interface, because Ni is the diffusing species, thereby 
forming a diffusion barrier for further Ni diffusion. This results 
in a reduced rate of Ni2Si formation and growth of NiSi in the presence 
of unreacted Ni metal, as is shown in Kb) at 350°C. Comparing 1(a) 
and Kb) at 450°C and 800°C shows that the formation of NiSi and NiSi2 

is not significantly influenced by the oxygen impurity in Ni. This 
behaviour is ascribed to the segregation of the impurity diffusion barrier 
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Fig. 1 Rutherford-backscattering spectra of silicide formation after 
deposition of the Ni metal layer at different pressures of 
oxygen in the vacuum deposition system. At approximately 
8 at.% oxygen in the Ni layer no silicide formation takes 
place even at the temperature of 800°C. 
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Fig. 2 Rutherford-backscattering spectra of silicide formation after 
deposition of the Co metal layer at different pressures of 
oxygen in the vacuum deposition system. At about 5 at.% 
oxygen no silicide formation takes place. 
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towards the free surface during the formation of Ni2Si. Case 1(c) 
shows that a certain critical doping level of oxygen exists, for the 
specific experimental conditions, beyond which no Ni silicide formation 
is permitted. 

The same arguments also apply to the effect of oxygen in Co in the 
structures Si<100>/Co. Figure 2(a) depicts Co silicide formation without 
intentional oxygen contamination. While 2(b) and 2(c) represent 
silicide formation with i3 at.X and t»5 at.Z oxygen content, respectively. 
In this case the temperature range involved differs from that of Ni 
silicide formation and is characteristic for Co silicide formation. 
However, as with Ni silicide formation, oxygen causes a reduced rate 
of formation of Cc^Si at 440°C (figure 2(b)), but does not affect 
formation of CoSi and CoSi2 significantly. A major difference, though, 
lies in the fact that the formation of Co silicide is totally stopped 
at x 5 at.Z oxygen content, for the temperature range involved, whilst 
Ni silicide growth still proceeds strongly at 8 at.Z oxygen content. 

14.1.2 The use of radioactive silicon to study the mechanism of 
second-phase silicide formation 
R Pretorius, M A Wandt and A P Botha* 
* NIMR, CSIR, Pretoria 

When thin metal films react with silicon, a metal-rich phase M2SÍ is 
usually first formed, followed by a more silicon-rich second phase MSi. 
Not only can the diffusing species be determined, but the mechanism 
of diffusion during second-phase silicide formation may also be 
established, if radioactive silicon is used as a tracer. We have carried 
out such measurements for CoSi, NiSi and PtSi formation which show that 
the Cc^Si -*• CoSi phase transition takes place by grain boundary diffusion 
of silicon, whereas metal diffusion takes place for the other two 
silicides. Measurements are still being taken for the Ni2Si •+ NiSi 
transition, as some discrepancies still exist. 

14.1.3 Determination of moving species during Pd?Si formation 
C M Comrie* and J M Egan* 
* University of Cape Town 

The dominant moving species (DMS) and the mechanism of diffusion has 
been determined using a combination of inert Ti markers and radioactive 
3 1Si. Si<100>/Pd(20 A)/Ti(10 A)/Pd(600-1800 A) thin-film structures 
were prepared and heated at 400°C for 3-5 minutes to form Pd2Si. 
Measuring the thickness of Pd2Si formed above the Ti marker established 
the amount of Si which had diffused past the Ti marker during Pd2Si 
formation. Varying the thickness of the outermost Pd layer between 600 A 
and 1800 A made it possible to establish the extent of Si diffusion 
as a function of Pd2Si formation. The results showed that, although 
the initial diffusing species was Pd, once approximately 300 A of Pd2Si 
had been formed (and presumably the original native oxide on the Si<100> 
substrate broken down) the subsequent Pd2Si formation was almost entirely 
due to Si diffusion (i.e. 90-100%). 



233 

Having established that Si was the DMS, use was made of radioactive 
*Si in an attempt to determine the mechanism of diffusion. Samples 
containing Si<100>/*Si(350 A)/Pd(2100 A) were prepared and again annealed 
at 400°C (5 min) to form Pd2Si. Thin layers of Pd2Si were then sputtered 
off, and on measuring the amount of activity remaining, the distribution 
of the *Si in the Pd2Si film was established. The results showed that 
the *Si was completely uniformly distributed throughout the silicide. 
To test whether the uniform distribution was due to a very high 
diffusivity of Si subsequent to the Pd2Si formation, samples containing 
Si<100>/Pd2Si(2250 A)/?d2*Si(750 A) were prepared and heated to 400°C 
for 20 minutes before sputter sectioning. The data obtained in this 
manner showed that the self diffusion of Si at 400°C was far too small 
to account for the uniform distribution. The distribution must therefore 
be due to a very high diffusivity of Si during Pd2Si formation, implying 
the presence of a large number of vacancies during formation. It is 
therefore concluded that the Si must diffuse by a vacancy mechanism 
during Pd2Si formation. 

14.1.4 Silicon self-diffusion in Pd?Si 
J M Egan* and C M Comrie* 
* University of Cape Town 

The self-diffusion of Si in Pd2Si has been investigated at various 
temperatures between 375° and 550°C By growing a Si<100>/Pd2Si/Pd2

31Si 
thin film structure and allowing the radioactive and non-radioactive 
layer to interdiffuse at elevated temperatures, it has been possible 
to determine the extent and nature of silicon self-diffusion in Pd2Si. 
Experimental profiles of the fractional amount of radioactive silicon 
removed after sputtering off a given thickness of silicide, reveal the 
concentration variation of marked silicon in the silicide after diffusion 
has taken place. 
It has been found that solutions assuming only lattice diffusion do 
not fit the data well at greater depths (see figure 3). In this region 
the concentration is found to be much higher than would be expected 
if only lattice diffusion were considered viable as an acceptable 
diffusion mechanism. A model assuming both lattice and grain boundary 
diffusion {1} has been adopted and is found to agree favourably with 
the experimental profile. On the premise that this model offers a 
reasonable description of the diffusion mechanism of silicon 
self-diffusion, it can be shown that the grain boundaries act as 
saturated, infinitely conducting short-circuit paths for the silicon 
flux under the prevailing conditions of the experiments. Preliminary 
analysis of the data reveals that the activation energy associated with 
silicon lattice diffusion in Pd2Si is 0,9 t 0,1 eV which is in reasonable 
agreement with the apparently anomalous results obtained by Cheung et 
al. {2}. 
References 
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14.1.5 The solubilities of silicides in various etchant solutions 

A Pienaar, M A Wandt and R Pretorius 

The proper choice of metallization scheme used in semiconductor technology 
can often have a pronounced effect on device reliability and production 
yield. The use of Al as contact metallization (due to its good adhesion, 
Schottky barrier height, low electrical resistance and high corrosion-
resistance) dominated the early development of integrated circuits, 
when device dimensions exceeded several microns in depth and lateral 
extent. The major limitation of Al is, however, than Si is relatively 
soluble in Al, causing spiking which leads to short-circuiting of 
junctions. The next approach was to introduce the use of silicide forming 
metals which offer a good adhesion to Si. A further advantage of 
silicides is their low resistivity and high temperature-stability. 

Wet chemical etching is often used during device processing and it is 
thus important to know and understand how silicides will react with 
such etchants. However, very little information {1,2} is available 
concerning chemical etching of silicides. In general silicides are 
hard to etch in aqueous alkalies and mineral acids, except for 
hydrofluoric acid (HF). Solutions containing HF are often used to 
etch Si(>2, polysilicon or silicon. The problem is, however, to find 
a selective etchant which will etch the silicide without attacking Si 
and/or SÍO2 and vice versa. 

In this investigation a comprehensive study is being made on the effect 
of the commonly used etchants on silicides. Some of the etchants being 
used are dilute HF, buffered HF, HC1, KMnOi» + HF, HNO3, aqua regia, 
NaOH and planar etch. Rutherford-backscattering spectrometry was used 
to determine whether a silicide is soluble or not in a particular etchant. 
In figure 4 RBS spectra are given for CrSi2 etched in dilute HF and 
aqua regia. It is clear that CrSÍ2 is soluble in dilute HF but not 
in aqua regia. 

References 

1. M-A Nicolet, S S Lau, VLSI Electronics, Vol 6 (Academic Press, New 
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2. S P Murarka, J. Vac. Sci. Technol. 17 (1980) 775 

14.1.6 Anodic oxidation of metal silicidea 

J C Lombaard*, W J Strydom** and R Pretorius 

* University of Stellenbosch 
** Atomic Energy Corporation 

Because of their excellent conductivity, silicides are gaining favour 
as an interconnection material in microelectronics. For such 
applications it is necessary to cover the metal silicide with an 
insulating layer, such as SÍO2, to permit the use of overcroseing 
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conductors in subsequent layers. For this reason the oxidation of metal 
silicides and their stability during oxidation is of great interest. 
Since anodic oxidation takes place at room temperature this technique 
may be used to oxidise metal silicides which are unstable at the high 
temperatures needed for thermal oxidation, or it can be useful for 
oxidising devices sensitive to high temperatures. 

This project is a continuation of the PhD work done by W J Strydom {1} 
in order to verify or clear up some experimental results. Anodic 
oxidation of C0SÍ2 , TÍSÍ2, P^Si and PtSi was done at a constant current 
density of 8,9 mA cm"2 in an electrolyte of N-methylacetamide (2% H2O, 
17. KNO3). 

For C0SÍ2 a pure Si0 2 layer (containing no metal) was formed (figure 5). 
From the Rutherford backscattering spectra before and after oxidation 
(figure 5) it can be seen that the oxidation occurred at the expense 
of the metal silicide layer. This was as expected since at the low 
oxidation temperature silicon could not be supplied from the silicon 
substrate because silicon diffusion through the silicide could not take 
place. In figure 6 curves of anodic potentir! as a function of oxidation 
time are given and compared to the anodic oxidation of Si<100> (dashed 
curve). The anodic potential remained constant during PtSi and Pd2Si 
oxidation suggesting that no oxidation took place and this was confirmed 
by the Rutherford-backscattering analysis. For Pd2Si there were 
indications that the silicide layer started to peal off after oxidation 
for 120 minutes. It can also be seen that for some silicides the anodic 
potential increases at a much smaller rate compared to Si<100> oxidation 
and that the following effects may be responsible for this: (1) the 
silicon in the Si<100> is more available for oxidation, giving rise 
to a higher SÍO2 growth rate; (2) a bigger portion of the current 
is being used for gas production at the electrodes and for removing 
metal ions; and (3) the resistivity of the SÍO2 layer decreases. 

If it is assumed that the resistivity of the pure SÍO2 layer formed 
on both the silicides and the Si<100> is the same, the first two effects 
are responsible for shifting the CoSi, C0SÍ2, NiSi and NiSi 2 curves 
towards lower voltage values compared to Si<100>. 

There are two possible reasons why the ZrSÍ2 curve lies to the left 
of the Si<100> curve. The resistivity of the zirconium oxide, formed 
during oxidation and incorporated in the SÍO2 layer, could be bigger 
than that for Si0 2, or the resistivities of the zirconium oxide and 
SÍO2 layers are comparable but the growth rate of the oxide layer is 
bigger than that of the SÍO2 layer. 

Reference 

1. W J Strydom, PhD Thesis (U. Stellenbosch, 1982) 
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14.2 Laser Irradiation of Solids 
Summary: A high-powered, pulsed (30 ns) ruby laser is used to modify 

the surface and subsurface regions of materials by rapid melting 
and quenching (greater than 10 9 °C/sec). Heat-flow calcula
tions and modelling are used to determine temperature profiles 
in the irradiated materials, from which melt depths, 
recrystallisation velocities and quench rates are determined. 
The research also includes laser annealing of ion-implanted 
damage, laser-assisted doping of semiconductors and the 
formation of glassy materials. 

14.2.1 Computer modelling of melt depths and recrystallization 
velocities during pulsed laser irradiation of solids 

M S Allie* and R Pretorius 

* University of Cape Town 

There is considerable interest in pulsed laser modification of the 
surfaces of solids. The very high quench rates which can be achieved 
often give rise to novel structures that cannot be achieved by 
conventional techniques. Because of the typical time scales involved 
(of the order of nanoseconds) solid phase processes play an insignificant 
role in determining structural changes to the material. Pulsed laser 
processing, therefore, depends crucially on melting the surface region 
of the material and the velo ity at which subsequent resolidification 
takes place. In order to predict such melt depths and liquid solid 
interface velocities, computer modelling was carried out by using 
heat-flow calculations. 

The three main parameters affecting melt depth and recrystallization 
velocities are: 

1) the temperature of the material, 
2) laser pulse width, and 
3) the absorption coefficient for the laser light. 

Some of our calculated results are given in table 1, showing how laser 
pulse width and the ambient temperature affect melt depth. We are 
busy extending such calculations to metals and ceramic materials. 

Table 1 Maximum melt depths calculated for pulsed ruby laser 
(A = 694 nm) of single crystal silicon at an energy density 
of 2,0 J cm - 2. 

_ ,,,* Maximum melt depth (A) Temperature (K) „ n , _ r ,_ _ ,_„ _ r 0,1 ns 1,0 ns 10,0 ns 100,0 ns 



240 

14.2.2 The influence of native oxide layer on epitaxy of deposited 
silicon 

D Adams*, M S Allie** and R Pretorius 

* Cape Peninsula Technikon, Bellville 
** University of Cape Town 

Laser annealing has been extensively and very successfully used to 
recrystallize single-crystal silicon which has been amorphized during 
ion-implantation. The recrystallization of CVD and/or vacuum-deposited 
amorphous silicon layers, does, however, present problems, which are 
mainly caused by the "bad" Si<>/Si(a) interface. The presence of a 
native oxide layer at this interface prevents good liquid-phase epitaxy, 
after melting of the amorphous silicon layer with the laser. 

In this investigation we have used heat-flow calculations and modelling 
to determine the influence which the native oxide layer has on laser 
epitaxy of deposited silicon. Temperature profiles were calculated 
in Si<100>/Si02/Si(a) structures for deposited amorphous silicon layers 
having a thickness of 100 nm and for Si0 2 thicknesses varying between 
zero and 50 nm. The temperature of the Si0 2 layer and underlying single-
crystal silicon was determined for these structures, as a function of 
laser energy density. For good epitaxy to take place, it is necessary 
for the underlying single-crystal silicon and the native oxide layer 
to melt. In figure 1 such calculations are shown for an SÍO2 thickness 
of 50 nm. It can be seen that the underlying single-crystal silicon 
substrate begins to melt at a laser energy density of 1,2 J/cm2 while 
the SÍO2 layer starts to melt at about 1,3 J/cm2. Clearly, laser energy 
densities greater than 1,3 J/cm2 are needed for good epitaxy. 

14.2.3 Laser-assisted doping of Si with Sb 

T K Marais, M S Allie* and R Pretorius 

* University of Cape Town 

Lasers can be used very successfully to modify the surface properties 
of materials. During pulsed laser irradiation, the energy is usually 
absorbed within the first micron of a solid, leading to temperatures 
high enough to melt the surface. This is especially useful if a material 
has to be doped with an impurity. In conventional techniques, doping 
is achieved by heating the wafer at very high temperatures in a furnace. 
This approach has numerous deleterious consequences. The lengthy times 
the wafer has to spend in the furnace makes it vulnerable to defects 
introduced by contaminants from the furnace and to crystalline structure 
failure. The dopant distribution is also adversely affected by the 
process. For example, previous dopant profiles become distorted when 
a subsequent heating operation remobilizes and redistributes the dopant 
ions. Furnaces warp and distort wafers, throwing the lithographic 
processes out of true so that IC layers are misaligned. Finally the 
carrier lifetimes of the basic wafer material are shortened once the 
entire wafer has been raised to a uniform high temperature - this means 
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a reduction in the lifetime of any device made this way. A second 
method, namely the implantation of dopant atoms, is generally associated 
with lattice damage. The recovery of crystal disorder is necessary 
to activate the dopant electrically and to obtain carrier mobilities 
and lifetimes comparable with those of a diffused sample. Hence, after 
ion implantation Che wafer has to be annealed either in a furnace or 
by laser techniques, which does not make this method very cost-efficient. 
These drawbacks are largely absent when using a laser. 

In this investigation laser-induced doping of silicon with Sb was 
investigated. The dopant was deposited (by evaporation) on the surface 
of single crystal Si, followed by irradiation with a high-energy pulsed 
ruby laser (X = 694 nm, pulse width = 30 nsec (FWHM)). Thin films ranging 
in thickness from 100 A - 400 A were evaporated onto the Si substrates 
and irradiated afterwards with energy densities in the range of 
0,6 - 2,6 J/cm2. Depth profiles obtained from Rutherford-backseattering 
spectra showed that the dopant spreads to greater depths as the energy 
is increased (see figure 2). It should also be noted that the maximum 
dopant concentration increases with laser energy with a maximum being 
reached at 1,'; J/cm2. At higher energies this maximum decreases. 

By using computer simulation, we calculated the amount of silicon that 
melts, as a function of Sb thickness (see figure 3). These results 
showed that for a laser energy of 1,8 J/cm2 the Si melts to a depth 
of about 370 nm when there is no Sb deposited on the Si. For deposited 
layers up to about 300 A there is a steep rise in the amount of Si that 
melts. This is due to the fact that the absorption coefficient for 
Sb is nearly 300 times greater than that for single-crystal silicon. 
Thereafter the amount of molten Si decreases slowly as the thickness 
of the deposited layer is increased, reaching zero when the deposited 
layer exceeds a thickness of 10000 A. 

We are currently working with the Engineering Department of the University 
of Stellenbosch on the preparation of p-n junctions. The electrical 
properties of a conventionally prepared p-n junction will be compared 
with those made by laser assisted doping. 
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14.3 Nuclear Characterisation of Materials 

Summary: Rutherford-backscattering spectrometry is extensively used 
for determining surface composition and structure as a function 
of depth. Other techniques have also been developed to measure 
the hydrogen and deuterium content of surfaces by elastic 
recoil detection. 

14.3.1 Characterization of Y?Oq, ZnS and PbF? anti-reflection coatings 
by Rutherford-backscattering spectrometry 

D F Bezuidenhout* and R Pretorius 

* Optical Sciences Division, NPRL, CSIR, Pretoria 

Thin films of Y2O3, ZnS and PbF2 are widely used as anti-reflection 
coatings for infra-red optical systems. In this investigation the 
suitability of using such coatings on silicon and germanium substrates 
was studied. Apart from the normal optical measurements, the thin film 
layers were also characterised by electron microscopy, X-ray diffraction 
and Rutherford-backscattering spectrometry of alpha particles. In 
figure 1 Rutherford-backscattering spectra are given for Si/ZnS (top) 
and Ge/PbF2 (bottom) structures. Such measurements enabled us to 
determine the thickness, uniformity and stoichiometry of the deposited 
anti-reflection coatings. It was found that the stoichiometry of the 
ZnS and PbF2 films was 1:1 and 1:2 respectively, within the uncertainty 
limits (± 3%) of the technique. It was furthermore found that this ratio 
stays constant throughout the depth of the films. 
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SECTION 15 BIOPHYSICAL SCIENCES 

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 carcinogenesis 
and the effectiveness of particle irradiation on cell survival. 

15.1 Molecular Mechanisms Involved in Carcinogenesis and Mutagenesis 

M J Renan, B Reeves*, L Steyn** and F van der Riet** 

* Institute of Cancer Research, London, UK 
** Dept of Medical Microbiology, UCT 

This project seeks to elucidate the fundamental molecular processes 
involved in cell growth control, and the alterations and mutations which 
lead to dysregulation and ultimately to carcinogenesis. These 
alterations to the DNA of the cell may be induced by external agents 
(radiation, chemical carcinogens, etc.) or may be the result of aberrant 
processes within the cell itself. The investigation is a continuation 
of the project described in the previous report {1}, and is being 
undertaken from both an experimental and a theoretical point of view. 

(a) Experimental. A molecular clone, which contains specific DNA 
sequences from the long terminal repeat sequence of the endogenous 
retroviral-like element ERV-1 in the human genome, has been 
established. This probe was used in our studies of the ERV-1 
element; following in-situ hybridization in a variety of different 
human cell types, we were able to show that the element is located 
on the long arm of chromosome 18, with the optimal assignment being 
band 18q21-q22. This band is known to be a constitutively fragile 
site, and is thought to be involved in the biogenesis of several 
different leukemia types. A manuscript on this work has been 
submitted for publication {2}. 

(b) Theoretical. In this project, a comprehensive comparative study 
of genetic control sequences has been undertaken. Thus far, two 
significant findings have emerged. Firstly, homologous elements 
have been found in the control regions of several cellular genes, 
such as the oncogenes c-myc, and c-fos and the gene for interleukin-2 
receptor. Similar elements have been shown to be present in the 
DNA control regions of the human T-cell lymphotropic viruses types 
1 and 2. These results suggest a coherent mechanism for the 
unlimited cell proliferative effects of the HTLV-family in vitro; 
this work has been published {3}. Secondly, conserved DNA elements 
have been identified in the control regions of a large sample of 
different genes known to be negatively regulated. From an analysis 
of over 100 of these elements, a consensus sequence was derived. 
This consensus is postulated to be the binding site of a negative 
regulator protein, or repressor, present in normal cells; this 
work has also been published {4,5}. 
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15.2 Analysis of Gene Regulatory Elements 

M J Renan, S F Josephs* and co-workers 

* Laboratory of Tumor Cell Biology, National Cancer 
Institute, Bethesda, Maryland, USA 

In this collaborative project, the major control elements influencing 
gene expression in the T-lymphotropic virus HTLV-III (also known as 
HIV) are being investigated using contemporary recombinant DNA techniques. 
This study has shown that, in addition to the trans-acting transcriptional 
activation response region, the long terminal repeat sequence of this 
retrovirus also contains a strong enhancer sequence and a 
promoter-specific (SP-1) protein binding element. These findings allow 
a greater understanding of the basic biological properties and the 
replicative processes of this important oncogenic virus. Currently, 
these control elements are being studied in even greater detail, using 
plasmid constructs in which the chloramphenicol acetyl transferase (CAT) 
gene has been placed under the control of the viral long terminal repeat 
region. A paper reporting the first results from this project was 
presented at a recent symposium {1}, and a manuscript describing the 
results has been submitted for publication. 
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15.3 Studies of Oesophageal Carcinoma Cells in Culture 

L A Brooks, L M Steyn* ard M J Renan 

* Dept Medical Microbiology, UCT 

The incidence of carcinoma of the oesophagus shows a striking geographical 
localization. Although it has been common in certain sharply defined 
areas of China and of Iran for centuries, the incidence in southern 
Africa remained insignificant until the late 1940's. Since then, the 
disease has reached almost epidemic proportions, particularly in the 
Transkei, and it appears to be increasing in other parts of the country, 
amongst both the urban and rural black population. A high incidence 
of a specific tumor type, in well-defined geographical areas, is often 
associated with viral etiological factors. 

In this project, three oesophageal cell lines, maintained in culture, 
have been screened for the presence of stable, integrated viral sequences 
by molecular hybridization with cloned viral probes. DNA was extracted 
from the three cell lines, purified, and then tested by means of DNA 
dot hybridization and by Southern blot hybridization, to establish whether 
or not viral fragments have integrated in the host cell's genome. In 
this way, the possible role of viral factors in the etiology of the 
carcinoma can be elucidated. 

Clones of several viral subtypes have been radioactively labelled and 
used in this survey: papilloma virus types 1, 5, 6, 8, 11, 16 & 18; 
adenovirus types 5, 12 & 31 ; and three distinct segments of the 
Epstein-Barr virus. These viruses are all associated with oncogenesis 
either in vivo or in vitro. Our technique has been calibrated using 
positive control cells which harbour copies of viral DNA; our detection 
limits have been established at 1 copy (or less) per cell. Our results 
indicate no hybridization between any of the viral DNA probes and the 
cellular DNA tested. We conclude that the stable integration of these 
DNA tumor virus types in host chromosomes does not play a role in the 
maintenance of the malignant phenotype. These findings have been 
presented at e conference, and have been submitted for publication {1}. 

Reference 

1. L A Brooks, L M Steyn and M J Renan, International Cancer Union 
Conference on Oesophageal Carcinoma, Cape Town (1985) 



249 

15.4 The Dose-Rate Effect in Proton Radiotherapy 

L Robinson*, L Bohm** and D T L Jones 

* University of Cape Town 
** University of Stellenbosch 

In a previous report {1}, the aim, some basic methods and three 
'corrected' survival curves for this project were reported. The 
correction to the survival data was necessary to remove a small 
background, thought to originate from a slight inhomogeneity in the 
proton beam profile. 

Two improvements to the experimental system have been made in an attempt 
to remove this background. 

(i) Experiments were done with a 6 pm nickel foil placed inside 
the vacuum line at various distances from the beam window. 
The final position of this foil was chosen to be 3 m from 
the beam window to give a 1 per cent variation in the beam 
intensity over a diameter of 15 mm at the beam window. 

(ii) The base diameter of the radiation vessels was reduced from 
15 mm to 11 mm by fixing a perspex insert inside the original 
plastic tubes. Different glues and gluing techniques were 
used to ensure that no glue would spread onto the inner surface 
of the Mylar base. 

Ir spite of these improvements, the experimental data still show a strange 
departure from the expected survival curve. Figure 1 shows the most 
recent survival curve data, produced at a dose rate of about 4000 rad/s. 
The solid line represents a least-squares fit to the function 
S = exp(-otD-0D2), using the first three data points. The dashed line 
represents the same function, with the parameters a and B taken from 
the survival curve for late-S phase V79 cells, done by Bird et al. {2}. 
In the low dose region the agreement is good, but at doses above 600 
rad, our data appears to change slope and deviate considerably from 
the expected trend. 

We are at present considering the possibility of an anoxic state 
developing within the cells and causing a departure from the expected 
survival curve. Our consideration of this possibility is based on 
work done by Epp et al. {3}. 
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SECTION 16 DATA ACQUISITION AND PROCESSING 

16.1 Van de Graaff Data Processing Systems 

The Van de Graaff Group's computer systems have not required much 
development or maintenance effort during the past year. The graphics 
subroutine library was extended to support the pen plotter situated 
in the Van de Graaff terminal room. 

There has been little demand for the development of new electronic 
equipment. Effort has, therefore, been restricted to maintenance and 
minor changes to existing equipment. This work is sufficient to keep, 
on average, one man fully occupied. 

16.2 Cyclotron Data Processing Facilities 

Considerable effort is being given to hardware and software development 
of the on- and off-line computer processing systems 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 17 SERVICES 

17.1 AEC Regional Isotope Unit 

The Van de Graaff Group provides laboratory and office space and 
facilities for the use of the AEC Isotope Unit stationed at Faure to 
provide special services to the Cape community. These services include 
advice on safety in handling and transport of radioactive materials 
as well as on the availability of relevant radioactive source materials, 
but their most important function is to assist with or to undertake 
applications of nuclear techniques in industry or the environment (e.g. 
water and sediment movements; blockage or leaks in pipe systems, wear 
and flow studies, etc.). 

17.2 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 is provided by the Van de Graaff Group for all 
types of personnel dosimeters. Plans for the extension of the facility 
to very high dose rates have not yet been implemented. 
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1. NAC/85-08 

2. NAC/85-09 
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J L Conradie and J C Cornell 
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P R de Kock, A H Botha and P H Cronje 
'n Pulsselektor vir die meting 
neutronvlugtye. 
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B R S Simpson, B R Meyer and D Raavé 
A 15-channel 2- and 3-fold coincidence 
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standardization. 
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J L Conradie and D T Fourie 
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seerde dlffusie. 
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9. 
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NAC/86-05 
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R Pretorius and W R McMurray 
Feasibility study for converting existing 
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ion-implantation. 

J L Conradie 
Ontwerp van 'n 2,3" buigmagneet vir 12 MeV 
protone. 

G F Steyn and F M Nortier 
Proposal for a helium cooling system for 
beam foil windows. 

11. 
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NAC/86-08 

NAC/86-09 

J H Hough and P J Binns 
The Pretoria fast neutron therapy 
facility. 

J H Hough 
Neutron dosimetry intercomparison between 
Clatterbridge and NAC (Pretoria). 
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18.4 Theses 

18.4.1 M.Sc degrees 

1. J l Conradie, University of Stellenbosch 
Eksperimentele evaluering van vierpoolmagnete. 

2. M P Janse van Rensburg*, University of Stellenbosch 
Eienskappe van energietoestande in Mn. 
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SECTION 19 PAPERS AND LECTURES 

19.1 Papers Presented at Conferences 

19.1.1 30th Annual Conference of the S A Institute of Physics, 
Potchefstroom, 8-12 July 1985 

1. B A Brown*, Effects of isospin mixing in light nuclei. 

2. B A Brown*, Large basis shell-model calculations for HI gamma-
decay and GT beta-decay strengths in nuclei. 

3 P J Celliers and Z B du Toit, Die ekstraksiestelsel van die 
injektor-siklotron van die Nasionale Versnellersentrum (NVS). 

4. A A Cowley, Keromolekulêre verskynsels in elastiese 
oc-deelt jie-verstrooiing. 

5. P M Cronje, Baanberekeninge vir die oopsektor-siklotron. 

6. P R de Kock, P M Cronje and A H Botha, Bundelverdigting tussen 
die injektor-siklotron en die oopsektorsiklotron van die NVS. 

7. P R de Kock and A H Botha, *n Pulsselektorstelsel vir die 
oordragbundellyn van die NVS. 

8. S Froneman* W A Richter* and W J Naudé* Shell-model 
••3 calculations in Sc 

9. S Froneman*, M G van der Merwe*, W J Naudé*, J A Stander* and 
W A Richter*, (o,j>Y)-hoekkorrelasies in die voeding van 
eindtoestande in Sc en V. 

10. M P Janse van Rensburg*, W J Naudé* and J W Koen*, Eienskappe 
van energievlakke in Sc en Mn. 

11. D T L Jones and W R McMurray, The neutron sensitivities of 
Geiger-Muller counters. 

12. D T L Jones, Medical applications of particle accelerators -
The NAC Connection. 

13. T C Kotzé*, F J Coetzer* and P van der Westhuizen*, Kaskade-
gekorrigeerde ondersoek van die 3p' 2F°-vlak in 0 II met 
behulp van die bundelfolie-tegniek. 

14. J J Lawrie, D Whittal, A A Cowley, W R McMurray and S J Mills, 
Eksperitnentele getuienls vir kernmolekuulvorming in die 
2 8Si(a,o) 2 8Si reaksie. 

15. F M Nortier, G F Steyn, S J Mills and W L Rautenbach*, 
Oorwegings t.o.v. die beplande radioisotoopproduksieprogratn by 
die NVS, Faure. 

16. D Reitmann and A H Botha, Die stand van die Nasionale 
Versnellersentrum. 
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17. G F Steyn, F M Nortier. S J Mills and W L Rautenbach*, Die 
beplande produksie van I en TJl by die NVS, Faure. 

18. C W Wang*, P G Roos*, N S Chant*. G Ciangaru*. F Khazaie*, 
D Mack*, A Nadasen*. S J Mills and R E Warner*, Die 
Be(p,pa) He klont-uitslaanreaksie net ISO MeV gepolariseerde 
protone. 

19.1.2 Int. Cancer Union Conference on Oesophageal Carcinoma, Cape 
Town, 20 September 1985 

1. L A Brooks*, L M Steyn* and M J Renan, Search for possible 
viral etiology in oesophageal carcinoma using molecular 
hybridization techniques. 

19.1.3 International Symposium on Radiation Physics, Ferrara (Italy), 
30 September - 4 October 1985 

1. P J Binns and J H Hough, Spectral energy measurements in a 
fast neutron therapy field. 

19.1.4 26th Annual Congres of the South African Association of 
Physicists in Medicine and Biology, Pretoria, 17-21 March 1986 

1. D T L Jones, The NAC neutron therapy system. 

2. B R Meyer, Radiation protection at the National Accelerator 
Centre, Faure (Status March 1986). 

19.1.5 International Neutron Therapy Meeting, Liverpool (UK), 1-3 May 
1986 

1. J H Hough and P J Binns, The physical characteristics of the 
Pretoria neutron therapy beam. 

2. J P Slabbert, The quality of the Pretoria fast neutron beam. 

19.1.6 Federation Internationale des Geometres 18th Congress of the 
FIG, Toronto (Canada), 1-11 June 1986 

1. G C W Lloyd, High precision surveying at the NAC. 

19.2 Other Papers and Lectures 

1. Meeting of the CCEMRI, Section II at the BIPM, Sevres, France, 
11-13 June 1985 

B R Meyer, Current and future activities at the National 
Accelerator Centre, Faure, South Africa (June 1985). 

2. Laboratory of Tumor Cell Biology, National Cancer Institute, 
Bethesda, Maryland, USA, February 1986 

M J Renan, Transcriptional control elements - repressors and 
activators. 

*Member of another institute. 
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Theoretical Physics Seminar, National Research Institute for 
Mathematical Sciences, CSIR, Pretoria, 17 March 1986 

A A Cowley, Polarized protons at 100 and 150 MeV scattered 
from few-nucleon targets. 

Dept. of Medical Microbiology, Molecular Biology Seminar 
Series, University of Cape Town, March 1986 

M J Renan, Latest advances in research on HTLV-III. 

British Columbia Cancer Research Centre, Vancouver, Canada, 
April 1986 

J P Slabbert, Low-dose effects in neutron beams. 

Technlon Israel Institute of Technology, Haifa, Israel 

M Peisach, Nuclear analytical chemistry using a 2 MeV 
accelerator. 

Weizmann Institute of Science, Rehovot, Israel 

M Peisach, Material science research needs nuclear analytical 
chemistry. 

Analytical Science Department, University of Cape Town 

C A Pineda*, Application of ion beam analysis in archaeology. 

NAC Symposia 

Symposium on Experimental Nuclear Physics at Intermediate 
Energies, held at the University of Cape Town and the National 
Accelerator Centre, 17-18 October 1985 

F P Brady*, Future possibilities with Intermediate energy 
neutron beams. 

J M Cameron*, Meson exchange and relatlvistic correction 
effects in photonuclear reactions at intermediate energies. 

A A Cowley, Continuum spectra of proton induced reactions 
between 100 and 200 MeV. 

H Gouttefangeas*, Operational conditions and beam control at 
GANIL, as seen by the users. 

R H Lemmer*, Elementary excitations in nuclei: A review of 
strength functions with special reference to deep-lying hole 
states. 

J S Lilley*, Aspects of heavy-ion experiments at low and 
Intermediate energies. 

H G Pugh*, Pion production in nucleus-nucleus collisions. 

*Member of another Institute. 
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8. P C Roos*, Cluster structure of nuclei measured by quasi-free 
knockout reactions. 

9. J P F Sellschop* and A Zucchiatti*, Prospects in nuclear and 
atomic physics research using the 200 MeV cyclotron of the 
National Accelerator Centre. 

19.3.2 Symposium on Nuclear Particle Accelerators in Medicine, Cape 
Town, 10-13 February 1986 

1. P Andersen, Preparation of ln-0xine at the Pretoria 
Cyclotron. 

2. R J N Brits, Rubidium-81/krypton-81M generator preparation for 
medical use. 

3. F J Haasbroek, Production of medical radioisotopes with low 
energy charged particle accelerators. 

4. J H Hough, The Physical in-phantom characteristics of the 
Pretoria neutron therapy beam. 

5. D T L Jones, Dosimetry in neutron fields. 

6. D T L Jones, Neutron sources for radiotherapy. 

7. S J Mills, Medical radionuclide production at the NAC, Faure: 
Present status and future prospects. 

8. F M Nortier, Considerations for the initial production of 1 2 3 I 
at the NAC, Faure. 

9. J P Slabbert,Dose-modifying factors and the mean inactivation 
dose. 

19.4 NAC Colloquia 

1. July 31, 1985 
The search for beauty. 
Prof F Heymann, Dept of Physics and Astronomy, University 
College of London, UK. 

2. August 8, 1985 
Stralingskode in metale gedurende loon implantering. 
Prof E Friedland, Dept Fisika, UP, Pretoria. 

3. August 20, 1985 
Accelerator research in Taiwan. 
Prof C C Hsu, National Tsing Hua University, Taiwan. 

4. August 16, 1985 
Recent development work on silicon surface-barrier detectors 
at the University of Birmingham. 
Dr J B A England, University of Birmingham, UK. 
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October 14, 1985 
Materials for long-wavelength fibre optics. 
Dr Greg Olsen, Epitax Inc., Princeton, New Jersey, USA. 

November 17, 1985 
Pulsed laser annealing of silicon. 
Dr D Vigren, Universita't des Saalandes, West-Germany. 

November 29, 1985 
Current developments in medium energy accelerator research. 
Prof A Seeger, MAX Planck Institute, Stuttgart, WG. 

March 5, 1986 
Muon-catalyzed fusion. 
Prof J Rafelski, Institute of Theoretical Physics and 
Astrophysics, UCT. 
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SECTION 20 ADVISORY COMMITTEE AND ADVISORY PANELS 

20.1 Advisory Committee (1986 - 1988) 

Dr G Heymann (Chairman) - Council for Scientific & Industrial Research 
Dr J K Basson - Atomic Energy Corporation 
Prof A J Brink - S A Medical Research Council 
Prof M J de Vries - University of Stellenbosch 
Dr F J Hewitt - Personal capacity 
Prof D M Joubert - University of Pretoria 
Dr R L M Kotzê - Chairman, Biological Sciences Advisory Panel 
Dr N S Louw - Cape Provincial Administration 
Prof W L Mouton - University of the Orange Free State 
Mr A J Myburgh - Department of Trade and Industry 
Dr S Saunders - University of Cape Town 
Prof A Strasheim - Personal capacity 
Dr H van Wyk - Transvaal Provincial Administration 
Dr J S V van Zijl - Council for Scientific & Industrial Research 
Dr D Reittnann - National Accelerator Centre 

20.2 Biological Sciences Advisory Panel (1984 - 1986) 

Dr R L M Kotzé (Chairman) - Personal capacity 
Prof J U Anderson - National Hospital, Bloemfontein 
Prof S Browde - Johannesburg General Hospital, Johannesburg 
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 L<5tter - National Hospital, Bloemfontein 
Prof R Sealy - Grocte 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 Msrwe - Tygerberg Hospital, Parow Valley 
Dr S Wynchank - S A Medical Research Council 
Dr D Reitmann - National Accelerator Centre 

20.3 Physical Scie ces Advisory Panel (1984 - 1986) 

Dr G Heyoann (Chairman) - Council for Scientific & Industrial Research 
Dr A A Cowley - National Accelerator Centre 
Prof C A Engelbrecht - University of Stellenbosch 
Dr P J Fourie - Atomic Energy Corporation 
Dr F J Haasbroek - National Accelerator Centre 
Prof R H Lemmer - University of the Witwatersrand 
Or D Mingay - Atomic Energy Corporation 
Prof J Offermeier - University of Potchefstroom 
Dr 1-1 Peisach - National Accelerator Centre 
Prof J P F Sellschop - University of the Witwatersrand 
Dr D van As - Atomic Energy Corporation 
Prof T j van Heerden - University of the Western Cape 
Mr W Weidemann - G H Marais and Partners 
Dr D Keitniann - National Accelerator Centre 
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SECTION 21 STAFF MEMBERS 

DIRECTOR D Reitmann 

Accelerator Theory: 

Beam Transport D i v i s i o n : 

Control System D i v i s i o n : 

electronics Division: 

ACCELERATOR GROUP 

A H Botha (Head) 
H N Jungwirth (Deputy) 

P M Cronje (Head) 
WAG Nel 

J C Cornell (Head) 
J L Conradie 
D T Fourie 
G 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 Ueehuizen 

I C de Villiers (Head) 
J S du Toit (Deputy Head) 
C Baartinan 
0 D Beukes 
R ti Bonett 
R 11 Boosey 
B i-l Bosch 
R Broers 
A du Plessis 
B C Greyling 
T M Human 
H Kettner 
H KJ Link 
M P A Klop 
J A Liebenberg 
D A Muller 
A F M Patterson 
G S Price 
S Schoeinan 
N M Schreuder 
V Simons 
0 C Smith 
J J Solomons 
L Stawiszynski 
G J van der merwe 
R J van Tubbergh 
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Inflection. Deflection 

Injector Division; 

Magnets and Vacuum 
Division: 

Mechanical Engineering 
Division: 

S Schneider (Head 
H Gargan 
P T Mansfield 
P G Molteno 
P Kohwer 
P A van Schalkwyk 

Z B du Toit (Head) 
S J Burger 
P J Celliers 
E P Conard 
G S Z Guasco 
L M M Roe Is 

H N Jungwirth (Head) 
W G Cloete 
J G de Villiers 
B H 0 Eisinger 
L J Koodman 
L H 0 Schtilein 
C J van Lamp 
M R P Williams 

P R Dostal (Head) 
C H Antonie 
I Antonie 
R A J Armbruster 
J P A Crafford 
J L G Delsink 
J E8pinosa-Ramirez 
C J Foord 
M G Heritage 
Z Honner 
M Hurwitz 
A Kiefer 
J J Kotze 
A S Koopman 
V Melcer 
A Muller 
D Muller 
R G Northey 
A Oktober 
M B Kagaller 
R E Quantrill 
R W H Schwartze 
T J Shackleton 
H A Smit 
F M Smith 
J U L Smuts 
L Stuart 
H G van Houten 
P A Visser 
M J C Webb 
W D R Wilkinson 

and Diagnostics Division: 
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R F Systems Division: J J Kritzinger (Head) 
J W Carstens 
R £ F Fenemore 
J E Kriel 
P J Kriel 
M J van Niekerk 

ADMINISTRATION 

F J van Lith (Institute Secretary) 
J I Allen 
A Anthony 
L Anthony 
C Barends 
V M Blewett 
A E M E J Bouckaert 
H Breek 
D M Carelse 
N Cloete 
D de Kock 
M de Vries 
R R Dikgale 
3 J Engelbrecht 
W J Fredericks 
S J Gordon 
M A Herbert 
G C Herring 
H J P Heyns 
D Hoogbaard 
H Isaacs 
K Koopman 
A Lawrence 
A M Lewis 
H J Lindoor 
S S Mazibuko 
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 Wallace 
L Wanie 

PRETORIA CYCLOTRON GROUP 

Dr F J Haasbroek (Head) 

W F van Heerden (Head) 
W S Coetzee 
S J P Eloff 
W S Oliver 
A J Oosthuizen 
R Schlichenmaier 

Cyclotron Operation 
uivision: 
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Isotopes and Source F J Haasbroek (Head) 
Production Division: P Andersen 

R J N Brits 
A P du Plessis 
P S Griffin 
C 11 Haines 
C Mason-Jones 

Radiation Physics and J H Hough (Head; 
Radiobiology Division: P J Binns 

H L Jones 
J P Slabbert 

Workshop I S H Cilson (Head) 
M L Makola 
E Vorster 

RESEARCH GROUP 

S J Mills (Head) 

Radioisotope Production: S J Mills (Head) 

Light-ion Experiments 
Division: 

F M Nortier 
U A Kaavé 
P M Smith-Jones 
C J Stevens 
G F Steyn 
K F Verbruggen 

A A Cowley (Head) 
J J Lawrie 

Radioactivity Standards 
and Radiation Safety: 

B R Meyer (Head) 
N 1) Costa 
J A M T Dirkse 
B R S Simpson 

VAN DE GRAAFF GROUP 

W R McMurray (Head) 

Biophysical Sciences 
Division: 

D T L Jones (Head) 
M J Renan 

Data Processing 
Division: 

J Pilcher (Head) 
K Springhorn 
V C Wikner 

Ion-Solid Interaction 
Division: 

R Pretorius (Head) 
M Wandt 
T Marais 
A Pienaar 

Nuclear Analytical 
Chemistry Division: 

M Pelsach (Head) 
C Pineda (CPA) 
II A B Pougnet 
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Technical Support J J Kritzinger (Head) 
Division: H Schmitt (Deputy Head) 

G F Ackeruann 
P J Groenewald 
T Swart 
H K Antonie 
C J Cloete 
W J Cloete 
W P Gordon 
S H Hendricks 

AEC Isotope Unit F D Smit (AEC) 
(at Faurej J Hanekom (AEC) 

MEDICAL COMPONENT 
(Cape Provincial Administration) 

D T L Jones (Head) 
;i A le Roux 
M Yudelev 



ACCELERATOR CROUP 
Head: A H Botha 

Deputy Head: H N Jungwlrth 

ACCELERATOR THEORY 
Head: P M Cronje 

BEAM TRANSPORT 
Head: J C Cornell 

CONTROL SYSTEM 
Head: C Burdzlk 
Deputy: K Vlsser 

ELECTRONICS 
Head: I C de Vtniers 
Deputy: J S du Tolt 

INFLECTION,DEFLECTION 
AND DIAGNOSTICS 
Head: S Schneider 

INJECTORS 
Head: Dr Z du Tolt 

MAGNETS AND VACUUM 
Head: H N Jungwlrth 

MECHANICAL ENf.INEERING 
Head: P R Dostal 

R F SYSTEMS 
Head: J J Krttzlnger 

MEMBER OF EXECUTIVE 
C Heynann 

DIRUfOR 
D Roltaann 

ADMINISTRATION 
Institute Secretary: F J van Llth 

PRETORIA CYCLOTRON CROUP 
Head: F J Haasbroek 

CYCLOTRON OPERATION 
Head: U F van Heerden 

ISOTOPES AND SOURCE 
PRODUCTION 
Head: F J Haasbroek 

NEUTRON STUDIES 
Head: J H Hough 

RESEARCH CROUP 
Head: S J Mills 

LIGHT-ION EXPERIMENTS 
Head: A A Cowley 

RADIOACTIVITY STANDARDS 
ANn RADIATION SAFETY 
Head; B R Meyer 

RADIOISOTOPE PRODUCTION 
Head: S J Mills 

VAN DE CRAAFF CROUP 
Head: V R McMurray 

BIOPHYSICAL SCIENCES 
Head: D T L Jones 

DATA PROCESSING 
Head: J Pllcher 

ION-SOLID INTERACTIONS 
Head: R Pretorlus 

NUCLEAR, ATOMIC AND 
RADIATION PHYSICS 
Head: U R McMurray 

NUCLEAR ANALYTICAL 
CHEMISTRY 
Head: M Pelssch 

VAN DE CRAAFF 
OPERATION AND SUPPORT 
Head: J J Krltttnger 
Deputy: H Schaltt 
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SECTION 22 RESEARCH COLLABORATORS 

The following is a list of persons collaborating in research and 
development work carried out using the presently operating accelerators 
at the NAC. 

22.1 Pretoria Cyclotron 

National Chemical Research Laboratory:-
Analytical Chemistry Division: 

National Physical Research Laboratory:-
Optical Sciences Division: 

National Research Institute for Mathe
matical Sciences:-

Operations Research and Statistics: 

University of Cape Town:-
Dept. of Radiotherapy: 

University of the Orange Free State:-
Faculty of Medicine: 

University of Pretoria:-
Dept. of Nuclear Medicine 
Dept. of Chemistry: 

University of Stellenbosch:-
Dept. of Radiotherapy: 

University of the Witwatersrand:-
South African Institute for 
Medical Research: 

Dr F W E Strelow 

Mr D N N Chinnery 

Dr J S Galpin 

Dr G Blekkenhorst 

Dr P Vessels 

Prof M Iturralde 
Prof R G Bffhmer 

Dr L BShm 

Prof R Bernstein 
Miss J Rosendal 

22.2 Van de Graaff Accelerator 

Atomic Energy Corporation:-

Isotope Unit, Faure: 

Cape Provincial Administration: 

Electricity Supply Commission: 

Institute of Cancer Research, London: 

Laboratory of Tumor Cell Biology, 
National Cancer Institute, Bethesda, 
Maryland, USA: Dr S F Josephs and co-workers 

National Institute of Materials Research: Dr A P Botha 

Dr E Barnard 
Dr S Froneman 
Dr W J Strydom 

Mr F J Smit 
Mr J Hanekom 

Mr C A Pineda 

Mr L D Olivier 
Mr D J Swanepoel 

Dr B Reeves 
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National Physical Research Laboratory: 
Optical Sciences Division: 

Peninsula Technikon, Bellville:-
Dept. of Physical Sciences: 

Mr D F Bezuidenhout 

Dr D Gihwala 
Mr D Adams 

State Museum, Windhoek: 

University of Cape Town:-
Dept. of Medical Microbiology: 

Dept. of Physics: 

Mr L Jacobson 

Dr F van der Riet 
Dr L M Steyn 

Prof F D Brooks 
Prof D G Aschman 
Dr W A Cilliers 
Mr M S Allie 
Dr C M Comrie 
Mr J M Egan 
Mr L Robinson 

Energy Research Institute: 

Institute of Child Health: 

University of Durban-Westville:-

Mr D Naeser 

Dr H de V Heese 
Dr W S Dempster 

Dept. of Physics: Prof K Bharuth-Ram 
Mr A C Bawa 

University of Stellenbosch:-
Merensky Inst* of Physics: Prof W J Naudé 

Prof J W Koen 
Mr M P Janse van Rensburg 
Mr M G van der Merwe 
Dr J A Stander 
Prof W A Richter 
Dr F J Coetzer 
Mr T C Kotzé 
Mr P van der Westhuizen 
Dr J C Lombaard 

Dept. of Chemistry: Dr C Olivier 
Dr J C Cruywagen 
Dr H J Morland 
Dr B S de Wet 

Dept. of Radiotherapy: Dr L BoTim 

University of Texas, USA: Dr K W Butzer 
University of the Western Cape:-

Dept. of Physics: Prof I J van Heerden 
Mr R E Julies 
Mr R Carolissen 

Weizmann Institute of Science, 
Rehovot, Israel:-

Dept. of Material Science: Dr R Tenne 
Dept. of Structural Chemistry: Dr D Cahen 
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SECTION 23 LIST OF CONTRIBUTORS 

Section Reported by 

1 D Reitmann 

PART A: 2.1 Z B du Toit, P J Celliers, E P Conard, 
J J Kritzinger, C J van Lamp 

2.2 S J Burger, Z B du Toit, G S Z Guasco, 
J J Kritzinger 

3.1 H N Jungwirth 
3.2 J Kritzinger, R E F Fenemore 
3.3 C J van Lamp, H N Jungwirth 
3.4 S Schneider, P F Rohwer 
3.5 S Schneider, P F Rohwer 
3.6 S Schneider, P G Molteno, P van Schalkwyk, H Gargan 

G S Z Guasco 
3.7 P M Cronje 

4.1 G F Burdzik, J N J Truter, H F Weehuizen 
4.2 G F Burdzik, R K Fisch, I H Kohler, H F Weehuizen, 

K Visser 
4.3 W L J Hendrikse, H W Mostert, K Visser 
4.4 G F Burdzik, H W Mostert 

5.1 J C Cornell 
5.2 S Schneider, P G Molteno, P van Schalkwyk, H Gargan 
5.3 C J van Lamp 
5.4 J J Kritzinger 
5.5 J J Kritzinger 

6.1 P R Dostal 
6.2 I C de Villiers, J S du Toit, M P A Klop, G J van 

der Merwe 

7.1 S J Mills, A A Cowley and authors as listed in 
text. 

7.2 Authors as listed in text. 
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7.3 Authors as listed in text. 
7.4 Authors as listed in text. 

8. D T L Jones 

PART B: 9.1 F J Haasbroek 
9.2 J H Hough and W F van Heerden 
9.3 Authors as listed in text. 
9.4 Authors as listed in text. 
9.5 Authors as listed in text. 
9.6 J H Hough and J P Slabbert 
9.7 F J Haasbroek 

PART C: 10. H Schmitt, W R McMurray 

11. Authors as listed in text. 

12. Authors as listed in text. 

13. Authors as listed in text. 

14. Authors as listed in text. 

15. Authors as listed in text. 

16. J Pilcher, V C Wikner 

17. W R McMurray 

Editing: J C Cornell 

Sub-ed i t ing; PART B: J H Hough 
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