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FOREWORD v 

During the fifth year of its existence the National Accelerator Centre has 
moved steadily towards the realization of its goal: the completion of an 
accelerator facility for multidisciplinary use. The magnet of the light-
ion injector, a solid-poie cyclotron, is now fully assembled and field 
measurements have been carried out. The results agreed very well with 
theoretical predictions and the shape, maximum value and homogeneity of 
the magnetic field were entirely satisfactory. The locally manufactured 
trim coils, harmonic coils and vacuum chamber hcve all been completed. 
Manufacture of the radio-frequency resonators as well as the in-house 
construction of power amplifiers and control instrumentation has progressed 
well. The vacuum pumps, diagnostic equipment and the beamline components 
for beam transfer to the main accelerator have all been ordered. 

Several components for the separated-sector cyclotron have been completed 
during the year. Machining of the pole plates for the first sector magnet 
is now finished, ar.d the magnet has been moved to Faure and successfully 
assembled in its final position: the magnetic field measuring system is 
now also ready for use. Three of the four vacuum chambers that fit inside 
the sector magnets have been delivered to the site. Good progress was made 
with the manufacture of the trim coils, the radio-frequency resonators and 
power amplifiers while vacuum pumps, diagnostic equipment and beam transport 
devices have been ordered. Software as well as hardware components for the 
control system were developed in-house. 

The entire office block is now complete and staff moved into their permanent 
offices during March 1982. The design office, mechanical workshop and stores 
also moved into permanent accommodation. The new main entrance and the first 
tarred roads have been completed and site development has been initiated. 
Very good progress has been made with the construction of the second phase of 
the main building which will house the isotope production areas, radiotherapy 
vaults and the experimental area. The design of the medical facilities, 
including the patient-handling building and the 30-bed hospital, is now 
well beyond the sketch-plan stage. 

Upon the recommendations of the respective working committees, a scattering 
chamber was purchased from another institute, for nuclear physics research, 
the specifications for a neutron isocentric system for cancer therapy were 
drawn up, and an on-line data acquisition system was planned. 

The Pretoria Cyclotron Group has once again succeeded in setting up a new 
record with its production of radio-isotopes during the past year. 
Preliminary modifications to the machine have improved the quality of its 
external deuteron beam to a level where radiobiological experiments with 
fast neutrons could be initiated . Considerable effort was devoted to the 
further irrprovement of the beam quality and the planning and construction 
of facilities for the eventual treatment of cancer patients. For this 
purpose an order has been placed for a sophisticated neutron collimator 
with a variable aperture. 

During the past year the staff of the NAC have once again profited from 
the expertise, co-operation and hospitality of many individuals and 
organisations at home and abroad. It is a pleasure to thank them all 
together with our own staff for what was achieved during the year. 

U RE1TMANN June 1982 
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SECTION 1 INTRODUCTION 

The NAC facilities will consist of a separated-sector cyclotron with a k-
value of 200 MeV, a solid-pole injector cyclotron with a k-value of 8 MeV> 

an injection line and beamlines to experimental areas for nuclear physics, 
radiotherapy and isotope production. Provision is made for a second injector 
cyclotron for acceleration of heavy and polarised ions. These facilities 
have recently been described in several Annual Reports and rapers {l-6}. 

During the course of the past year the NAC has concentrated on the design 
and construction of the injector cyclotron (SPCI), the injection beamline 
and the separated-sector cyclotron (SSC). 

The magnet of SPCI has been assembled completely, including the [ ole-gap 
coils and feed-through rings. Final field measuring will soon commence: 
(previous field measurements of the magnet without the pole-gap coils, 
and of the first magnetic channel, showed excellent agreement with the 
calculated field values and distributions). Each of the two resonators of 
SPCI will consist of an inner and an outer cylindrical co-axial copper tube 
(the inner one stiffened by a beam), an end-section which supports the inner 
conductor and beam, a front-section, a dee and a short-circuit plate. 
The two beams have already been delivered. Delivery of the end-sections 
and the copper tubes it, expected in August and December respectively. 
Detailed design of the short-circuit plates and front-sections is in an 
advanced stage, wheieas the design of the dees will be finalised towards 
the end of the year. Good progress has been made with the manufacture of 
the power amplifiers at the NAC. The driver stages and power supplies for 
the amplifiers have already been received. The SPCI vacuum chamber has 
been tested successfully for leak-tightness and will be installed in 
September. The ion-source and extraction components are currently being 
designed. Completion of SPCI was originally planned for April 1983 but 
construction work will now probably take a month longer. 

Figure 1 shows the injection line. All the components shown in the figure 
except for the short sections of beamline connecting the diagnostic chambers 
have been ordered. The twenty quadrupole magnets together with spare coils 
have recently been delivered. The power supplies for the quadrupole magnets 
are now being manufactured. Completion of the diagnostic vacuum chambers and 
diagnostic elements is expected early next year when construction of the 
injection line will commence. The various pumping stations are now being 
designed. 

The first sector magnet of the SSC has been installed in the cyclotron 
vault at Faure with the main and booster coils in position. The first field 
measurements will take place without the magnet vacuum chamber or trim-coils 
in place. Three of the four magnet vacuum chambers have already been delivered 
to the NAC and the fourth one, which is slightly more complicated, is now 
being welded together. Figure 2 shows a perspective drawing oZ a magnet 
vacuum chamber. One of these chambers has been installed in the pole gap of 
the first sector magnet to make sure that the 96 studs fit in the holes in the 
poles. We expected that it would be very difficult to position the chamber 
so tha'; the studs and holes matched, but the chamber slipped into position 
quite easily. Only one set of trim-coils is at present ready for installation. 
A second will be completed within a month. A serious delay has developed in 
the manufacture oi twenty-six power supplies on order from a local company. 
Additional arrangements for power supplies were necessary in order to keep 
to our schedule. 
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Manufacture of the SSC resonators is progressing according to plan. Both 
resonators will be ready for shipment by the middle of 1983. Figure 3 
shows a perspective drawing of such a resonator. The first 150-kW power 
amplifier has been tested successfully to full power. Delivery of both 
amplifiers is scheduled for September. Figure 4 shows one amplifier. 

Since the termination of the basic nuclear physics research programme at 
the Pretoria Cyclotron, the activities oi the Group have mainly been 
focussed on the production of radio-isotopes and preparations for a fast-
neutron therapy programme in collaboration with the Johannesburg and H F 
Verwoerd hospitals. The routine production of radio-isotopes for medical 
and industrial use was maintained at approximately the 1980/81 level (2), 
except for 1 ? 3 I where a significant increase in demand occurred and 2 2Na 
where a further decrease was experienced. The research and development 
programme contributed to the improvement of a number of the routine production 
procedures, and two further products, namely Br and ortho-iodohippuric acid 
labelled with I, have been added to the production list. 

Good progress has been made with the establishment of a fast-neutron 
facility and the modification of the cyclotron for this purpose is in an 
advanced stage. Deuteron beams of 30 PA are obtained regularly on the 
beryllium target at the end of the beamline. A variable collimator has been 
ordered and is scheduled for delivery in December of this year. Neutron 
dosimetry and radiobiological studies have been initiated in preparation 
for the treatment of patients which is planned to start by the middle of 
1983. 

References 

1. National Accelerator Centre Annual Report NAC/AR/80-01 (CS1R, 1980) 

2. National Accelerator Centre Annual Report NAC/AR/81-01 (CSIR, 1981) 

3. A H Botha et al., Proc. 9th Int. Conf. on Cyclotrons and their 
Applications, 1981 Caen (Les Editions de Physique, France, 1981) 

4. Z B du Toit et al., ibid, p 129 

5. P F Rohwer and S Schneider, ibid, p 481 

6. C M Merry and J C Cornell, ibid, p 509 
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SECTION 2 THE LIGHT-ION INJECTOR 
2.i Introduction 

The main magnet for the light-ion injector (SPCI) has been assembled and 
successfully tested. The first field maps obtained with the computer-
controlled magnetic field measuring system showed that the maximum average 
field of 1 tesla can easily be reached ard that the calculated field shapes 
are in very good agreement with the measured values. The maximum deviation 
between the measured and calculated field values were 0,25% up to the extraction 
radius and 1% in the vicinity of the pole edges, the latter being due to the 
fact that saturation was not taken into account ir. the calculations. 

Most of the main components for the resonator of the radio-frequency system 
are now in the manufacturing stage. The final design of the dees, however, 
will be done after the central region studies have been completed. We are 
now doing our own development for the short-circuiting plates using dispersion-
strengthened copper which has recently become available. The prototype 25 kW 
amplifier was modified to increase the frequency band to 27 MHz and was used 
on a dummy load and the resonator model to study loading conditions and the 
voltage harmonic structure respectively. The two final amplifiers are at 
an advanced stage of construction at the NAC and the two 100 kW anode power 
supplies were delivered recently. Good progress was also made with the 
phase and amplitude control and stabilisation system. Work began on the 
computer control of the rf-system in February 1982 and the preset computer 
control procedure and full automatic tuning have been successfully tested. 

Orbit calculations were carried out to investigate the different focussing 
forces in the central region and the computer program OC, originally written 
to employ a parametrised electric field, was altered to include the option 
of reading in a potential grid as measured in the electrolytic tank. 

Various modifications to the electrolytic tank have increased the accuracy 
by almost a factor of ten and the tank is now operating to our satisfaction. 
The first real measurements were performed on a 4:1 scale model of the ion-
source/puller region and the results so far are encouraging. A 3:1 scale 
model of the central region is now being prepared for a detailed study of this 
region. 

Design calculations for the extraction system have been completed. Field 
measurements to determine the internal field characteristics for the iron 
configuration of the first channel as well as the perturbation on the main 
field, were in excellent agreement with the calculated values. 

All the vacuum equipment required for SPCI has been ordered and most of it 
is already on site. This equipment is now being tested and a start has 
been made with the construction of the control system. 

As the requirements of the layout of the central region have become clearer, 
it was necessary to reposition the beam defining slits. The design of 
these slits is now in progress. Some of the components for the AAR probes 
are already being manufactured, but the detailed drawings of the probe-
heads and supporting arms are still outstanding. The manufacturing of 
the electronic beam current measuring equipment is progressing well and 
is ready for installation. The proposed system for beam-phase measurements 
has been successfully tested at the Van do Gr;.<aff accelerator at SUNI. 
Final tests have to be made in the SPCI vault under operating conditions. 

A hooded-arc type ion-source, similar to the one used by SIN, has been 
designed to be compatible with our central region. A few minor modifications 
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were also made which may add to its cooling capability and reliability. The 
supporting structure and adjusting mechanism are now being designed and we 
expect to obtain an accuracy of 0,1 mm or better for the radial, axial and 
azimuthal alignment of the source head. 
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2.2 Magnet 

2.2.! General 

Assembly of the magnet for SPC1 was completed by the end of 1981 (figure I) 
and the first field measurements performed during January 1982 showed that 
the maximum average field of I tesla at extraction could easily be obtained. 
No serious problems were encountered during these trials. The main power 
suppiy and cooling system were functioning according to specifications and 
the lifting mechanism for the upper yoke and pole piece was running smoothly 
and accurately. Measurements indicated that the top yoke and pole settled 
down each time to within 30u of the true position. 

The manufacturing and final machining of the various steel components of 
the magnet also proved to be very good. At no place did the height of the 
pole gap deviate by more than 40u from the specified value of 250 mm and 
it was therefore not necessary to make any fine adjustment by means of the 
adjusting wedges located on each of the four corners of the top yoke. This 
was also confirmed by the magnetic field measurements described below. 

Manufacture of the trim-coils, cone coils and harmonic coils has been 
completed to our satisfaction and all these components are now assembled 
on the supporting framework and feed-through ring (figure 2) which is now 
being installed on the magnet. 

2.2.2 Field measurements 

Once the magnet and the main coils of SPCl were installed, we commenced 
with test measurements of the magnetic field with the MFME2 (figure 3)fIf to 
test the accuracy of our computer-simulated fields. Final measurements 
will be done after the various field-correction coils are installed. 

Four main sets of measurements were done to determine: 

the magnetic median plane of Che magnet 

the repeatability of the measurements 

the excitation curve of the magnet 

- the accuracy of the measured values of the field compared to 
the calculated ones. 

In order to position the magnetic field measurement apparatus so that the 
Hall probe was exactly in the magnetic plane of the magnet, this median 
plane had first to be determined. For this a Hall probe, directly 
connected to an absolute teslameter, was moved up and down between the 
poles at different places. The maxima and minima of the vertical field 
component showed that the magnetic median plane coincided exactly with 
the geometric median plane of the two poles. 

To check the stability of the power supply for the main coils and to check 
the temperature of the Hall probe oven, readings were taken at various 
time intervals. This was also an indication of the mechanical repeatability 
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of the moving parts of the field measurement device. The result of four 
measurements showed that a given value varied by no more than 0,02 mT. 
This is well within the specified accuracy of 0,1 mT. 

To check the accuracy of the computer codes used for magnetic field 
calculations, the measured field was compared with the simulated field 
obtained with the computer code POFEL for exactly the same geometry of 
the magnet iron and excitation current. 

In order to do this an excitation current of 850 imp was used and a complete 
field map was measured (from 0 to 360 in steps of 3 and from 0 to 60 cm 
radius in steps of 2 cm). The result of this measurement showed that the 
deviation between the computed average field and the measured average field 
along a radial line was a maximum of 0,25% over the whole map, the only 
exception being near the edges of the poles where the computed field is 
nearly 1% higher than the measured one: this difference arises because 
the computer code does not take saturation effects into account. Figure A 
shows the deviation (i.e. measured field minus simulated field) at two 
different radii while figure 5 shows the deviation between the two average 
fields. 

After study of the results of these measurements, a small correction was 
made to the height of the disc in the centre of the magnet pole. The height 
of the disc was decreased from 30,8 Lo 30,4 mm giving a magnec cone field 
of 5 mT which can be suppressed or increased to 12 mT by means of the two 
cone coils. 

The last measurement to be done was the measurement of the excitation 
curve of the magnet. For this the magnet was first demagnetised, and then 
the current was gradually increased up to 1000 amps. The field was measured 
every 15 A at different points between the poles. In figure 6 the field 
value in the middle of a hill is plotted against the excitation current. 
It can be seen that there is no nominal saturation up to a current of 
700 A, which is the highest current which we expect to use. 

Reference 

I. National Accelerator Centre Annual Report NAC/AR/81-OI (CSIR, 1981) 
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(a) 

(b) 

Fig. 2 The lower suppor t ing frame and feed-through r ing with the d i r e c t l y 
water-cooled cone c o i l s ( 2 ) , t r i m - c o i l s (5) and two s e t s of i n d i r e c t l y 
water-cooled harmonic c o i l s mounted in p o s i t i o n : (a) the median plane 
(upper) s ide of the s t r u c t u r e , and (b) the under s ide showing the 
windings of the harmonic c o i l s . 
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Fig. 3 The magnetic field measuring equipment in position in the pole gap 
of the l ight- ion injector cyclotron. 
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Fig. 4 Deviation of calculated field from measured field over one sector 
at two different radii. 
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Fig. 5 Deviation of calculated average field from measured average field. 
The average fields were obtained at radial intervals of 2 cm. 
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Fig. 6 The magnetic field strength as a function of the exci ta t ion current, 
measured at the centre of a h i l l a t a radius of 30 cm. 
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2.3 Radio-Frequency System 

2.3.1 The resonators 

The major part of the resonator design has now been completed. Most of 
the main components have been ordered and are now in the manufacturing 
stage. The two resonators are shown in figure I and were described in 
the previous annual report {l}. 

2.3.1.1 Main components 

The 5-metre long cylinders forming the inner and outer conductors will be 
made by electroplating, similarly to those of the SSC. The 220 mm diameter 
inner cylinder will have internal cooling channels while the 700 mm diameter 
outer cylinder will have a cooling tube soldered on the cutside. The outer 
cylinder has no ports, in order to simplify manufacture. All cylinders are 
expected to be ready for delivery at the end of September 1982. 

The inner cylinder is supported by a stainless steel end-structure, attached 
to the outer cylinder, and by a stainless steel beam which fits inside the 
inner cylinder as shown in figure 2. The end-structure allows adjustment 
of the support beam in order to obtain concentricity between the inner and 
outer cylinders for satisfactory operation of the short-circuiting plate 
and to position the dee-electrode correctly. The end-structures and support 
beams have been ordered and are now being manufactured. 

A vacuum port is built into the stainless steel end-structure and a cryopump 
will be connected to this with a bellows for isolation from mechanical 
vibration. The vacuum pump will assist evacuation of the magnet vacuum 
chamber by pumping through apertures in the short-circuiting plate and 
along the length of the outer cylinder. 

A trolley-and-rail system supporting each resonator has been designed to 
allow removal of the resonator cylinders and dee-structure from the magnet 
vacuum chamber. 

The tapered section connecting the outer cylinder with the magnet vacuum 
chamber has been designed and will be manufactured in the near future. 
Provision has been made to allow installation of a supporting insulator in 
this section to improve the positional stability of the dee and the inner 
cylinder if the support structure at the far end does not provide adequate 
stability for all positions of the short-circuiting plate. 

The final design of the dee can only be completed when the final require
ments of the dee-shape in the vicinity of the ion source has been finalised 
by means of studies with the electrolytic tank. The dee and dee-structure 
will be manufactured in the NAC workshop. 

2.3.1.2 Short-circuiting plates 

We have decided to develop the short-circuiting plates at the NAC, since 
a visit to the most likely manufacturer in October 1981 indicated that 
previously-used technologies would be too expensive for our requirements. 
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Dispersion-strengthened copper, suitable for contact fingers, has recently 
come on the market. This material has mechanical properties similar to 
that of beryllium-copper bat thermal and electrical conductivities close 
to that of pure copper. Samples of this material were tested and compared 
with beryllium-copper contact fingers of identical dimensions {2}. The 
tests were done in a specially constructed test cell which allows rf-
currents up to 22 amps to be passed through the contact fingers while they 
are in vacuum. The current was produced by the prototype 25 kW rf-power 
amplifier for SPC1 and any frequency between 8,6 and 26 MHz can be used 
for such a test. Since most heating occurs at maximum frequency, 26 MHz 
was used for all tests. For two contact fingers made for a 4 mm pitch the 
maximum current density is 27 amps RMS per cm, which equals the maximum 
expected for the SPCI resonators. Temperature rise was measured with 
reversible temperature-sensitive paint by observation through a window 
while the fingers were under vacuum. 

The results indicated that the temperature rise with the dispersion-
strengthened copper is eight times less than for comparable bpryllium-
copper without silver plating. The material was also subjected to a 
prolonged bending test of 70 000 cycles together with beryllium-copper 
samples. The results prove that the dispersion-strengthened copper is 
very well-matched to our contact-finger requirements. A sufficient 
quantity of this material, in different thicknesses has been ordered to 
fulfill in all foreseen requirements for rf-contacts. 

Detail design of the short-circuiting plates for the SPCI resonators is 
complete and manufacture of a prototype of one sector has started. Apertures 
are required since evacuation has to take place through the short-circuiting 
plate. This requirement led to a design with nine separate radial sectors 
which will be bolted together to form a complete short-circuiting plate. 
If the prototype sector performs satisfactorily the two short-circuiting 
plates will be manufactured according, to this design. 

Different systems for positioning of the short-circuiting plates were 
investigated. It appears that a sliding tube system, using a differentially-
pumped double seal, is the most suitable. Such a system has been tested 
successfully. 

2.3.1.3 Coupling capacitor 

The coupling capacitor was designed by the NAC so that we could determine 
the approximate sizes of components and the available space. This information 
was supplied to a manufacturer of vacuum-variable capacitors, during a 
visit in March 1982, so that the design of the parts providing movement, 
vacuum sealing and electrical isolation could be optimised for manufacture 
from standard sub-components. The Jesign should be completed in May and 
the units should be available by October. 

2.3.1.4 Trimming capacitor 

The design of the trimming capacitor, which tunes the resonator to the 
required frequency, has been completed and the units will be manufactured 
in the NAC workshop. Operation will be by means of a stepping motor. 
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2.3.1.5 Resonator model 

The full-scale model of one of the SPC1 resonators, which has been described 
in previous reports ill, again proved invaluable for the development of the 
rf-system. During the year it was used successfully to check the 25 kW 
power-amplifier performance when coupled to the resonator with correctly 
adjusted coupling and a length of coaxial cable, similar to that which will 
be used for final operation. Power levels up to that causing voltage breakdown 
were used. 

The coupling capacitor and trimming capacitor are now both fully automated 
and the preset computer control procedure and full automatic tuning have 
been developed and tested successfully as described in section 2.3.3. 

2.3.2 Power amplifiers 

2.3.2.1 Prototype amplifier 

The main characteristics of the prototype were described in the last annual 
report (ll. At that time the maximum operating frequency was limited by 
the anode circuit design to 25 MHz. The amplifier has since been success
fully modified by fitting a new anode circuit resonator to raise the 
frequency band limits Í3). The new frequency band is 8 to 27 MHz. The 
other characteristics remain essentially unchanged. 

The dummy load tests were not fully representative of the full range of 
loading conditions which the final amplifiers will need to tolerate in 
practice, because the resonators' input impedance will sometimes be 
predominantly reactive. Nor were the measured levels of harmonics in the 
output indicative of the voltage harmonic to be expected in the resonators, 
because the dummy load is not frequency selective. The actual resonator 
was not available for rests but we were able partially to simulate the 
expected real loading conditions using the full-scale electrical model of 
the resonator as a load. It was found that the resonator model would 
typically tolerate an input of about 1 kW before breakdown occurred. No 
amplifier instability was observed under any of the loading conditions 
encountered. The harmonic structure of the resonator voltage was observed 
by means of a spectrum analyser connected to a capacitive pick-up near the 
dee. An acceptable level for total harmonic content of resonator voltage 
is considered to be 60 dtí or more below the fundamental. The observed 
second-harmonic level was typically 70 dB below fundamental and higher-order 
harmonics were generally lower. It is not considered probable that the 
har.nonic levels will be significantly worse at higher power levels, because 
the harmonics generated by the class /3 amplifier stage itself are not a 
strong function of power level. It will not be possible to confirm this 
or the stability of the amplifier at higher powers until the actual resonator 
is available for tests. 

The final amplifiers will normally be tuned under program control in response 
to a frequency input. One proposal is to use a stored look-up table relating 
positions of the amplifies tuning components to frequency. We were able to 
verify this approach on the prototype using a SABUS microcomputer and 
CAMAC to drive the anode tuning capacitor by means of a stepping motor. The 
anode circuit was tuned in response to a keyboard input of required frequency 
by means of a table stored as an array within the BASIC program. Simple 
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linear interpolation was used for intermediate values. It was confirmed 
that the amplifier could be tuned without significant error using a table 
with entries corresponding to 1 MHz intervals. 

2.3.2.2 Final amplifiers 

The two final amplifiers are at an advanced stage of construction at NAC. 
The cabinets were fabricated by a local firm to NAC specification. They are 
of aluminium construction, painted except for contact surfaces which are 
protected against corrosion by means of a chromate conversion process {4}. 
There are doors on two sides for access during maintenance. Continuity of 
shielding around the doors is provided by compressible rf-gaskets. Air-
pressure sealing is by means of compressible neoprene gaskets. In all 
critical areas of the rf-circuit the layout of the prototype is being 
closely followed. The anode-tuning capacitor and grid-tuning inductor 
will be driven by means of stepping motors. The drive systems include 
multi-turn potentiometers to provide verification of the settings of the 
tuning components, and microswitches which are activated when the component 
reaches its mechanical range limits. 

All electrical wires passing through the cabinet wall will be filtered to 
prevent leakage of rf-radiation. The air inlet and outlet ports are shielded 
by double honeycomb material. From measurements on the prototype it was 
determined that a 500 watt driver-amplifier would be adequate. Two broad
band solid state amplifiers were purchased to meet this requirement. 

The two 100 kW anode power supplies, manufactured to NAC specification, were 
delivered recently Í5). They are fully variable supplies each capable of 
10 kV at 10 A maximum output. Either power supply is capable of supplying 
both amplifiers simultaneously if the other fails. They are suitable for 
remote control by means of external relay contacts. The stabilised power 
supplies for the screen and grid bias have also been delivered. These are 
both variable units, capable of 1200 V at 0,5 A and 320 V at 120 mA 
respectively. The filament supplies were manufactured by a local firm. 
It is a three-phase rectified supply with saturable reactors in the 
primary to regulate the output. The filament voltage will be stabilised 
by means of an electronic stabiliser built at NAC, to ensure optimum 
filament life Í6}. 

2.3.3 Phase and amplitude control and stabilization 

The main components of a single channel of the rf-system are shown in 
figure 3. The progress which has been made with the. system is reported 
below. 

2.3.3.1 Switchable delay-line phase shifters 

The phase-shifter system using a binary sequence of delay lines with 
PIN-diode switching, described in the previous report f 1}, was successfully 
developed. The single printed-circuit board version proved the most 
suitable and 32 such units have been constructed. Figure 4 shows one of 
these units. Some units have been made to give phase shift from 2 to 
510° in 2 steps at 5 MHz. Others give 1° Lo 255' in 1° steps at 5 MHz, 
which corresponds to 360 at 7 MHz and is therefore more suited to the 
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SPC1 system using the 8,6 to 26 MHz frequency range. 

The units are controlled from CAMAC by a type 3074 24-bit output register. 
Internal latches in each unit retain the delay setting so that a unit only 
has to be addressed when a change is required. Since only eight bits are 
required for the delay setting the rest of the registers can be used for 
multiplexing by means of the strobe pulse. In this way up to 16 delay units 
can be controlled from a single output register. This is possible by 
means of a distribution unit which connects to the CAMAC output register on 
one side and which has an output connector for each delay unit on the other 
side. The first eight pins are wired in parallel on all connectors. Pin 
9 on the input is wired to pin 9 on the first output, pin 10 on the input 
is wired to pin 9 on the second output and so on. In this way all output 
connectors and all delay units are wired identically, with the strobe pulse 
on pin 9. The overall result is a very economical phase shifter system with 
convenient computer control, proved during testing of the automatic tuning 
system of the resonator model. 

Computerised testing showed that all units are accurate to better than the 
least significant bit for all possible delay settings. The absolute accuracy 
of phase shift is +2% at 5 MHz, ±0,2% at 15 MHz and 0,7% at 25 MHz. All 
similar units are identical to ±0,5 of phase over the entire frequency 
range. 

2.3.3.2 Continuous phase shifters 

(a) Two trombone-line phase shifters, described in the previous 
report ill, were constructed and tested successfully. One of 
the units, with the dust cover removed, is shown in figure 5. 
Adjustment is by means of a vibration-damped stepping motor. 
Digital position readout is given by an induction-type linear 
transducer. More of these units will be constructed. The 
main drawback of these units is the slow speed of operation 
which requires about 100 seconds for the full range of adjustment. 
Stability and resettability areextremely good. The mechanical 
lifetime of such a system is as yet unknown. 

(b) An electronic type of vernier variable phase shifter was 
developed for use together with the binary phase shifters to 
permit fast continuous phase adjustment where very good 
stability is less critical, as in the automatic resonator 
tuning system {7)> Such a phase shifter uses varactor diodes 
in a lumped delay-line to obtain phase shift only sufficient 
to cover twice the minimum increment of the binary delay-line. 
Switching of the binary delay and setting of the vernier delay 
is fast enough so that rf-power does not have to be removed 
from the resonator for reasonably small phase adjustments. 
The control of the prototype vernier delay is by analogue 
voltage from a 16-channel 12-bit CAMAC DAC. 

The maximum phase drift with temperature of the prototype was 
0,2 degree of phase per C but over the normal working range 
it is 0,1 degree per C. 
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2.3.3.3 Phase detector 

The prototype of the fast-acting phase detector described previously 
{l} was developed successfully and the production of a sufficient number 
of these units has been started. In addition to the main analogue output 
signal a monitor output has been provided as well as a digital panel meter 
with liquid crystal display. The panel meter indicates the phase angle 
with a resolution of 0,1 degree and with polarity indication, to make it 
versatile and easy to use. 

2.3.3.4 Phase modulators 

(a) Two units of the double-modulator type of system described 
previously {1} were constructed and aligned {8}. More units 
are under construction. The 55 MHz crystal oscillator and 
distribution system required for the phase modulators have 
been constructed and parts have been ordered to construct 
a second system, required as a spare. 

(b) A special commercially-available electronic phase-modulator 
unit with a substantially wider-than-normal frequency range 
was built into a unit which provides automatic adjustment of 
the operating level with change in frequency. Two modulator 
units are required to cover a three-to-one frequency range {9}. 
These units are not quite as convenient to use as the double-
modulator system described above but may be chosen for the 
buncher system which is required to work at twice the main 
frequency. 

2.3.3.5 Amplitude detector 

Two units were constructed according to the description in the previous 
report {]}. Fast silicon diodes are used in a small temperature-controlled 
oven {10}. More units will be constructed. The present units have been 
used very successfully to measure amplitude variations of the rf-signal 
as small as one part in 10 . This has enabled a comparison to be made 
between the amplitude noise produced by each of the two types of driver 
amplifiers for the SPCI system. 

2.3.3.6 Amplitude modulator 

After testing of the prototype amplitude modulator system, significant 
improvements were incorporated to facilitate operation of the final system. 
However, the commercially-available electronic attenuator, working on the 
principle of a double-balanced mixer with well-matched components, was 
found very suitable, as described previously {!}. Operational amplifier 
noise j jsented a problem with the prototype system but this has been 
solved by using improved operational amplifiers and by paying careful 
attention to printed-circuit-board layout and supply voltage decoupling. 

To prevent overdrive conditions in the rf-power amplifiers during start
up, two 16-bit CAMAC DAC's are used for amplitude control. The one DAC is 
used to control the electronic attenuator directly in open-loop operation. 
In this mode the rf-amplitude level is determined directly. The second DAC 
is used for one input to a comparator, while the second comparator input 
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comes from the amplitude detector. The difference signal is amplified and 
filtered before going to the electronic attenuator for closed-loop operation. 
To avoid switch-over difficulties between the two modes of operation an 
automatic diode-switching system, with diode voltage-drop compensation, 
was designed and tested successfully {11}. With this system the lowest 
level of either the first DAC or the output of the difference amplifier 
will have control of the electronic attenuator. If the second DAC is set 
to the required closed-loop operating level and insufficient rf-level is 
obtained to balance this, the difference amplifier will saturate in the 
high condition. This means that the first DAC will be in control. If the 
first DAC is set low the rf-level will be low. As this DAC level is 
increased the rf-level will follow in proportion. This continues until 
the rf-level is sufficient to balance the setting of the second DAC 
through the amplitude detector. As soon as the first DAC goes above this 
level the output level of the difference amplifier will take control and 
the amplitude control loop is closed. For satisfactory operation the first 
DAC must be set somewhat higher than this critical level. The amount by 
which it is higher will determine the amount of extra drive level allowable 
in closed-loop conditions, and this is very convenient for adjustment. 

In order to allow optimisation of the closed-loop operation over the whole 
rf-frequency range, the difference amplifiers and loop filters were 
designed and constructed for remote control by a CAMAC 24-bit output 
register. Six bits are used for selecting the filter cut-off frequency 
or the gain of the amplifier by means of mercury-wetted relays. Eight 
bits are used for the address of the specific amplifier or filter card is 
which is set by switches on each unit. Latches identical to those used for 
the binary phase shifters are used to retain a setting until a change is 
required. A change is only enabled by a strobe pulse. The system has been 
built in modular form so that amplifier and filter units can be cascaded if 
required. By further multiplexing of the strobe pulse with a distribution 
unit, similar to that described for the binary phase shifters, up to ten 
systems can be controlled by one CAMAC output register. This is sufficient 
for all the loop amplifiers and filters of the total rf-system, with very 
easy control and programming. These amplifiers and filters will also be 
used for the phase stabilizing system. 

For fast protection a standard high-level double-balanced mixer will be 
used as a drive cut of the rf-signal. 

2.3.3.7 Automatic tuning of the Resonator 

The automatic resonator-tuning system of the full-scale model described in 
the previous report {I} has remained in use. The error signal from the 
tuning phase-detector switches on the appropriate solenoid valve to move 
the trimming capacitor by means of a hydraulic piston. 

The tuning system for the SPCI resonators has been designed for operation 
of the trimming capacitor by a stepping motor, as space restrictions 
precluded the use of a hydraulic systeir. 

2.3.3.8 Computer Control 

Work began on the computer control of the rf-system in February 1982. 
Since all hardware of a micro-computer system was available at that time 



23 

for the control of the CAMAC units, we decided to start the development 
with such a system. 

The first objective was to develop position control and measurement for 
the trimming and coupling capacitors on the full-scale SPC1 resonator 
model. The hydraulic piston of the trimming capacitor is easily controlled 
by a CAMAC output register. A ten-turn helipot was installed to indicate 
the trimming capacitor position. Stepping-motor operation was installed 
for the coupling capacitor and the position is again indicated by the 
analogue voltage from a helipot. Analogue input signals are measured 
with a type AM-F CAMAC ADC unit which can measure up to 16 different 
signals. 

The frequency and rf-amplitude from the synthesizer is controlled through 
a CAMAC/GPIB-interface unit. 

The second objective was to develop a program by computer optimisation 
which will allow fully-automatic tuning of the resonator to the required 
frequency, then adjustment of the phase shifter to obtain the correct 
condition for closing of the automatic resonator-tuning loop and finally 
to adjust the coupling capacitor for minimum reflected power. 

We found that the signal from the reflected power meter, positioned between 
the amplifier and coupling system, is the most convenient and the best 
method for measurement of both resonator tuning and coupling conditions. 
Measurement is done with a type AM-F CAMAC ADC unit which has a computer-
switchable ± 1 or ±10 volt input range. 

In the first stage the trimming capacitor is incremented from the preset 
position while simultaneously measuring the reflected signal. The position 
for minimum reflected signal is stored and the trimming capacitor is then 
preset to this position. In the next stage the binary delay-line phase 
shifter is incremented until the output of the phase detector, as measured 
with the AM-F ADC, is a minimum. After this the continuously-adjustable 
vernier delay line is incremented from the centre preset position to obtain 
a more accurate minimum. At this point the automatic tuning-system loop is 
closed to keep the resonator correctly tuned. 

The coupling capacitor is then incremented from its preset position and 
the reflected power is measured for each position while the automatic 
tuning is compensating for each change. The position corresponding to the 
minimum reflected power is determined and the coupling system is reset to 
the optimum position. At a forward power level approximately 10% of the 
maximum, the fully-automatic setting procedure reduces the reflected power 
level to more than 50 dB below the forward power level. This represents 
tuning as good as or better than can be obtained manually and the full 
computer tuning takes about 2\ minutes {12}. 

The next stage of computer control is the set-up and closing of the 
amplitude and phase stabilization loops. This is now in progress. 

The experience with computer control of the rf-system in the past three 
months has been very encouraging and has given confidence for the future. 
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Fig. 1 A three-dimensional view of SPCl showing the two resonator cylinders 
and the two dees inside the magnet vacuum chamber. 

Fig. 2 Sectional side view of the SPCl resonator end-structure which provides 
support and adjustment of the inner cylinder. 
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Fig. 3 Block diagram of a resonator system showing the components used for 
automatic resonator tuning and phase and amplitude control and 
stabilization. 

ig. 4 A switchable binary-sequence delay-line phase shifter. 
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Fig. 5 A remotely controllable trombone-line phase shifter. 
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2.4 The Central Region 

2.4.1 Electrical focussing in the central region of SPCI 

The axial forces due to the electric field play the most important role 
in axial beam stability during the first few gap crossings in SPCI. In 
this region magnetic focussing due to flutter is not yet available, the 
magnetic field being practically constant here. The situation may be 
alleviated by adding a central cone field, but it is most important that 
the electric forces be well understood and investigated. A study of the 
effects was undertaken {1 } utilizing an ideal magnetic field and the 
parametrised electric field of the programme OC {2}. The effects of rf-
phase, dee height and particle energy were investigated, covering the 
accelerating gaps 2 to 4 (the ion-source/puller slit being gap 1). Typical 
results of a run for gap 2 are shown in figure 1. From these results an 
estimate of the axial frequency v z may be made, and plotted as a function 
of the rf-phase angle of the particle at the gap centre. The results of 
this investigation are summarised in figure 2. The curves merely serve to 
guide the eye along a set of data points. The strong influence of particle 
energy increase, resulting in a decrease in v 2, can clearly be seen. It 
is also clear that reducing the gap height from 40 mm to 30 mm improves the 
electric focussing. 

2.4.2 Modification of orbit programme OC 

Up to now, orbit calculations relating to the central region of SPCI have 
been mainly intended for use as guidelines in the design of an electrolytic 
tank model. Electric field measurements on the model will permit more 
realistic calculations of central region orbits, focussing, and acceptance, 
as well as aiding in the positioning of axial and radial selection slits. 
The computer programme OC, written {3} to employ a parametrised electric 
field, was altered to include the option of reading-in a potential grid as 
measured in the electrolytic tank {4}. The radial (ER), tangential (E^) and 
axial (E2) components of the electric field are then calculated from the 
potential grid by interpolation and determination of the first and second 
derivatives of the potential field at the particle position. The routine 
for the derivation of the electric field from the potential grid was 
incorporated in the existing subroutine calculating the parametrised field, 
but a new subroutine VDER {5} was developed for the evaluation of the 
interpolated values and derivatives needed. The alterations of OC were 
tested using a test grid created for this purpose by a specially written 
computer programme TEOC {2}. The grid was created from the parametrisation 
used in OC. The programme TEOC includes a test of the subroutine VDER. 
The test comprised comparison of the analytically calculated field and 
field components with the numerically interpolated and derived values, and 
proved to be very satisfactory using 5-point polynomial fits to the grid 
data. As an example of the results obtained, figure 3 shows the potential 
V, the electric field E, and its axial component E^- The E and E% graphs 
were plotted from the analytical as well as tie numerical values, the overlap 
being so good that the four graphs are actually seen as two. In all 
cases the graphs are plotted along a line perpendicular to an accelerating 
gap-
Particle orbits, calculated using the grid field, were then compared to 
orbits obtained from the parametrised analytical electric field. The orbits 
also proved to be practically indistinguishable in the central region up to 
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the limit of the grid field used (20 cm x 20 cm). 

2.4.3 Electrolytic tank measurements 

Measurements have been done in the electrolytic tank {6} on a 4:1 scale model 
of the ion-source/puller region for SPCI (figure 4) and satisfactory results 
have so far been achieved. 

Initially a "parallel-plate" model consisting of two chrome-plated glass 
plates was used to test and optimise the system. The simple geometry of 
the "parallel-plate" model was suitable for determining the accuracy and 
repeatability of the system {7}, since the equipotential contours are 
linear and run parallel to the plates in the central region between the 
plates. 

Extensive testing of the equipment was done and various modifications were 
carried out in order to improve the accuracy of the system as much as 
possible. For example, the initial "balancing-bridge" system {6} had a 
resolution of 10 mV. This was replaced by a system consisting of two digital 
voltmeters which read the voltages of the probe and plates directly, and 
whose resolution is 1 mV. Figure 5 shows the increased resolution of the 
final system when compared to the initial system - both curves are plotted 
as variations about the mean voltage gain. The average voltage gain per 
2 mm step was 0,1359 volts and the standard deviation for the measured 
points (58 in total) was 0,00078 volts in the final system. The maximum 
error at any measured point should now be less than 0,035% compared to 
0,3Z in the initial system {6}. 

On the mechanical side, the original belt drives and gears on the stepping 
motors were replaced by direct-drive shafts together with other smaller 
refinements {8). Figure 6 shows the reduction of noise factor between the 
belt-drive and direct-drive systems. Both curves are plotted as variations 
about the mean voltage gain and it can be seen that the direct-drive system 
shows an approximate fourfold reduction in scatter. 

For the construction of a 4: 1 scale model of the ion-source/puller region, 
the positions of the ion-source have been calculated for 4 MeV and 8 MeV 
protons and 6 MeV 1 2 C 3 ions in 90 dees {9}. Previous calculations were 
done only for 80° dees for 8 MeV protons and 6 MeV l 2 C 3 + ions {10}. 

Table 1 gives the coordinates of the ion-source for the various particles. 
Also tabulated are the values previously determined using 80 dees. 

Table I Positions of ion-source in SPCI. 

Particle x coordinate (cm) 
80° dees 90° dees 

y coordinate (cm) 
80° dees 90° dees 

4 MeV proton 
8 MeV proton 
6 MeV 1 2 C 3 + 

2,964 
2,424 2,159 
4,889 4,056 

3,344 
2,049 2,333 
4,475 4,712 
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Figure 7 shows the acceleration of 4 MeV, 8 MeV final energy protons and 
6 MeV final energy ' 2 C 3 ions starting from their respective ion-source 
positions. The particles were accelerated in ideal isochronous magnetic 
fields and electric fields obtained by both numerical methods {11} as well 
as by the Resistance Paper method {12}. 

Measurement of the 4:1 scale model of the ion-source/puller region was made 
in the electrolytic tank with the ion-source in the position for the 
acceleration of 8 MeV protons {13}. 

Figure 8 shows the equipotential contour lines as measured in the tank 
while figure 9 shows the orbit calculation results (program ZENTEZ) for 
an 8 MeV well-centred proton accelerated in an ideal isochronous magnetic 
field and using the electric potential values yielded by the model. Figure 
10 shows the effect on the energy gain of starting an 8 MeV final energy 
proton from the ion-source with varying rf-phase. A well-defined maximum 
energy gain occurs in the vicinity of -30 . While improved models of the 
ion-source/puller region as well as a 3:1 scale model of the SPC1 central 
region still have to be tested, the results so far are encouraging. 

2.4.4 Acceleration of light heavy-ions 

Due to design problems encountered in the central region, a separate orbit 
geometry for heavy ions in SPC1 was discarded {14}. However, the increase 
of the main magnetic fields of both SPC 1 and the SSC (for the production 
of 320 MeV 3He and 220 MeV a-beams) makes it possible to accelerate 
these light heavy-ions on the 4 MeV proton orbit geometry. By doing this, 
some of the consequences are the following: 

(i) The maximum usable dee-voltage will be -42 kV and the 
energy range covered will therefore be smaller (e.g. 

8,7 to 13,7 MeV/nucleon for I 2 C 3 + ions). 

(ii) The maximum energy will be -30% higher. 

(iii) A small azimuthal adjustment of the puller position 
will still be necessary. 

(iv) The puller slit width will have to be adjustable (or 
the puller will have to be exchangeable so as to decrease 
the transit time for the 6th-harmonic acceleration. 

A more detailed study of points (iii) and (iv) must still be made. 
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Fig. 1 Electric field focussing at the second accelerating gap of 0,0554 
MeV protons moving in an ideal magnetic field and with dee height 
of 30 ram. The axial motion of protons is plotted as a function 
azimuthal angle, for various values of the rf-phase at the gap 
centre, as indicated. 

Z 
UJ 
a 
bj a: u_ 

x 

•12.0 - 8 . 0 - 4 . 0 0 .0 4 .0 8 . 0 12.0 
RF PHASE RT GAP CENTRE (DEO) 

16.0 20 .0 

Fig. 2 Mean axial frequency as a function of rf-phase for various gaps 
(G), dee heights (H), and starting energy at 90° (E). The central 
particle phase at gaps 2, 3 and 4 is indicated by an arrow on the 
respective curves for H-30 mm. 



33 

o 

Q 

U 
Ul 
• 
a 

z 

1 i . 

C 

í 

<•> p» 
V 

A / Í ^ _~—~— — . 

A 
K V̂ 0 . 0 • -m— V̂ • — 

- .4 

- . 8 __h_ 
\ / 

6.0 -4.0 -2.0 0.0 2.0 4.0 
DISTANCE FROM GAP CENTRE CCM I 

6.0 8.0 

Fig. 3 Test potential grid V, numerical and analytical values of the 
electric field E, and its axial component E , plotted as functions 
of the perpendicular distance from the gap centre. 

Fig. A The A:1 scale model of the SPCI central region in the electrolytic 
tank for electric potential distribution measurements. 
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7 Particle orbits of 4 MeV protons ( ) , 8 MeV protons ( ) and 
6 MeV 1 2 C 3 + ions ( ) starting from their respective ion-source 
positions in SPCl as plotted by program BAANPLT. The ion-source 
is shown in the position for accelerating protons to 8 MeV. 

NAC - 8245 
8 Equipotential contour lines obtained from the measurement of the 

4:1 scale model of the ion-source/puller region of SPCl in the 
electrolytic tank. 
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Fig. 9 Acceleration of an 8 MeV final energy proton in the electric field 
obtained from the 4:1 scale model. Dashed rectangle corresponds to 
the actual area measured in the tank and shown in figure 8. 

NAC"62JO 

TVS. STARTING RF (4 TO 1 SCALE MODEL) 
56.0 

-S6.0-48.0-40.0 -2.0-24.0-16.0 -8.0 O.O 8.0 16.0 24.0 32.0 
RF (DEGREES) 

Fig. 10 The effect on the energy gain of starting an 8 MeV final energy 
proton at the ion-source with varying rf-phase. The energy values 
are taken at 6 * 90 (i.e. middle of first dee). Maximum energy 
gain occurs in the vicinity of -30 . 
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2.5 Extraction 

2.5.1 Coils for the first magnetic channel 

The coils for the first magnetic channel as previously designed {1} were 
found to be very difficult to realize in practice. We therefore designed 
a new coil which consists of six separate windings electrically connected 
in series. In order to provide sufficient water cooling, only three coils 
will be cooled in series. Provision will therefore be made to accommodate 
two parallel sets of water conductors. 

Figure 1 depicts the resultant coil windings around the passive channel. 
Three of the six sets of coils can be seen in this figure. The value of 
the gradient has not changed from its previously calculated value of 24 T/nt 
for 7300 ampere-turns. 

2.5.2 First-harmonic component 

The two magnetic channels, used for focussing the beam radially, consist of 
high-permeability iron. These channels cause an undesirable first-harmonic 
component in the main field, which could influence the beam behaviour. The 
magnitude of this first-harmonic component is strongly dependent on the 
radial position of the channel and its azimuthal length. It is therefore 
important to limit the channel length and its maximum radial position. 
The details are as follows: the average radial position for the first 
channel is 60 cm, its length 10 cm and the distance to the last orbit 
before extraction is 13,3 cm; the second channel is much longer (21,7 cm) 
but fortunately its radial position is at 75 cm, which is 29 cm from the 
last orbit. 

Field perturbations due to these channels were calculated in the following 
manner. Firstly, the field due to the main magnet geometry was simulated 
with the computer routine VEP02. The channels were then "placed" in their 
correct positions and the field was re-calculated. The difference between 
the two sets yield the field perturbation. From these results the first 
harmonic component was calculated, using a hard-edge approximation for the 
field disturbances. Figure 2 shows the first-harmonic component for the 
8 MeV proton field due to both channels. The first-harmonic component reaches 
a value of 2 x \0~h T at the second last orbit, taking into account the 
effect of the iron of the first channel and the total effect of the second 
channel. This component will increase by 50% (figure 2(b)) when the coils 
of the first channel are excited to yield the desired gradient of 24 T/m 
for the 8 MeV proton beam. 

2.5.3 Field measurements 

Field measurements were performed to check the calculated internal field 
of the channel and the associated first-harmonic perturbation on the main 
field. Figure 3 shows a sketch of the apparatus used for these measurements. 
It consists of a stainless steel baseplate on which the magnetic channel and 
the movable measuring arm containing the Hall probe are mounted. 

The measuring table was located by cylinder (A) which fits over the central 
magnet disc,and positioned by means of adjustable screws pressing against 
the sides of the magnet sector. 
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The field perturbations could be measured at azimuthal angles between 290 
and 307 for radii between 31 and 51 cm. In order to measure the field 
inside the channel to obtain dB/dr, the gradient normal to the beam 
direction, the arm was secured in such a manner that it pivoted around 
point (B). 

The measuring head, containing the Hall probe, was moved manually. It was 
accurately positioned radially and azimuthally by pins fitting into locating 
holes as shown in figure 3. The measurements were performed in a temperature-
stabilised tent. Errors in the measurements were at the order of 
±2 x lO-1* T. 

2.5.3.1 Field gradient 

The measurements were performed to obtain: 

i) an azimuthal profile of the field gradient over the length of 
the channel, to ascertain the parameters for describing the 
soft-edge approximation; 

ii) an excitation curve of gradient versus main magnetic field 
strength; and 

iii) the linearity of the magnetic field in the channel. 

Figures 4(a) and 4(b) depict the field inside the channel for the 8 and 
4 MeV final-energy proton fields respectively. The gradient is 17,8 and 
16,2 T/m respectively. It is clear that the gradient is constant over a 
radial distance of ~30 mm inside the channel. These values correspond to 
within 1% of the calculated values. It should be mentioned, however, that 
with the coils installed, the usable radial width of the channel over which 
the gradient remains constant is ~23 mm for the 4 MeV proton beam and -20 mm 
for the 8 MeV proton beam. 

Figures 5 and 6 depict the azimuthal profile for the gradients for the 
4 and 8 MeV fields respectively. The profile can be expressed in terms of 
the "diffuseness" aj, the average radial gradient g and the azimuthal 
positions 6j and 9 where the gradient falls to g/2, by the following 
equation: 

h(9) - -g/[l+exp<£ (6-6 ))] + g/[l+exp<£ (6-82))] 
1 2 

If the value of a is taken to be 4,39 the diffuseness a£ is the angular 
distance over which h varies between 10% and 90% of its maximum value, g. 

The a and a values for the 4 MeV field are 2,1 and 2,5 respectively 
which indicates that the profile is not symmetrical. The corresponding 
values for the 8 MeV field are 2,0 and 2,3 respectively. The calculated 
profile was assumed to be symmetrical and the values of a lie between 2 
and 4 {)} which is in close agreement with the measured values. 
The gradient was also measured for various main field excitations in order 
to predict the gradient in the passive channel for various particle fields. 
This will indicate whether excitation of the coils will be needed. Figure 7 
displays the excitation curve. The first part of the curve, up to the 
position for the 4 MeV proton value, can be considered approximately linear. 
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This indicates that the passive channel will be sufficient to focus beams 
of particles using fields lower than -0,62 T (4 MeV field). This is due 
to the fact that for sufficient focussing dB/dr must be proportional to B. 

2.5.3.2 First-harmonic component 

The field disturbance due to channel 1 was measured in the same way as 
it was calculated. First, the field in the absence of the channel at 
azimuthal angles between 290 and 307 and radius values between 31 and 
51 cm was measured. Then the same process was repeated with the channel 
installed. The difference resulted in the field perturbations from which 
Fourier analyses were made to establish the first-harmonic component. The 
results are depicted in figure 8. The measured and calculated values are 
in close agreement (figure 2). 

This small first-harmonic component will have little effect on the beam 
behaviour, due to the small amplitude and the limited range of the 
disturbance. The effect on the beam was nevertheless calculated using 
an orbit-code programme. It indicates a small radial shift of 2 mm 
outwards at 9=245°. It has the effect of reducing the voltage on the 
electrostatic deflector by 4,2 volts/cm. 

This first-harmonic component can theoretically be annulled by placing an 
identical (dummy) channel at the opposite position in the cyclotron. 
This would be very difficult to realise in practice. However, with a 
dummy channel placed at 6 - 150 , the first-harmonic component can be 
reduced by ~50Z. 

By using the outer harmonic coils, the first-harmonic component in the 
region of interest can for all practical reasons be neutralised. Figure 8 
shows the resultant component using a current of 8,2 A. 

2.5.4 The second magnetic channel 

A shortcoming in the initial design of the second magnetic channel ill v»is 
its inability to control the beam direction. The second channel was thus 
re-designed to incorporate this facility, while maintaining the good qualities 
of the first design. This channel should enable control of the beam direction 
by ±1°. 

The new design is a c-type magnet shown in figure 9. The required field 
gradient is provided by the horizontal coils (G). 

From dB _ U 0NI 
dr = h.d 

with h*45 mm and d=45 mm (the height and width of the channel respectively), 
NI the number of ampere-turns and po the permeability in vacuum, a value 
of 8 T/m can be attained with I * 542 A, and N = 24 turns. The highest 
anticipated value for dB/dr is 6 T/m for 10,8 MeV u-particles. 

The vertical coils (B) constitute the field-reduction coils. In order 
to lower the main field by 0,1 T, a current of 224 A with N=I6 will suffice. 

The following aspects concerning the channel were investigated. 
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1. The effect of the iron on the main field, inside the channel: 

Curve (a) of figure 10 shows the resultant magnetic field which is 
transformed from a negative gradient to a constant value. 

2. The effect of the gradient coils (G): 

Curve (b) of figure 10 shows the resultant magnetic field (i.e. iron 
and gradient coils) obtained with an excitation current of 542 amps. 

3. The effect of the B-coils: 

Curve (c) of figure 10 shows the resultant magnetic field when only 
the field reduction coils are excited. The field is decreased by 
0,72 T, which means an effectiveness of 72Z. 

4. The effect of the B- and G-coils: 

Curve (d) of figure 10 shows the resultant field. The gradient is 
8 T/m and is in correspondence with the analytic formula, using the 
values previously quoted. The beam clearance at the position of 
constant gradient is 17,5 mm. It should be noted that a piece of 
iron marked (A) has been attached to the channel iron in order to 
increase the radial region of constant gradient. 

Reference 

1. National Accelerator Centre Annual Report NAC/AR/81-01 (CS1R, 1981) 
p 37. 
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2.6 The Vacuum System 

All the vacuum equipment required for SPC1 has been ordered, and most of 
it is already on site. 

During the year under review our main effort has been in testing the 
equipment purchased and in designing the vacuum control system for SPCI. 

2.6. I Pressure 

In order to limit beam losses due to charge-exchange of the ions with 
residual gas molecules to only a few percent, it is necessary to maintain 
a low pressure between lO-1* and 10 - 3 Pa in the vacuum chamber of SPCI. The 
total volume of this chamber plus the transmission lines of the resonators 
is ~5 m 3 and the total surface area exposed to vacuum is -100 m 2 (mainly 
stainless steel and copper). The internal ion-source represents a significant 
additional gas load of hydrogen, helium or heavier molecules. 

2.6.2 Vacuum pumping system 

To evacuate SPCI the pump arrangement shown in figure 1 will be used as 
follows: 

A roughing group consisting of one 60 m 3h hermetically 
sealed two-stage rotary-vane pump PI and one 350 m 3 h _ 1 roots 
pump P2 is used to evacuate the chamber from atmospheric pressure 
to 10 Pa. 

A 4,8 m s _ 1 turbo-molecular pump P3 will then take over the 
main pumping action down to the 10 Pa range. 

Introduction of two 5 m 3 s - 1 cryopumps P4 and P5 connected to 
the far end of the transmission lines will reduce the pressure 
further to the 10-1* Pa range. For pumping light gases like 
hydrogen and helium effectively the turbo-pump P3 will run 
continuously together with the cryopumps. 

From time to time one of the cryopumps will be isolated, 
regenerated with turbo-pump P8 and rotary-vane pump P7, and 
then re-connected to the chamber. 

The layout of the main pumping station for SPCI with the turbo-pump and 
roughing group has been completed. Originally, a fairly compact arrangement 
was envisaged with the roots pump and rotary-vane pump situated directly 
below the turbo-pump, and mounted on a common framework. However, because 
of some unexpected modifications to the turbo-pump carried out by the 
manufacturer, and also to decouple the vacuum chamber more effectively 
from vibrations caused by these pumps, we have had to adopt a new layout, 
with the roughing group mounted on separate supports alongside tbp turbo-
pump. The latter must be bolted down firmly to a strong support structure 
because of the large amount of stored energy which could be released in the 
(unlikely) event of catastrophic failure. We will also insert a large 
bellows between the turbo-pump and the pumping port on the chamber. 

The first cryopump has been tested and gave a pressure of 10" Pa when 
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blanked-off using viton O-rings, and a pressure of 5x|0-6Pa on the vacuum test 
chamber see figure 2. This pump was also mounted on the full-scale model of 
the SPCI resonator for a vibration test. The test showed that the vibrations 
from the cryopump transmitted to the resonator will have to be reduced by a 
factor of 10. A DN 400 ISO membrane bellows is being considered for this 
purpose at present. 

The test confirmed that mounting cryopumps on the type of resonators being 
used at the NAC can cause considerable problems. Great care will therefore 
have to be taken when selecting cryopumps for the SSC resonators which are 
even more sensitive than those for SPCI. 

Figure 3 shows the SPCI vacuum chamber in the cleaning area which has recently 
been erected inside the cyclotron hall. 

2.6.3 Control 

A proposal for the control of the SPCI vacuum system has been completed 
{1} and a start has been made with the development of this control system. 
The vacuum equipment will be operated either from a mimic-panel mounted in 
a standard 480 mm rack near SPCI or from the main control room. 

The control system will provide for two modes of operation, i.e. manual or 
automatic. Only automatic operation will be possible from the main control 
room. 

Manual operation will permit the operator to: 

(a) start/stop rotary-vane pumps PI, P6 and P7, 

(b) start/stop roots pump P2, 

(c) start/stop turbo-pumps P3 and P8, 

(d) start/stop cryopumps P4 and P5, 

(e) open/close all electro-pneumatic valves, and to 

(f) switch on/off all gauges. 

During manual operation all interlocks will be adhered to. 

Automatic operation will allow for ten different operating sequences 
which can be started by selecting first the automatic mode of operation and 

then a particular sequence from the following: 

(a) start cryopump P4 from atmospheric pressure 

(b) start cryopump P5 from atmospheric pressure 

(c) pump-down SPCI from atmospheric pressure or partial evacuation 

(d) vent SPCI and keep vacuum pumping system on standby 

(e) regenerate cryopump P4 and re-connect it to SPCI 
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(f) regenerate cryopump P5 and re-connect it to SPCI 

(g) regenerate Zeolite trap Zl and re-connect it 

(h) regenerate zeolite trap Z2 and re-connect it 

(i) shut-down vacuum system completely 

(j) emergency stop (isolates power to all vacuum equipment 
immediately). 

Safety interlocks are provided to protect the equipment from high pressures, 
loss of water, air-supply etc. The ion-source, rf and electrostatic channel 
are also interlocked to switch them off if the pressure in SPCI rises above 
I0~2 Pa. 

Reference 

1. C van Lamp, R Broers, K Visser, NAC Internal Report NAC/VA/81-08 
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F i g . 2 One of t h e SPC) cryopumps mounted on t h e t e s t chamber . 

Kit:,, i The SP01 vacuum chamber i n t h e c l e a n i i i K a r e a o f t h e c y c l o t r o n l i a l 
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2.7 Beam Diagnostics 

2.7.1 Layout of the diagnostic system 

As the requirements and layout of the central region have become clearer 
in the last few months, it has become necessary to reposition the radial 
and axial slits in the central region. The driving mechanism through the 
inner cylinder of the transmission line which was initially intended for 
a radial slit will now most probably be used to position the puller. 

It was therefore decided to reposition the first radial slit RSI together 
with the first axial slic ASI immediately after EARl in front of the dummy-
dee. This is at a position 150 from the ion-source, on the first orbit 
for the 4 MeV proton geometry and on the second orbit for the 8 MeV proton 
geometry. This position is also preferred to a position in front of EARl 
where such a slit system might limit the probe movement; furthermore one 
has the opportunity to measure the beam distribution on the first orbit 
with EARl without any etnittance reduction due to slits. 

The second radial slit RS2 is positioned 90 from RSI (inside the dee) 
because v r 1. At present a second axial slit AS2 is envisaged after a 
few turns. The exact location is presently being determined. 

2.7.2 The radial differential probes (EAR) 

Detail drawings of the support structure and driving mechanism have been 
completed; however, the detail design of the probe-support-arm and probe-
head is still outstanding. The cantilever-support-beam and the bed-frame 
-•"• being manufactured. All the smaller parts for the driving mechanism 
have been manufactured in our own workshop. Most of the commercially-
available components ordered have been delivered. It has been decided that 
this probe will be driven with a stepping motor via CAMAC. 

2.7.3 Beam current measurements 

All beam current measurements on SPC1 have been grouped together. These 
consist of measurements on 3 EAR probes and 26 slits and collimators, all 
inside the vacuum chamber. The electronic system containing all the 
amplifiers is illustrated in figure 1. 

Each EAR probe requires 4 current-to-voltage (I-V) amplifiers, to serve 
the 3 fingers and the probe body. A voltage output proportional to the 
sum of these 4 currents has also been provided. These I-V amplifiers 
have 2 switch-selectable sensitivities, as follows: 

(i) probe body currents with 2,5 V/mA and 100 mV/yA 
ranges, providing for minimum currents at 10% accuracy 
of 50 nA, and maximum currents of 2 mA; 

(ii) probe finger currents with 50 mV/yA and 2V/yA ranges, 
providing for minimum currents at 10% accuracy of 2,5 nA, 
and maximum currents of 100 yA. 

The bandwidth is sufficient to allow 40 mm/sec. probe travel while 
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preserving <±ÏZ amplitude roll-off, and <0,1 mm lag due to phase shift. 

The slit and collimator I-V amplifiers have a fixed conversion-gain of 
5 V/mA. Apart from monitoring beam currents on slits and collimators, 
they render alarm signals when a threshold level is exceeded. The alarm 
threshold level may be hard-wire programmed to any level between 5 uA and 
1 mA, tc suit the device being protected. The current may be a positive 

-J (beam) current, or a negative (secondary electron emission) current. A 
relay contact-interrupt is provided for the cyclotron hardware alarm-
interlock unit, should an alarm status arise on any of the 26 current 
inputs. 

The I-V amplifier voltage outputs, the alarm outputs from each of the 26 
channels, and electronic input signals for EAR I-V amplifier range 
selection, are all tailored for direct connection to selected CAMAC modules, 
to facilitate remote data acquisition and control at the control room. Local 
front-panel analogue monitoring and recording of all channels is also 
provided. 

After completion of 50-Hz notch-filters for the EAR channels, the system 
will be ready for installation. 

2.7.4 Beam phase measurement with Y~detection 

The proposed system has been described in previous Annua] Reports. The 
beam phase is measured between two fast-timing pulses: 

(i) the first one is derived from the photomultiplier tube 
followed by pulse-shaping NIM modules, while 

(ii) the second timing pulse is obtained from the rf-system. 

Initial tests were made with a 4,8 HeV proton beam, with 2 ns (FWHM) wide 
beam pulses at a 2 MHz repetition frequency, from the Van de Graaff 
accelerator at SUNI {l}. In the experimental set-up, as illustrated in 
figure 2, the second timing pulse was obtained from a capacitive pick-up 
in the beamline: this bipolar signal was converted to a sharp timing pulse. 

The results obtained from the multichannel analyzer (MCA) could be transferred 
to a plotter and line printer. With the largest possible magnification of 
the beam pulse shape on the MCA screen, a FWHM of 15 mm (corresponding to 
2,1 ns) could be detected. With an expected resolution of 2,5 mm (for 
FWHM) it implies that beam pulse widths down to about 3 could still be 
recorded at 26 MHz. This is less than the expected minimum beam pulse 
lengths of about 6 , which verifies that this phase measurement system is 
also suitable to monitor the time structure of the shortest pulses. 

In addition to the components shown in figure 2, another NIM-bin with power 
supply, as well as timing-filter amplifiers and a biased amplifier have been 
delivered. A suitable MCA for installation in the control room has been 
ordered. 

We envisage testing of the system under real accelerator conditions at the 
Pretoria Cyclotron, especially with respect to the effect of background 
noise. For this reason we required an rf-timing signal from the cyclotron. 
A pair of capacitive pick-offs are already available from each resonator. 
Each pair of signals is capacitively divided-down in amplitude from nominally 

"!9* 
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70 kV^g to 70 V n a s ; each pair is then combined and rectified and the two 
resultants are monitored for the amplitude stabilisation of the rf-system. 
We propose to lightly couple the rf-timing signal to the shunt capacitor 
of one of the four voltage dividers. This coupling capacitor (3,3 pF) is 
connected to a 50 ft cable which is linked to the signal-processing NIM 
modules with 50 ft input impedance to provide the stop pulse to the time-to-
amplitude-converter. In order not to influence the amplitude stabilisation 
system, each of the remaining three voltage dividers is similarly shunted 
by a 3,3 pF capacitance in series with a standard 50 ft termination. 

Reference 

1. P G Molteno, S Mills and S Schneider, NAC Internal Report 
NAC/BD/82-01. 
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Fig. I The SPCl beam current measurement unit for EAR probes, slits and 
collimators. The front panel is shown above with connections 
to CAMAC and for local monitoring; the rear panel with the beam 
current inputs to the screened amplifier modules is shown below. 
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A block diagram of the experimental set-up for the Y beam-phase 
measurement system as tested in the SUNI beamline. The start 
pulse to the TAC was derived from a photomultiplier tube; the 
stop pulse was obtained from a capacitive pick-up simulating the 
information from the rf-signal. 
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2.8 Ion-source 

We decided at an early stage to use the hooded-arc type ion-source head 
as used by SIN {1} because of its inherent advantages. We have engineered 
the head to be compatible with our central region, and we have made a few 
minor modifications which we feel have added to its cooling capability and 
reliability. 

The ion-source is supported on a stainless steel beam mounted on a base 
which is bolted to the floor (figure 1). Four chrome-plated stainless 
steel hollow shafts carry the copper head. These shafts are mounted on a 
carriage driven by a recirculating ball screw. The carriage runs on a 
track by means of 4 rolling-element linear-motion bearings, specifically 
for radial motion of the ion-source (i.e. insertion into or removal from 
the central region of SPCI). The shafts slide through a vacuum seal which 
is rigidly mounted to the beam. On the other side of the vacium seal is 
a bellows which is mounted onto the <5 200 mm isolation valve of SPCI. 

The beam is mounted on a central pivot which is fixed below a bellows to 
a vertical slide. A similar vertical slide is affixed at the end of the 
beam away from the ion-source. To this slide is bolted a track on which 
4 cam-followers run, enabling the beam to be rotated azimuthally about 
the pivot. To maintain rigidity, use is made of a pusher block which is 
fixed to the beam and mated to another cam-follower. 

Provision is made for manual adjustment in all planes including polarizing 
of the ion-source head and enabling alignment of the ion-source independently 
of the vacuum chamber. In addition use is made of four stepping motors 
directly coupled to the lead screws and monitored by pin-contact shaft 
encoders for remote positioning of the ion-source. Magnetic brakes are 
used to hold the ball screws in position when the motors are not energised. 

This system thus allows for the alignment of the ion-source radially, 
azimuthally and axially, with an expected accuracy of 0,1 mm or better. 

Reference 

1. J H van Nieuwland, N Hazewindus and A Baan, Nucl. Instr. and Meth. 
142 (1977) 339. 
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Fig. 1 The supporting beam and adjustment mechanisms for the SPC1 ion-source. The hollow chrome-plated stainless 
steel shafts (D and E) are two of four such shafts which support and carry power and cooling water to the 
copper ion-source head. The large bellows (B) also acts as a parking chamber for the ion-source. 
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SECTION 3: THE SEPARATED-SECTOR CYCLOTRON 

3.I Sector Magnets 

3.1.1 Introduction 

Construction of the four 34 sector magnets for th<? SSC I 1} has now progressed 
to the stage that we have erected SMA in position in the SSC vault, but 
without its vacuum chamber and trim-coils. This magnet serves as a 
prototype, and first field and excitation tests should start in June 1982 
after installation of electric and cooling supplies has been completed. 
The steel sections of SM4 were assembled for the first time early in 
January (see figure 1) at the premises of the company doing the machining. 
Final machining of SM3 is now also nearing completion. Machining of the 
remaining two magnets is scheduled to be completed by the end of 1982. 

Three of the four magnet vacuum chambers have been delivered, and one of 
them was successfully assembled with the pole package of SM4 for test 
purposes. Fabrication of the first set of trim-coils is still in progress, 
but nearing completion. Four trim-coil power supplies have been delivered 
and ten further supplies should be completed by June 1982. Manufacture of 
the power supplies for the additional coils and for a calibration magnet 
is in progress. Design of all bus-bars and cooling supplies has been 
completed, and their fabrication is also in progress. 

Development of the magnetic field mapping equipment MFME1 has reached the 
stage of testing under computer control. We still encounter a few problems 
with the electronic interface hardware, however, which are currently being 
investigated. A field mapping program SEMFIP has been developed and at 
present is being finalised to improve error diagnosis during operation. 
For calibrating Hall probes and other magnetic field measuring devices in 
use at the NAC, a calibration magnet has been constructed and brought into 
operation. With this magnet we can produce very homogeneous and stable 
fields up to and in excess of 2 T, which are then measured under temperature 
control using rotational coil and NMR equipment delivered and installed during 
this year. 

The Magnet Division has also continued to provide assistance and support 
with applications of our field computation programs VEP02 and P0FEL3 to 
solve design problems discussed elsewhere in this report. 

3.1.2 Steel parts 

3.1.2.1 Final machining 

Final machining of the remaining pole plates and central yoke sections by 
a local heavy engineering company is continuing. This work is done in 
close co-operation with personnel of our Mechanical Engineering Division 
which is also responsible for finishing and assembly of the magnets. We 
assemble each magnet for the first time at the factory in order to ensure 
that all steel sections fit well prior to delivery. Dowel holes are then 
drilled and location dowels fitted at all interfaces, to facilitate 
repeatable re-assembly in the SSC vault. 
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The first pair of pole plates and central yoke were completed in December 
1981 for sector magnet SM4 (see figure 2). Numerous checks included the 
precise measurement of the azimuthal pole dimensions and edge profiles, 
and determining of the pole thickness and flatness of the two surfaces 
facing the gap and adjoining yoke section respectively. The former 
measurements give an indication of the magnetic width of each pole plate 
which is then used to align the two poles with regard to each other in 
order to avoid lack of symmetry in the edge fields. From the latter 
measurements, we determine the vertical dimensions of the pole gap spacers 
and the complete pole package, as well as the final machining specifications 
for the central yoke which has to be matched to the actual height of the 
pole package. 

Two computer programs have been developed for evaluating the results of 
tiiese measurements. With the first program we analyse each surface for 
flatness and determine the least-square fitted plane. The pole package 
is then put together theoretically with the second program such that 
deviations from the nominal gap width of 66 mm are minimised by adjusting 
the pole gap spacers. A flatness of< 0,1 mm has been obtained on both pole 
faces of SM4. As maximum variation of the gap width we computed a value 
of ~ 0,15 mm which was later confirmed by direct measurements. The 
resulting field perturbations should then remain within ± 0,1%, but can be 
compensated *"o a large extent (~' 70%) with the trim-coils if necessary. 
The height variations of the whole pole package were found Lo be within 
0,2 mm so that the central yoke could be machined without taper. 

On the other hand, we have found the azimuthal dimensions of the upper pole 
to be narrower than those of the lower one by 0,4 mm over the entire 
radial range. This deviation had to be compensated by a 0,8 mm offset 
towards the nose of the lower pole plate during alignment. In this new 
position, the azimuthal magnetic edges of the two poles should coincide 
everywhere within 0,1 mm. 

Fina] machining of the pole plates for SM3 began in January 1982 and is 
nearing completion. The parts of the remaining magnets will be machined 
later this year. 

3.1.2.2 Assembly 

First mechanical assembly of the SM4 steal sections was completed in 
January 1982 (see figure 1). This allowed us to test the alignment 
mechanism of the supporting feet for the first time under the full load 
of 350 tons. Vertical adjustment with the hydraulic jacks did not pose 
any problem, and we also could move the whole magnet easily in any 
horizontal direction on the sliding pads which are coated with low friction 
material. The total force required for this purpose was less than 100 kN 
indicating a friction coefficient of 0,02. 

After the location dowels had been fitted, SM4 was taken apart again and 
finally transported to our site in February. There the pole plates were 
first individually surveyed using optical survey instruments and were then 
assembled together with a magnet vacuum chamber (sep section 3.3) to 
test this procedure. The 48 studs which support each of the two chamber 
walls in the pole gap, to prevent the chamber from collapsing under air 
pressure, fitted well into the holes provided for this purpose in the pole 
plates, and assembly was possible in spite of the 0,3 mm radial offset of 
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the two poles mentioned earlier. As we had allowed only 1 mm of clearance 
around the 10 mm diameter studs, we estimate chat with our jig method an 
overall fabrication tolerance of better than 0,5 mm has been achieved in 
positioning the holes in the pole plates and the studs welded onto both 
sides of the chamber. 

Assembly of SM4 with the main and booster coils, but without vacuum chamber 
and trim-coils, was then completed (see figure 3) and the magnet erected 
intermediately in the SSC-vault (see figure 4). Installation of cooling 
water and electrical fittings is now in progress for field tests to start 
in June. We have also started to assemble the steel sections for SM3 at 
the works of the heavy engineering company. 

3.1.3 Coils and power supplies 

Some of the main and booster coils have been tested in preparation for 
assembly. This included checking for blockages of the cooling ducts and 
for leaking connections, as well as re-testing tne insulation between turns 
on a few coils. The results of the latter compare well with those given 
by the manufacturers, and only minor leaks have had to be repaired. 

Fabrication of the trim-coils by a small local company has progressed slowly 
during the past year, mainly because of other commitments of this company 
in the construction of SPCI. The Lower half of the trim-coils for SMA has 
been completed, however, except for re-routing the conductor bundle closing 
the current loops at extraction, which became necessary due to a design 
error. Figure 5 shows this trim-coil unit assembled on the fabrication jig 
which ensures that the required positional tolerances of c, 1 mm can be 
achieved. For insulation those parts of the trim-coils which will be 
located in the pole gap between the pole faces and walls of the vacuum 
chamber are coated with nylon-12. The conductors closing the current loops 
are insulated with glass-fibre tape which is pre-impregnated with epoxy 
containing mica-flakes and cured under pressure after the conductors have 
been taped together. Due to the special design of the magnet vacuum chamber, 
the trim-coils and pole plates remain outside the vacuum region which 
simplifies matters considerably as no feedthroughs are required. 

The design of the bus-bars for connecting the trim-coils as well as the 
main and booster coils electrically has been completed and they are 
currently being manufactured. Minor modifications to the main power 
supply have also been completed and it performed well during final tests 
with a dummy load. A current stability of better than 10~J has been 
obtained over 8 hours. Manufacture of the four power supplies - one per 
sector magnet - for the booster coils is still in progress. Four of the 
first fourteen trim-coil power supplies have been delivered and tested 
(see section 7), while a further ten are being manufactured. Specifications 
for the remaining trim-coil power supplies will be completed after the 
first field measurements on SM4 have been analysed later this year. 

3.1.4 Magnetic field mapping equipment MFME I 

The MFME1 (see figure b) will be used for mapping the field in the median 
plane of the sector magnets about 200 times in all, at radial and azimuthal 
intervals of 20 mm and £ respectively. It operates under computer 
control, and we aim to complete a full map over 94 with 340 000 field 
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measurements for 68 000 data points in less than 3 hours. The design 
of the MFME1 is based on a similar equipment used at SIN {2} and has been 
described previously {I}. 

During the past year we have completed the development and installation of 
the electro-mechanical parts of the MFME 1. After final alignment on its 
temporary support structure, the equipment has been surveyed from a 
central theodolite station at temperatures of 22 and 26 C. From this we 
were able to deduce thermal distortions and adjustments required, and to 
determine the specifications for perforating the Phynox bands with which 
azimuthal positioning is accomplished. We have also implemented several 
improvements on the radial and azimuthal positioning equipment, and have 
developed a Hall probe holder with sufficiently low vibration levels during 
radial movement. After delivery of the first perforated bands we tested the 
mechanical operation of the MFME1 and obtained a positioning accuracy of 
better than 0,2 mm radially as well azimuthally. Vertical deviations of 
the two Hall probes from the median plane remained approximately within 
0,4 mm during movement. 

For computer control of the MFME1 we have developed the drivers for the 
positioning and data channels. Tests of the drivers with a simulator and 
also with the MFMEI are still in progress in order to eliminate some 
problems remaining with the electronic interface hardware. We have also 
developed the mapping control program SEMFIP and tested most of its features. 
First we had tried to write the complete program in assembler-language 
using a paper-tape based operating system as at SIN, which would have had 
the advantage of being faster, but eventually we had to change over to 
FORTRAN as programming language with assembler-drivers mure suitable for 
our computer. This still permits radial speeds up to 400 mm/s in spite of 
taking a series of five measurements at intervals of 1 mm for each data 
point. We will use the four additional measurements per data point to 
reduce statistic errors by means of numerical methods, and to eliminate 
gross errors due to unavoilable occasional interference. These features 
are aimed at achieving a field measuring accuracy of better than 0,1 mT. 
Further control and checking featui^s are currently being incorporated into 
SEMFIP to improve the general error diagnosis during operation. 

3.1.5 Calibration equipment 

The purpose of this equipment is to provide a common reference against 
which the various Hall probes and other magnetic field measuring devices 
used at the NAC can be calibrated regularly. The very homogeneous 
magnetic fields up to 2T required in this case are produced with an 
electro-magnet designed previously {!}. Manufacture and assembly of this 
calibration magnet, as well as installation of the equipment has been 
completed in the past year (see figure 7). The power supply for this 
magnet is on order and should be delivered in September. 

Preliminary tests for determining the excitation characteristics and field 
homogeneity of the calibration magnet have been carried out using another 
power supply temporarily. The fields were measured with a rotational-
coil magnetometer and NMR-probes received and installed during the past 
year. Figure 8 shows the excitation curve obtained at the centre of the 
40 mm pole gap. The field homogeneity over an area of 120 mm in diameter 
around the centre ,of the gap at present decreases from a best value of 
AB/B ~ 2 x |0~" at low excitations (B - 0,4 T) to ~I0 • I0 - I ,at 2T, but may 
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be improved even further at a later stage by careful hand grinding of the 
pole faces. 

Suitable equipment and procedures for carrying out and evaluating calibrations 
are currently being developed. This includes equipment such as a Hall probe 
centre-marking device making use of permanent magnets, as well as the design 
and construction of an 8-channel data logger for monitoring the temperature 
at various positions. The electrical centre of Hall-probes can be established 
with a repeatability of £0,05 mm using the centre-marking device. 
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Fig. 1 First assembly of the steel sections for sector magnet SM4. 

Fig. 2 A completed pole—plate set up for final inspection. 
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Fig. 3 Positioning of the pole package of SM4 in the SSC vault. 
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Fig. 4 Sector magnet SM4 erected for initial prototype tests in tlu 
SSC vault. 

Fig. ') First. lri:n-coil unit sel up lor completion on a Iabri• al inn ji' 
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Fig. 6 Magnetic field mapping equipment for the sector magnets ready for 
tests under computer control. 

Fig. 7 The magnet and equipment used for calibrating Hall probes and other 
magnetic field measuring devices in use at the NAC. 
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Fig. 8 Excitation curve measured in the pole gap of the calibration 
magnet. 
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3 . 2 Radio-Frequency System 

3.2.1 Introduction 

The radio-frequency system consists of three main sections namely the 
resonators, power amplifiers and the control systems, including phase and 
amplitude stabilization. 

The two large resonators are required to accelerate particle beams by means 
of radio-frequency alternating voltages up to 250 kV peak per accelerating 
gap, using a 5 to 26 MHz frequency range. The manufacture of the resonators 
was 50% complete by May 1982. Although a number of detailed mechanical 
improvements were made to the design of the resonators during discussions 
with the manufacturer, the basic dimensions and the electrical design has 
remained unaltered. 

A delay of three months has resulted from problems in attaining acceptable 
permeability and flatness of the large stainless steel plates of the 
resonator vacuum chamber. The completion of Kne first resonator at the 
factory is now expected in May 1983 and the second about 6 months later. 
The manufacturer of the. resonators instituted a design study of the large 
tuning capacitors in February 1982 and a decision on the manufacture will soon 
be taken. The snort-circuiting plates will probably be developed by the 
NAC, following the construction of the short-circuiting plates for the 
SPC1 resonators. 

The two 150 kW radio-frequency power amplifiers were ordered in May 1981. 
A mt.nber of the rf-group visited the manufacturer in February to observe 
progress and to discuss training requirements. The quality of manufacture 
and the progress is very good. Two members of the rf-group will each spend 
two months for training and acceptance tests at the manufacturer between 
April and July 1982. The power amplifiers will be on site before the part 
of the building where they are to be installed is ready. The amplifiers 
have automatic tuning over the full frequency range and can be controlled 
remotely over a fibre-optic link. The dummy load will be delivered together 
with the amplifiers and will allow testing up to full power. 

Most parts of the low-level phase and amplitude stabilization and control 
system have been developed and a number of units for the SSC have already 
been constructed. Computer control and tuning are at present under 
development and significant progress has been made. 

3.2.2 SSC Resonators 

Details of the resonators were described in previous reports {I}, and a 
resonator is shown in figures 1 and 2. 

Each resonator consists mainly of a large triangular stainless steel vacuum 
chamber with sides 4 metres long and 1 metre in height, made from 40 mm thick 
plate. This is lined on the inside with 3 mm thick copper plate, forming 
the outer delta. Copper cylinders 3 metres long and 1,3 metre in diameter 
are mounted above and below this chamber, giving a total height of more 
than 7 metres. Two 500 mm diameter inner copper cylinders, each 3,5 metres 
long, are fitted inside the outer cylinders and each supports one half of 
the inner delta which forms the high-voltage accelerating electrode. During 
acceleration the circulating beam passes through the space between the upper 



70 
and lower parts of the inner delta a large number of times. 

3.2.2.1 Manufacture 

The manufacture of the main components of the two SSC resonators is 
progressing reasonably well and the mid-point of the contract was reached 
in May 1982. 

Two NAC staff members made a second visit to the manufacturer in October 
1981. During this visit a number of technical problems were discussed 
with the manufacturer's design and draughting team and in all cases 
satisfactory solutions were obtained. 

The following main alterations were made to the original NAC design during 
the first and second meetings: 

(a) Outer delta 

The copper structure of 3 mm thick copper plate, forming the 
outer delta, which is fixed to the inside of the triangular 
stainless steel chamber, was sub-divided into five instead of 
the original three sections. This solution requires more contact 
fingers but greatly facilitates manufacture,assembly and maintenance. 
External adjustments were added for the various sections. This 
allows better control of the rf-contact between the sections and 
will also allow accurate alignment of the accelerating-gap 
electrodes. Extensive use is made of profile strips of copper 
or stainless steel, which are welded to the copper plates, to 
ensure rigidity and adequate rf-contact. The rf-contact between 
the copper outer cylinder and a machined ring, welded to the 
outer delta plate, will be made by a compressible C-ring made 
from silver-plated Monel. 

A louvred pumping port, originally located in the 3 mm thick 
copper plate forming the back wall of the outer delta, was 
replaced by a large number of 50 mm diameter holes, specially-
rounded to avoid sharp edges that might cause voltage breakdown. 
This also helps to stiffen the plate. 

The septum magnet in the inner delta and the bolts joining the 
two halves of the inner delta at the back can easily be reached 
through apertures in the back wall of the outer delta. Each 
aperture is closed by a quickly-removable plate, which slides 
into position. It is held in position by rf-contact fingers 
which eliminate the need for screws. 

(b) Inner delta 

The support-arms of the inner aelta were substantially re-designed 
at the second meeting in order to have more certainty of attaining 
the flatness requirements for the copper plates. The new design 
also solves the cooling problem of the stainless steel support-
arms since the 3 mm thick copper plates are attached to each 
support-arm by a copper channel which covers the arm and is 
welded to the copper plate. 
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During the first meeting the decision was taken to use specially 
machined profile strips for the accelerating lips of the inner 
delta. These strips will be welded to the flat copper plates. 
Cooling of the strips will be provided by water flowing in two 
14 mm diameter holes which are drilled along the full length of 
each 3,2 metre long strip. 

The difficulty of manufacturing the rounded corners of the inner 
delta was solved after construction of full-size models. All 
corners will be made as machined solid copper sections and will 
be welded to the other parts. 

(c) Cooling 

The cooling-water feed-through£ of the inner cylinder and inner 
delta presented problems with maintenance and especially with 
removal of the short-circuiting plates. This was solved by 
reducing the diameter of the vacuum pumping port at the outer 
end of the inner cylinder from 400 to 320 mm. By positioning 
it eccentrically the cooling-water tubes can be led straight 
out next to this flange for ease of assembly and dismantling. 

The layout of the outer delta cooling tubes was changed to allow 
for the subdivision into five parts. The cooling tubes will be 
attached to the 3 mm thick copper plates with silver-eutectic. 
The layout and attachment of the cooling tubes have been 
arranged to give approximately equal temperature rise at all 
positions for the condition of maximum power dissipation. The 
cooling-water feed-throughs were optimised to allow easy 
installation and maintenance of the different water-cooled parts. 

(d) Coupling capacitor 

The hole for the coupling capacitor was changed from oval to 
round to facilitate manufacture. The liner of the coupling 
capacitor will be made with a 50 mm high rounded edge on the 
side of the inner delta. This protrusion reduces the extent of 
adjustment of the coupling capacitor to a minimum of 160 mm, as 
determined by tests on the one-fifth scale model of the resonator 
{2}. 

(e) Blanking flanges 

The design and requirements for all blanking flanges were finalised 
This will allow all required vacuum testing and will also enable 
the vacuum chamber and the inner and outer copper cylinders to be 
transported with a dry nitrogen gas atmosphere protecting the 
sensitive vacuum surfaces. 

During March 1982 two NAC staff members visited the resonator manufacturer 
for the third meeting to finalise the design and draughting stage and to 
observe progress with manufacture. At the time of this meeting few technical 
problems remained to be solved. However, some additional costs resulted 
from the alteration and improvement in the design and manufacture of the 
resonators. Good progress had been made with the manufacture of the 
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blanking flanges, support structures for the inner cylinders and inner 
deltas and the horizontal copper parts of the outer delta. 

The manufacture of the copper cylinders was also progressing well after 
some initial delay. Due to the low speed of electroplating that is required 
to ensure good quality, the inner and outer cylinders for the first resonator 
are only expected to be complete at the end of September 1982 and the second 
set about six months later. When this manufacturer was visited in March 1982 
the first two outer cylinders were plated to 8 and 12 ran thickness respectively 
and the plating of the first inner cylinder was due to start. 

A delay of three months occurred with the supply of the large stainless steel 
plates required for the vacuum chambers of the resonators. This delay was 
due to problems in attaining acceptable permeability and flatness of the 
four 5 000 by 3 600 mm plates which are 40 mm thick. These plates were 
delivered to the subcontractor, who will be doing the cutting, welding and 
machining, in March. The first resonator vacuum chamber is expected to be 
complete and ready for installation of the outer delta copper parts in 
August 1982. This firm was visited at the time of the plate delivery and 
is well equipped for the manufacture of the stainless steel chambers. 

Photographs showing the progress in the manufacture of the resonator appear 
in figures 3, 4, 5 and 6. 

The main manufacturer of the resonators is busy with a design study for 
the large moveable tuning capacitors of the resonators. Details of this 
design were discussed during the third meeting. After the study has been 
completed a decision will be made about manufacture. 

Conceptual designs of the coupling capacitors and the fine-trimming 
capacitors have been done but detailed design remains to be completed. 

The short-circuiting plates of the SSC resonators will be finalised after 
the development of the short-circuiting plates of the SPC1 resonators, since 
the same principles apply. A special dispersion-strengthened copper 
material has been ordered and will be used for the contact fingers. This 
material has mechanical properties approaching that of beryllium-copper 
but electrical and thermal conductivities approaching that of pure copper. 
With this material the temperature rise will be eight times smaller than 
with beryllium-copper, for the same contact-finger dimensions. 

A possible manufacturer for the short-circuiting plates was visited during 
October 1981 but a solution for suitable construction in a reasonably short 
time and at a reasonable cost could not be obtained. 

This result, together with the information about the special copper 
material which came on the market only recently, led to the decision to 
develop the short-circuiting plates at the NAC. A final decision about 
the most suitable adjusting mechanism for the short-circuiting plates must 
still be taken. 

3.2.3 SSC Power amplifiers 

The two 150 kW power amplifiers are being manufactured by a manufacturer 
of radio transmitters. Two members of the NAC staff are involved in 
training at the manufacturers' facility, which includes involvement in the 
final stages of manufacture, and final testing of the amplifiers prior to 
shipment. 
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The first amplifier is fully assembled and is undergoing final testing. 
Testing has progressed to the point where all d.c. supplies are operational. 
Alignment of the tuning servos, rf testing, and verification of the 
remote control systems remain to be Hine. Figure 7 is a general view of 
the completed amplifier cabinets which contain the r.f. circuits, control 
systems, and low power d.c. supplies. Figure 8 shows the rack containing 
the anode supplies for the driver and final power amplifier tubes, and the 
crowbar circuit. 

The second amplifier is still being assembled. Most of the mechanical 
work is complete and wiring is in progress. Both amplifiers are expected 
to be ready for shipment before the end of July 1982. The necessary 
arrangements for installation on site are in hand, including provision of 
the required 5000 CFM cooling air supply and the cooling water supply. 

The 225 kW dummy load being manufactured concurrently with the amplifiers 
is almost complete. The load is shown in figure 9. The incident power 
to the load is absorbed in a system of water-cooled resistors. A water 
flow meter, and inlet and outlet temperature gauges are provided, to 
facilitate calorimetric power measurements. 

The dummy load will be required initially for the on-site commissioning 
of the amplifier. Later it will be used routinely whenever a frequency 
change is to be made, to provide the amplifiers with a stable load 
impedance during the automatic tuning cycle. 

To facilitate switching the amplifier outputs from resonator to dummy-
load we will require high power transmission line switches. Switches 
built to a proven design by the power amplifier manufacturer are being 
investigated. These are manually operated and would need to be automated 
to be suitable. 

The circuit card test set which is being purchased from the power 
amplifier manufacturer as an aid to adjusting and repairing the transmitters' 
circuit cards, is also completely assembled. The test sot with its interface 
cards is being checked with the aid of a full set of transmitter cards 
to verify its correct operation. 

3.2.4 Phase and amplitude control and stabilization 

Most of the components for the phase and amplitude control and stabilization 
of the SSC resonators are identical to those needed for the SPC1 rf-system. 
A full system has been tested on the full-scale model of the SPCI resonator, 
and the detail of the units has been described in section 2.3.3. All the 
binary phase shifters required for the SSC have already been completed arid 
the other units which are required are under construction. The computer 
control through CAMAC for automatic resonator tuning and system set-up has 
been developed and tested successfully on the model of the SPCI resonator 
anH most of this development is directly transferable to the SSC rf-system. 
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Fig. 1 Top view of the resonator with the position of the 
accelerating electrodes indicated by dotted lines. 
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Fig. 2 Sectional side view of the SSC resonator showing the 
parts to be made in the first phase of construction. 
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Fig. 3 Preparation of the bottom part of the outer delta of the 
SSC resonator for attachment of the cooling tubes. 

Fig. 4 The bottom part of the outer delta in the final stage 
of manufacture. 
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Fig. 5 Electroplat ing of the f i r s t two copper outer cylinders 
for the SSC resonators. 
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Fig. 6 Some of the final corner pieces of the inner delta of 
the SSC resonators and the templates used for manufacture, 
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Fig. 9 225 kW dummy Load. Rear view during assembly. 
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3.3 Vacuum System 

3.3.1 Introduction 

In order to limit beam losses due to charge exchange of the ions with 
residual gas molecules to only a few percent, it is necessary to maintain 
a low pressure between 10"5 to JO-1* Pa in the vacuum chamber of the SSC. 
The complete SSC chamber consists of eight separate sections which will be 
sealed at their interfaces with elastometer O-rings compressed by stainless 
steel cushions which are inflated with compressed air. The total volume of 
the SSC vacuum chamber is ~50 m 3 and the total surface area exposed to 
vacuum is ~450 m 2 (predominantly stainless steel and copper). 

The vacuum pumping system for the SSC is being developed in two phases. 
Phase I involves the equipment required to reduce the pressure to the lo" 
Pa range suitable for accelerating light ions. All the vacuum pumps and 
the large valves associated with the vacuum pumps for phase I have been 
delivered to the NAC site except the two DN 500 ISO turbo-pumps which will 
arrive in the near future. 

Phase II concerns the equipment required to reduce the pressure to the 10 - 5 

Pa range suitable for accelerating heavy ions. At present refrigerated-
helium cryopumps are being considered for this, but great care has to be 
taken because of the high sensitivity of the resonators to vibrations. 
Discussions with various possible suppliers concerning the detailed design 
of such cryopumps for minimum vibration are still in progress. 

3.3.2 Vacuum chambers 

3,3.2.1 Magnet vacuum chambers 

Three of the four magnet vacuum chambers have been delivered. Welding 
of these chambers was difficult and a considerable number of repairs 
had to be carried out before they were leak-tight. Figure 1 shows one 
of these magnet vacuum chambers. We have assembled one of the chambers 
with the pole-pieces to ensure that it fits mechanically. The fourth 
chamber which provides for installation of the magnetic inflection channel 
is currently being fabricated and should he delivered in the near future. 

3.3.2.2 Resonators 

The size of the cryopumps on the resonator transmission lines has hjd to 
be reduced from DN 400 ISO to DN 320 ISO to facilitate assembly of the 
transmission lines. The two cryopumps on the top and bottom respectively 
of the nose of the resonator chamber remain DN 320 ISO. The two large 
cryopumps on the back will be DN 800 ISO, so as to be identical to those 
used on the valley chambers. 

3.3.2.3 Valley vacuum chambers 

A start has been made with the design of these chambers. The sizes of 
the vacuum flanges on these chambers remain the same as before, namely 
one DN 800 ISO for a cryopump and one DN 500 ISO for a turbo-pump on each 
chamber. 
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3.3.3 Sealing arrangement between chambers 

The eight separate sections making up the SSC vacuum chamber are sealed at 
their interfaces by double elastometer O-rings. The O-rings can be compressed 
up to 20 percent with a stainless steel cushion which is made from two 0,9 mm 
thick sheets cut to a race track shape and welded around the inside and 
outside edges forming a flat closed tube. Two small 4 mm diameter pipes 
are attached to the outside edge for introducing compressed air into the 
cushion. A guard vacuum of -20 Pa can be maintained between the two O-rings 
with a two-stage rotary-vane pump connected at two positions on the circum
ference. 

A prototype seal, being 130 mm wide in the straight sections and increasing 
up to a width of 150 mm in the curves, has been fabricated and tested 
under operating conditions. The experimental arrangement described previously 
{l} has been modified for this purpose with double O-rings and DN 400 flanges 
to permit installation of a pump with sufficiently high pumping speed. 

Although this prototype seal was 20 mm too short, it gave excellent test 
results. A pressure of ~50 kPa in the cushion will be sufficient to 
ensure sealing when a guard vacuum of -20 Pa is maintained between the 
0-rings. Once the pressure in the chamber and in the guard vacuum region is 
sufficiently low, the pressure inside the cushion can even be reduced to 
atmospheric pressure again without affecting the sealing properties significantly. 
A vacuum pressure of 7xlO~5 Pa has been maintained under these conditions between 
the test flanges. 

When inflating this cushion on its own with ~30 kPa above atmospheric 
pressure it expanded to a maximum thickness of - 6 mm in the straight 
sections and up to "10 mm in the centre of the curve. Although a slight 
plastic deformation remained in the welds after deflation, the cushion could 
be returned everywhere to its original thickness by evacuating it. 

A new prototype seal with 140 mm wide straight sections and the correct length 
will be fabricated as soon as possible for measuring the forces exerted by 
the seals on the flanges. 

3.3.4 Pumping system 

For evacuating the SSC the pump arrangement shown in figure 2 will be used 
as follows: 

Four roughing groups, each consisting of one 120 m 3h _ 1 two-
stage rotary-vane pump and one 350 m 3h~ roots-pump, are used 
to evacuate the chamber from atmospheric pressure to 10 Pa. 

Six turbo-molecular pumps, two of 6,5 m s"1 and four of 2 m 3 s - 1 

will then take over the main pumping action down to the 10~3 

to 10"1* Pa range. 

Fourteen cryopumps, six of 25 m 3s ' and eight of 4 m 3 s - 1 will 
finally be introduced to reduce the pressure further to the I0 - 5 

Pa range; the turbo-pumps can be isolated and switched off 
once the cryopumps have reached their operating temperature. 



83 

The turbo-pumps and their backing pumps will be switched off to increase 
their lifetime. This means the cryopumps should be able to pump all gases 
in the SSC and maintain a pressure in the low I0 - 5 Pa range. 

Tests carried out with a DN 400 ISO cryopump on the full-scale model of the 
SPCI resonator transmission line have shown that the vibrations from standard 
cryopumps are unacceptable for our type of resonator system, and special 
precautions will have to be taken to avoid the problem of vibration. 

This problem is being discussed with various possible suppliers of cryopumps. 
One solution would be to mount the cold heads on a separate plate joined 
to the pump body by means of a bellows around each displacer cylinder. The 
cryosurfaces inside the cryopump body would then be free-floating with respect 
to the pump body. 

The compressors which provide the helium for the cryopumps also vibrate and 
their effect on the resonators must also be considered. Here we are still 
evaluating the advantages and disadvantages of a central compressor system 
outside the cyclotron vault as compared to a large number of small compressors 
inside the vault. 

Reference 

1. National Accelerator Centre Annual Report, NAC/AR/81-01 (CSIR, 1981) 
p 78 
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Fig. 1 One of the SSC magnet vacuum chambers being prepared for l e a k - t e s t i n g . 
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3.4 Injection 

3.4.1 Introduction 

Beam injection into the central region of the SSC is the process and 
technique whereby the pre-accelerated beam from the injector cyclotron is 
guided onto the first centred orbit of the SSC. The injection system has 
been described in previous Annual Reports, and in reference {)}. 

The optimum magnetic inflection channel (MIC) dimensions, orientation and po
sition have been determined. Preparations are being made for the magnetic 
field measurement of the prototype MIC in the pole-tip of the first assembled 
sector magnet. A power supply has been ordered for the MIC. The results of 
the power and cooling tests for the dipole BM2 were as predicted. The 
magnetic field of BM2 has been measured except for a few additional measurements 
at large radii; however a detailed analysis of the results has been held up 
because the Hall probe could not be calibrated. A structure for the support 
of the central region has also been designed. 

3.4.2 The magnetic inflection channel (MIC) 

The set of calculated injection orbits for three extreme cases {2} were 
used to determine the optimum dimensions, orientation and direction of 
movement of the MIC {3}. An optimum MIC radius of 325 mm was confirmed and 
the most desirable direction of motion over the required 100 mm is 10 to 
the hill centre-line. The magnet vacuum chamber flange supporting the MIC 
has now been manufactured with this orientation. The exact MIC orientation 
for 8 MeV protons is illustrated in figure 1. 

Although the sector magnet which is presently being assembled in the SSC 
vault for preliminary field measurements is not the sector magnet in which 
the MIC will eventually be installed, we have nevertheless decided to carry 
out magnetic field measurements with the prototype MIC in the pole-tip of 
this sector magnet. The reason is that the MIC sector magnet will be the 
last one to be assembled and the present sector magnet assembly offers the 
only earlier opportunity for the MIC field measurements, because it is 
at present assembled without its vacuum chamber. 

Preparations are under way to install the MIC with the field measuring 
equipment in order to carry out the following tests: 

(i) To determine the field homogeneity in the MIC for 
various excitations (with and without the MIC shims) 
to see whether the MIC shim dimensions are correct 
for optimum compensation of the inhomogeneous coil 
field. 

(ii) To measure the stray field at the entrance and exit 
for the two extreme positions for injection. This 
information is also important for the beam transfer 
calculations in the injection beamline. 

(iii) To measure the stray field on the outside of the MIC 
conductors to determine its effect on the orbits in 
the SSC. 



88 
(iv) To determine the effect of the MIC (with its shim) 

on the field distribution of the sector magnet. 

The hydraulic drive of the NIC was tested under full load, but it has been 
returned to the manufacturer due to malfunctioning. 

The power supply for the MIC has been ordered and delivery is expected 
before the end of the year. It was specified to deliver up to 1350 A, at 
27 V, with a current stability <lxlO"* {4}. 

3.4.3 The first bending magnet (BM1) 

There has been a long delay in the delivery of the power supply for BM1 
and it is now expected at the end of August. Field measurements on BM1 
will only commence after that date. The field measuring apparatus used 
for BM2 will have to be slightly modified; a straight track has already 
been machined for this purpose. 

3.4.4 The second bending magnet (BM2) 

Power and cooling tests have been carried out successfully and results were 
as predicted. A comparison of the calculated and measured excitation curves 
is illustrated in figure 2. 

The magnetic field of BM2 was measured at a few levels in the pole gap 
and at various excitations with a Hall probe. However, these measurements 
have not yet been finalised, mainly because of the unsatisfactory operation 
of the BM2 power supply, which has now been returned to the manufacturer. 
Furthermore the available results could not be converted to useful 
information because the power supply for the calibration magnet (for the 
calibration of Hall probes) has not been delivered yet. 

3.4.5 The structure for the support of the central region 

A structure has been designed to support and position accurately the two 
bending magnets and the diagnostic chamber in the central region. This 
structure, as illustrated in figure 3, is to be mounted onto the central 
concrete pillar in the SSC vault and will also carry numerous supply 
services. All three elements on the support structure can be positioned 
in the horizontal plane with adjusting bolts, while the vertical alignment 
of BM1 and BM2 will be determined with shimming. Quotations are presently 
being awaited for the manufacture of this support structure. 

References 
1. P F Rohwer and S Schneider, Beam injection and extraction for the 

separated-sector cyclotron of the National Accelerator Centre. 
Ninth Internat. Conf. on Cyclotrons and their Applications, 1981, 
Caen (Les Editions de Physique, France, 1981) p 481 

2. P Rohwer and S Schneider, NAC Internal Report NAC/EI/82-0I 

3. P Rohwer and S Schneider, NAC Internal Report NAC/E1/81-05 

4. P Rohwer, S Schneider and A H Botha, NAC Internal Report NAC/EI/81-06 
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Fig. 1 The orientation of the magnetic inflection channel (MIC) in the 
pole-gap of sector magnet SMI, relative to the cyclotron centre, 
for the injection of 8 MeV protons. The linear direction of 
motion of the MIC for the injection of other particles is as 
indicated. The effective edge of the MIC is assumed to be the 
same as that of the sector magnet. 
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Fig. 2 The calculated (solid line) and measured (crosses) excitation 
curve for BM2. The measured results deviated by not more than 2%. 
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Fig. 3 The support structure for the central region of the SSC: 
(top left) plan and side view (lower left) of the structure 
mounted on the central concrete plinth; (top right) plan and 
side view (lower right) of this structure, enlarged. It will 
carry (from left to right) dipole BM2, a diagnostic chamber, 
and BM1. The positions of these components can be adjusted 
accurately after installation, by means of the adjustment 
mechanisms provided. 
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3.5 Extraction 

3.5.1 Introduction 

After acceleration of the beam in the separated-sector cyclotron (SSC) the 
beam is extracted with che aid of an electrostatic channel (EEC), a small 
septum magnet (SPM1) in a resonator, and a larger septum magnet (SPM2) in 
succeeding valleys before entering the high-energy beamline. The basic 
layout of the extraction system has been described in previous Annual 
Reports, and in reference {i}. 

The conceptual design of the EEC and SPM2 received attention. A detailed 
study has been made of the most important design implications. The design 
proposal for the EEC can now be taken up by the drawing office for a detail 
mechanical design. The conceptual design of SPM2 is nearing completion, 
ïhe first measurements were made with the prototype of SPMi. 

3.5.2 The electrostatic extraction channel (EEC) 

3.5.2.1 Design considerations 

Computations with the acceleration program have shown that a 400 mm long 
electrostatic channel with an electric field strength of 50 kV/cm is required 
to ensure the desired orbit separation of about 18 mm for the highest-energy 
protons at the entrance to SPMI {2}. Various design aspects were 
contemplated and the proposed design {3} is briefly outlined below. The 
conceptual design has been completed and detail design can commence as 
soon as manpower is available in the drawing office. 

The radius of curvature of the beam through the EEC is so large (i.e. *73 m), 
that it is possible to make this channel straight. This will simplify the 
construction of the channel considerably, especially as some high tolerances 
are involved. 

Provision must be made to position both the entrance and the exit of the 
EEC independently and remotely by about 100 mm in the horizontal plane. 

3.5.2.2 The anode 

The construction of the very thin septum has received special attention. 
It seems inevitable that at least some of the beam will fall onto the 
septum and thus cooling considerations play a major role in the design. 

A septum made up of 0,1 mm (or possibly 0,05 mm) thick molybdenum foil strips, 
7 mm wide and spaced at 1 mm intervals is proposed. Detailed calculations 
were also carried out for a septum consisting of thin wires with a diameter 
of 0,1 mm (or possibly 0,05 mm) spaced at 1 mm intervals. In both cases the 
wires or strips have to be individually spring-loaded in order to take 
account of expansion when the septum heats up, and to retract the wire or 
strip when it breaks. Foil strips are preferred because spark-over damages 
thin wires more easily and far fewer tensioning devices are required for 
foils (about 8 times fewer) which makes its construction much simpler. The 
alignment of the foil strips should be to a tolerance smaller than the foil 
thickness. A single foil sheet over the whole septum length is impractical 
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because local heating would cause the foil to buckle and thus increase its 
effective width. Molybdenum is preferred due to its good high-temperature 
characteristics and because it is more ductile than other materials with a 
high melting point. 

With the aid of the computer program SEPTUM heat-transfer calculations were 
carried out to determine whether the proposed septum can be cooled if it 
intercepts the beam. The emphasis was placed on the 100 MeV 100 \A proton 
beam (i.e. a beam power of 10 kW). For lower beam energies the orbit 
separation increases to such an extent that SPMI can be used directly as 
the first extraction element. 

The effective stopping power of this 100 MeV proton beam in molybdenum, 
tungsten and tantalum is illustrated in figures la, b and c respectively. 
The energy loss in the material is represented by the area under the curve. 
The first foil strip will absorb most of the energy due to the fact that 
most particles are scattered out of the thin foil before the maximum 
penetration depth is reached. Calculations have shown that a 0,5 mm thick 
tungsten foil would be able to withstand the power by radiating the heat 
away. For this reason a pre-septum consisting of three such foil strips 
(each 3 mm wide) is proposed to absorb most of the beam power and to throw 
a "shadow" on the actual septum. The heat radiated from the septum will 
also heat the cathode. It is therefore practical to position the pre-septum 
about 30 mm upstream opposite the collimator. The three tungsten foil strips 
are to be electrically insulated for beam current measurement so that they 
can also be ured to determine the optimum septum position. 

3.5.2.3 The cathode 

The 400 mm long aluminium cathode (possibly chrome-plated) is held in 
position by four beryllium oxide insulators. The gap width is to be remotely 
adjustable between 5 and 15 mn. The high voltage feed-through must be spring-
loaded to allow for this 10 mm movement and it must house a small series 
resistor (as close as possible to the cathode) to absorb the energy stored 
in the last few meters of the supply cable in case of a spark-over. The 
cathode is cooled indirectly via the BeO insulators; because of the limited 
heat-flow through these insulators (about 3 kW), it is important to protect 
the cathode from the beam by collimators. 

3.5.2.4 Field calculations 

The effect of electrostatic field strength variations on the deflected orbit 
was evaluated with an accelerated-orbit program. The results indicate that 
a ±)% variation of the field strength causes a radial displacement of only 
0,11 mm at the entrance of the next extraction element, i.e. SPMI. The 
dependence of the field homogeneity on septum and cathode height was studied 
with the program VEP02. These results are illustrated in figure 2. For 
a 15 mm gap width a cathode height of 75 nun will be sufficient to ensure 
the required field homogeneity up to 7,5 mm above and below the median plane. 
The corresponding septum height is 120 mm. 

Computations were also carried out to determine the field distributions 
which the particles experience. Figure 3 illustrates the potential 
distribution (i.e. an equipotential plot) at the channel entrance with 
the proposed collimator and septum design. The normalised field strength 
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at various distances from the septum (at the channel entrance) is illustrated 
in figures 4 and 5 for a septum built up of foil strips and wires respectively. 

3.5.2.5 Power supply 

A 100 kV, 5 m high-voltage power supply, with a stability of txlO-'', is on 
order for the EEC. It is specified to be able to operate in either voltage-
or current-regulated mode {4}. The maximum voltage of 100 kV is the same 
as for the EEC power supply for SPC1. 

3.5.3 The first septum magnet (SPMl) 

The coil for the prototype septum magnet manufactured from 2 mm x 2 run hollow 
copper conductors has been delivered. The yoke was manufactured in our 
workshop and preliminary tests h*.ve been carried out. When the problems with 
an available power supply are sorted out more detailed field measurements 
and cooling tests will be carried out. 

We found that the design flux density of 0,06 T could be obtained with a 
current of about 140 A. With a water speed of about 3,5 m/s (i.e. 0,22 
litre/minute) the temperature rise of the cooling water was about 40 C. 
The results compare favourably with theoretically predicted values and 
confirm that a 2 mm x 2 mm conductor could be used for the septum magnet 
if the coil can be sufficiently protected from the beam. The possibility 
of using a 4 mm x 4 mm conductor, which can withstand the maximum beam power 
of 10 kW, is however not yet excluded. The prototype of SPMl is illustrated 
in figure 6. 

3.5.4 The second septum magnet (SPM2) 

3.5.4.1 Design considerations {5} 

A 500 mm long septum magnet with a flux density of 1,1 T in the pole gap 
is required to deflect the 200 MeV proton beam into the high-energy 
beamline. Provision has been made to extract a 300 MeV 3 H e + + beam by 
increasing the design flux density to 1,3 T. At present a beam separation 
of only 16 mm is estimated at the entrance of SPM2 for a 200 MeV procon 
beam with a beam emittance of 5,In mm.mrad (the worst beam emittance expected). 
Much would be gained with a better beam emittance or if this beam separation 
could be increased with a higher SPMl field (which needs further investigation). 
A gap width of about 40 ran and a height of about 30 mm are proposed. 
Collimators are envisaged in front of the septum. The entrance and exit of 
this septum magnet should be independently and remotely adjustable. 

3.5.4.2 The coil design 

The relatively large magnetic field required in the pole gap implies a 
large magneto-motive force, which in turn depends on the number of electrical 
turns and the coil current. The allowable septum width and the fact that 
nearly each turn requires a separate cooling circuit, points to the need 
for as few turns as possible, although this would increase the required 
current and thus the power supply costs dramatically, A decrease in the 
conductor size increases the power dissipation in the coil and thus 
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aggravates the cooling problem. A compromise had to be found between these 
various parameters and to evaluate the relative importance of these factors 
three basic designs were eventually considered. Their main characteristics 
are briefly summarised in table 1. 

As it is not necessary to restrict the return path of each coil to the 
septum dimensions, the power consumption can be greatly reduced if the 
copper area of the return conductor is increased (as depicted in table I). 
fable 1 Design parameters for SPM? 

Configuration A B C 

Septum conductor 7,5 mm x 7,5 mm 4 mm x 4 mm 5 mm x 5 mm 
dimensions 
Return conductor 15 mm x 15 mm 4 mm x 4 mm 5 mm x 5 mm 
dimensions (one conductor) (3 conductors) (3 conductors) 
Number of turns 8 13 18 
Septum width 1 7 mm l-»,5 mm 17,5 mm 
(with insulation) 
Maximum current 5375 A 2030 A 2450 A 
Maximum current 140 A/ram2 230 A/mm2 160 A/mm2 

density 
Voltage across 18 V 77 V 54 V 
coil 
Maximum power 100 kW .50 kW 135 kW 

At present a narrow septum is the most important consideration and for this 
reason configuration B is preferred, together with the fact that it requires 
the lowest maximum supply current. For power supply consideration it is 
also the best choice. Unfortunately it has the highest power consumption. 
Calculations show that a water speed of about 8 m/s is required for cooling; 
this will have to be verified in practice. 

Each turn is to be manufactured separately with an appropriate joint between 
septum and return conductor. 

3.5.4.3 Magnetic field computations 

The magnetic field computations for SPM2 were carried out with the program 
VEP02, which incorporates the non-linear permeability characteristics of 
iron. The magnetic field distribution in the pole gap for a flux density 
of 1,3 T is illustrated in figure 7, together with the dimensions of SPM2. 
The homogeneity of the magnetic field in the air-gap is 2.98,2% up to 12 mm 
above and below the median plane. The magnetic stray field outside the 
septum is about 3% of the air-gap field. Further investigations are under 
way to reduce this field to an acceptable level. 
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Fig. I The effective stopping power of 100 MeV protons in a septum of 
molybdenum (a), tungsten (b), and tantalum (c), as a function of 
penetration depth. Septum thickness varies between 0,01 and 0,5 mm. 
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Fig. 3 The equipotential lines at the entrance of the electrostatic 
extraction channel with the proposed collimator and pre-septum. 
For calculation a 2 ran spacing between septum foil «jtrips was 
assumed: in practice i t will be only 1 mm. 
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Fig. 4 Field strength at the entrance to the EEC with 
3 mm wide foil strips as pre-septum and 7 mm 
strips for the septum, at three distances from 
the septum (M = 12, 16 and 20): note the effect 
close to the septum of the 2 mm spacing between 
septum strips. The program approximates cathode 
and anode curvatures by straight lines. 
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Fig. 5 Field strength at the entrance to the EEC with 
a septum consisting of wires spaced at 2 mm 
intervals. The field strength is again illus
trated at various distances from the septum. 
Note again the effect of the wire spacing on 
the field strength close to the septum. 
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Fig. 6 A prototype of the first septum magnet SPMI with 2 mm x 2 mm 
water-cooled coil conductors. The results of power and cooling 
tests were as predicted. 
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Pig. 7 The magnetic flux density distribution at three different levels 
in the air-gap of the second septum magnet SPM2, with dimensions 
as illustrated above. M • 1 is the level of the median plane 
i.e. the symmetry plane. At the bottom the vertical scale for 
the flux density has been enlarged to show finer detail. 



101 

3.6 Beam Diagnostics 

3.6.1 Introduction 

With the aid of the beam diagnostic system the beam properties can be 
measured and recorded during acceleration over up to 240 orbits, in order 
to observe the beam behaviour or to optimize the accelerator performance 
as quickly as possible. 

Due to other priorities only the electrometer current measurement system, 
the electronics for the mixing system of phase measurement and the selection 
of a closed-circuit television system for the whole accelerator facility 
have received attention during the year. 

The 12-channel electrometer current measurement system consisting of a 
current-to-voltage conversion unit and a control and display unit has 
been completed and the design objectives have been met. 

The phase measurement system is intended for the 20 phase probes in the 
SSC and also for the capacitive pick-up probes in the beamline. The problem 
of unwanted mixing products contaminating the true phase information after 
the single-side-band (SSB) mixer, as reported last year, was solved by 
inserting a phase-locked tracking oscillator specially designed for this 
purpose. Various amplifiers and filters have been built and an audio
frequency phasemeter was acquired. With the latest improvements a phase 
error of <l° (at audio-frequency) is anticipated. 

The requirements of a closed-circuit television system have been defined 
and various systems have been evaluated. 

3.6.2 Electrometer current measurement 

The design objective is the monitoring of 12 currents over the range of 
1 mA down to 10 pA, to ±1% accuracy. The basic current-to-voltage (I-V) 
amplifier unit (figure 1) used in each channel has been briefly described 
in reference {l}, and more fully in reference {2}. The complete system 
has been described in reference {3}, and the current-to-voltage conversion 
unit and the control and display unit are shown in figures 2 and 3, respectively. 

* 
Bench tests have demonstrated that the specified accuracy has been achieved 
under conditions of reasonable humidity. Experimentation with coating the 
track side of electrometer printed circuit boards with clear silicone 
rubber, after careful cleaning and drying of the surface, was successful 
when layers could be applied thinly enough, so that bulk leakage in the 
coating did not take over from the original problem of surface leakage 
across the epoxy-fibreglass board, despite the use of a guard-ring. We 
avoided the use of PTFE-fibreglass board for reasons of cost and robustness 
(i.e. microphonics). 

Care had also to be taken with groi .u, earthing and shielding, as well 
as mains isolation, in order to keê i uC offsets and AC noise to sub-
millivolt levels, especially in view of the restriction that LED digital 
panel meters had been chosen, with their associated heavy switching currents. 

As reported previously {3} this system will be used with the diagnostic 
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equipment in the Pretoria cyclotron beamline. Interconnecting cables 
between the beamline and the electrometers located in an annex, and 
between the electrometers and the control and display unit located in the 
control room, have all been delivered. 

3.6.3 Beam phase measurement 

An acclaimed feature of both mixing and sampling techniques, when applied 
to broadband rf-phase measurement, is their relative immunity to harmonic 
content in the applied waveform, and to amplitude and frequency variation 
of the applied signal. This contrasts with the performance of instruments 
which measure phase more directly by triggering on the zero-crossings of 
the rf-inputs. The demands imposed by measuring phase on beam-pulse signals 
from the capacitive phase probes distributed along a valley centre-line in 
the SSC, include: 

(i) 100 dB dynamic range (to handle beam currents from 
I nA to 100 (jA); 

(ii) more than 5:1 frequency range of the frequency component 
to be measured (the 2nd harmonic of the rf); and 

(iii) severe harmonic content {4}. 

Effort has been concentrated to date on the first two of these three areas. 

It was reported last year {5} that the single-side-band (SSB) mixer allowed 
sufficient breakthrough of 9 MHz intermediate frequency and of unwanted 
mixing products to contaminate the true phase being measured by up to 6 . 
These contaminants were eliminated by phase-locking a laboratory signal 
generator (using its frequency modulating capability) to the SSB mixer 
output, thus deriving a pure (2f,j + 9) MHz signal, where fj is the resonator 
frequency. A phase-locked tracking oscillator has been completed, which 
maintains lock over the full (2f^ + 9) MHz range, from 19 to 63 MHz, with 
less than 2 dB amplitude variation. Insertion of a buffer amplifier and 
an 18 MHz high-pass filter between the SSB outpu* and the phase-locked-loop 
input, enabled lock to be maintained down to 19 MHz (i.e. fd= 5 MHz) 
despite fall-off in rejection by the SSB mixer below 23 MHz. Hence the 
two coaxial relays, the mixer, and the 11 MHz high-pass filter, shown in 
figure 1 page 109 of the previous Annual Report, are no longer required. 

An audio-frequency phase-meter, with built-in IEEE-488 computer interface, 
has been acquired. Narrowband-filter amplifiers (centre frequency 1,5 
kHz) were inserted in front of this zero-crossover detecting phase-meter, 
to keep noise and signal distortion to acceptable levels. 

Excellent 50-ohm impedance matching is required for preservation of phase, 
at the signal sources, (namely the phase probes), through the multiplexer, 
and into the front-end rf-amplifier, (whose noise figure must be good 
when minimum beam currents are approached). Coaxial relays have been 
acquired for assessment in their role as a multiplexer for beam-pulse 
signals. Two types of broadband rf-amplifiers were built and their 
complex input impedances assessed. Even assuming perfect phase-probe 
sources of 50 ohms (real), the best amplifier will shift input phase from 
0,5° lead to 0,8 lag over 10 to 54 MHz at constant signal amplitude. From 
this point onwards in the signal flow, mis-matching phase-shift is considere 
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uninportant because the system will self-calibrate (by means of the 
multiplexer) against absolute reference phase derived from one of the 
rf-resonators. 

The 100 dB dynamic range has been tackled, initially at least by development 
of a broadband rf-amplifier exhibiting symmetrical limiting over a 70 dB 
range of input amplitude. The remaining 30 dB of range can be handled by 
the audio-frequencj phase-meter, but it may prove difficult to achieve this 
dyramie range through the mixers. The limiting amplifier has the disadvantages 
that beam-pulse 2nd-harmonic amplitude information is lost, and that its 
non-linearity may generate products which unavoidably contaminate the wanted 
phase info rwf ion. It is likely that an automatic-gain-controlled amplifier 
will have to be built instead. 

The critical front-end filters will be built once performance with a pure 
sinusoidal input is established. Last year performance of <1 phase error 
vas reported {5} when monitored at the first intermediate frequency of 
9 MHz. After insertion of the phase-locked oscillator and completion of 
the system as far as the audio-frequency phase-meter, agreement to better 
than 1 was achieved between the phase read at 1,5 kHz and the applied 
phase monitored on a vector voltmeter at the 9 MHz intermediate frequency. 

3.6.4 A closed-circuit television system 

A closed-circuit television system is an essential tool in the operation 
of the accelerator facility and is to be used mainly for: 

(i) visual observation of various critical accelerator components 
in radioactive environments during operation e.g. the septa of 
the electrostatic channels, some probes, the ion-source etc., 
and 

(ii) monitoring of restricted areas like vaults, beamline sections, 
experimental areas etc. for the safety of personnel. 

Various manufacturers of radiation-resistant TV cameras have been approached. 
At present the most attractive proposal consists of radiation-resistant TV 
cameras, linked via a camera control crate (one such crate for up to eight 
cameras) to a multiplexer, whereby any one of up to an eventual 32 cameras 
can be linked to any one of 6 monitors with the aid of a selector unit. The 
system is built up in modules of eight, and it has been estimated that the 
largest number of cameras ever required will be less than 32. We intend 
initially to order only four cameras and four monitors for the SPCI vault. 
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Fig. 1 The electrometer amplifier plug-in module. It is electronically 
programmable over 8 decade ranges down to 10 pA full-scale. (The 
EMI screen has been removed). 

Fig. 2 The electrometer current-to-voltage conversion unit with the 
twelve electrometer amplifier plug-in modules. 
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Fig. 3 The remote control and display unit for the twelve electrometer 
amplifiers. 
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SECTION 4 THE CONTROL SYSTEM 

4.1 Introduction 

The control system of the NAC accelerator is being designed around a 
number of 16-bit mini-computers and the CAMAC interfacing system known as 
the Fisher System Crate Philosophy. The topology of the intended system 
has changed slightly since our last reference to it {I}. We intend using 
three mini-computers instead of two, and use will also be made of a Serial 
Loop Highway for interfacing the 'slower' accelerator equipment (see 
figure J). 

As regards support hardware for the mini-computers and the Fisher System 
Crate system, there have been the following developments: equipment for 
the high-speed linking of remote terminals to the mini-computers has been 
built and is now being installed, a prototype of a new LAM-grader CAMAC module 
which minimizes the time required by the mini-computers to service LAMs has 
been built and tested, equipment for testing the continuity of parallel-
branch cables is being designed, and an autonomous memory channel for DMA 
transfers between CAMAC and the control computers is being commissioned. 
On the software side, the development of driver software for the Fisher 
System Crate System is continuing, and a CAMAC utility program for simple 
output of commands from a computer terminal to CAMAC has been implemented. 

In the line of general control system hardware, work has begun on a stand
alone microprocessor-based Safety Interlock System, the interlock and 
control hardware for the harmonic coil power supplies has been completed 
and installed, prototype equipment for controlling the position of the 
radial accelerator probes has been developed, a feedback unit which makes 
use of signals from aa NMR system to stabilize a magnet power supply is in 
an advanced stage of construction, equipment to measure the current stability 
of magnet power supplies has been developed, and work has begun on the design 
and construction of the control consoles. 

Microprocessor-related developments have included the following activities: 
the design of an automatic test facility for testing CAMAC modules, the 
design and construction of a microprocessor-based analogue meter for use 
on the control consoles, the development of the SABUS micro-computer which 
included the following aspects: the development of an interface card for 
interfacing the SABUS microcomputer to CAMAC, the development of a floppy-
disc controller card, the design of a communications and system LSI 
controller card, the development of a new CPU card for the Intel 8085 chip, 
the design of a new backplane for the SABUS micro-computer, and the development 
of some SABUS software. 

Applications software on which the control system staff has worked includes 
software for driving the control consoles, a program which controls the 
magnetic field measuring equipment for SPC1, and a program for control 
of the electrolytic tank. 

4«2 Mini-computer and Fisher System Crate Hardware and Software Support 

4.2.1 High speed remote link for computer terminals 

For testing and debugging purposes it is essential to be able to bring the 
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normal "session" terminal capability (i.e. access to the operating system, 
editor etc.) of the computer to the test site. As the distance between 
the test site and the computer can be in excess of $ km, the conventional 
RS-232 link cannot be used over the whole distance. Modems are expensive 
and inconvenient, so a simpler alternative was sought. 

The relatively new RS-->_-/X27 communications standard was found to provide 
the necessary performance. Converters were built and tested and found to 
be superior to their specification of up to 100 kbits/sec over a distance 
of I km. The converters have been built as single-width CAMAC modules. 
They can thus be plugged into any CAMAC crate, and use separate cabling 
following the same route as the main CAMAC cabling to the computer. 

4.2.2 A new LAM-grader module 

A new LAM-grader module, which has optimal features when used in the 
parallel-branch crates of a Fisher System Crate system has been designed. 
These features are as follows: 

(i) A LAM source can be given one of 16 possible priorities within 
a crate, irrespective of the station number of the LAM source. 
The priority selection is done in the LAM-grader by the use of 
a unique strapping pattern; 

(ii) When an Interupt Vector Generator (IVG) module (a Fisher System 
Crate module) issues a BG instruction to a parallel-branch in 
response to a Branch Demand, the LAM-grader module responds with 
a Graded LAM Word consisting of the Crate Address in ordinal 
form. The Branch Number and Crate Address are encoded into an 
8-bit binary word by the IVG. The address of the crate containing 
the LAM source can thus be established without computer 
intervention; 

(iii) When the central computer responds to an interrupt by the CAMAC 
system, it fetches the Branch Number and Crate Address from the 
IVG in the System Crate. It then issues a standard CAMAC command 
N28-FO-AO to the crate containing the LAM source, in response 
to which the LAM-grader reads out in binary-encoded form (5 bits) 
the station number N of the LAM source. This feature of using 
a standardized command to obtain the station address of the LAM 
source eliminates the need for look-up tables in the Driver 
Software which would otherwise have to be updated whenever a 
hardware change is made in the CAMAC crate. 

4.2.3 Parallel-branch cable tests 

A project which is still in the early stages of development is an automatic 
cable tester for the sixty-six-pair parallel-branch cables. This equipment 
will use the principle of a Time Domain Reflectometer to establish the 
continuity of these cables through their many connectors during the 
installation and maintenance of these cables. 

4.2.4 An autonomous memory channel for the Fisher System Crate 

An autonomous memory channel which provides a DMA link between the central 
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computer and the CAMAC system is being commissioned. The equipment has 
some design defects which are being remedied. 

4.2.5 Driver software for the Fisher System Crate system 

Software drivers for the CAMAC Fisher System Crate system have been 
developed for use on the F-series control computers. Two distinct methods 
of accessing the hardware were utilized, namely the priviledged subroutine 
approach and the proper operating system driver approach. 

The first method provides users with the quickest way of passing a CAMAC 
command from the mini-computer to the CAMAC modules. A first phase of 
optimization of these routines allows users to pre-compile the address of 
a CAMAC module, and then to access the module by means of the pre-compiled 
address on a repetitive basis. Provision has been made for 16- and 24-bit 
wide data transfer between CAMAC and the mini-computer. Since these 
routines are the lowest-level routines between the user programs and the 
CAMAC hardware, future optimization will include the micro-coding of 
sections of the priviledged routines to achieve greater throughput. 

The second method is suitable for the handling jf demand interrupts arising 
from LAMs in the CAMAC system. A driver which can handle interrupts has 
been incorporated in the RTE-IVB operating system after being successfully 
installed and tested on the RTE-I11 E-series mini-computer. The driver can 
also be used to pass CAMAC data and commands between the computer and the 
CAMAC hardware, but was found to be approximately four times slower than 
the priviledged subroutine method for a typical access. A method exists 
in the driver to bypass all the overhead due to the operating system in 
order to access the CAMAC hardware, but this method demands some low-level 
code in the calling program, which makes it clumsy to use in programs 
written in a high-level language. The method is more appropriate to being 
used within the CAMAC driver, e.g. to service interrupts as quickly as 
possible. 

A method of servicing interrupts from a variety of sources in a CAMAC 
system has been devised: the method makes use of a table which contains 
information for the scheduling of service programs. Although the method 
has disadvantages as regards the slowness of response, it is currently 
the most flexible one since it allows interrupts to be serviced by programs 
that can be modified and loaded on-line. 

4.2.6 A CAMAC utility program 

A utility program which allows users to access CAMAC from a 'session' 
terminal has been developed. The user is prompted to enter at the terminal 
the Branch, Crate, Station, Sub-address and Function code (BrCNAF) of the 
desired C£MAC command, which command can then be executed once or repeatedly. 
The program has proved to be particularly useful for diagnosing faults or 
testing a complete CAMAC highway from the module to the mini-computer. 

4.3 Hardware Developments 

4.3.1 The safety interlock system 

The .afety interlock system controls the higher level of interlocking 
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between various subsystems e.g. power supplies for magnets, the ion-source, 
the vacuum system, the rf-system etc. Its function is to ensure the safe 
operation of the entire cyclotron facility as regards personnel safety and 
proper instrument operation by interlocking the capability of various 
subsystems to be on simultaneously. It will consist of: 

(a) status monitors indicating the ON/OFF or SAFE/UNSAFE status 
of the various subsystems serving as input to the safety 
system; area-clear monitors and radiation detectors; 

(b) output from the safety system giving permission to interlocked 
subsystems to be available for switch-on; 

(c) a dedicated micro-computer monitoring all status inputs, 
comparing them to the programmed safety equations and 
issuing permission for switching on. The micro-computer 
consists of an Intel 8085 CPU, 16 kbytes of EPROM containing 
the programmed safety equations, 1 kbyte of RAM to be used 
as scratch read-write memory, input/output modules providing 
128 input/output lines per module and an interface module 
to provide communication between the safety micro-computer 
and the control computer via a 16-bit Input Gate/Output 
Register CAMAC module. 

The logic circuitry for the safety system has been designed and is at present 
being assembled and tested. 

4.3.2 The harmonic-coil power supply control equipment 

The two controllers referred to in last year's annual report have been 
completed and installed in the power supply area of the accelerator 
building. 

A.3.3 A probe position controller 

A prototype of a probe position controller has been developed. The unit 
contains the power supplies, drivers, multiplexers and interfaces necessary 
to link four small (or two larger) stepping motors and their associated 
position-encoding equipment to the relevant CAMAC modules. The probe 
positions are read out on a front-panel display. The unit also contains 
the electronics and interlock circuitry for controlling four magnetic 
brakes if so required. 

4.3.4 NMR-feedback for power supply stabilization 

In a number of our magnet power supplies provision has been made for the 
fine adjustment of the output currents via external control inputs. For 
some of these supplies a correction signal from an NMR-system is envisaged. 
An NMR-feedback unit which conditions the signal from a bought-in NMR-system 
and interfaces it to do such control, is in the final stages of construction. 
The unit will be used primarily for test purposes. 
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4.3.5 Power supply current-stability monitoring system 

A unit which records the current-stability of DC power supplies has been 
designed and constructed. The instrument automatically tunes in to the 
power supply current equivalent, and records the drift to an accuracy of 
better than one part per million over a wide ambient temperature range. 
It has been used for stability tests on, for example, the main magnet 
power supplies of the SSC and SPC1. 

4.3.6 Opto-isolator modules for use with CAMAC IGOR modules 

These CAMAC modules were designed to provide isolation between accelerator 
equipment and the CAMAC Input Gate/Output Register (IGOR) module, the 
latter being one of the modules on which we have standardized. Five opto-
isolator modules are being constructed at present. 

4.3.7 The main control console 

Work has recently begun on the design of the main control console. The 
design is based on the consoles in use at the SPS facility at CERN, and on 
the experiences gained from a prototype constructed in 1980. The idea 
is to assemble the console out of single-width units which conform to the 
484 mm rack-width standard. The units will be assembled to form part of 
an arc of a circle. The drawings of the single-width units have been 
completed, and manufacturers are being contacted at present with a view 
to finalizing construction details and obtaining quotations. 

4.4 Micro-processor Activities 

4.4.1 Test facility for CAMAC modules 

In view of the increasing number of CAMAC modules in use, it has become 
necessary to create a facility for the automatic testing of CAMAC modules. 
The primary object of this equipment is to check all CAMAC modules at 
regular intervals and keep a printed record of their working condition. 
It will also be used to diagnose and localise the faults in faulty modules, 
and so help greatly with the repair of modules. 

The hardware of the facility consists of a CAMAC crate and Crate-Controller, 
and a micro-computer with its terminal, mini-floppy-diskette system and 
printer. The micro-computer accesses the CAMAC crate via the Crate-Controller. 
The programming language in use is a version of BASIC in which has been 
implemented the facility to execute CAMAC commands. The program which we 
have written has been used to test two types of modules on which we have 
standardized, namely a 24-bit output register and a 24-bit change-cf-state 
input register: the program still needs to be extended to include the 
testing of our other standard CAMAC modules. 

4.4.2 Micro-computer control of the model resonator for SPCI 

A micro-computer system was used in the closed-loop automatic tuning of 
the full-scale model of the resonator for SPCI, and is now being used in 
the development of phase and amplitude control and stabilization loops 
(see section 2.3.3.8). 
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A. 4. 3 Micro-proc^ssor-based analogue meter for use on the control 
console 

The first analogue meter unit was completed in January of 1982, and a 
further 5 units are now being constructed. This instrument may be linked 
through the control computer and the CAMAC network to monitor any variable 
within the accelerator control system. The linking process first initializes 
the analogue meter with display and conversion constants. Thereafter raw 
digital data from the monitored variable is passed at a fixed frequency 
(say 1 to 10 Hz) to the analogue meter, where it is scaled and ranged for 
display in the appropriate engineering units. 

4.4.4 SABUS developments 

4.4.4.1 The SABUS-CAMAC interface card 

This SABUS-standard micro-computer card was designed to provide a fully 
buffered bus interface between the SABUS micro-computer and a commercially-
available CAMAC-based micro-computer. The card can be used to interface 
the SABUS micro-computer to the CAMAC backplane via a commercially-
available Auxiliary Crate Controller and a suitable Crate Controller 
(e.g. type CCA-2). The SABUS micro-computer can therefore be used to 
control a CAMAC crate in a stand-alone configuration, or as a local-
intelligence controller on a CAMAC highway. Five of these cards have been 
completed to date. 

4.4.4.2 A communication and system LSI controller (PARIS) card 

This SABUS card has been designed to provide five functions: two bi
directional £arallel ports, an arithmetic processor, a £eal-time clock, 
an interrupt controller and two ̂ erial ports for interfacing the SABUS 
micro-computer to a VDU and printer. It provides the hardware for fast 
arithmetic calculations, process control sequencing and handling of CAMAC 
LAM interrupts. Two such cards have been completed with a further five 
under manufacture. 

4.4.4.3 Floppy-disc controller card 

The need for a fast reliable mass-storage medium prompted us to manufacture 
a floppy-disc controller card for che SABUS micro-computer. These discs 
are used extensively during program development under the well-known CP/M 
disc operating system, and can be used for limited data storage or non
volatile storage in the control environment. Three modules have been 
completed. 

4.4.4.4 An 8085 CPU card 

To optimize the use of the SABUS micro-computer as far as speed and 
flexibility is concerned, a Central Processor Unit card, based on the 
Intel 8085 chip, was developed. This card is at the final stage of 
prototype development. 



!13 

4.4.4.5 The SABUS backplane 

The SABUS micro-computer functions very reliably with the existing backplane 
design, under laboratory conditions and if there are relatively few cards 
connected to it. Measurements have shown, however, that cross-talk could 
become a problem if the full complement of cards is connected, or in a 
noisier environment. A new backplane, with each line individually earth-
screened, has been laid out, and is under manufacture in Pretoria. 

4.4.4.6 CAMAC software development 

Now that the hardware developments for the SABUS are nearing completion, 
we have been able to test progressively more software. Programs have been 
written in Assembler, a form of BASIC suitable for CAMAC called XYBASIC, 
and FORTRAN. Assembler is being used for system and inter-system programs, 
and BASIC and FORTRAN for the testing of CAMAC modules and for local control 
systems. 

4.5 Application Software 

4.5.1 Software for driving the control consoles 

An overview of the intended operation of the control consoles has been written. 
This document is intended to serve as a specification for all programmers 
who work on the control console software. It can also be used later by 
operators as a guide in the use of the instruments provided on the consoles. 

The writing of the overview raised several questions which were then 
investigated, i.e. whether a Data Base System supplied by the mini-computer 
vendor could profitably be used in the Control System, the problems of 
program interaction and synchronization, program scheduling, etc. At the 
time of writing several other problems are being investigated, e.g. how 
data is to be shared by programs running in different partitions, how best 
to avoid the problems associated with scheduling a program when that program 
is already scheduled and running, etc. 

We have commenced with a system analysis and design, leading to a detailed 
functional specification of programs necessary to implement the operations 
of the control consoles. The software has up to now been written primarily 
to test whether the proposals contained in the overview could be implemented. 
However, we think that the final software will incorporate many of the 
working programs written for test purposes. 

4.5.2 Program for the control of the magnetic field measuring equipment 
of SPC1 

From the outset it has been planned to connect the magnetic field measuring 
equipment of SPCI (MFME2) to the control mini-computer, primarily because 
the computer can very efficiently acquire the large amounts of data resulting 
from magneti- field measurements, and format and store the data in a form 
suitable for transfer to a mainframe computer. The linking of the MFME2 
equipment to the computer was accomplished with a CAMAC parallel-branch 
and crate. A program for control of MFME2 and acquisition of the data was 
then developed. The program is menu-driven, i.e. at every point at which 
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an operator is required to input data, a menu of possible choices is 
displayed on a VDU at MFME2, and the operator is prompted for his choice. 
The program also makes use of a 'configuration' file; all the program-
relevant data which could conceivably change in the future, such as the 
locations of the different CAMAC modules, or data which control the 
measurements, or calibration data, are not imbedded in the software but 
are held in this file. The file was created and can be changed with the 
System Editor program. The MFME2 software also checks (as far as is 
possible) the CAMAC interfacing hardware for faults and the acquired field 
data for consistency. 

4.5.3 Program for the control of the electrolytic tank 

In last year's Annual Report it was mentioned that software for the control 
of the electrolytic tank had been completed. Since that time there have 
been rather extensive changes to the electrolytic tank electronic hardware, 
and as the corresponding software had become rather messy during its 
adaptation to the changed hardware, it was decided to re-write the software. 
The new program is modelled on, and is very similar to the MFME2 software, 
i.e. it is menu-driven, it makes use of a 'configuration' file in which 
the program-relevant data are held, and it also carries out extensive 
checks on the CAMAC interfacing hardware and on the consistency of the 
data. At the time of writing the program is nearing completion and is 
being tested. 

Reference 
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SECTION 5 THE BEAM TRANSPORT SYSTEM 

5.1 Introduction 

During the last twelve months we have performed extensive calculations on 
all the proposed beamlines of the facility. In particular, we have 
examined the behaviour of different ions at various energies, to check 
that the apertures and field strengths of the beam transport elements will 
be adequate. At the time of writing, the quadrupoles for the transfer 
beamline have been shipped, and are en route to Cape Town, and the four 
dipoles for this beamline have also been ordered. 

We are negotiating for the manufacture of apparatus for harmonic analysis 
of quadrupoles, and have ordered the electronic equipment needed for this 
purpose. 

The complete beam diagnostic system for the transfer beamline has been 
ordered. The electronics and interfacing for this system have also been 
studied in some detail. 

The supporting structures for the beamlines are now being designed, and 
methods of surveying and aligning the beamline elements on their supports 
have also been considered. Various items of vacuum equipment, i.e. pumps, 
valves, bellows, etc. have been purchased, and the construction sequence 
for the entire transfer ^eamline is at present being planntd. 

Figures 1 and 2 show the layout of all beamlines planned at present. 

5.2 Beamline Calculations 

5.2.1 The transfer beamline 

The transport of particle beams from the injector SPCI to the SSC has been 
calculated for a variety of ion species, in order to satisfy ourselves 
that the system has sufficient versatility to cope with all these cases. 
We requested the Injector Division to calculate the trajectories of a 
number of representative particles through the extraction system of SPCI, 
and used these results to construct typical phase-space ellipses at the 
start of the transfer beamline. We then matched these phase-space parameters 
to those required at injection into the SSC for the relevant ion type. 

The construction of the initial a-matrix from the output of GOBLIN, the 
tracking program used in SPCI, is described in an internal report {I}. 
We have since written a program, INBEAM, which performs this calculation 
{2} and calculates the best-fit ellipses in the horizontal (x-x') and 
vertical (y-y') planes. These ellipses can be plotted subsequently by 
using a routine called PLOTEL. Examples of such plots are shown in figure 3 
for 8 MeV protons, 4 MeV photons and for 6 MeV 1 2 C 3 ions. A worst-
case emittance of 38TT mm-mrad was used for all these ions to facilitate 
comparison between them, although this emittance is expected to apply only 
to the particular case of 4 MeV protons at around 100 |iA beam intensity. 

It should be noted that the a-matrix derived from the SPCI trajectoty 
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calculations is somewhat artificial. This is because a central particle 
and 8 associated particles of identical momentum p are used as input, 
together with the co-ordinates of a single particle of momentum p-dp, 
where dp/p describes the fractional momentum-spread as used in the well-
known TRANSPORT program {3}. The o-matrix formalism assumes that particles 
also exist in the phase-space volume corresponding to particles with momenta 
between p and p+dp, whereas this cannot be true if particles with momentum 
p are accelerated on the peak of the accelerating voltage on the dees. As 
the program TRANSPORT can only propagate ellipsoidal phase volumes, this 
approach seems the most reasonable. However, the resulting bunch-lengths 
must be examined carefully. 

5.2.2 Injection into the SSC 

As a part of the overall checking of the transfer beamline calculations, 
the mathematical representation of the magnetic inflection channel (MIC) 
was re-examined. The MIC field is combined with the unperturbed sector-
magnet field using a program MICPROG {2}. 

Originally the MIC field was treated as a constant field with linear fall-
off at the entrance and exit edges, and with zero edge-angles. 

In our new calculation the MIC field has the following azimuthal form factor: 
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the azimuthal length between g=0,1 and g=0,9 

the radius of the centre of the MIC 

and £ and e are the edge-angles, as shown in figure 4. 

In our earlier work we simply superposed the MIC field on the sector magnet 
field, with the MIC edge-angles determined by the coil configuration: 
however, where the MIC protrudes slightly beyond the sector magnet edge, 
the iron of the sector magnet will dominate and hence determine the edge-
angle. Replacing the coil-dominated field by an iron-dominated field 
considerably alters this effective edge-angle, and calculations show that 
more focussing will be required at the edges of the preceding dipoles BMI 
and BM2 to compensate for this, particularly where momentum-matching is 
concerned. However, as these dipoles have already been manufactured, no 
changes to their edge-angles will be made until the effective edge-angles 
of the MIC have been measured in a sector magnet. 

gippiM = 
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The required edge-angles are summarised in the table below. 
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Table 1 Magnetic edge angles 

Magnet : BMI BM2 MIC 
Angle : *i 6 . 6x ** \ *> 

Old cals. 0° 0° 24° 0° 0° 0° 
New cals. -9° -9° 24° 22,5° 47° 28° 

Note: linear form-factor used for MIC with f$j = 6 2= 0 

5.2.3 Eigen-ellipse calculations 

As a preliminary step in determining the beam parameters required at 
injection into the SSC, eigen-ellipses are calculated at the valley midline 
for each ion type studied. Now,it is possible to calculate eigen-ellipses 
from standard orbit theory, for vhich a number of orbit codes exist. However, 
it is also convenient to use TRANSPORT to calculate the transfer matrix for 
a complete 90 sector (divided into 400 discrete dipole segments) and hence 
to obtain the full 6-dimensional eigen-ellipse. 

Using both methods as a means of checking, we found {4} that one of the 
orbit codes was obviously in error, but found good agreement between 
TRANSPORT and an in-house program ORBIT CODE {5}, as may be seen below. 
(Values are for 200 MeV protons, 3TT mm.mrad) 

Parameter: x(mm) x'(mrad) y(mm) y'(mrad) 

TRANSPORT 

ORBIT CODE 

1,98 

1,96 

1,52 

1,53 

3,16 

3,16 

0,95 

0,95 

5.2.4 External beamline calculations 

All the external beamlines shown in figure 1 have been recalculated to 
check, and in certain cases improve, their operation. A further objective 
was to find the maximum beam size in each beamline element, so that apertures 
for quadrupoles and dipoles can be specified. A worst-case emittance of 
8TT mm.mrad was used for all beams to facilitate intercomparison, although 
this large emittance is expected only for the 100 MeV, 100 uA proton beam. 
Most beamlines were checked with 100 and 200 MeV protons respectively, 
where applicable. The extraction system and subsequent matching to an 
achromatic beam were also tested with ^ N 3 ions, which have a very low 
turn number in the SSC. 
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The beamlines to the three radiotherapy rooms have been revised somewhat, 
as reflected in figure I. For the left-hand therapy room, where only a 
fixed horizontal beam is envisaged, a triplet of quadrupoles is sufficient 
to focus the beam on target with a small enough beam spot of controlled 
size. For the central therapy room, in which an isocentric neutron theracy 
unit will be installed, a four-quadrupole system is planned to provide a 
waist of defined size at the entrance to the unit. 

The right-hand therapy room is at present planned to have a fixed horizontal 
beam, as well as a vertical (downward) beam, both to be used for particle 
therapy. Protons up to 200 MeV and hie ions up to 330 MeV have been 
considered in our calculations. Although these calculations are still 
preliminary, it seems possible to operate with either of these beams using 
identical settings for all but the last few elements. Plots of the beam 
envelopes for these two beamlines are shown in figure 5. A three-dipole 
system (+45 ,-45 ,-90 ) is shown for the vertical beamline, as this has 
enough edge-angles to provide y-focussing: in practice it may be simpler 
to use a quadrupole between a system of only two dipoles (+45 , -135 ). 

5.2.5 Beamlines to experimental areas 

The beamlines to the experimental areas {7} can be divided into the following 
sections: 

(a) orthogonal quadrupoles (Mil to SX1) 

(b) double monochromator (SX1 to SRI) 

(c) quadrupole telescope (SRI to SWR) 

and (d) 2-doublet quadrupole telescopes (after SWR). 

The operation of the orthogonal quadrupole system is reported elsewhere 
{6} but in this case the y-waist at the slit SX1 must not be too small 
(i.e. too divergent) otherwise the beam height in the large (2 m radius) 
analysing magnets MP1 and MP2 becomes too large. 

The double monochromator has been investigated for the special cases of 
achromatic, non-dispersive and double-dispersive modes. This system also 
requires reasonably small initial waists in x and y, as the horizontal and 
vertical submatrices are not completely telescopic (R and R = 0 but 
R and R are not necessarily zero). 1 2 3H 

2 1 i»3 

If we examine the double monochromator, and denote the transfer matrix of 
each dipole with its associated drift lengths either side of it by M, and 
the section between the slits SPI and SP2 containing the quadrupoles by Q, 
then the transfer matrix of the whole system is 

S = M Q M (5) 

The quadrupole telescope between slit SRI and switcher SWR may be used as 
a zoom lens, or in modified telescope mode, although we prefer to restrict 
the magnifications to ±1 in both x- and y-planes, as this limits both the 
beam size and the quadrupole field strengths required {7}. 
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The final section, i.e. the two quadrupole doublets on each switched line, 
may be operated in doubly-telescopic mode if no specific matching is 
required on target. 

If we assume that S 1 2 = 0 (point-to-point transfer) we can show {7} that the 
dispersion element S l 6 is related to the horizontal magnification S,,: 

16 = M 1 6 (1- S n ) . (6) 

Further, if we set S 2 1 = 0 (parallel-to-parallel) which then makes the 
complete system telescopic, we find that the angular dispersion element is 
also fixed: 

S 2 6 = «26 < S 2 2 - D M 1 6 M 2 1 . (7) 

Equation 6 is plotted in figure 6 and has some interesting features, 
denoted by A to D on the graph: 

A - corresponds to normal double-dispersive mode; 

B - represents a singularity : S l x can never be zero; 
(at this point the number of times the dispersed ray 
crosses the central axis changes) 

C - corresponds to either achromatic or non-dispersive mode; 

D - S 1 6 same as at A, but without overfocussing. 

Note that the sign of Sjjcan be chosen arbitrarily if the sign of S J 6 is 
not important: this can be useful in certain cases for matching at a target. 

5.2.6 Matching to a target/detector system 

The resolving power of a detector in a typical system is degraded by the 
following factors {8}: 

(a) the emittance of the incoming beam, 

(b) the momentum-spread of the beam, 

and (c) the kinematic momentum variation with the emission angle of 
the reaction products, loosely called the scattering angle. 

The beam handling system should be designed to minimise the effect of (a) 
and to enable the effects of (b) and (c) to cancel each other. 

The overall transfer matrix of the complete system G is a product of the 
transformation R from the accelerator (or some initial point along the 
beamline) to the target, the target transformation T, and the detector 
transformation D: 

G - D T R. (8) 
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Ue divide the system R into two subsystems, N and E, where N consists of 
one or more monochromators, quadrupoles and drift spaces. The M subsystem 
is used in a dispersive mode chosen to suit a given detector. Subsystem E 
consists of a straight section containing only quadrupoles and drift spaces: 
it is used to do the emittance matching, and to modify the dispersion 
introduced by M so as to achieve dispersion matching: 

R = E M. (9) 

If we consider a particle of momentum p x having an interaction in a target 
which has been set at an angle Y to the incoming beam, as sketched in 
figure 7, and giving rise to an emitted ("scattered") particle of momentum 
p 2 at a scattering angle of OQ, then it can be shown {8} that the matrix 
element T x l of the target transformation is: 

cos(a -y) 
T = - • (10) 

1i cos y 
In practice the target angle y is usually set at approximately a 0/2, (i.e. 
half the scattering angle) for transmission (T 1 X = +1), or (a 0/2) - 90 
for reflection (11 t = -I). 

For a target-to-detector distance L, one also finds that: 

T =Iii. (ID 
i.e. T 2j is determined by T11 for a fixed detector distance. 

If we now consider particles striking the target away from the central 
axis, the angle of scattering so as to reach the detector is different, 
by an amount Aa, and the kinematics of the interaction give rise to a change 
in momentum, which may be expressed by 

^ = K.Act. (12) 

In addition,we need the kinematic quantity C, where 
9Po Pi (13) 

T, = C = — 2 - • ̂ - ' Kl*' 
1 6 P 2 3P, 

i.e. the ratio of he fractional momentum spread after the interaction 
to that of the initial beam. 
Now for proper dispersion matching to an energy-sensitive detector, we 
find the requirements to be: 

E , 2 

and E Z 2 

-K.M 1 6 (14) 

^ H Í Í . ! i i . (i5) 
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We now assume that L = I and C = I. (L< I is impractical and if L > 1, 
E 22 takes smaller values which are easier to fit. C is 5 1 by definition, 
and C ' 1 improves the ease of matching.) 

Because I u = ±1, E 2 2 must be able to change sign. This is easily done by 
changing the 2-triplet telescope from a positive to negative unit telescope. 
This leaves us with K and M 1 6 to be fitted. Beam envelope plots of the 
cases K = 0,6 and K = 1,0 for both T l l = +1 and T l t = -1 are given in 
figure 8. In these four cases we have used M 1 6 = 16,4 corresponding to 
point D in figure 6, and with the same absolute value as the normal double-
dispersive mode. The plots are for 200 MeV protons with a transmitted 
emittance of TT mm.mrad. 

If the switching magnet SWR is used to divert the beam, the subsequent 
section is more difficult to fit, due to the focussing action on x, and 
the maximum value of the product K.M 1 6 that can be fitted is smaller. Here 
the subsystem M is extended to include the switcher, and we no longer have 
M 1 2 = 0 as before. The subsystem E is now only the last four quadrupoles, 
which limits the flexibility somewhat. In figure 9(a) we illustrate the 
case of Tj = +1, K = 0,3. 

Other cases, such as matching to time-of-flight detectors {7} and to 
spectrometers {8} have also been studied. A plot showing t-o-f matching 
on the 0 beamline, wich T = 1 and K = 0,6 is given in figure 9(b). 

5.3 Hardware 

5.3.I Magnets 

The 20 quadrupole magnets for the transfer beamline have been manufactured 
and shipped to the NAC. The four dipole magnets for this beamline have 
also been ordered. A summary of their specifications is given below in 
table 2 {9}. 

Table 2 Specifications for dipole magnets 

Magnet type: D9 D29 D48 

Number needed: 1 1 2 
Angle of. bend, a : 9° 28,5° 47,5° 
Maximum allowed flux-density B : 0.4T I,6T I,6T 
Edge-angles, 3 t = £ 2 = a/2 : 4,5° 14,25° 23,75° 
Minimum total gap height, 2y : 40 mm 50 mm 40 mm 
Minimum uniform field width, 2x : 100 mm 80 mm 80 mm 
Maximum overall length (with coils) ; 340 mm 310 mm 420 mm 
Tolerance on effective length + 0,5% + 0,5% + 0,5% 

Note added in proof: the 20 quadrupoles have now arrived at the NAC 
(see figure 10). 
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3.3.2 Quadrupole harmonic analyser 

We are at present negotiating with a manufacturer for the construction of 
a harmonic analyser for quadrupole magnets. This device will be similar 
to one developed recently at GSI in Darmstadt {10} . The principle of 
operation is quite simple, and the analyser uses a single rectangular coil 
of one turn with one side of the coil coincident with the magnetic centre 
of the quadrupole. 

The coil is embedded in a cylinder, which rotates about its own axis, 
coincident with the magnetic axis. Thus the outer length of the coil, 
which is longer than the quadrupole, sweeps round through the quadrupole 
field, giving a perfect sinusoidal voltage waveform at its terminals for a 
pure quadrupole field. A microprocessor-based harmonic analyser performs 
a fourier-analysis of this waveform, and any departure from a pure quadrupole 
field is revealed as higher harmonics of the rotation frequency. The 
electronic analyser, oscilloscope, plotter, etc. have already been purchased. 

5.4 Beam Diagnostics for Beamlines 

5.4.! Introduction 

When the previous Annual Report was written not all of the beam diagnostic 
components ordered for beamlines had then been delivered. Since then, 
however, two capacitive phase probes with wide-band amplifiers as well as 
two high-vacuum linear feed-throughs with mounted slit jaws have been 
delivered. The accuracy of position measurement (with linear potentiometers) 
of these high-vacuum feed-throughs (driven with a stepping motor) was 
measured precisely {ll}. It was concluded that the specified positional 
accuracy of 0,1 mm could not be achieved over the whole range and for this 
reason we requested that encoders for position measurement be mounted or. 
the stepping motrr drives ordered for the injection beamline. However, the 
accuracy achieved with the above two drives is considered adequate for the 
Pretoria Cyclotron beamline in which they are to be installed. 

The beam profile scanner with a pneumatic actuator for "in-out" movement 
is expected to arrive soon. This scanner with a CF 100 mounting flange is 
to be mounted in the central region of the SSC. The operating requirements 
were specified to be the same as for the beam profile scanners in the 
injection beamline because the intention is that it will be operated with 
the same electronic system. 

A 10 kW Faraday cup and a 4 kW co-axial Faraday cup on order will now be 
combined into one 10 kW co-axial Faraday cup for installation in the high-
energy beamline. The feasibility of this integration was confirmed by the 
manufacturer, who however still has to carry out extensive tests on a 
prototype before a final design can be made. 

5.4.2 Beam diagnostics for the injection beamline 

The basic concept and layout of the beam diagnostic system for the injection 
beamline is, apart from minor modifications, as described and illustrated 
in the previous Annual Report. Quotations for the design and manufacture 
of the beam diagnostic equipment tailored to our specifications and 
requirements were evaluated and the desired components were ordered. 
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During a visit to the manufacturer in February this year the first conceptual 
layouts were evaluated, numerous uncertainties of design details clarified 
and the characteristics of the various interfaces established at an early 
stage before detailed designs were made; we are now in a position to 
develop various other systems in parallel. The first detailed mechanical 
drawings have now been presented to the NAC for approval. The components 
on order are briefly described below: 

5.4.2.1 Beam diagnostic chambers 

All diagnostic chambers are fitted with CF 150 flanges for mounting beam 
diagnostic equipment. The four different types of chambers required aie 
illustrated in figure II. Type A and D are standard chambers for general 
use, whereas types B and C are special chambers. The type B chamber is 
used for mounting specially large diagnostic components at those locations 
where beam diameters of up to 100 mm are expected; and the type C chamber 
is only used immediately after SPC1 and has a particular flange arrangement 
due to the space restrictions in this section of the beamline. 

Special attention was given to keeping the chambers as short as possible. 
Each chamber is provided with alignment pads onto which alignment equipment 
can be mounted to adjust the chamber accurately. Allowance has been made 
for rotation of the standard type of chambers in steps of 45° to be able 
to mount them with the desired flange orientation. This is permitted by 
rotatable flanges on the beam pipes. CF 35 flanges are provided for vacuum 
test equipment and current feed-throughs if required. The vacuum pumping 
system can also be mounted on the CF 150 ports. 

A preliminary investigation of the high-energy beamline components has 
shown that the same type of chambers can probably also be used after the 
SSC. 

5.4.2.2 Pneumatic actuators 

These actuators are for ".'n-out" movement of diagnostic components like harps, 
Faraday cups and capacitive pick-up probes. The latter probe requires an 
actuator which differs from that of the others because of the complex co
axial high-vacuum feed-through. 

However, the harps and Faraday cup are mounted on a standard adapter at 
the end of a shaft, which is driven by a compressed-air cylinder with a 
stroke of 120 mm for the standard components and 140 mm for the special 
large components. The vacuum seal is provided with bellows to allow for 
the movement. The air pressure (4 to 6 atmospheres) is controlled with a 
magnetic valve (24 V and 0,5 A). Adjustment of the shaft is possible with 
a variable tilt arrangement of the mounting plate. It is possible to mount 
a second actuator on the same mounting flange, resulting in a double actuator 
version. 

5.4.2.3 Harps (beam profile grids) 

The harp is used for the measurement of the intensity distribution of beams 
in the two transverse directions. It can be reproducibly mounted onto the 
shaft of a pneumatic actuator. The harp consists of two arrays (perpendicular 
to each other) of 47 spring-tensioned 0,1 mm thick tungsten-rhenium wires 
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mounted on an insulating frame. The number of wires in each plane was limited 
to <50, because individually-screened 50-way cable is readily available in any 
lengths; otherwise special orders have to be placed with the manufacturers 
at much higher costs, minimum lengths of 1 km and much longer delivery times. 
There are also other minor advantages for the electronic system and for the 
various connector interfaces (which are usually maximally 50-way connectors). 
An odd number of wires ensures that the centre wire lies on the beam axis; 
this is useful for display and alignment purposes. The wire spacing is 
illustrated in figure 12. A tantalum aperture is mounted for protection 
against sputtering. A photo-diode is used as a sensor for protection if 
the wires overheat. 

For a consistent multiplexing sequence of the harp wires (e.g. from top to 
bottom and from left to right) each harp would have to be wired according 
to the flange orientation on which it is mounted. For this reason we have 
decided to mount all harps vertically from the top, where possible, so 
that the internal and external wiring for all harps is identical. 

5.4.2.4 Faraday cups 

Faraday cups can be inserted in the beamline with pneumatic actuators to 
intercept and stop the beam and to measure the total beam current accurately. 
It consists of an uncooled conical 2 mm thick tantalum cup instated from 
a stainless steel support. A negative voltage can be applied to a 
cylindrical bias-electrode in front of the cup to reflect secondary electrons 
back into the cup for accurate current measurement. A tantalum screen defines 
the entrance aperture, which has a diameter of 65 mm and 90 mm for the 
standard and large version respectively. The beam falling onto this screen 
can also be measured. The maximum acceptable bean; power-density is 2,5 kW/cm2 

5.4.2.5 Capacitive pick-up probes 

The beam pulse induces a signal in the capacitive pick-up as it travels 
through this probe. Information on the time-structure of the beam pulse 
as well as the beam phase with respect to the rf accelerating system can 
be obtained from this signal. The buncher phase can be adjusted and with 
the time-of-flight method the beam energy can be accurately determined. 

The capacitive pick-up probe consists of an inner and outer stainless steel 
cylinder, constructed as a 50 Q, termination, and a segmented copper aperture 
at both ends for fine tuning of the impedance. The inner cylinder has an 
aperture of 60 mm and a length between 30 and 40 mm; computations are 
currently being carried out to finalise this dimension. The probe is 
specially designed for our beam dimensions and characteristics to ensure 
that an optimum signal is induced {12}, and can be either mounted onto a 
CF 150 flange for fixed installation in the beamline, or it can be mounted 
onto a pneumatic actuator. 

5.4.2.6 Double linear high-vacuum feed-through 

This high-vacuum feed-through provides independent linear movement of two 
elements inside the diagnostic chambers, as is for example required for 
the accurate positioning of slit jaws. Both feed-throughs are mounted on one 
CF 150 flange, which in turn can be mounted onto any diagnostic port of the 
diagnostic chambers. A special version with a CF 200 mounting flange is 
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required for the larger slit jaws for those positions where the beam 
diameter may increase up to 100 mm. 

Each feed-through consi ts of a stepping motor driving a ball-screw via a 
timing belt. One stepping motor step corresponds to 0,025 mm. Membrane 
bellows provide the vacuum seal over the stroke of 60 mm and 80 mm for the 
standard and large version, respectively. An encoder is mounted for position 
measurement. The drive is also fitted with a magnetic brake and limit 
switches. Although no water cooling is required for the diagnostic 
components in the injection beamline it was nevertheless agreed that this 
facility be incorporated now in order to standardise on drives for both 
the low-energy and high-energy beamlines in future. 

5.4.2.7 Slit system 

The slit system consists basically of two jaws mounted on and driven by 
the double linear high-vacuum feed-through described above. The uncooled 
jaws are made of 1,5 mm thick tantalum plates, which are mounted on to the 
feed-through with a stainless steel fork. The jaws are electrically 
insulated to measure the beam current intercepted. Each pair of slit jaws 
is protected with an insulated limit switch to prevent the two jaws being 
driven against each other. Each jaw will be able to withstand a maximum 
beaii power density of 2 kW/cm2, and will be able to intercept at least the 
specified 400 W maximum beam power. The jaw dimensions and extreme 
positioning possibilities are illustrated in figure 13. 

5.4.2.8 Beam profile scanner 

The beam profile scanner is used for the measurement of the intensity-
distribution of a beam in both the horizontal and vertical directions. 
The scanner basically consists of a 1 mm thick tantalum scanning wire 
'riven at both ends to avoid deformation. The intensity profile is obtained 
by directly measuring the current from the tantalum wire via a sliding 
contact. The wire is driven with a DC motor (at 750 r.p.m.) via a magnetic 
coupling across the vacuum enclosure. The wire position is detected with 
a rotary potentiometer on the shaft. The entrance aperture is limited to 
60 mm for mechanical reasons. 

The scanner can be mounted with a CF 150 flange (at 45 to the vertical axis) 
on one of the diagnostic ports of the diagnostic chambers. The option of 
retracting the scanner head was waived for financial reasons; however, the 
scanning wire is parked outside the beam when not used. 

5.4.2.9 Beam stop 

The beam stop will be mounted at the end of a beamline with a CF 150 flange. 
It stops the beam and the total beam current can be measured accurately 
because it is designed on the principle of a Faraday cup. The uncooled 
cup itself is of 2 mm thick tantalum. A 90 mm long cylindrical electrode 
(in front of the cup) with a negative bias voltage is used for secondary 
electron suppression. The entrance aperture of the 1,5 mm thick tantalum 
sputtering screen, from which beam current can also be measured, is 80 mm. 
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5.4.2.10 The emittance measurement system 

The requirements for the proposed emittance measurement system were outlined 
in the previous Annual Report. The proposed apparatus is briefly described 
here. The system consists of the following components: 

(a) The high-precision linear vacuum feed-through provides the 
desired movement of slit and detector. Four of these drives 
are required for the two transverse planes. A stepping motor 
drives a ball-screw such that one stepping motor step results 
in a linear displacement of 0,025 mm. An encoder is used for 
position measurement. A magnetic brake is fitted. The total 
stroke of 105 mm is achieved with bellows. 

(b) The 0,1 mm wide slit is located in an uncooled 1,5 mm thick 
tantalum plate. With the plate and slit dimensions and 
extreme positioning possibilities as illustrated in figure 14 
the maximum beam diameter that can be scanned is 40 mm. 

(c) The detector consists of an array of 29 tungsten-rhenium 
wires 0,1 mm thick and spaced at 1 mm intervals and carried 
b/ a c-shaped holder as illustrated in figure 14; the 
dimensions and range of positions are also indicated. 

5.4.2.11 Profile grid electronics 

Due to the large number of harp wires and the sensitivity of the current 
measurement it was proposed that only one electronic system be purchased 
for all the harps required in the injection beamline and to multiplex 
between harps {13}. Only in this way is a reasonable price per channel 
achieved. Furthermore it was specified that with this multiplexer, fast 
switching (i.e. 25 Hz) between any two harps should be possible such that 
the beam profile distribution of any two harps can be monitored and displayed 
simultaneously. 

Eight harps, each consisting of 2 x 47 wires, can be served with the 
electronic system. Each wire is linked via a switch (an opto-coupler in 
the multiplexer) to the signal processing and control electronics containing 
current-to-voltage converters with range-selection and integrators. The 
94 outputs are then fed into two 48:1 analogue multiplexers (one for the 
x- and the other for the y-direction), each of which is coupled to an 
ADC via a post-amplifier. These digitised signals are then stored in two 
RAM's (one for the x- and one for the y-direction), where they can be 
read via CAMAC directly into the computer or first into a microprocessor 
system. The information is to be displayed with a graphics display system 
on the control console; with such a system the different wire spacings of 
the harp can easily be taken into account. An analogue output for test 
measurements or for oscilloscope display is also available. The harp and 
amplifier-range selection is specified via CAMAC. The harp wires are 
monitored with a photo-diode to avoid overheating. Signals from the 
selected harps are available to the computer and can also be used as 
independent hard-wired interrupt signals. Opto-isolation will be done in 
CAMAC. 

5.4.2. i2 Beam profile scanner electronics 

For the display of beam profiles from the scanners, a system has been ordered 
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whereby again a multiplexer is used such that one electronic system can 
serve up to eight scanners. Any two scanners out of a possible 8 can 
be monitored simultaneously. 

For the display of a beam profile, the beam current and the voltage from an 
endless rotary potentiometer are fed into two separate multiplexers. The 
current signal is amplified with a variable-gain amplifier with an analogue 
output to the y-channel of an oscilloscope and to a CAMAC-interface module. 
The signal for the wire position is first fed into a comparator and further 
signal-processing electronics before it is supplied to the same CAMAC-
interface module or to the x-channel input of the oscilloscope for the 
horizontal sweep. Markers can also be placed on the profile trace via the 
z-input of the oscilloscope to indicate the relative beam position; this 
position information of the scanning wire is also supplied to the motor 
control to ensure that the wire is parked outside the beam when the scanner 
is not used. The motor control and driver for the DC motor form part of 
the electronic system. 

The CAMAC-interface module includes electronics for range selection, a 10-
bit ADC, a RAM for data storage and electronics to control the whole 
reading procedure as well as storage and output of data. It also allows 
the computer to select scanners and to switch the motors on and off. 

5.4.2.13 Electronics for the emittance measurement system 

The mechanical components were mentioned in section 5.4.2.10. After an 
evaluation of the financial implications and the available manpower it 
was decided to purchase only the signal-processing electronics. This 
consists basically of 30 amplifiers, 29 for the harp-wires, and 1 for the 
slit current (which is typically a factor 100 larger) for normalisation. 
The range selection for the amplifiers is realised with high-quality 
analogue switches. Eight ranges are provided; the lowest range corresponding 
to 100 pA full scale (i.e. 5 V output). The amp1ifiers are followed by 30 
integrators which feed a 32:1 analogue multiplexer followed by an ADC. 
Thirty channels are for the amplifiers and the remaining two for the slit 
and detector position. The stepping motor controller and driver, the 
microprocessor control system and the interface to CAMAC will be designed 
and manufactured within the NAC. 

5.4.3 Signal distributions from capacitive pick-up probes 

The dimensions of the capacitive pick-up probe for the injection beamline 
(as described in section 5.4.2.5) need careful consideration for the optimum 
signal distribution (14}. A study has been made of the mathematical analysis 
for the calculation of phase probe signals {15}. With the aid of a computer 
program the optimum probe dimensions for our beam requirements can now be 
determined. 

The induced capacitive pick-up signals were synthesized numerically for 
8 MeV and 0,86 MeV protons (the extreme proton energies) and 0,47 MeV 
1 1 ( N 3 + (one of the slowest particles) for pulse widths of 4°, 8°, 20° and 40°, 
internal probe radii from 15 mm to 30 mm, and probe lengths from 20 mm to 
50 mm 112}. Figures 15a and b illustrate typical phase probe signals for 
8 MeV protons for two extreme probe dimensions. 
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The following cardinal conclusions could be drawn. Although a smaller probe 
radius will yield a larger signal amplitude, the expected beam size is the 
main factor in the choice of the internal probe radius; for this reason 
a probe radius of 30 mm is proposed. A probe length of 50 mm or more is 
desirable as it gives a larger signal amplitude without deterioration of 
the signal shape; in fact a longer probe improves the sharpness of the 
zero cross-over. For slower particles, such as 0,47 MeV N + , the probe 
length does not have such a drastic influence on the signal amplitude and 
neither does the probe radius have a strong influence on the zero cross
over sharpness. Figure 16a summarizes the signal amplitude for the shortest 
beam pulse for various probe dimensions and beam energies and figure 16b 
illustrates the time structure of the beam pulse as a function of bunch 
length and probe dimensions. 
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Fig. I The layout of the shielded areas showing the beamlines and magnets planned at present. 
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Fig. 2 Beamlines with slits and dipole magnets identified as referred to in the text. 
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Fig. 3 Best-fit ellipses for a central particle and 8 associated 
particles tracked out of SPCl. 
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Fig. 4 Parameters used in defining the MIC field. 
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Fig. 5 Beam envelope plots for the right-hand therapy rooms of fig. 1: 
(a) for a fixed vertical (down) beam, using three dipoles, and 
(b) for a fixed horizontal beam. Note that the switching magnet 
introduces a horizontal dispersion ray, while the dipoles create 
a "vertical" dispersion ray. 
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S, ( (in units of M I S ) 
3 

Fig. 6 The relation between Sj and S 1 6 for a complete double 
monochromator with a quadrupole system between the two 
dipoles: 

A • normal double-dispersive mode; 
B = a singularity: S is never zero; 
C = achromatic/non-dispersive mode; 
D = same dispersion as A, with opposite sign. 

detector 

MAC • • t i l 

Fig. 7 Target transformation parameters (see text). 
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Fig. 8 Beam envelope plots between Mil and the target on the 0 beamline: 
(a) T X 1 = +1 K = 0,6 (b) T n = +1 K = 1 (c) Tn • -1 K - 0,6 (d) T n • -1 K • 1. 



138 

<\J 
(M 
00 

U 
< 
z 

I 
f I 

r-
WO r 

\:mm 

: » 
i 

? v 
; I 

• i ' v 

t 
\ 

4-V-
, I 
; ! 
! I 

+•/-
'• I 

; / 
• i 

:i u 

.r--.: r • • - ( • & -
1 » 

} 
• & • - • • ' 

1r-- I 

0 I -

Ul 
o 

to o 
< 
O 

CO 

CO o < 

1 Q£ . 
CO 

CM 
Q . 

<M 
Q . 
CO 

CO 
O 
< 
O 

CO 

8 
< 
3 
O 

o 
I 

X 
CO 

±s. 

» • - 1- y- - — v i \ • 

r i J ( íi i 
I 1 { f í.r i 

%:-r 

f^/.iJ.i/tV*-"»"! 
fH-f ,-.•*.: r - -^ 

F^fpS 

Ln.: :-=£ rr.-: ífcr—:: ir . - jsr l 

! \ 

•\- h—' 

r .. .,... . _ f f 

m £ 
« 00 

o • f t 

• <M 

Sí 
O 

« 1 
mm 0) 

+ •S 
» w 

~yO 
m* • h 

H O 

JZ • 
4J 

•r* *& 3 
• k 

V M * 

c + •r4 
l - l 1 

I V « 4 

J O H 

^"N .e 
4-1 4J 

<« • i - l 
4) 3 

f - l 
% • 01 

c O • H 
O !-» vO B 
01 0) 

£ J0 
4J 

o 
/•% o (0 • * - • 01 •o JC 01 
u u 4-1 

o (S 
vw <—s (0 

X I B 
0) * * • 0) 
4J Q. 
o TJ 8 

f » e o 
a, <o y 

CT» 

• 
ao 

•r* 
U. 

•j o j - z -

o 0 3 



J 
139 

Fig. I.) Quadrupole magnets for the transfer beamline, shown with field-clamp 
plates and protective covers removed. 
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Fig. 11 The four types of becm diagnostic chambers ordered for the injection 
beamline. Types A and D are standard chambers for general use, 
whereas types B and C are special chambers. 
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Fig. 12 The number and spacing of the 0,1 mm thick wires for the standard 
(left) and large (right) harps for the injection beamline. 
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Fig. 13 The dimensions and extreme positioning possibilities of one jaw 
of a standard slit system for the injection beamline. (Dimensions 
in brackets are for the large-sliu version.) 



142 

100 

Fig. 14 The emittance slit-plate (top) and emittance detector (bottom) 
showing dimensions and extreme positioning possiblities. The 
detector consists of an array of 29 wires 0,1 mm thick spaced 
at 1 mm intervals. 
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Fig. 15 Typical signals from a cylindrical capacitive phase-probe (for the 
injection beamline) induced by a beam pulse travelling through 
this probe. These signals have been computed for 8 MeV protons 
with pulse widths of 4° (O), 8° (A), 20° (+) and 40° (*) for the 
two extreme probe dimensions considered. The pulse repetition 
frequency is 26 MHz. Figure 15a illustrates the beam pulse signals 
for a probe length (L) and inner radius (r 0) of 20 mm and 15 mm 
respectively; for figure 15b L = 50 mm and r = 30 mm. The 
vertical scale denotes the relative induced current amplitude due 
to one charged particle (scale factor • 1 IO- II A) 
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Fig. 16a The maximum signal amplitude (in units of 1 x 10" A per charged 
particle) from a cylindrical capacitive pick-up for a 4° beam 
pulse width (i.e. 16,6 mm bunch length) as a function of the 
probe radius r and length L (in cm) for three different beams. 
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Fig. 16b The time interval AT between the positive and negative peaks 
of a beam pulse signal (see figure 15) as a function of the 
bunch length A0, for a probe radius of 30 mm and various probe 
lengths L (in cm) 
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SECTION 6 MECHANICAL ENGINEERING 

6.1 Introduction 

Work done by the mechanical section is described more fully in the relevant 
sections of this report. The major components which have been designed 
during the past year include: EAR probes, an ion-source with driving 
mechanism for SPC1, a coupling system for SPC1, additional magnetic field 
measuring equipment for SPC1, beamline structures with some components 
and various jigs and supporting equipment. There are also many components 
being manufactured at present by outside contractors which require considerable 
attention from our technical staff in order to monitor quality and progress. 

6.2 SSC Magnets 

The first complete magnet was delivered to site earlier this year. After we 
had spent . number of days checking tolerances and dimensions on the assembled 
pole-pi- ^s in the low-energy area, the whole magnet was assembled in the 
SSC vac , together with its main and booster coils. 

In order to lift the assembled pole-pieces over the SSC vault wall, a 
special frame had to be constructed to lift the front section, as the main 
coils occupy virtually all the room available for lifting lugs. In addition, 
a spreader frame was made to prevent any torque on the lifting frame. 

In the near future the field measuring equipment, cooling system manifolds 
and power cables for this magnet will be installed. 

The second magnet is presently being machined according to programme at 
the company undertaking this work in Cape Town. 

6.3 Cyclotron Magnet Supporting Feet 

After machining, the first magnet was assembled on its three supporting 
feet at the contractor's works. Tests were then undertaken to confirm the 
adjustment capabilities of the supporting feet. These tests confirmed that 
one operator using a 10 tonne hydraulic jack can easily move the total magnet 
of 350 tonnes in the horizontal direction, as required for positioning the 
magnet accurately in the SSC vault. 

6.4 Sector Magnet Vacuum Chambers 

To date three vacuum chambers have been delivered to site. The outstanding 
MIC vacuum chamber will arrive in July 1982. 

After considerable delay due to technical problems and stringent tolerances 
on the first chamber, the second and third chambers were manufactured in 
quick succession. All the chambers delivered are within the required 
tolerances. 

Special cleaning facilities have been installed on site and, after thorough 
cleaning, final high-vacuum tests will be undertaken. 
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6.5 Trim-coils for the Sector Magnets 

During the manufacture of the very first set of trim-coils, a few modifica
tions were found to be necessary. They all related to the position of the 
leads and inlet/outlet connections. These changes delayed delivery of the 
very first set of trim-coils. The bottom half of the first trim-coil set 
is very near completion, as can be seen in figure 1. We are now writing 
an assembly procedure for these trim-coils for our first pole package. 

6.6 SSC Resonators 

During the past year extensive progress has been made with the SSC 
resonators. 

The design work by the contractor is now complete. A large number of 
changes have beer, made to the original design in order to improve tolerances 
and simplify manufacture. These changes mainly involve the inner and outer 
delta and the support structure at the top of the outer conductor. 

In order to discuss and approve the changes necessary a number of meetings 
with the contractor were held overseas. At these meetings construction 
progress was also monitored. The stainless steel cases are presently being 
built and the plating of the first set of conductors is progressing 
satisfactorily. In addition a large number of smaller components are now 
complete. 

Delivery of the first resonator is expected during the second quarter of 
next year. 

6.7 Cooling System 

6.7.1 Service laboratory cooling system 

This system, which has been operating satisfactorily during the past year, 
is currently being used in the rf-laboratory, the electrical laboratory 
and the vacuum laboratory. 

6.7.2 Phase One cyclotron cooling system 

This system, which was fully described in the previous Annual Report, is 
presently being used in the power supply room, and for the main coils of 
SPC1 and the calibration magnet. It will shortly be used on the SSC main 
coils and on additional components being fitted to SPCI. 

6.7.3 Final cyclotron cooling system 

Modifications and additions have been made to the schematic layout of this 
system (see figure 4) in order to improve the control and monitoring of 
the system and to provide cooling tc components not previously included. 

On the acceleraror circuits 1 to 5, speed control has been included for 
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all pumps circulating demineralised water. This will allow us to adjust 
the delivery pressure up to a maximum of 10 bar and reduce the noise level 
to a minimum. The alternative of using a valve to throttle the flow would 
have aggravated the noise position. 

Tap-off points have been provided on the 17 Ctown water supply to the heat-
exchangers to allow for cooling of the helium compressors and other 
components made of metals which will not be compatible with the demineralised 
water. 

A separate heat-exchanger and cooling circuit has been provided to allow 
for cooling which is required in blocks F and J of the building. 

A second intermediate loop has been added between the chilled-water circuit 
and the original intermediate circuit with a mixing connection at either 
end. The reason for this addition is to provide for better control in the 
chilled-water circuit. This advice was obtained from the manufacturers of 
the chillers. This has entailed the addition of four extra pumps together 
with their ancillary equipment. 

The chiller layout has been modified. Previously a series-parallel 
arrangement was used. The new arrangement entails mounting all five 
chillers in parallel. In addition the number of cooling towers associated 
with the chillers has been increased from two large cooling towers to four 
smaller cooling towers. 

The buildings required to house the total cooling system have been completed 
during the past year and installation of the final cooling system should 
begin in the second half of this year. 

The distribution pipework for the cooling system is partly installed in 
some areas and will be extended in the near future. The pipework around 
the SPC1 area and in the power supply room is complete. Manifolds for 
testing the first SSC magnet main coils have been completed and will be 
installed shortly (figure 2). 

6.8 Workshop 

We have finally moved to our new workshop and this has improved our co
ordination and production. A general view of our workshop can be seen 
in figure 3. 

We have manufactured the following major components in our workshop; 

(a) EAR probes, 
(b) aligning equipment for the MFME for the SSC, 
(c) SPCI feed-throughs, 
(d) a complete assembly of trim-coils including cone coils, 
(e) supporting rings for trim-coils and feed-throughs, and 
(f) all the cooling manifolds and water lines required on SPCI and 

the SSC as well as many smaller components. 
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Fig. 1 The lower set of trim-coils for the first sector magnet, 

Fig. 2 Water manifolds being assembled below the SSC. 

* 
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Fi^' '3 General view of a part of the new mechanical workshop. 
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SECTION 7 ELECTRICAL ENGINEERING 

7.1 Introduction 

The Electrical Engineering Division has assisted in the design and/or 
construction of the following projects: 

(1 

(2 

(3 

(4 

(5 

(6 

(7 

(8 

(9 

(10 

(11 

(12 

(13 

A brake controller for stepping motors. 

A slit system control for the Pretoria Cycltron. 

Modification of the electrolytic tank to accept absolute 
shaft encoders. 

Assembly and testing of 4^-digit digital voltmeters. 

A magnetic field measurement control unit for Bending Magnet BM2. 

A LAM-grader for the Control Division. 

The safety system and interlocks. 

Investigation of high-voltage technology as applied to 
electrostatic extraction channels. 

Laying of cables for power supplies. 

Digital delay-lines. 

Design and construction of a vacuum meter. 

Specification and ordering of high- and low-voltage power 
supplies. 

A closed-loop stepping motor controller. 

All these items are described elsewhere in the annual report except for 
items 10-13 which will be treated in more detail in this chapter. 

7.2 Digital Delay-Lines 

The nuclear research section required two delay-lines to delay pulses by 
up to 60 ys. The average pulse has a length of 0,5 ys and pulses could 
occur every 1,5 ys. Each delay-line must be capable of carrying at 
least 60 1 1,5 = 40 pulses at any one time. Each line consists of 63 shift-
registers grouped as shown in figure I. Groups consist of 1, 2, 4, 8, 16 
or 32 shift-registers. Any group may be selected by closing a switch on 
the front panel which inserts the group into the delay line. When the 
switch is opened any pulse arriving at the. input to the group is passed 
on to the next group. All the shift-registers are controlled by a 1 MHz 
crystal-controlled clock. Therefore any delay between 1 and 63 ys in 
steps of I ys may be selected by switching in the correct shift-register 
groups. Delays caused by individual gates when by-passing a register 
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group are not added to the selected delay time provided the total delay to 
the next group is less than a clock period. Between the delay-line input 
and the first shift-register is a "hold" circuit which will send the first 
shift-register input high when a pulse arrives at the delay-line input. 
The shift-register input will remain high until the information has been 
clocked through the first shift-register. The delay-line input must then 
go low before the hold circuit will be reset to receive the next pulse. 
This ensures that a pulse will not be lost if it arrives between clock 
pulses and also prevents more than one pulse being clocked through should 
the incoming pulse be longer than one clock pulse. 

7.3 Vacuum Meter 

Figure 2 shows the schematic diagram of an auto-ranging vacuum meter designed 
and built by NAC personnel for measuring pressures from 1,5 x 10~ 3 mbar to 
3 x 1 0 - 7 mbar. The gauge heaa (cold cathode type) is connected to a power 
supply of 1080 volts which causes a current, related to the vacuum being 
measured, to flow through the gauge head. The output from the gauge head 
is first buffered by an op-amp giving out a voltage proportional to the 
gauge current. The buffer output is further amplified by an op-amp which 
can be switched to four different gains by means of bilateral solid-state 
switches controlling four different values of feed-back resistors. A 
clock oscillator drives a ring-counter which controls the bilateral switches. 
The counter always starts at the lowest gain (the 1 k resistor) proceeding 
through progressively higher ranges until the correct range is reached or 
until the highest range is reached. The counter is then reset and the process 
repeated. 

The correct range is determined by a voltage comparator which compares the 
output from the voltage amplifier with a reference voltage (0,3 volts). 
The comparator output is normally high but goes low as soon as the output 
from the voltage amplifier exceeds the reference voltage. The low output 
from the comparator disables the clock pulse to counter Rl thus holding this 
particular range. At the same time counter R2 is enabled. After three 
clock pulses a latch signal is sent to the decoder/latch to hold the 
information in the display indicating which range has been selected. At the 
fourthclock pulse the analogue output from the voltage amplifier is switched 
through to a sample-and-hold circuit which is connected to a digital voltmeter 
which together with the range display indicates the pressure in the vacuum 
being measured. On the fifth clock pulse counter R2 resets Rl and at the 
same time resets itself. Counter Rl then again starts cycling from the 
lowest gain and the process is repeated. 

The binary output from the range display is decoded by magnitude comparators 
which drive four relays via transistors. These relays are used to control 
some of the vacuum equipment such as pumps, valves etc. The actual values 
at which the relays will pull in can be preset by switches SI to S5 
and the relevant potentiometer. 

7.4 Power Supplies 

During the past year specifications were written for a further 36 power 
supplies. Quotations were received from various firms and orders have 
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been placed for 32 out of the 36. Two of these have already been delivered. 
To date orders have been placed for a total of 64 power supplies of which 
9 have been delivered and an additional 22 supplies should be delivered 
before the end of October. Figure 3 shows a front view of a cabinet 
containing the power supplies for the SSC trim-coils. The cabinet contains 
four supplies, each capable of delivering 500 amps at 16 volts dc with a 
current stability of 100 parts per million. The left and right sides of 
the cabinet are identical, each containing two complete power supplies. In 
figure 3 the left door is closed, showing the front panel and controls 
including voltmeters, ammeters, hour meters, interlocking and safety 
indicators and various switches such as local/remote switches, on/off switches 
etc. The right door has been left open, showing the water-cooled transistor 
banks at the back and the polarity change-over switches in front. The main 
power circuit for each power supply consists of a three-phase mains transformer, 
a three-phase full-wave rectifier bridge, a series transistor-bank regulator, 
a dc current transformer and a polarity change-over switch. At present these 
supplies are being tested for long-term stability. 

7.5 Closed-Loop Stepping Motor Control 

Figure 4 is a schematic diagram of a closed-loop stepping motor controller 
to be used for various applications where stepping motors are used, such as 
for positioning probes etc. The motor drives an absolute shaft-encoder 
through a gearbox. The gray-code output from the encoder is converted to 
binary-coded decimal which is then taken to a front-panel display showing 
the actual shaft position. The required shaft position is selected by means 
of thumb-wheel switches and this value is stored in a latch. The actual 
and required shaft positions are compared in the comparator which feeds a 
signal to the motor-driver indicating whether there is an error and the 
direction in which the motor has to be driven. The motor-driver then drives 
the stepping motor through the power amplifier until the shaft reaches the 
required position. Switches on the front panel allow the motor to be controlled 
either automatically as described above or manually from the front panel. In 
the manual mode the motor may be driven continuously in either direction or 
driven a single step at a time. A pre-set speed selector has also been provided. 
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Fig. I Digital delay-line schematic. 
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Fig. 3 Trim-coil power supplies. 
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SECTION 8 BUILDINGS 

8.1 Progress 

The 3-storey office and laboratory block (Block J in figure 1) is now 
complete and occupied by the NAC. Roadworks, parking areas and planting 
of grass in the vicinity are presently in progress, and should help to 
reduce the dusty conditions being experienced. The completed office and 
laboratory block is shown in figure 2. 

8.2 Phase 1 

In the first part of the cyclotron hall, completed under Phase 1 of the 
building contract, the only change has been the installation of a steel and 
aluminium floor at ground level inside the SSC vault, (figure 3) and the 
erection of the cable distribution ladders beneath this floor (figure A). 

Block F, which is now complete, houses the central store and the mechanical 
workshops, etc. The machine shop is shown in figure 5. 

8.3 Phase 2 

There has been rapid progress in Phase 2 of the building program, and the 
extension of Block A has now reached roof height, as may be seen from 
figure 6. The entire floor slab, in the form of a one-metre thick reinforced 
concrete raft,has been cast and provides a working surface for the mobile 
cranes used to erect shuttering for concrete columns, steel roof trusses 
etc. The service corridor, which runs the length of the cyclotron hall, is 
now being constructed, together with Block G which links the complex to 
Block J. 

The radiotherapy vault basement walls have been cast, and the isotope 
production basement area is also nearing completion. For the thick shielding 
walls in this area a special sequence of construction is being used to 
accelerate the completion of chis phase of the contract. Firstly, a 500 mm 
thick wall of specially prepared limestone concrete is erected on the inner 
face of the vault walls. Secondly, an outer wall of blockwork is built, 
using hollow pressed blocks made of a special concrete mix. The hollows 
in the blocks are then filled up with concrete, and finally concrete is 
poured into the big cavity between the limestone wall and the blockwork 
wall. The construction of these walls may be seen from the photograph of 
figure 7. 

8.4 Block C and Hospital 

After lengthy discussions between the NAC and the Hospitals Department of 
the Cape Provincial Administration (CPA), it has been decided that a 30-
bed hospital will be established on the CSIR site at Faure, and closely 
linked to the rest of the facility. 

A pictorial view of the planned hospital is shown in figure 8, together 
with Block C, which houses the patient-handling areas together with wings 
for medical physics and radiobiology offices and laboratories. 
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A: Cyclotron hal1 
B: Therapy vaults 
C: Patient-handling wing 
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Fig. 1 Plan of the NAC site. Partly-shaded areas are at present under construction, while fully-shaded 
areas represent completed buildings. 
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Fig. 2 The completed office and laboratory block, (Block J) with the 
cyclotron hall visible behind it. 

*i£. 3 Thp new floor in the SSC vault: it is supported on an aluminium framework 
in the vicinity of the magnets. (The wooden rovers are temporary.) 
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Fig. 4 Cable ladders and walkways suspended below the floor of the SSC vault. 

Fig. 5 A view of the new machine shop in the mechanical workshop complex. 
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Fig. 6 Phase 2 of the construction of the cyclotron hall and related buildings. 

Kig. 7 Construction of the thick concrete walls surrounding the radiotherapy 
vaults, with 0,5 m of limestone concrete on the inside face. 
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Fig. 8 Pictorial view of the planned patient-handling areas for radiotherapy, together with the wings 
for medical physics and radiobiology (foreground) and a 30-bed hospital (top right). 
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SECTION 9 THE PRETORIA CYCLOTRON GROUP 

Since the publication of the previous annual report {l}, there has been a 
re-organisation within the NAC structure whereby the basic experimental 
nuclear physics research programme and the programme for the development 
and maintenance of standards for radioactivity measurements have been 
discontinued at the Pretoria Cyclotron Group (PCG) and transferred to the 
Research Group of the NAC at Faure. Simultaneously the neutron study 
programme has been expanded and the practical aspects of the proposed 
therapy programme have been clearly defined. 

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

(a) Cyclotron operation and development 
(b) Production of radio-isotopes 
(c) Neutron therapy facility 
(d) Neutron studies (physical) 
(e) Neutron studies (biological) 
(f) Services to industry and other organisations 

The primary facility at the Group's disposal is a 110 cm variable-energy 
cyclotron with an external beamline leading to a separate experimental 
hall. The cyclotron is equipped for the bombardment of both internal and 
external targets for the production of radio-isotopes. The machine is 
continually being upgraded and modernized and special attention is now 
being given to the external beam current in order tc provide a suitable 
external deuteron beam for neutron therapy. The radio-isotope production 
programme embraces research and development plus the routine production 
of radio-isotopes, labelled compounds and radioactive sources for local 
medical and industrial use. Some long-lived radio-isotopes are also 
produced for export in bulk. A fast-neutron therapy facility is currently 
being created in collaboration with the Johannesburg and H F Verwoerd 
Hospitals of the Transvaal Provincial Administration (TPA). In support 
of the future neutron therapy programme, physical and biological studies 
are being undertaken with fast neutrons. Services to industry and other 
organisations are rendered in the form of the regular supply of radio
isotopes, preparation of special products and advice on the use of radio
isotopes. 

Reference 

1. National Accelerator Centre Annual Report NAC/AR/81-01 
(CSIR, 1981) 
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9.1 Cyclotron Operation and Development 

General Remark: The Accelerator Group at Faure plays a major role in 
the modification of the Pretoria Cyclotron to provide a suitable external 
deuteron beam for the neutron therapy programme. 

9.1.1 Maintenance ana levelopment 

The manufacturing of the components for the short-circuiting plates has 
been postponed in favour of the additional components needed for the 
extraction of higher deuteron beam intensities for the planned neutron 
therapy facility. The short-circuiting plate project will, however, be 
resumed as soon as possible for variable-energy applications. 

The new water flow-switch system has been installed and apart from minor 
problems, which can be rectified with slight refinements and modifications, 
it functions well and seems to be more reliable and maintenance-free than 
the old diaphragm-type system which it replaced. 

The operation of the automatic target exchange system is still not 
satisfactory and the necessary modifications will be carried out to ensure 
more reliable operation. Although the design of the target transport system 
has been finalised, no serious start has been made with the construction 
due to the higher priority assigned to the modifications of the cyclotron 
for the neutron therapy project. 

A start has been made to a systematic up-grade and simplification of all 
the safety and interlocking circuitry controlling access to both the 
cyclotron and experimental halls. Special attention is also being given 
to safety aspects relating to the high-voltage circuits. 

The last of the spare ion-source filament voltage-generators broke down 
during the latter half of December 1981. With a minimum of delay, the old 
beta-spectrometer power supply was modified, tested and put into operation 
during the second week of January 1982. The power supply has functioned 
reliably ever since but we have nevertheless decided to modernize the 
trigger design and to replace all the obsolete solid state components. 

9.1.2 External beam focussing 

The object of this project is to obtain an external 16 MeV deuteron beam 
of 60 - 80 uA which would be suitable for the neutron therapy facility. 
The passive and active magnetic channels required for the focussing of 
the beam {l} have been manufactured. The passive magnetic channel has 
already bei'.n installed between the two dees, downstream from the 
electrostatic channel, and the predicted partial focussing of the beam 
has been realised. Beam intensities of up to 30 pA can now be delivered 
in the experimental hall. For further focussing of the beam, the active 
magnetic channel will be installed in the present isotope production 
chamber. The installation of the passive magnetic channel resulted in a 
slight decrease in the radius of the extracted beam. To compensate for 
this effect, the isotope production chamber together with the beamline and 
switching magnet were shifted through an angle of k . 
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9.1.3 Electrostatic deflection 

The design of an additional electrostatic channel {2}, which is required 
to increase transmission through the existing deflection system (30% at 
present), has been completed and it is currently being manufactured. We 
hope that after installation of this channel the extracted beam current 
will be increased by a factor of at least two whilst the load on the 
existing deflection channel will be lowered. 

9.1.4 Beam diagnostics for the beamline 

The delivery of a specific absorbed dose to a patient receiving neutron 
therapy according to the stringent requirements of the consulting radio
therapist requires that two primary conditions be met: firstly the 
accelerator must produce a reliable and consistent source of charged 
particles and secondly, where the beam must be transported over some 
distance, a fairly sophisticated examination of the beam must be made 
before it impinges on a neutron-producing target. The beam characteristics 
of interest are beam intensity, the position of the beam in the beamline 
and the beam profile at various points along the beam transport line. 

We have used the computer programme TRANSPORT to obtain a beam envelope, 
which allowed us to determine the optimum position of the diagnostic 
equipment in the beamline. The layout of the diagnostic equipment between 
the isotope production chamber of the Pretoria cyclotron and the proposed 
neutron collimator in the experimental hall adjacent to the cyclotron room 
is shown in figure 1. The associated beam envelope is shown in figure 2. 

The diagnostic items to be installed in the cyclotron hall include a 
Faraday cup (after the first quadrupole doublet) to monitor the cyclotron 
performance and the beam extraction without having to set the rest of the 
beamline, and two beam profile monitors, one on each side of a double-slit 
system. Initially a second double-slit system mounted in a diagnostic 
chamber in the experimental hall was also proposed. This has temporarily 
been excluded from the beamline due to financial reasons but the diagnostic 
chamber is still being retained together with two beam profile monitors. 
A beam profile monitor and a Faraday cup will also be installed in f'-ont 
oi the target at the end of the beamline. The basic concept underlying 
the particular choice of items as well as their specific function has been 
described in an earlier report {31. The Faraday cup preceding the target 
will also act as a beam stop (power rating 6 kW) after beam alignment has 
been completed prior to patient treatment. 

Except for the two Faraday cups and one slit system which are still on 
order, all the diagnostic equipment has been delivered. The beam profile 
monitors (including the control unit) have been tested at the Southern 
Universities' Nuclear Institute ct Faure and all the diagnostic chambers 
have been vacuum tested. These chambers have also been designed as test-
chambers for various diagnostic equipment. An oscilloscope for the display 
of the beam profile signals has been delivered. The unit to measure 
monitored currents (up to 12) as well as the driver unit for controlling 
the Faraday cups (via a pneumatic system), have each been constructed and 
tested at Faure whilst the control unit for the slit system is still under 
construction. 
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9.1.5 Electronics for the diagnostic equipment 

Twelve current measurement and display units for the measurement of slit 
and Faraday cup currents have been built and tested (see section 3 . 6 . 2 ) . 

A console control unit for the remote control of pneumatic actuators has 
been completed. The unit, as illustrated in figure 3, consists of 8 channels 
each of which enables remote actuation of a solenoid pneumatic valve to 
allow in and out movement of the associated actuator. Limit switches allow 
illumination of "fully-in" and "fully-out" lights on the control unit, and 
so render confirmation of full travel in either direction plus steady-state 
display of actuator positions. 

The bias voltage supply unit, as illustrated in figure 4, fulfils two roles. 
It terminates the trunk cable from the remotely located pneumatic actuator 
control unit, and distributes individual cables to the various actuator 
locations. Primarily, however, it generates a range of bias voltages, up 
to 500 VDC, for distribution to those actuators which support beam diagnostic 
probes requiring a bias supply to promote recollection of secondary emission 
electrons, as in the case of Faraday cups, for example. 8 Voltage divider 
chains, with tapping nodes in the range 50 to 500 VDC, supply 8 individually 
programmed bias outputs. Two front panel rotary switches facilitate 
experimentation on any selected channel to determine the optimum bias 
voltage for the associated probe; once determined, a hard-wired link is 
installed internally to maintain the tapping voltage selected for that 
channel. 

The units mentioned above are ready for installation, together with all 
the interconnecting cables. 

To operate the double slit system a slit control module {4} and stepping 
motor driver unit have been designed and are nearing completion. A block 
diagram of the electronics for this system is shown in figure 5. 

9.1.6 Utilization 

During the past year total cyclotron operation hours amounted to 7092. 
The cyclotron was availaDle to users for 5993 hours during which time 4791 
beam hours were logged, which represents a running efficiency of 79,9%. 

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

Table 1 Cyclotron operation 

Hours % 
Planned service 589 8,3 
Interruptions 510 7.2 
Radio-isotope production 5562 78,4 
Experiments 

Total 

43 Í 6,1 Experiments 

Total 7092 100 
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Fig. 1 Layout of beamline between external isotope production chamber and variable 
neutron collimator in experimental hall: Q quadrupole magnet, SM steering magnet, 
VP vacuum pump, BS beam stop, W vacuum valve, BI beam isolator, FC Faraday cup, 
BPS beam profile scanner, DSS double slit system, BM bending magnet, DC diagnostic 
chamber. 
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Fig. 3 The console control unit for eight pneumatic actuators. 
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Fig. 4 The bias voltage supply for components mounted on pneumatic 
actuators. A DC bias voltage between 50 and 500 V can be applied. 
This unit is to be used together with the console control unit 
for the pneumatic actuators. 
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9.2 Production of Radio-Isotopes 

Summary: Various improvements have been introduced to the production 
procedures of a number of isotopes. New methods for the 
recovery of 1 3 9Ce from La targets and 2 0 3 P b from Tl targets 
were developed,both of which are based on ion-exchange 
chromatography. Almost 100% recovery of 1 3 9Ce and 2 0 3 P b as well 
as end-products of very high purity are obtained. Further 
improvements were introduced to the distillation technique for 
the recovery of 1 2 3 I from Sb targets and the accompanying quality 
control procedures. The preparation of l 2 3I-labelled ortho-
iodohippuric acid was also started and approximately 95% labelling 
is obtained. 

Investigations were initiated for the production of 7 7Br by the 
7 5As(a,2n) 7 7Br reaction and 1 9 1 0 s and 1 9 1Pt by the 1 9 1 I r 
(d,2p) 1 9 10s and 1 9 ^ríd^n) 1 9 lPt reactions. The aim is to use 
the 1 9 1 0 s and 1 9 1 P t in generators to produce 1 9 1Ir. In the 
case of 7 7Br a yield of 205 yCi/yAh was obtained at the end of 
bombardment and the recovery of this isotope by a distillation 
method currently ranges from 50 to 60%. A preliminary bombardment of 
2 9 1 I r with 16 MeV deuterons indicated that useful amounts of 
1 9 *Pt can be produced but that the yield of 1 9 1 0 s will be very 
low. 

Procedures have been developed for the recovery for re-use of 
enriched 1 0 9Ag (which is used for the production of 1 0 9Cd) from 
spent plating solutions and processed targets. 

Equipment such as a vertical-flow cabinet with remote-control 
dispensing facilities and a used gamma-camera have been acquired 
by the PCG. 

9.2.1 Recovery of 1 3 9Ce from La Targets 

A new improved method for the recovery of 1 3 9 C e from La cyclotron targets 
has been developed. This new technique, utilizing ion-exchange chromatography, 
will now replace the old solvent extraction technique in all future 1 3 9 C e 
productions. The new method consists of two steps: firstly, a cation-
exchange process to generate HBr0 3 from aqueous KBr0 3 solution followed by 
dilution with water and HN0 3 to form the reagent, i.e. 0,075M HBr03/7,89M 
HN0 3, and secondly, an anion-exchange process. The I 3 9 C e target is 
dissolved in 4,0M HN0 3, evaporated to dryness, then treated with the 
above HBr0 3/HN0 3 reagent. The 1 3 9 C e is adsorbed onto the resin as an 
anionic bromate complex while the La and Cu impurities are separated by 
elution with 500 ml 0.075M HBr03/7,89M HN0 3. The 1 3 9 C e is eluted from 
the resin with 0,5M HNO3. The resulting eluate is evaporated to dryness 
and then evaporated with concentrated HN0 3- Finally the 1 3 9 C e is dispensed 
in a 1M HC1 solution. 

The new method was successfully used in two production runs with almost 
100% recovery of 1 3 9 C e of very high purity - containing no Cu and very 
low levels of La (0,9 ppm), and K (0,2 ppm). The operations are simpler, 
safer and easier to perform in a hot cell than is the case with the 
previous method which consisted of eight extraction steps. 
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In the course of this work Cu and K analyses were performed using atomic 
absorption spectrometry. La was analysed by means of spectrophotometric 
analysis using a method specially developed for this purpose. 

9.2.2 Recovery of 2 0 3Pb from Tl targets 

A new method for the recovery of 2 0 3Pb from Tl targets, based on ion-
exchange chromatography, has been developed in collaboration with the 
Analytical Chemistry Division of the NCRL. The Tl target shavings are 
dissolved in HN0 3, the nitrates converted to chlorides and Tl(I) oxidized 
to Tl(III) with the aid of Br 2. The final solution is made up in 0,1M 
HC1 + 0,05% v/v Br 2 and passed through a cation-exchange resin column 
containing 13,0 ml of AG50W-X4 resin (100-200 mesh particle size in the 
H-form, equilibrated with 0,10M HC1 + 0,50% v/v Br 2 (A)). The elements 
are washed onto the resin with small portions of solution A. Tl (III) is 
completely eluted from the resin with 0.10M HC1 in 60% acetone; 2 0 3 P b is 
eluted with 0,10M HC1 in 82% acetone and Cu finally stripped from the 
resin with 3,0M HC1. The 2 0 3Pb fraction is evaporated to dryness, the 
organic material is oxidized with fuming nitric acid (residue X), the 
nitrates converted to chlorides and the 2 0 3 P b is finally taken up in 
1,0M HC1. Not more than 10 yg Cu and 15 ug Tl will accompany the 2 0 3Pb. 
When a very pure 2 0 3 P b product is required the salts of the residue X are 
dissolved in 0,2M HBr + 0,1M HN0 3 and passed through an anion-exchange 
resin column containing 8,7 ml of AG1-X8 resin (100-200 mesh in the Cl-
form, which is converted to the N03~form and equilibrated with 0,2M HBr 
+ 0,1M HN0 3(B)). The elements are washed onto the resin and Cu is 
completely eluted with solution B. The 2 0 3 P b is eluted with 2,0M HN0 3 

+ 0,03M HBR while Tl remains on the resin. The recovery efficiency of 
2 0 3Pb is better than 99% and the 2 0 3 P b fraction contains less than 0,1 yg 
Tl or Cu. 

9.2.3 Recovery of 1 2 3 I from Sb targets 

This project has been continued {1}. The 1 2 3 I is separated from the 
irradiated Sb shavings by distillation after oxidation with HN0 . Dripping 
H 70 2 onto the hot acid mixture improves the distillation process. The 
1 2 3 I has always been collected in an ice-cooled flask as well as in a 
scrubber with cooled water. An improvement is made by bubbling the 
distillation gases through an ice-cooled mixture of water and H 2 0 2 in 
three successive flasks. The presence of nitrites in the final 123i 
solution is also effectively eliminated by the H 20 2 present before 
extraction of the 1 2 3 I distillate in CCl^. The nitrites are qualitatively 
tested with starch-iodide indicator paper after acidifying a drop of the 
test solution with CH3C00H. An elementary method for the detection of Sb 
with Rhodamine-B solution was evaluated by means of atomic absorption 
spectrometry. This evaluation was also combined with a quality investigation 
of the iodine distillates from Sb by means of dummy runs. It was found that 
the Sb content of the distillate was in the order of 20 ppm and below 
detection level after extraction with CC1,,. It was also found that the 
rhodamine-B test is sensitive enough for the detection of Sb concentrations 
as low as 10 ppm. The rhodamine-B test can therefore be used as a quality 
control test for the detection of Sb in radio-active samples. 
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The percentage yield of l 2 3 I ranged from 61% to 72% for 10 production runs. 
The complete chemical production requires about one hour and the 1 2 3 I is 
usually ready for despatch by 09h30 on the day of production. 

9.2.4 Preparation of ortho-iodohippuric acid 1 2 3 I 

In response to requests, the labelling of ortho-iodohippuric acid with 
1 2 3 I has been initiated in collaboration with the Isotope Production Centre 
of the Atomic Energy Board. The commercially available ortho-iodohippuric 
acid used for the preparation is chemically contaminated with ortho-
iodobenzoic acid. The contaminant is removed by recrystallization in 
4:4:1:: ethanol:water:diisopropylether {2}. The ortho-iodohippuric acid 
is then dissolved in a NaOH solution. 

The acidity is established at pH = 4 with an acetate buffer solution. 
After mixing with a CuSO. solution the 1 2 3 I solution is added. The mixture o ^ is autoclaved at 121 C for 15 minutes. The pH is adjusted to neutral and 
the final solution is filtered through a 0,2 micron filter. The percentage 
of labelled ortho-iodohippuric acid is estimated by thin-layer chromatography 
and in the first two production runs yields of approximately 95% were 
obtained. 

9.2.5 Production of 7 7Br 

After a request had been received, investigations into the possibility of 
producing Br in the Pretoria Cyclotron via the 75As(a,2n) 7 7Br reaction 
have been initiated. Arsenic trioxide is used as target material because 
this is the As salt which is the most suitable for this purpose. The 
targets consist of 3 g of As 20 3 wrapped in Al foil which is clamped onto 
a water-cooled copper backing. 

The beam current during the test runs in the external production chamber 
was 'v 1 1 uA, which resulted in a total charge of 25,8 yAh on the target. 
The yield at the end of bombardment is 205 pCi 77Br/yAh while 17,4 yCi 
76Br/yAh is also formed. The half-life of 7 7Br is 57,0 h, which is long 
in comparison with that of the contaminant 7 6Br (16,1 h). The relative 
abundance of this contaminant in the sample will thus become progressively 
less. 

The chemical separation is based on distillation, after the As targets 
together with the Al foil have been dissolved in concentrated H 2SO^{3}. 
A saturated solution of K 2Cr 20 7 is addi;d to the target solution and the 
released 7 7Br is transferred in a stream of N 2 to a test tube containing 
a very dilute AgN0 3 solution. Silver bromide is formed and after 
distillation the AgNO /AgBr solution is evaporated to dryness. The residue 
is then dissolved in 1 ml of concentrated NH^OH which is transferred to a 
cation exchanger (AG50W-X8, 100 - 200 mesh). The test tube is rinsed with 
3 ml of water which is also added onto the column. The eluate contains the 
carrier-free 7 7Br which is further quantitatively eluted with the addition of 
an additional 7 ml of water. 

Between 60 and 70% of the 7 7Br reaches the AgN0 3 solution after distillation 
and the final recovery after purification by ion exchange is 50 - 60%. The 
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largest percentage (20 - 30%) of the loss is still due to Br adhering to 
the glassware of the distillation apparatus. 

9.2.6 Preparation of n ' O s / 1 9 I m I r - and I 9 1Pt/ 1 9 1 mIr-generators 

A programme was initiated in collaboration with the Analytical Chemistry 
Division of the NCRL for the production of 1 9 10s (15,4d) and 1 9 1Pt (3,0d) 
in the Pretoria Cyclotron for the possible preparation of 1 9 1 0 s / 1 9 l m I r -
and/or 1 9 :Pt/ 1 9 l mir-generators. The 1 9 i m I r , with a half-life of 4,9s, 
decays with the emission of 65 keV and 129 keV photons and has been shown 
to be useful for cardiovascular studies — especially first-pass dynamic 
imaging {4}. The current work was stimulated by a request from the 
Department of Nuclear Medicine, University of Pretoria, at the H F Verwoerd 
Hospital. 

Apparently very little work has thus far been done on the cyclotron 
production of 1 9 10s and 1 9 1 P t from Ir as no relevant data could be found 
in the literature. A preliminary bombardment of Ir-powder with 16 MeV 
deuterons in the external beam of the cyclotron was therefore performed. 
Measurements indicated that useful amounts of 1 9 1 P t are obtainable but that 
the yield of 1 9 10s will be very low. 

9. 2^7 Recycling of enriched 1 0 9Ag 

The project on the recovery of enriched 1 0 9Ag from spent plating solutions 
and processed targets has been continued {5}. The enriched 1 0 9Ag is used 
for the production of 1 0 9Cd. 

After an enriched 1 0 9Ag cyclotron target has been prepared, between 0,06 
and 0,25 g of the 1 0 9Ag remains in the plating solution and this has to be 
recovered. The plating solution contains KAg(CN)2 and KN0 3 and to this is 
added concentrated HC1 and H 2 0 2 in order to dissolve any precipitate which 
may be present. The solution is heated and the KAg(CN)2 complex is broken 
down while HCN is released. Due to the excess of HC1, the soluble 
H 2AgCl 3 complex forms and no AgCl precipitate is formed. This complex is 
broken down by evaporating the solution with concentrated HNO after which 
the remaining salt (mostly KN0 3) is dissolved in water and AgCl is 
precipitated. The solution is filtered and the AgCl is washed with 0,1N 
HNO 3 and then with 0.01N HN0,. 

The residue from processed targets consists of enriched 1 0 9 A g from which 
1 0 9Cd has been separated together with '\> 1 g Cu in a dilute HN0 3 solution. 
To this solution is added 0,2N HC1 until the Ag precipitation is complete 
whereafter it is further treated as described in the preceding paragraph. 
The precipitates are then dissolved in a 150 g/1 KCN solution and the 
enriched 1 0 9Ag is electroplated onto a stainless steel plate after which 
the whole plate is immersed in dilute HN0 3 and heated gently until all the 
Ag has dissolved. This solution is then evaporated to dryness and the 
resulting pure AgNO is ready to be dissolved in a KCN solution for the 
electroplating of a new cyclotron target. The recovery of enriched Ag by 
this method is 'v- 98% and the amount of copper which could be detected in 
the Ag solution is less than 0,1 ug/ml. 
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9.2.8 Equipment 

The following items were acquired for the radio-isotope production 
programme: 

1. A vertical-flow cabinet with remote-control dispensing 
equipment for medical radio-isotopes and pharmaceutical 
products. This facility has been designed and constructed 
at the PCG. (Figure 6). 

2. A used gamma-camera which has been made available on a long 
term loan to the PCG by the Hillbrow Hospital of the TPA. 
In future, the bio-evaluation of existing and new products 
in vivo will be possible. 
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9.3 Neutron Therapy Facility 

Summary; The clinical aspects of the facility embrace three components: 
a sophisticated neutron collimator with which the field size 
can be varied, a concrete enclosure in the experimental hall 
where the patients will receive radiotherapy treatment and 
finally a neutron dosimetry monitor system to ensure correct 
dosage to the patieni. as well as adequate radiation protection 
of the radiographers responsible for the treatment. The 
present programme envisages the completion of the facility by 
the end of the first quarter of 1983 and the treatment of the 
first patient before July 1983. 

9.3.1 Introduction 

Subsequent to the Transvaal Department of Hospital Service's decision early 
in 1981 to proceed with a neutron therapy programme utilizing the Pretoria 
Cyclotron, the past year has witnessed the start of a new venture in the 
activities of the PCG. The realization of a fast-neutron therapy facility 
requires the integration of several major projects which not only depend 
on the efforts of PCG staff but also necessitates close collaboration with 
the NAC staff at Faure as well as members of staff from the radiotherapy 
departments at the H F Verwoerd and Johannesburg Hospitals. 

9.3.2 Neutron collimator 

A proposal cor a Neutron Therapy Facility at the Pretoria Cyclotron, drawn 
up in 1979, recommended that a fixed horizontal collimator with inter
changeable inserts to achieve different field sizes be constructed. The 
design would have been similar to those installed at the MRC Units at 
Hammersmith Hospital, London {l} and more recently at Western General 
Hospital, Edinburgh {2}, except that Benelex 401 (a pressed-wood product) 
would be used as primary neutron shielding material. Subsequently a 
variable neutron collimator of a sophisticated design has been installed 
at Hammersmith Hospital {3} and its performance characteristics such as 
depth dose, tissue-kerma rate in air, beam profiles and leakage radiation 
compare favourably with the old collimator with removable inserts. The 
acquisition of a variable neutron-collimator for the fast-neutron therapy 
facility at the PCG will minimize radiation exposure to staff, facilitate 
greater flexibility in therapy treatment planning and eliminate the time-
consuming and physically strenuous effort associated with the changing of 
removable inserts to attain different field sizes. Additional funds have 
been granted by the TPA and a variable neutron-collimator, supplied by an 
overseas firm, will be installed by December 1982. 

The field size will be variable from 3 * 3 cm to 20 x 20 cm at an SSD of 
135 cm and will furthermore be able to rotate from -50 to +50 . Apart 
from a remote-control console, a control panel will be mounted on a wheeled 
pedestal for use in the treatment room. Included in the system are 25°, 
35 and 45 wedges for two ranges of field sizes. The equipment includes 
a built-in illumination system that projects the field size to within 
± 2 mm (at 135 cm SSD). Several interlock systems will ensure correct 
and safe treatment procedures. 
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9.3.3 Treatment Room 

A neutron therapy treatment room consisting mostly of concrete blocks is 
to be constructed in the experimental hall adjacent to the cyclotron room 
and a proposed layout is shown in figure 7. Initially it was suggested that 
concrete blocks available at the CSIR be used for the major part of the 
construction of the room. Neutron activation measurements and subsequent 
spectroscopic analysis of the CSIR blocks (which contain a high proportion 
of iron ore - Sample A) and a more common concrete type (Sample B), indicated 
the following: 

Sample Element Content (Z) 

A Fe 46 
Mn 0,17 
Al 1,0 

B Al 4,5 

Although neither sample was spectroscopically analyzed for Si (present in 
the form of Si0 2), neutron activation results indicated approximately ten 
times more Si in sample B than in A. Neutron activation of these elements 
can be summarized as follows: 

Element Reaction Half-life Emitted Photon Energies 
(MeV) 

Si 2 8Si(n,p) 2 8Al 2,25 m 1,78 

0 1 60(n,2n) 1 50 2,03m 0,511 (via positron 

decay) 

Al 2 7Al(n,p) 2 7Mg 9,46m 0,844 and 1,014 

Fe 5 6Fe(n,p) 5 6Mn 2,58 h 0,847 and 1,811 

Mn 5 5Mn(n, Y) 5 6Mn 2,58 h 0,847 and 1,811 
Despite the initial higher activity of sample B (approximately a factor 2 
higher), the isotopes are short-lived. However, the presence of Fe and Mn 
in sample A poses a greater problem because of the relatively long half-
life of 5 6Mn. These preliminary measurements indicated firstly, that the 
CSIR blocks cannot be used throughout in the construction of the treatment 
room and secondly, that a concrete mix with a low Si02 and Al content should 
be used. The possibility of using limestone concrete is being investigated. 

Fe is a most suitable element to reduce the energy of fast neutrons via 
inelastic scattering and, unless future activation measurements indicate 
differently, the induced activity in the CSIR blocks should be tolerable 
if they are utilized only as an outer layer for the wall of the treatment 
room. This should bring about a substantial saving in costs. 

The other main components of the treatment room are a concrete block which 
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will support the collimator, and a roof covering which must ensure adequate 
attenuation of the scattered neutron flux. A custom-designed concrete 
structure will be cast in situ to support the collimator and no major 
problems are foreseen. 

9.3.A Neutron Dosimetry 

The dosimetry of the fast-neutron beam can be divided into two components: 
the monitoring of the absorbed dose whilst the patient is receiving treatment 
and neutron dosimetry of the beam prior to treatment. 

The neutron monitoring system serves a twofold function: firstly to ensure 
that the patient receives the prescribed dose and secondly to eliminate any 
radiation hazard to the radiographers responsible for the treatment of the 
patient. A simplified schematic diagram of the system is shown in figure 8. 
The system is fairly conventional and the broad philosophy of the design 
is similar to that of Hammersmith {4} and Louvain-la-Neuve {5}. Two 
identical but entirely independent electronic circuits will monitor the 
ionization currents from each of the two ionization chambers mounted 
within the collimator cavity just after the target. The function of the 
other components in the system are self-explanatory. A local institution 
(Dept. of Electronic Engineering - University of Pretoria) is designing a 
microprocessor-based system which will facilitate interaction with the 
radiographer via a video display and a keyboard. Apart from the advantage 
of a local back-up service, the system can be modified or expanded depending 
on the needs of the user. 

As far as actual neutron dosimetry is concerned, the PCG has acquired all 
the detectors, electrometers, gas-systems etc. to determine the neutron 
and gamma absorbed dose components in the mixed (n-y) radiation field. Two 
protocols for the neutron dosimetry of the external beam, a European 
Protocol {6} and an American (USA) Protocol {7}, have been proposed. 
Although the European and US protocols have developed along parallel lines, 
they are not identical in all aspects and the relevant differences are 
indicated in the European Protocol {6}. The protocol to be adopted in 
South Africa will shortly be decided on by a Dosimetry Working Group of 
the NAC Biological Sciences Advisory Panel. 
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9.4 Neutron Studies (Physical) 

Summary: Absorbed dose measurements were performed utilizing a prototype 
neutron collimator. A tissue-equivalent ionization chamber and 
a Geiger-Miiller detector were used in the paired-chamber technique 
to determine the absorbed dose in air and a modified lead 
attenuation method was applied to determine the neutron and 
photon components in the mixed (n-y) radiation field. Chemical 
dosimetric techniques were initiated by utilizing a ferrous 
sulphate (Fricke) solution to determine low doses of radiobiological 
interest. A more recently-developed, modified Fricke solution 
(FBX) was irradiated in a fast-neutron field in order to determine 
the G-value for this radiation modality. The non-linear 
characteristic of this solution was also investigated in a high-
intensity photon field. 

9.4.1 Introduction 

The immediate need for the neutron studies at the Pretoria Cyclotron is 
dictated by the Neutron Therapy programme presently being implemented, and 
all the physical studies are thus focussed on the neutron dosimetry of the 
fast-neutron field generated via the 9Be(d,n) 1 0B reaction on a thick Be 
target. Apart from determining the absorbed dose under specific conditions, 
measurements must also be performed to evaluate the physical characteristics 
of the fast-iinutron beam. Such measurements have been initiated and will 
continue until the first patient is treated. The determination of the 
absorbed dose using a tissue-equivalent ionization chamber has furthermore 
been complemented by the development of chemical dosimetric systems. 

9.4.2 Neutron dosimetry in a mixed (n-y) radiation field 

In evaluating the relative biological effectiveness (RBE) of a neutron 
radiation field to be utilized for radiotherapy and radiobiology, the 
determination of the neutron spectrum and the magnitude of the photon 
component in the mixed (n-y) field are of prime importance. The latter 
measurement was performed at the Pretoria Cyclotro». using a prototype 
neutron collimator {l} and the 9Be(d,n) 1 0B reaction to generate a fast-
neutron field. 

The classical method used to determine the neutron and gamma components of 
a mixed radiation field is referred to as the paired-chamber technique and 
requires the use of two detectors or chambers with very different 
characteristics. The one chamber is a hydrogenous detector which responds 
with equal sensitivity to both neutrons and photons whilst the second 
chamber is non-hydrogenous in its construction and ideally would be totally 
insensitive to neutrons, thus responding only to photons. All non-
hydrogenous detectors do, however, respond to a lesser or greater degree 
to neutrons and therefore the neutron sensitivity (ky) of the non-
hydrogenous detector must be determined in order to evaluate the photon 
component. 

Tissua-equivalent ionization chambers (T) with tissue equivalent (TE) gas 
flowing through them and Geiger-Muller detectors (U) are the standard 
hydrogenous and non-hydrogenous detectors respectively being used in most 
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neutron therapy facilities throughout the world, the latter because of its 
small kjj-value. The two detectors used in this instance were a 0,5 cc TE 
chamber and a ZP1300 G-M tube. 

If the two det ctors are placed in the same position in the field (in air 
or in a phanU ), then their responses are given by 

R* = h J + k„,D T T g T n 

and R' = h„D + k„D U U g U n 

where the nomenclature is that proposed by the ICRU {2}. Generally the 
photon sensitivities, h_, and h.. are taken as unity and the relative neutron 
sensitivity k T of the TE chamber can be calculated for most neutron therapy 
beams. To evaluate D„ and D , the ky-value for a specific photon detector 
in a particular radiation field must be determined experimentally. Several 
methods have been devised to measure k n and the one used here is a modified 
lead-attenuation method {3}, the original lead-attenuation method being 
that of Attix {4}. In a conventional neutron therapy facility the radiation 
field is collimated and the photon component D of the mixed (n-y) field 
consists of two components, the aperture component D„ which accompanies 
the collimated neutron beam and a scattered component D§ which originates 
mainly from the shielding surrounding the collimator. Both components 
are determined here. 

The modified lead-attenuation method was successfully applied at Hammersmith 
Hospital, London {3} and more recently at the fast-neutron facility at 
Louvain-la-Neuve {5}. The results of a preliminary measurement at the 
Pretoria fast-neutron facility are summarized in table 2 together with the 
physical characteristics of the radiation fields at Hammersmith and Louvain-
la-Neuve. 

Table 2 Summary of physical characteristics of neutron beams 
determined at various fast-neutron facilities. 

Hammersmith 
Hospital 

Louvain-la-Neuve Pretoria 
Cyclotron 

D g V % ) 
1,84 + 0,14 2,0 1,02 + 0,27 

D g 7 D T
W 0,58 +; 0,04 0,5 0,19 + 0,05 

D , (%) 
n / D r 

97,58 i 0,37 97,5 98,79 + 0,80 

ky (%) 0,73 +_ 0,07 1,85 + 0,37 * 1,36 + 0,12 

* G-M detector ZPI3I1 
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The factor of two difference between the ky-values as determined at 
Hammersmith and at the Pretoria Cyclotron could possibly be ascribed to 
poor alignment between the deuteron beam direction and the central axis 
of the recently constructed narrow collimator used in the measurement. 
This could account for an inconsistency which arose when performing the 
'out of field' measurement of D| from which an effective p/p-value for 
the photon radiation field is inferred. Further measurements are required 
before final values can be given. 

9.4.3 Chemical dosimetry 

Due to the complexity of neutron dosimetry in a broad energy spectrum, as 
is the case with the fast-neutron beam at the Pretoria cyclotron, studies 
in chemical dosimetry were undertaken to utilize the relative energy 
independence and near tissue-equivalence of dosimetric solutions. Compared 
with ionization and calorimetrical dosimetry, chemical dosimetry has a 
distinct advantage whenever the irradiated object does not assume a simple 
geometrical forr as often happens in biological experimentation. By 
assuming any form or volume represented by the object, a chemical dosimeter 
offers the best correspondence between absorbed energy in the dosimeter and 
the mean absorbed energy in the object (sample exchange method). Chemical 
dosimeters are thus especially suited to neutron dosimetry, since effects 
such as absorption, scattering and gamma production are optimally simulated 
within the dosimeter. Considering the relation between the G-value and 
linear energy transfer (LET), chemical dosimetry not only reflects in 
quantitative terms the mean absorbed energy, but is indicative of the 
quality of the radiation energy dissipated in a biological sample. Unlike 
ionometrical and calorimetrical methods, appendages such as high voltage 
supplies or electrical leads are not necessary and thus the application 
possibilities may be extended or simplified in certain instances. Thus, 
despite the fact that chemical dosimeters entail more tedious procedures 
to determine the absorbed dose, they do have several inherent advantages 
over other radiation detectors. 

9.4.3.1 The ammonium iron (II) sulphate dosimeter (Fricke) 

The Fricke dosimeter is a well-known chemical system {6} and thus ideally 
suited for the refinement of those laboratory techniques and procedures 
which are essential when establishing a reliable chemical dosimetry system. 
The absorbed dose D (measured in Gy), is given by the expression 

n _ 1,602 x io" 1 7 N A(0.D.) 

Ac A G(F<> + ) i p 

where N is Avogadro's constant, A(0.D.) the optical density of the medium, 
At;̂  the molar extinction coefficient, G(Fe 3 ) the number of Fe 3 ions formed 
per 100 eV of absorbed energy, £ the length of the optical cell and p the 
density of the solution. The molar extinction coefficient was determined 
at a wavelength of 304 nm with a spectrophotometer using a 1 cm optical cell 
and several test solutions as a primary standard. Spectroscopic quality iron 
was found to be the most suitable {7} and a value of 2180 + 14 I mol"1 cm - 1 
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was obtained which agreed well with previously published values {8}. 

Measurements in a 155 terabecquerel e oCo radiation field using a 
300 x 300 x 150 mm solid perspex phantom were performed in collaboration 
with the National Measuring Standards and Metrology division of the NPRL. 
Using a 0,5M (NH1()2Fe(S0lt) 2 solution diluted in sulphuric acid and assuming 
a G-value of 15,4 Fe 3 + ions/100 eV {8}, excellent agreement was found with 
ionization chamber measurements for absorbed doses > 21 Gy (error less 
than 0,5%). Because of the relatively low doses applied in radiobiology, 
the region below 15 Gy is of greater interest and the large errors at the 
lower doses were not acceptable. To overcome this problem, the 1 cm optical 
cell was replaced with a 5 cm cell. This not only increased the sensitivity 
of the spectrophotometer readings, thereby decreasing the error at lower 
doses, but also shifted the actual absorption readings to an absorption 
region where the relative percentage error was much smaller {9}. The 
results of the various measurements are illustrated in figure 9. 

Although preliminary measurements with the Fricke solution have been 
performed in the fast-neutron field and reasonable correlation with TE 
ionization chamber readings was found, a more comprehensive study is 
planned for the near future. 

9.4.3.2 G-values for ferrous bensoic acid xylenol in fast-neutron 
and 6 0Co radiation fields 

A ferrous bensoic acid xylenol (FBX) solution was irradiated with fast 
neutrons and 6 0Co photons in order to determine firstly, a G-value in the 
neutron field and secondly, to compare the G-value in the photon field with 
values reported by other workers. The FBX solution is a modified ferrous 
sulphate solution proposed by Gupta {10} and is characterized by a high 
G-value. 

Ferrous bensoic acid xyler.ol solutions were prepared from 2x|0-1*M ferrous 
ammonium sulphate, 2,5xlO~2M HjSO^, 5xlO"3M bensoic acid and 2xl0~"M 3',3"-
bis-{bis(carboxymethyl)aminomethyl}cresol sulfonphthalein tetrasodium salt. 
In order to determine the molar extinction coefficient &£\ for the solution-
spectrophototneter configuration used in this instance, the G-value (for 
photons) and Aex~value of Pejuan and Kiihn ill} were assumed and Fe 3 + 

concentrations calculated for the dose range 0,75 to 21 Gy. A At^-value 
of 14852 I mol - 1 cm - 1 was thereby established at a wavelength of 540 nm 
and a G-value for 6 0Co photons thus determined with reference to a Fricke 
solution. The fast-neutron field was generated via the 9Be(d,n) 1 0B reaction 
on a thick Be target. This field is characterized by a broad spectral 
distribution and an average neutron energy of approximately 7,6 MeV. The 
neutron measurements were performed with reference to a 0,5 cc tissue-
equivalent ionization chamber. Tissue-equivalent gas was passed through 
the chamber and the necessary pressure and temperature corrections as well 
as the relevant chamber corrections were applied. 

In both instances it was found that the G-value was dose-dependent and 
'threshold' G-values of 27,6 and 58,0 Fe 3 + ions/100 eV of absorbed energy 
was determined for neutrons and photons respectively by extrapolating to 
zero dose. This non-linear relationship for photons is illustrated in 
figure 10 and in quantitative terms it may be expressed as follows: 
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i,602x|Q~17NaA(O.D.) 
Ae XP l[a + BA(O.D.) + yA(0.D.)2] 

where the quadratic expression now represents the dose-dependent G-value. 
The normal fitting procedures were followed to obtain the coefficients 
a, 3 and y. 

The non-linear relationship can be attributed to a low Fe 2 concentration 
with respect to the xylenol orange (XO) and also the fact that two 
competitive reactions prevail: XO transients reacting with both XO and 
with Fe 2 + ions. Adjustment to the F e 2 + and XO concentration is necessary 
so that sufficient F e 2 + ions are present to react with the XO transients 
and enough (but not an excess) XO is present to complex with the F e 3 + ions 
formed in the solution. This adjustment, however, results in a less 
responsive system, i.e. the G-value is reduced. The results obtained for 
the G-values for fast neutrons and photons by different workers are 
tabulated in table 3. 

Table 3 G-values as determined by different workers 

Radiation FBX Extended FBX References 

Photons 65,0 - Gupta {12} 

Photons 
++ Neutrons 

54,0 47 
27,4 Pejuan and Kuhn {11} 

Photons 
+ Neutrons 

58,0* 
27,6* -

This work 

Threshold' values (at zero dose) 

Average neutron energy 7,6 MeV 

14 MeV neutrons from D-T generator 

The excellent agreement between the 'threshold' G-value obtained in this 
work and that of Pejuan and Kuhn can be somewhat misleading. Pejuan and 
Kuhn only irradiated an extended FBX solution and, noting the lower 
sensitivity observed by these workers relative to photons, a G-value 
greater than 30 is anticipated for the FBX solution. As far as is known, 
no study has been made of the sensitivity of the FBX solution as a function 
of neutron energy and thus an unknown parameter has been introduced here. 
This study will be continued in order to obtain more conclusive results. 
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9.5 Neutron Studies (Biological) 

Summary: In the first radiobiological measurement performed at the 
Pretoria Cyclotron, venous blood samples were irradiated with 
fast neutrons (absorbed doses varied from approximately 0,5 to 
3,0 Gy). The number of dicentrics formed per cell was determined 
and a dose response curve was obtained by plotting the dicentric 
yield as a function of the absorbed dose. The results compare 
favourably with those of other workers. 

9.5.1 Introduction 

Irrespective of the sophistication and precision with which the absorbed 
dose may be determined in a medium by physical means, the clinical treatment 
of the first patient on any particle therapy facility must in all instances 
be preceded by certain fundamental radiobiological studies. The relative 
biological effectiveness (RBE) of any particle radiation source is 
quantified in terms of photon radiation effects (usually 6 0Co) and may be 
determined by a wide variety of biological experiments. By the judicious 
selection of a few of these experiments, to be carried out at the Pretoria 
Cyclotron in order to determine the nature oi the neutron field in terms of 
a radiobiological index, the consulting radiotherapist will be assured of 
a neutron beam of known quality and thus acceptable for clinical use. The 
success and reliability of these measurements depends, however, on the 
refinement of techniques and procedures which can only be achieved in a 
suitably equipped life sciences laboratory staffed by qualified scientists 
and technicians. 

These measurements are therefore the first of a series of experiments where 
PCG staff members will work in close collaboration with biologically 
orientated groups outside the CSIR structure. The major effort contributing 
to the success of this first biological measurement was made by members of 
staff from the Department of Nuclear Medicine at the University of the 
Witwatersrand. 

9.5.2 Dicentric formation in a fast-neutron beam 

Measurements to observe certain chromosome abberations were recently made 
at the Pretoria Cyclotron utilizing the prototype fast-neutron facility. 
The purpose of the experiment was to identify a biological expression from 
which an average neutron energy could be inferred in order to compare it 
with that of the neutron beam generated at Hammersmith Hospital, London. 
The same nuclear reaction is used to produce fast neutrons at both 
institutions and the physical characteristics of the two cyclotrons are 
very similar. Deuterons were accelerated to an energy of 16 MeV to produce 
fast neutrons via the 9Be(d,n) 1 0B reaction. Published literature has 
verified a continuous neutron spectrum with a maximum energy of about 16 
MeV and a mean neutron energy of 7,6 MeV. {1} 

The dosimetry was based on the oxidation of 10"3M (NH^jFe^O,,).; in a 
0,4M H 2S0 1 ) medium {2} and the G-values assumed were 15,4 and 9,9 for 
photons and fast neutrons respectively {3}. Venous blood samples obtained 
from healthy young adults received total doses of 0,47; 0,95; 1,90 and 
2,85 Gy at a dose rate of approximately 0,12 Gy min"1and at an SSD of 0,6 m. 
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The normal procedures and techniques were applied in preparing the cells 
for microscopic examination {<*}. Dicentric formation is a consistent index 
of radiation damage {5} and also the most common of all observed unstable 
abberations following acute irradiation. The number of dicentrics for 100 
metaphases was determined for each irradiated sample (the number of samples 
per irradiation varied from 3 to 6) and the results are given in table 4. 
A dose response curve was obtained by plotting the dicentric yield as a 
function of absorbed dose (figure 11) and by fitting a quadratic function 
to this curve, the average neutron energy could be quantified in terms of 
the curve constants (table 5). The results obtained from this radiobiological 
measurement indicate that the physical characteristics of the Pretoria neutron 
beam compares favourably with that of Hammersmith. 

Table 4 Number of dicentrics per cell as observed for different 
absorbed doses. 

Dose Number of cells Number of Number of dicentrics 
(Gy) examined dicentrics per cell 

0,47 300 84 0,28 _+ 0,01 
0,95 400 236 0,59 +_ 0,04 
0,90 600 634 1,05 +_ 0,09 
2,85 500 902 1,80 + 0,12 

Table 5 Comparison of curve constants 

Facility a(xl0~2) 3(xlO"2) Reference 

Hammersmith 
NAC (Pretoria) 

47,8 + 3,3 
50,8 + 4,3 

6,4 +_ 1,0 
4,1 + 1,7 

Lloyd et al. 
This work 
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function of absorbed dose. 
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9.6 Services to Industry and other Organisations 

9.6.1 Health physics 

The PCG physicists of the NAC, in collaboration with the NPRL, are 
responsible for tlv regulatory aspects oi the use of radio-active materials 
at Scientia and for implementing the Department of Health's 'Regulations 
Concerning the Control of Electronic Products'. Advice was given on the 
protection of personnel against the hazards of ionizing radiation, and the 
handling, storage and disposal of radio-active wastes were attended to. 
The upkeep oi records and registers was continued. 

9.6.2 Commercial production of radioactive isotopes 

The routine supply of short-lived radio-isotopes to South African hospitals 
for diagnostic purposes was continued. The number of consignments and 
total activities of 1 2 3 I delivered have increased significantly with respect 
to the previous year's production {1}. Currently 6 7Ga and 8 1Rb/ 8 1 mKr are 
used by 8 and 6 hospitals respectively. Details of the past year's 
production are given in table 6. 

Table 6 Medical radio-isotopes delivered to South African hospitals. 

Radio-isotope Consignments Millicuries 

6 7Ga 260 5315 
8 1Rb/ 8 1 r aKr 288 14263 

1 1'In 6 67 
123j 24 70 

Radio-isotopes for non-medical purposes were also supplied to two local 
organisations: 2 sealed 1 0 9Cd sources (100 mCi each) were manufactured 
and supplied to the Chamber of Mines of South Africa for use in portable 
X-ray fluorescence gold analysers, and 6 consignments of l u I n with a 
combined activity of 116 mCi were supplied to the Nuclear Physics Research 
Unit of the University of the Witwatersrand for research purposes. 

A number of long-lived radio-isotopes were also produced for export. There 
was a further decrease in the demand for 2 2Na with respect to the previous 
year whereas the demand for 1 0 9Cd remained on approximately the same level, 
(table 7). 
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Table 7 Radio-isotopes produced for export 

Radio-isotope Consignments Millicuries 

2 2Na 2 120 
1 0 9Cd 15 6350 
1 3 9Ce 4 45 

Reference 

I. National Accelerator Centre Annual Report NAC/AR/8I-01 
(CSIR, 1981) p 183 
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SECTION 10 THE RESEARCH GROUP 

10.1 Introduction 

During the previous year the Pretoria Cyclotron Group's basic nuclear 
physics research programme and its programme for the development and 
maintenance of standards for radioactivity measurements were terminated 
and transferred to the Research Group of the NAC at Faure, which was 
established when the staff involved moved to the Faure site. 

Until the SSC becomes operational the Group's experimental nuclear physics 
research will be carried out on a regular basis at similar facilities 
abroad, in collaboration with research groups there. Basic research is 
conducted on nuclear structure and nuclear reaction mechanisms at inter
mediate energy by studying charged-particle reactions and scattering on a 
variety of nuclei. For this purpose light particles as well as heavy ions 
are utilized as projectiles. Planning of experiments, data reduction and 
interpretation of results are, as far as possible, performed at Faure. The 
experimental nuclear physicists of the Group are also responsible for the 
planning of equipment and experiments for the future nuclear physics 
research programme at the NAC, in collaboration with working committees 
which have been formed by prospective users of the facility for this 
purpose. 

In terms of the statutory responsibility of the CSIR, the Group also 
maintains methods for the absolute standardisation of radioactivity in 
the Republic of South Africa cind continuously develops new and improved 
methods for such measurements. This necessitates regular participation 
in international comparisons of radioactivity measurements. This division 
will also supply laboratory standards and exercise the necessary quality 
control in the future radio-isotope production programme at Faure. In 
addition, it will be responsible for the regulatory aspects of the use of 
radioactive materials on the Faure site, the implementation of the Depart
ment of Health's "Regulations Concerning the Control of Electronic Products", 
the protection of personnel against the hazards of ionizing radiation and 
the handling, storage and disposal of radioactive wastes. 

10.2 Experimental Nuclear Physics 

10.2.1 The role of nucleon-nucleon interactions in proton-induced 

'P 
reactions on 5 8Ni at E = 200 MeV 

5ft » 
Summary: The reaction Ni(p,p!p2), which was previously investigated 

at an incident energy of 100 MeV, has been studied at 200 MeV 
in order to obtain support for the conclusions reached on 
the basis of the experimental features at the lower energy. 
Details of the latest experiment are given and preliminary 
results are presented. 

A coincidence study performed at the University of Maryland of the reaction 
5 8Ni(p,p.p 2) at an incident energy of 100 MeV yielded results {1,2} which 
are consistent with a reaction mechanism in which an initial interaction 
of the incident nucleon with a nucleon in the target nucleus plays a 
dominant role. As described in the previous annual report {2}, the 
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conclusions reached regarding the mechanism by means of which the energy 
of the incident proton is dissipated in the nucleus were mainly based on 
the experimental observation that the secondary proton energy spectra at 
various angles, detected in coincidence with primary protons emitted at 15 
with energies between 30 MeV and 50 MeV, have the same shapes and angular 
dependence as the singles proton energy spectra obtained for p + 5<*Fe at 
62 MeV {3}. An explanation of this similarity between the secondary spectra 
of the coincidence experiment at 100 MeV and the singles experimental data 
at 60 MeV, has to be based on the assumption that an energy transfer of 60 
MeV from an incident 100 MeV proton to a nucleus is equivalent to a nucleon 
entering the nucleus with an energy of 60 MeV. Furthermore, the simplest way 
in which such an equivalence can be brought about in the description of the 
mechanism is to assume that the 100 MeV proton transfers the energy of 60 
MeV to a target nucleon in a quasi-free nucleon-nucleon interaction. In 
such a case the struck nucleon, with an energy of 60 MeV, is able to interact 
with the remainder of the nucleus in virtually the same manner as an incident 
free nucleon with an energy of 60 MeV. 

In collaboration with groups from the University of Maryland and Indiana 
University,the above-mentioned coincidence experiment was repeated at 200 
MeV at the Indiana University Cyclotron Facility in Bloomington, Indiana. 
The higher incident energy provides a larger dynamic range for possible 
energy transfer, with the result that coincidence secondary energy spectra 
corresponding to three different energy slices of the forward-angle primary 
protons can be obtained. The secondary energy spectra can then again be 
compared with available singles spectra obtained at incident energies 
corresponding to the three average energy transfers. Agreement under all 
these conditions will, s_f course, lend strong credence to the proposed 
reaction mechanism. 

The measurements were performed by means of six movable triple-counter 
telescopes mounted in the equatorial plane of a 1,5 m scattering chamber. 
Each telescope consisted of a 50 n or 100 p silicon surface-barrier 
detector, followed by a i mm silicon surface-barrier detector and backed 
by a 7,6 cm * 7,6 cm x 12,7 cm NaI(T?,) stopping defector. In addition, 
active collimators, consisting of plastic scintillators, were used on the 
telescopes in the forward hemisphere to reduce slit-scattering effects. 
Data were taken with two of the six telescopes fixed at 12 and 30 , and 
with various settings of the other four telescopes, covering the angular 
region between -20 to -160 . 

Fast electronics allowed coincidences with multiplicity between 2 and 6 
to be determined, with the result that events consisting of up to 18 
energy signals, 6 time signals and 6 or 12 tagging bits were processed by 
means of the on-line computer and were also recorded on magnetic tape for 
subsequent off-line analysis. The polarization state of the incident 
200 MeV polarised proton beam was switched every 2 minutes and checked 
occasionally with a polarimeter prior to injection into the main cyclotron. 
Although the immediate goal of the experiment did not require a polarized 
incident beam, advantage was taken of the opportunity to acquire additional 
experimental information. 

Data replay is still in progress at this stage. A typical example of a 
two-dimensional proton-proton coincidence spectrum, obtained after more 
than 30% of the raw data have been processed, is presented in figure 1. 
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10.2.2 Coincidence studies of 1 6 0 • 5 8Ni at 50, 100 and 150 MeV/A* 

Summary; The analysis of the experimental data previously obtained is 
proceeding. The results available at this stage indicate several 
interesting processes which need further investigation. Additional 
measurements, with an improved experimental arrangement, are 
envisaged. 

A complete description of the motivation for the present study, as well as 
the experimental procedure which was followed in the initial phase of this 
study have been presented previously {|). 

The results obtained in that experiment indicate that the detectors 
functioned as was expected, even though the late delivery of some of them 
did not allow them to be used in a closely-packed array, covering a large 
solid angle, as originally planned. The configuration used (see table I) 
did, however, employ most of the components envisaged for the array. 

The use and construction of the detector telescopes allow the following 
groupings: 

a) Heavy-ion (2-ZS8) telescopes (numbers 1-3, table 1) 
at -3,4° Í 0 i 6,1° 

b) Fast light-ion (Zá2) telescopes (numbers 4-9) 
at 8,7° S 0 < 24,7° 

c) Slow light-ion (ZS2) telescopes (numbers 10-13) 
at ±55°, ±135° 

d) Heavy target-fragment (3<Z<20) detector (Bragg peak spectrometer) 
at -20° 

Analysis of the data obtained with this arrangement has thus far revealed 
several interesting phenomena which should be investigated further: 

(i) Peaks have been observed in the light-particle spectra at 6 at 
1/4 of the beam energy per nucleon by the Oak Ridge group in 
another experiment at Lawrence Berkeley Laboratory. These peaks 
are no longer apparent at 12 . 

(ii) A large number of particles observed showed the energy-loss 
characteristics of pions. Coincidence studies of these pions 
could be invaluable in determining the existence of nuclear 
density isomer states. 

(ííí) It was found that for a given mass the angular distribution is 
uniformly narrower with increasing fragment charge. It has 

^Lawrence Berkeley Laboratory/University of Maryland/Oak Ridge National 
Laboratory collaboration. 
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been suggested that this may be due to particle emission by the 
projectile from a localised hot zone subsequent to the collision: 
an idea which needs experimental verification. 

Table 1 Detector configuration used 

Telescope 
Number 

Angle AQ(msr) Elements 

1 -3,4° 0,25 A 5, Nal(3) 
2 +2,9° 0,25 Aj, A 5, Ge, Nal(3) 
3 +6,1° 0,25 A 5, Nal(3) 
4 +8,7° 0,56 P, Nal(5) 
5 +11,8° 0,25 A,, Nal(5) 
6 +15,2° 0,56 P, Nal(5) 
7 +18,3° 0,25 A,, Nal(5) 
8 +21,3° 0,56 P, Nal(5) 
9 +24,7° 0,56 P, Nal(5) 
10 +55° 10 A o, Aj, Nal(3) 
11 -55° 3 A 0, A i § Nal(3) 
12 + 135° 10 A 0, Aj, Nal(3) 
13 -135° 10 A 0, A | f Nal(3) 

-20° 28 Bragg Peak Spectrometer 

A 0: 

A s: 

Key to telescope elements: 
50 \i Si (Li) Nal(3): 7,6 cm Nal 
1 mm Si(Li) Nal(5): 12,7 cm Nal 
5 mm Si(Li) Ge: Intrinsic 1,3 cm Germanium 

P: 3 mm plastic scintillator 

Further experimental measurements to investigate the interaction of 0 
with Ni are planned. The experimental arrangement will be modified in 
view of the features observed during the previous measurements. 

Reference 

National Accelerator Centre Annual Report NAC/AR/81-01 
(CSIR, 1981) p 167 
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10.3 Standards of Radioactivity 

10.3.I Move to Faure and restarting of the standardization program 

Summary: The 4TT-B-Y coincidence counting equipment maintained by the NAC 
as a National Standard of Radioactivity in terms of the Measuring 
Units and National Measuring Standards Act, has been moved from 
Pretoria to the Faure laboratories of the NAC and put into 
operation again. 

During the past year the equipment used for the measurement of disintegration 
rates in absolute measure was dismantled in Pretoria and moved to the Faure 
laboratories of the NAC. This included the 4TT-@-Y coincidence equipment 
recognised as a National Measuring Standard for Radioactivity in terms of 
the Measuring Units and National Measuring Standards Act. Good care was 
taken in the packing and unpacking of sensitive equipment such as special 
multiplier phototubes, other delicate detectors, and an analytical balance. 
All equipment arrived safely and has since been put into operation again. 

The first full-scale standardization at Faure involved 1 3 9Ce. A standard of 
this cyclotron-produced nuclide was prepared for the Pretoria Cyclotron 
Group, and a sample also submitted to the international reference system 
of the BIPM. A major international intercomparison of the important nuclide 

Cs is currently in progress. The method of measurement is efficiency-
tracing with 13l*Cs as tracing nuclide. 

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

Summary; Regular submission of locally-prepared radioactivity standards 
to the BIPM for comparative measurement ensures that laboratory 
and working standards in South Africa are traceable to the 
International Reference System. The BIPM registration table 
showing results of radioactivity measurements on 6 0Co are 
presented. 

Participation in the SIR was successfully continued during 1981, with II 
standardizing laboratories submitting standardized ampoules of 19 different 
radionuclides to the BIPM for comparative measurement in the pressurised 
well-type ionization chamber. The last standardization completed at the 
Pretoria Cyclotron before the move to Faure involved the radionuclide °Co. 
Two ampoules were sent to the BIPM and the results are shown in Table 2, 
which is the complete SIR registration table to date for this radionuclide. 
The overall spread in results is only about 0,5%, which reflects the fact 
that 6 0Co is today just about the best standardized nuclide in the world. 
With one exception all the results in Table 2 were obtained by ATT f3-y 
coincidence or anticoincidence counting. The NAC result is the only one 
where the 4IT counter was a liquid scintillation detector. 



Table 2 BIPM Registration Table for b 0Co. 

International Reference System for the Activity Measurement of Gamma-Ray Emitting Nuclides (SIR) 

Radionuclide: «oco S h e e t n o ' 1 Half-life adopted: T 1 / 2=(l 924.8^ 1.0) d 

Lab. Ampoule 
number 

Method of 
sta-dardi-
zation 

Ref. 
date 

Results as reported 
by laboratory 

Ionization-chamber measurements carried 
out at BIPM 

Lab. Ampoule 
number 

Method of 
sta-dardi-
zation 

Ref. 
date 

Activity 
at ref. 
date 

(kBq) 

Rel. ur 
Categ 
A 

(r r%) 

icert. 
;ory 

B 

(r2,Z) 

Date Relative 
uncert• 

(r3,%) 

Activity A e which would 
produce same ion current 
as the Ra ref. 
A Combined uncert.of A e e 

(kBq) A^r^+r^+r^)* (kBq) 

BIPM 
ASMW 

IEA 

ETL 

NPL 

OMH 

UWVR 
PTB 

AlEA 
(RCC) 

961 
403 321 
403 322 

1 
2 
1 
2 
10 
11 

3576 
3577 

ERX 363-01 
1426 
1427 

A-77/1 
(S7/10/90) 

4TTB(PC)-Y 
4rrS(PC)-y 

4TTB(PC)-Y 

4TTB(PC)-Y 

Calib.high-
press, ioniz. 
chamber 
4TTB(PC)-Y 

4TTB-Y 
4TTB(PC)-Y 

4TTB-Y 

73-06-06 
76-06-15 

76-06-28 

76-11-01 

76-12-20 

77-03-01 

77-02-23 
77-01-01 

77-04-01 

2611.2 
1867.84 
1870.02 
189.39 
193.75 
1848.3 
1859.0 
666.6 
643.7 

1344.9 
1344.8 

37683 
3222.6 
3176.0 
1769.8 

0.014 
0.038 

0.14 

0.03 

0.03 

0.02 

0.05 
0.02 
0.02 
0.07 

0.020 
0.096 

0.04 

0.21 

1.02 

0.32 

0.80 
0.07 
0.07 
0.13 

76-07-22 
76-09-02 

76-10-07 

76-11-24 

77-01-05 

77-03-11 

77-03-25 
77-09-16 

78-04-03 

0.044 
0.042 
0.041 
0.09 
0.08 
0.04 

0.054 
0.052 

0.050 

0.04 
0.05 
0.05 
0.05 

7 066 
7 063 
7 061 
7 062 
7 065 
7 044 
7 044 
7 059 
7 057 

7 048 
7 043 
7 051 
7 062 
7 060 
7 051 

4 
8 
8 
12 
12 
16 
16 
72 
72 

23 
23 
56 
6 
6 
11 
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Radionuclide: 

International Reference System for the Activity Measurement of Gamma-Ray Emitting Nuclides (SIR) 

Sheet no. 2 60 Co Half-life adopted: T 1 / 2=(1 924.8 +_ 1.0) d 

Result s as reported Ionization-chamber measurements carried 

Lab. Ampoule 
number 

Method of 
standardi
zation 

Ref 
date 

by Laboratory out at BIPM 
Lab. Ampoule 

number 
Method of 
standardi
zation 

Ref 
date 

Activity 
at ref. 
date 

Rel. unc 
Categc 
A 

:ert. 
>ry 

Date Relative 
uncert. 

Activity A e which would 
produce same ion current 
as the Ra ref. 
A e Combined uncert.of A 

e (kBq) (r r%) (r2,%) (r3,%) (kBq) Ae(r2+r2+r2)i ( k B q ) 

UWVR ERX 433-06 4nB-Y 78-02-09 4194 0.1 0.3 78-04-18 0.04 7 054 20 
AIEA A-106 4IT8-Y 78-02-09 3602 0.1 0.3 78-05-25 0.04 7 053 20 
(UVWR) 
IMRI 4 4TTB-Y 78-06-15 3303.3 0.03 0.05 78-07-17 0.04 7 053 4 

6 3296.3 0.03 0.05 0.04 7 052 4 
NIM 7802 

7803 
4TTB(PC)-Y 78-08-31 1741.8 

1742.0 
0.05 0.02 78-10-12 0.04 

0.04 
7 046 
7 042 

15 
15 

IER 1 4TTB(PC)-Y 79-05-01 3007.4 0.02 0.01 79-05-17 0.04 7 039 8 
2 2982.3 0.02 0.01 0.04 7 042 8 

OMH 4783 4TT6(PC)-Y 79-12-01 1490 0.10 0.26 79-12-13 0.04 7 045 20 
AECL 80-1-1 

80-1-2 
4TTB(PC)-Y 80-02-05 1183.4 

1189.3 
0.016 0.024 80-04-11 0.054 

0.055 
7 050 
7 051 

4 
4 

NBS 4915 C 35' 4TrB-Yextrapol.& 
anticoincidence 

80-05-30 2038 0.06 0.15 80-09-03 0.042 7 069 12 

NAC A 
B 

4TTB(LS)-Y 81-06-19 4659 
5329 

C.05 0.18 81-07-15 0.033 
0.034 

7 064 
7 067 

13 
13 

BARC 2105 4TTB-Y 81-06-01 584 0.03 0.25 81-09-03 0.059 7 078 19 

O 
VO 
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SECTION 11 THE MEDICAL COMPONENT 

The National Accelerator Centre facilities have been specifically designed 
to produce both high quality beams for basic research and high intensity 
beams for medical purposes. It is the first medium-energy accelerator 
complex which has been planned from the outset as such a multidisciplinary 
facility with full ancillary services for each discipline. 

The medical services which will be offered at the NAC will initially embrace 
radiotherapy and radio-isotope production, and later possibly radiography. 
The medical facilities will include three radiotherapy treatment rooms, an 
isotope production area with a nuclear medicine wing, laboratories, offices 
and patient handling areas, facilities for experimental animals, an 
operating theatre complex and a 30-bed hospital for use by patients 
undergoing treatment requiring constant supervision or who are too sick 
to withstand regular transport. The Medical Component will be staffed and 
operated by the Cape Provincial Administration. Apart from the on-site 
hospital personnel, there will be a staff of physicists, technicians and 
radiographers permanently stationed at the Faure site to control and 
maintain the treatment facilities. Patient treatment will be supervised 
by the heads of the appropriate departments at Tygerberg and Groote Schuur 
Teaching Hospitals, while the Medical Component as a whole will be 
administered by the Cape Western Regional Medical Superintendent. Both 
teaching hospitals are about 25 minutes away by road from the Faure site. 

The philosophy is that most patients will be treated as outpatients and 
all patients will be referred to the NAC from one of the local teaching 
hospitals. Patients from other parts of the country will be referred for 
treatment at the NAC through the relevant departments at either Tygerberg 
or Groote Schuur Hospitals. 

11.1 Radiography 

It is only the proton beam at the NAC which may be of use for clinical 
radiography purposes. The advantage of using protons instead of x-rays 
lies in the fact that a higher contrast can be obtained and lower doses 
are required. An image which is sensitive to small changes in tissue 
density or hydrogen content can be produced. However, multiple scattering 
results in a decrease in spatial resolution. Proton radiography is not 
used routinely for medical purposes anywhere as it is still in the 
experimental stage and is thus something which can really only be explored 
at the NAC as part of our future programme. At the outset, the main thrust 
of the Medical Component will be directed towards radio-isotope production 
and radiotherapy. 

J1.2 Radioisotope Production 

Both isotope production and radiopharmacy facilities will be provided at 
the NAC. In addition, there will be facilities for experimental animals 
which will be required for the testing and quality control of isotopes. 



*z 

212 

Most of the medical isotopes will be dispatched to hospitals in the Cape 
and other parts of the country. Should their half-lives permit, the export 
of medical isotopes is also a possibility. Very short-lived isotopes will 
be used on site in the nuclear medicine wing. Among the important ones in 
this category are the short-lived positron emitters ( UC, 1 3N, 1 5 0 ) , but for 
their effective use a positron-emission CT scanner will be required. 

The isotope production vault (figure 1, section 8) is already under 
construction (see section 8.3) while plans for the isotope handling wing 
have reached an advanced stage. 

11.3 Radiotherapy 

Beams of protons and helium ions (if required) as well as neutron beams 
will be provided at the NAC for radiotherapy in 3 eight-hour shifts per 
week, on Mondays, Wednesdays and Fridays. There will be three radiotherapy 
treatment rooms (see figure 1, section 8): one will have a vertical and 
a horizontal beam for charged particle therapy; one will contain an 
isocentric system with a variable collimator for neutron therapy, and the 
third will have a horizontal beam which can be used for either modality. 

Table 1 shows some of the parameters of the NAC radiotherapy beams. Neutrons 
will be produced by the reaction 9Be(d,n) 1 0B. The neutron beam will have 
physical qualities similar to x-rays from a 6 MeV linear accelerator. 
Tenders for the supply of the neutron isocentric system have recently 
been called for. Tables 2 and 3 give some details of existing and future 
cyclotron-based neutron therapy facilities and charged particle therapy 
facilities respectively. It is of interest to note that with the exception 
of the low-energy installation at Chiba the NAC will be the only centre 
where both neutron and charged-particle therapy will be undertaken. 

A 200 MeV proton beam has a well defined range of about 26 cm in soft 
tissue and therefore accurate tumour dose localisation is achievable for 
any tumour site within the human body. The helium beams have too short a 
range to be of general use, but surface tumours can be treated. Internal 
tumours will also be treated intra-operatively with charged particles i.e. 
they will be surgically exposed and the beam will be applied directly to 
the tumour. This technique has the advantage of unambiguous definition 
of the tumour site and of having no proximal normal tissue in the path 
of the beam. An operating theatre complex is to be constructed close to 
the charged-particle treatment room. 

The great advantage of charged particle beams lies in their dose 
distributions which are far superior to those of photons and neutrons. 
Unfortunately the NAC charged-particle beams offer no biological advantages 
over conventional radiations. Their great advantage is extremely accurate 
beam delivery, but very sophisticated techniques are necessary to achieve 
this. A proton beam spot raster-scanning system is presently being designed 
for this purpose. 

Neutrons have roughly similar dose distributions to photons, but they have 
a much greater biological effect. In clinical trials at other centres 
neutron therapy has not completely fulfilled its promise. However, no 
existing neutron therapy beams have adequate dose delivery characteristics 
i.e. they suffer from inadequate penetration because the beam energy is 
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too low or the beam is unidirectional (see table 2). The neutron therapy 
facility at the NAC will have physical characteristics which are comparable 
to the best state-of-the-art photon treatment facilities, including an 
isocentric beam delivery system. It will therefore be one of the first 
centres in the world where neutron therapy can be given a fair trial. 
Facilities will be provided at the NAC to house the animals required for 
radiobiological experiments. We anticipate that it will take at least 
a year of physics and radiobiological experimentation before the first 
patient can be safely treated. 

When the NAC is fully operational we hope to treat up to 600 patients per 
annum initially. During treatment periods it is estimated that the beam 
will only be utilised for about 20% of the time. During the rest of the 
time, while patients are being set up, the beam will be switched to 
isotope production where practicable. 

The NAC particle therapy facilities promise to be among the most advanced 
in the world. We should therefore be in a favourable position to answer 
the question of whether dose localisation or biological effectiveness is 
the more important factor in cancer control. 

The three radiotherapy treatment vaults are already under construction 
(see section 8.3) and plans for the adjacent patient treatment block, 
offices and laboratories and hospital complex (see figures 1 and 8, 
section 8) will shortly be finalised. It is anticipated that the medical 
facilities will be ready for use by the end of 1984. 

Table 1 Beams for particle therapy envisaged at the NAC 

(a) Charged particle beams; 

Ion Energy 
(MeV) 

,.. ... 
Current 
(MA) 

Maximum range 
in muscle (cm) 

Proton 
Helium-3 
Helium-4 

25 - 200 
20 - 320 
25 - 220 

1-100 
10 - 40 
10 - 40 

26,0 
6,5 
2,6 

(b) Expected neutron beam parameters: 

Production: -65 MeV protons on beryllium target 
Maximum neutron energy: ~65 MeV 
Average neutron energy: -25 MeV 
Depth in muscle of 50% of maximum dose: -15 cm 
Physical quality of beam approximately that of x-ray 
beam from 6 MV linear accelerator. 



Tablr Neuiron therapy facilities - cyclotrons 

1 | 
PLACE SOURCE REACTION BEAM DIRECTION COLLIMATOR TYPE 

United Kingdom 
Edinburgh d(15) + Be Isocentric Inserts 
London d(16) • Be Horizontal Variable 
Liverpool p(60) + Be Isocentric Variable 

Europe 
Heidelberg, W. Germany d(10,5) + Be Horizontal Inserts 
Krakow, Poland d(12,5) • Be Horizontal Inserts 
Rossendorf, E. Germany d(13,5) + Be Horizontal Inserts 
Essen, W. Germany d(U,3) • Be Isocentric Inserts 
Nice, France p(50) • Be Xsocentric -
Louvain-la-Neuve, Belgium d(50) • Be 

p(75) • Be 
Vertical Inserts 

U.S.A. 
Chicago, Illinois d(8.3) • p Horizontal Inserts 
Cleveland, Ohio d(25) • Be Vertical • Horizontal Inserts 
Houston, Texas p(42) • Be Isocentric Inserts 
Seattle, Washington p(45) + Be Isocentric Variable 

* Los Angeles, California p(45) + Be Horizontal Inserts 
Batavia, Illinois p(66) • Be Horizontal Inserts 

Japan 
Tokyo d(H) • Be Horizontal Inserts 
Chiba d(30) • Be Vertical Variable 

Other 
Riyadh, Saudi Arabia d(15) • Be Isocentric Inserts 
Pretoria, South Africa d(16) + Be Horizontal Variable 
Faure, South Africa p(60) • Be Isocentric Variable 

7T7 Linear Accelerator Under construction In the planning stage 



Table I Charged particle therapy facilities 

PLACE ACCELERATOR PARTICLE MAX. ENERGY 
(MeV) 

CLINICAL ENERGY 
(MeV) 

RANGE IN MUSCLE 
(cm) 

Chiba, Japan Cyclotron P 70 70 4.1 
Boston, U.S.A. Synchrocyclotron P 160 160 17.7 

Uppsala, Sweden Synchrocyclotron P 200 200 26,0 

Faure, South Africa Cyclotron P, 200 200 26,0 
He3 320 320 6.5 

Dubna, U.S.S.R. Synchrocyclotron P 200 70-200 4.1 -26,0 

Moscow, U.S.S.R. Synchrotron P 680 90- 200 6,4- 26,0 

Gatchina, U.S.S.R. Synchrocyclotron P 1000 - -
Moscow, U.S.S.R. - P - - -
Saclay, France Synchrocyclotron He" 645 645 17,8 

Berkeley, U.S.A. Synchrocyclotron He" 934 934 33,0 

Berkeley, U.S.A. Bevelac C'2-Ar"° 100 - 500/amu 100 - 500/amu 20-30 

Under construction 
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11.4 Research 

All the research work detailed below was performed at the Southern 
Universities Nuclear Institute, Faure where the main facility is a 6 MV 
van de Graaff accelerator. 

II.4.I Recoil deuteron neutron spectrometer 

Summary; A neutron spectrometer based on recoil-deuteron detection in a 
deuterated organic scintillator has been developed. Neutron 
spectra from the thin-target uB(d,n) l 2C and thick-target 
Li(d,n)sBe reactions have been measured and compared with 
simultaneous measurements using a pulsed-beam time-of-flight 
spectrometer. 

The biological effect of neutrons depends both on the absorbed dose and 
on the radiation quality. The latter can be specified by means of the 
neutron energy spectrum. In addition knowledge of neutron energy spectra 
is important for estimating the corrections which should be applied to 
dosimetry measurements. This is because the neutron reaction cross 
sections and kerma factors depend directly on neutron energy. 

In collaboration with the Physics Department of the University of Cape 
Town, we have developed a spectrometer which consists of a deuterated 
anthracene scintillation crystal in which recoil deuterons from D(n,n)D 
elastic scattering are internally detected. Pulse shape discrimination 
is used to identify and select these deuterons against the backgrounds 
arising from gamma rays and from the D(n,2n)H break-up reaction within 
the crystal. At incident neutron energies £ 5 MeV the spectrum of recoil 
deuterons produced by monoenergetic neutrons contains a prominent forward 
recoil peak with a sharp cutoff at its high-energy limit. This feature 
gives the deuterated scintillator a line shape which is particularly 
suitable for neutron spectrometry. In addition the spatial anisotropy of 
the scintillation properties of the crystal {l} can be used to select, and 
therefore to further enhance, this recoil peak. By folding in the correct 
line shape and making allowance for variations in line shape with neutron 
energy, the neutron spectrum may be extracted from the observed recoil-
deuteron spectrum. A computer program to carry out this analysis has 
been developed. 

The current version of the spectrometer incorporates an RCA C31024 photo-
multiplier which enhances the energy resolution with a light-collection 
system designed to obtain efficient and uniform illumination of the 
photocathode from the crystal. The performance of the spectrometer was 
studied by measuring spectra from the thin-target MB(d,n) 1 2C and thick-
target Li(d,n)8Be reactions. A pulsed beam was used so that the same 
spectra were also measured, simultaneously, by means of an independent 
pulsed beam time-of-flight spectrometer, in which the detector was 
NE2I3 liquid scintillator (5 cm diam. x 5 cm length) and the flight path 
was normally 3,26 m. 

Some examples of measurements are shown in figures 1 and 2, in which the 
panels (a) show spectra obtained from the deuterated crystal and panels 
(b) show the spectra measured simultaneously by time-of-flight. The time 
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resolution of the time-of-flight system used in these measurements was 2 ns 
(FWHM). A comparison of spectra from the nB(d,n) 1 2C reaction (figure I) 
indicates that the energy resolution of the deuterated crystal spectrometer 
is superior to that of the time-of-flight system (0,6 ns/ra) for neutron 
energies above about 10 MeV. The characteristics of the spectrometer 
have been investigated at incident neutron energies ranging from 1 to 22 
NeV. The threshold of 7 MeV, which was arbitrarily applied in the analysis 
leading to the spectrum shown in figure 1(a), does not represent a lower 
limit to the operating range of the instrument. However, the energy 
resolution of the spectrometer, in contrast to that of time-of-flight 
systems, decreases with decreasing neutron energy. 

These features imply that the deuterated crystal spectrometer will be most 
useful at high neutron energies (£ 10 MeV) and that its applications at 
lower neutron energies should be limited to measurements or experiments 
in which neutron energy resolution is not a prime consideration. The 
crystal is also being used to study spectra from thick-target neutron 
sources (e.g. figure 2), which may be of interest for radiotherapy facilities. 
The limited energy resolution of the crystal spectrometer at low neutron 
energy is of no consequence in these measurements and the fact that a 
pulsed beam is not required is a major advantage over the time-of-flight 
method at both high and low energies. 
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11.4.2 Absolute measurements of the neutron sensitivity of a ZP1320 

Geiger-Muller counter using the associated particle technique 

Summary: Because of their low neutron sensitivity Geiger-Muller counters 
are often used in mixed-field dosimetry to determine the photon 
dose fraction. The associated-particle technique has been used 
to determine absolutely the neutron sensitivity of an energy-
compensated ZPI320 Geiger-Muller counter at 3 MeV. 

Fast neutron beams are always accompanied by gamma rays. The gamma 
contamination of neutron beams used for radiotherapy and radiobiology, 
although typically of the order of a few percent, is an important factor 
since the biological effectiveness of gamma rays differs markedly from 
that of neutrons. Because of their low neutron detection efficiency, 
energy compensated Geiger-Muller (GM) counters are often the instruments 
of choice for the determination of the gamma dose component in mixed 
radiation fields. 

For accurate dose specification it is necessary to determine the sensitivity 
of these counters to neutrons. This is usually expressed as k u, the ratio 
of the neutron response to the response to the gamma rays used for the 
calibration. The work reported here was a collaboration between the 
Medical Component of the NAC and members of the Universities of Cape Town 
and Stellenbosch and the Southern Universities Nuclear Institute. 

The high flux associated-particle neutron source {l} was used to provide 
an electronically collimated cone of 3 MeV neutrons of known flux. The 
neutrons were produced in the D(d,n)3He reaction. The associated 3He ions 
were detacted in a totally depleted silicon surface-barrier transmission 
detector. The 3He peak was unambiguously resolved in the energy-loss 
charged particle spectrum {l}. A diagram of the experimental arrangement 
is shown in figure 3. 

A type ZP1320/PTFE (also known as 18550 or MX 164) GM counter was used. 
The counter was fitted with an energy compensating tin and lead filter 
and a PTFE outer sleeve. The counter was placed just outside the scattering 
chamber on a rotating arm with the axis of the counter aligned with the 
neutron cone axis. Hevimet was used to shield the counter from the deuteron 
beam collimators in order to reduce the gamma background. Standard fast 
electronics were used with the GM counter and the surface-barrier detector 
to provide the START and STOP pulses respectively to a time-to-pulse 
height converter. 

The number of counts in the peak in the time spectrum gives the number of 
real coincidences N c. The number of counts N T in the associated He peak 
in the surface-barrier detector spectrum, which was recorded simultaneously, 
is equal to the effective number of neutrons in the cone. The variation 
of the ratio e' * N C/N T with position on the neutron cone was measured by 
scanning the GM counter horizontally across the cone (which enveloped the 
counter). The measured horizontal neutron cone profile scan is shown in 
figure 4. The errors shown are statistical and corrections for dead-time 
effects have been made. 
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Because of the cylindrical symmetry of both the GM counter and the neutron 
cone {l}, the efficiency of the counter can be calculated by numerical 
integration of the profile. The efficiency {2} is given by: 

2TT 
A 

rR+r 
e' (x) x dx 

where A and R are the cross sectional area and radius of the GM counter 
respectively, r is the radius of the neutron cone at the effective centre 
of the GM counter, x is the displacement of the GM counter axis from the 
neutron cone axis. The efficiency at 3 MeV was found to be: 

e(3 MeV) = (2,86 + 0,57) x 10 -<• 

The k u value relative to 6 0Co was calculated as follows: 

k i E) = HE! x _A_ 
k u K h } D G K(E) 

where DQ is the dose sensitivity to 6 0Co (31,3 x 10 8 Gy _ 1) and K is the 
neutron kenna factor in ICRU muscle at 3 MeV (0,367 xlO - 1 0 Gv.cm2 {3} 
The result obtained was: 

k u(3 MeV) = 0,0039 + 0,0008 

Previous measurements with the ZP1320/PTFE GM counter have been made by 
Lewis and Hunt Í4) using the so-called spectral difference method. Their 
results are compared with the present measurement in table 4. 

Table 4 ^-values for ZP1320/PTFE GM counter 

Reference E n k u 

(MeV) (%) 

Present work 3,0 0,39 ± 0,08 
Lewis and Hunt {4} 4,2 0,67 +_ 0,07 
Lewis and Hunt {4} 5,5 0,81 + 0,08 

Since k u for GM counters increases with neutron energy in this energy 
range {5,6} the present measurement is not inconsistent with the earlier 
work. 

The advantage of the present method is the fact that the neutron flux is 
known absolutely and it is therefore intrinsically more accurate than 
other techniques which have been used for this type of measurement. However, 
because of the extremely low neutron sensitivity of GM counters the 
measurements are very time-consuming and their statistical accuracy is 
therefore limited by the available accelerator time. The method can in 
principle be used for calibrating any dosimeter which provides a pulsed 
output, such as pulse fission counters. 
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11.4.3 The neutron detection efficiency of a NE213 scintillator 

Summary: The central efficiency of a NE213 scintillator has been measured 
at 3, 4 and 7 MeV using the associated-particle technique. The 
results are in good agreement with calculations. 

We are using NE2I3 scintillation counters for several dosimetry applications 
e.g. to measure neutron flux and neutron energy spectra. Such measurements 
require knowledge of the detection efficiency of the scintillator. The 
computer code DETEFF ill, which is a modified version of the earlier Kurz 
code {2}, is usually used to calculate the efficiencies. 

The calculations have been compared with measurements made with a 
5,08 cm x 5,08 cm NE2I3 scintillator using the associated-particle source {3 

^The scintillator was mounted on a RCA 8850 photomultiplier tube and on 
the axis of the neutron beam which it completely encompassed. The 
electronic circuit included a pulse shape discriminator to eliminate gamma-
ray induced events. The detector was biased at 60 keVee and measurements 
were made at neutron energies of 3,00, 4,01 and 7,03 MeV. The high flux 
capability of the source was not required because of the relatively high 
efficiency of the scintillator. 

The central efficiency was calculated as the ratio of coincidences to 
detected 3He ions. The results obtained are shown in figure 5. The 
overall uncertainty in each measurement is estimated to be 5%. Also 
plotted in figure 5 is the DETEFF calculation. Care must be taken in 
comparing the measurements and the calculations since no corrections for 
attenuation and multiple scattering were applied to the measurements, and 
the calculations assume that the whole scintillator is illuminated by the 
neutron flux. However, these effects are small and, allowing for them, the 
present measurements are in good agreement with the calculations to which 
a 10% error is ascribed {l}. 
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11.4.4 The neutron sensitivity of a Geiger-Muller counter between 0,5 
and 8 MeV using the time-of-flight technique 

Summary: The pulsed beam time-of-flight method has been used to determine 
the ku-values of a ZP1320 GM counter in the 0,5 to 8 MeV region. 
The neutron fluence was carefully determined by simultaneous 
measurement of the time-of-flight spectra with a NE2I3 
scintillation counter. The results obtained are in good 
agreement with other measurements in this energy region using a 
similar counter. 

Although Geiger-Muller (GM) counters are often referred to as neutron-
insensiti"e devices, this is not strictly true. Although their sensitivity 
is low (and less than C-C02 or Mg-Ar ionization chambers which are also used 
in mixed field dosimetry) it has to t>e determined for accurate dose 
specifications. The neutron sensitivity is usually expressed as k u, the 
ratio of the neutron response to the response to the gamma rays used for 
the calibration. 

Various techniques have been used to determine ku~values of photon 
dosimeters. The measurements which have been made with similar devices 
have not always been in good agreement, probably because of the inherent 
difficulties in measuring such low neutron efficiencies and because the 
response of each instrument is dependent on the precise details of its 
construction. 

In the present work, which was a collaboration between the Medical Component 
and the Southern Universities Nuclear Institute, pulsed beams of protons 
and deuterons were incident on gas targets of tritium and deuterium 
respectively producing monoenergetic neutrons from the T(p,n)3He and D(d,n)3He 
reactions. The incident particle energies were below the reaction threshold 
for 3He break-up (8,34 MeV and 4,45 MeV at 0 respectively), thus ensuring 
that strictly monoenergetic beams were used. 

A type ZP1320/PTFE (also known as 18550 or MX 164) GM counter was used. 
The counter was supplied with an energy-compensating tin and lead filter 
assembly and a PTFE outer sleeve and the device was enclosed in a 

. o 
perforated metal shield. The GM counter was placed at -5 to the 
accelerator beam direction with its axis parallel to the neutron beam. 
Depending on the neutron energy, flight paths of between 0,8 and 2,5 m 
were required to give good separation between the monoenergetic neutron 
peak and the prompt gamma peak in the time spectra. However, these peaks 
were not completely resolved because of their low energy "tail". Spectra 
were therefore measured at some energies with the target evacuated in order 
to obtain the line shape of the gamma peak which was then used to strip 
the neutron peaks from the composite spectra. A flat background was fitted 
to each spectrum by least squares prior to stripping. 
Figure 6 shows spectra measured at a flight path of 1,23 m for the T(p,n)3He 
reaction at E p = 3,65 MeV with the target filled (upper curve) and 
evacuated (lower curve). The horizontal lines are the background fits. 

The neutron flux was determined by simultaneous measurement of the time-of-
flight spectra with a 2,54 cm diameter x 2,54 cm long NE2J3 scintillator 
mounted on a RCA 8850 photomultiplier tube. This detector was placed at 
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+5 to the accelerator beam direction. A pulse shape discriminator {1} 
was incorporated in the circuit to eliminate garnna-induced events. A flight 
path of 5,77 m was used for the flux measurements at all energies except for 
E n = 0,72 MeV when the flight path was 1,99 m. The long flight path was 
necessary to ensure that dead-time losses in the counting system were kept 
to a minimum. These were carefully monitored and were seldom more than about 
5%. 

The computer code DETEFF {2} was used to calculate the neutron detection 
efficiency of the scintillation counter. The ky-value at energy E relative 
to 6 0Co was calculated as follows: 

ix-L 
D„ K(E) 

The subscripts g and s refer to the GM and scintillation counters 
respectively; A is the number of counts in the monoenergetic neutron peak 
in the time spectrum; £ is the efficiency of the scintillator; r,d are 
the radii and flight paths of the detectors (cm); D is the dose sensitivity 
to 6 0Co radiation of the GM tube (Gy - 1); and K is the neutron kerma factor 
in ICRU muscle (Gy.cm2){3}. 

In figure 7 the present ky-values are shown together with meas irements made 
in this energy range with a similar counter by Jones et al. {4} using the 
associated-particle technique and by Lewis and Hunt {5} using the spectral 
difference method. The uncertainties in the present measurements include 
statistical errors but are mainly due to the 10% error ascribed to the 
calculated efficiency of the NE213 scintillation counter. 
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11.4.5 Trace elements and cancer 

Summary: Elemental analysis was performed on cellular and sub-cellular 
samples of normal and neoplastic rat liver tissue by proton-
induced x-ray emission spectroscopy. The results are analysed 
in terms of current biophysical models. 

The role of trace elements in the maintenance and growth of tumours has 
received increased attention recently {1,2}. In this work we have determined 
the trace element profile of neoplastic and normal rat liver tissue as well 
as sub-cellular fractions in order to shed further light on the altered 
functioning and metabolism of tumours. These studies were made possible 
by a collaboration with the University of Stellenbosch and the Southern 
Universities Nuclear Institute. 

Samples of neoplastic rat liver tissue were irradiated in air by 4 MeV 
protons for elemental analysis by x-ray emission spectroscopy. Comparative 
data for normal rat liver were obtained by analysing specimens from healthy 
rats, of the same BD-IX strain, matched for weight, age, sex and diet. 
Absolute values for the trace element levels were derived by calibrating 
our system with standard reference materials (NBS Bovine liver and IAEA 
Animal Muscle). Full details of the experimental procedure have been 
described by Renan et al,{3}. 

Table 5 shows the results obtained in this investigation. A statistical 
t-test revealed significant differences (p < 0,01) between the normal and 
malignant samples. Increased values for K and Ca were found in the hepatoma 
cells, indicating the high metabolic requirements of rapidly growing tissue. 
No significant differences were found for Fe and Zn; copper levels 
were found to be markedly depressed in the hepatoma cells, but not in the 
cellular nuclei. These results were analysed in terms of the available 
biophysical models of trace elements and cancer, and our conclusions are 
summarised below; fuller details have been published elsewhere {4}. 

(a) Zinc: 

It has been postulated {5} that zinc is essential for tumour 
growth and development after a neoplastic transformation has 
taken place, and there is considerable experimental evidence in 
support of this hypothesis. The rationale behind this theory 
is that zinc metallo-enzymes, in particular the DNA polymerases, 
are crucial for cellular replication. A corollary is that 
rapidly-growing tumours would be expected to show elevated zinc 
concentrations as compared with normal tissue; this is indeed 
found to be the case for epithelial carcinomas, such as those 
of the skin and of the breast. 

Experimental findings are, however, by no means unanimous on 
this point; several investigators have found little or no 
difference in zinc levels between normal and malignant tissues. 

This paradox may be resolved by clearly delineating the different 
tumour types, as suggested by Vallee and co-workers {6}. In 
particular, endothelial tissues, such as those of the liver and 
kidney, already contain high zinc concentrations compared with 
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other organs, and tumour growth therefore does not significantly 
affect these levels. Our results support this contention. 

Table 5 Trace elemental levels in normal and malignant rat liver tissue 

Tissue type 
Trace elements in ppm of dry weight of tissue 

Tissue type 
S CI K Ca Mn 

Liver total 
tissue 

Hepatoma 
total tissue 

Hepatoma 
supernatant 

Hepatoma 
nuclei 

Liver nuclei 

13300 + 1300 

1650 + 260 4800 +1100 

6250 + 530 

7700 +_ 2300 

5300 +_ 950 

5520 +_ 370 

b06 +_ 60 

890 +_ 350 

297 +_ 19 

300 + 20 

26 + 10 

43 + 9,7 

8,6 + 1,3 

Liver total 
tissue 

Hepatoma 
total tissue 

Hepatoma 
supernatant 

Hepatoma 
nuclei 

Liver nuclei 

Fe Cu Zn Br Rb 

Liver total 
tissue 

Hepatoma 
total tissue 

Hepatoma 
supernatant 

Hepatoma 
nuclei 

Liver nuclei 

279 + 25 

241 + 19 

175 + 26 

8 3 + 1 3 

103 + 16 

18.8 _+ 2,6 

10,2 + 0,8 

9,1 +_ 1,1 

23.9 +_ 3,9 

26,7 + 4,7 
• 

105 + 10 

98 +_ 8 

111+^11 

104 +_ 13 

127 +_ 20 

6,6 

6,8 

11,4 + 2,4 

10,3 +_ 1,3 

(b) Copper: 

Several investigators have reported elevated serum copper levels 
(SCL) associated with different cancer types; these findings 
have led to the models of Fisher and Shifrine Í7) and of Stockert 
and Becker (8). These models suggest that the liver absorbs 
increases in serum copper via ceruloplasmin, the protein to which 
most (96%) of the serum copper is bound. 
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Any neoplastic process serves to disrupt this mechanism, however. 
Fisher and Shifrine {7} suggest that the membrane of a tumour cell 
resialytates the ceruloplasmin, thus rendering it unavailable for 
absorption by the liver, and causing the SCL to increase progressive 
The membrane thus acts as a one-way filter - allowing hepatic copper 
pools to be depleted, without permitting copper from the serum to 
pass into the interior of liver cells. We deduce from this that 
cytoplasmic copper levels in the livers of tumour-bearing hosts are 
expected to be depressed, whilst nuclear copper levels remain 
unaffected. Our results, both for intact liver cells as well as 
for the cytoplasm and nuclei, are in support of the predictions of 
the model. 
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SECTION 12 MAINFRAME COMPUTING FACILITIES 

Since the previous status report {1} on the computing facilities 
at the disposal of NAC users, a new mainframe computer has been 
successfully installed at the Centre for Computing Services (CCS) of the 
CSIR at Pretoria. NAC users were transferred to the new mainframe on the 
I7th of May 1982. At present 24 members of NAC staff are registered users, 
of which 2 are at the Pretoria Cyclotron Group (PCG). At the PCG the 
facilities have remained unchanged, but at Faure the present status is as 
follows: six video terminals (one with graphics capabilities) are in use 
and installed in their final location next to the data-communications 
and Remote Batch Facility (RBF) room. The RBF is made up of a 16-bit 
mini-computer with a 120 Mbyte disc drive unit, a printer, 800 bpi magnetic 
tape unit, and a graphics plotter. The data communication to the central com
puter is via a dedicated 9600 Baud GPO telecommunication link between 
Faure and Pretoria. The video terminals are connected to an automatic 
port hunting facility at the CCS via data concentrators. 

After delivery of the mini-computer, which was to be used as an RBF 
terminal to the mainframe computer in Pretoria, a reliable method 
of communication with the Pretoria computer had to be established. A 
UT200-terminal emulator software program called "UTERM", which had been 
contributed to the 1000 Users' Group Library PLUS 1000, was installed. 
The installation involved the generation of an operating system which 
minimized the usage of certain memory areas occupied by the operating 
system in order to make space for UTERM's program-to-driver communication 
requirements. 

After the initial problems of installing the driver were overcome, it 
became apparent that the 1/0 driver of UTERM was not fully implementing 
the defined protocol of the 200 User Terminal. Thus a flowchart was 
drawn up which conformed to all the information available on the UT200 
protocol. The existing driver in the UTERM program was modified to 
conform to this and at the same time a routine was added to the program 
to log all message exchanges between the local mini-computer and the host com
puter as well as the status of the data buffers in the mini-computer. This 
produced a slight improvement in the performance of the remote batch 
facility. With the assistance of CSIR Computing Services Data Communications 
Division further tests were done and a few anomalies relating to message 
error recovery were removed. 

Further tests indicated that the error rate of the data received from 
Pretoria was far higher than was warranted from the quality of the 
communication link. The interrupt structure of the local mini-computer 
was altered making the interrupts from the communication ports privileged. 
This brought about a significant improvement in the performance of the 
system. Two further protocol violations were eliminated and successful com
munications with the computer in Pretoria have now been established for the 
receipt of printer data. Further tests remain to be done for the transmission 
of data to Pretoria and for the receipt of graphic data for the local 
production of computer plots. 
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SECTION 13 VISITS ABROAD BY STAFF MEMBERS 

A H BOTHA: WEST GERMANY, FRANCE AND SWITZERLAND 

SEPTEMBER 1981 

Purpose of Visit 

(a) To attend the 9th International Conference on Cyclotrons and 
Their Applications, and to present a paper on the progress 
of the South African National Accelerator Project; 

(b) To visit three cyclotron laboratories in order to study ion 
sources for light ions and electrostatic extraction channel; 

(c) To visit a manufacturer of diagnostic equipment for beamlines. 

General Impressions 

Approximately twenty cyclotrons are either being built or are currently 
proposed. Seventeen of these cyclotrons, of which nine are superconducting 
machines, will deliver beams of heavy ions. The k « 500 superconducting 
cyclotron at Michigan State University was the first of its type to come 
into operation a few months after the conference. 

For the first time ions from an Electron Cyclotron Resonance ion-source 
(in this case 1 6 N 7 + ions) have been accelerated in a cyclotron at the Centre 
for Nuclear Research in Karlsruhe. An energy of 26 MeV/nucleon was obtained. 
The ionization of some non-volatile elements in this type of source has also 
been reported for the first time. 

Information obtained on insulating materials, feed-throughs and manufacturing 
procedures for electrostatic extraction channels has expedited the design of 
the channel for SPC1. 

Information obtained on ion-sources for light ions led to a decision on the 
type of source now being designed at the NAC for operation in SPCI and to 
much of the detail of the source. 

The visit to the manufacturer of diagnostic equipment resulted in an 
appreciable saving on the cost of the diagnostic components for the 
injection line. 

J C CORNELL WEST GERMANY, FRANCE, BELGIUM, HOLLAND AND 
UNITED KINGDOM 

SEPTEMBER 1981 

Purpose of Visit 

(a) To attend the 9th International Conference on Cyclotrons 
and their Applications in Caen, France; 
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(b) to present two papers at the above conference reflecting 
aspects of the work being done at the NAC; 

(c) to visit a number of accelerator laboratories to obtain 
information regarding ion sources and transportation of 
ion beams for axial injection into cyclotrons; 

(d) to visit the factory of a manufacturer of isocentric 
neutron therapy units. 

General Impressions 

At the 9th International Conference on Cyclotrons and their Applications, 
the status of a number of separated-sector cyclotrons was reviewed. Several 
of these machines are being assembled at present, and there will be an 
increasing number of facilities capable of producing beams in an energy 
range similar to that of the NAC SSC. 

While the ECR ion-sources seem to show most promise, the development of an 
axial injection system is not trivial, and PIG sources continue to be 
improved. For polarised beams, a Lamb-shift polariser could perhaps be 
used with an ECR source. An ECR source would be capable of producing 
both light-and heavy-ions, including metal ions, but with reduced duty 
cycles for high charge states. 

The availability of another commercial manufacturer of isocentric neutron 
therapy units is encouraging. The contribution to the collaboration by 
the MRC could be very valuable as a source of expertise in this field. 

J C CORNELL NEW ZEALAND 

FEBRUARY 1982 

Purpose of Visit 

The sole purpose of this visit was to witness a number of tests on 
quadrupole magnets at various stages of completion in the manufacturer's 
factory, at their invitation. 

General Impressions 

Great care is taken at all stages of manufacture to ensure that all 
quadrupole magnets conform to NAC specifications. The complete field is 
mapped in cylindrical polar co-ordinates, and harmonic analysis is then 
performed by in-house computer. The field strengths, effective lengths, 
and harmonic content were all satisfactory. A tour of the factory was 
undertaken with detailed examination of various stages of manufacture, and 
a number of satisfactory testo were witnessed. 
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A A COWLEY, S J MILLS : U S A AND WEST GERMANY 

SEPTEMBER - OCTOBER 1981 

Purpose of Visit 

The main purpose of the visit was to take part in an experiment at Indiana 
University Cyclotron Facility, Bloomington, Indiana to investigate the role 
of the nucleon-nucleon interaction in proton-induced reactions on 5 8Ni. 
This experiment was a continuation of an existing experimental programme in 
collaboration with groups from the University of Maryland and Indiana 
University. Upon completion of the experiment, laboratories at Oak Ridge 
(Holifield Heavy Ion Research Facility), Darmstadt (GSI) and Heidelberg 
(Max Planck Institut fur Kernphysik) were visited in order to view the 
experimental facilities available at these institutions and especially to 
compare the features of their scattering chambers with those of the NAC 
scattering chamber which was recently acquired from the University of 
Maryland. 

General Impressions 

The experiment which was performed at the Indiana University Cyclotron 
Facility is described elsewhere in this report. 

The scattering chamber which was recently acquired from the University of 
Maryland compares very favourably with similar instruments at the 
institutions which were visited. Experience at the Holifield Heavy Ion 
Research Facility suggests that the vacuum properties of the NAC (ex-
Maryland) scattering chamber should be adequate even for heavy-ion studies. 

Although the study of short-lived isotopes by means of an on-line isotope 
separator is an important field of research, it is clear that the complexity 
of the techniques involved places a heavy burden on available manpower. 
Therefore, in spite of the fact that expertise in isotope separation is 
available in South Africa, it is recommended that the procurement of such 
an instrument for the NAC should not be considered in the foreseeable future. 

A A COWLEY, J J LAWRIE, S J MILLS: U S A AND U K 

MAY - JUNE 1982 

Purpose of Visit 

The main purpose of the visit was very similar in nature to that of the 
earlier visit. An experiment was performed at Indiana University Cyclotron 
Facility in collaboration with groups from the University of Melbourne, 
Australia and IUCF in order to investigate the reaction °Ca(p,2p)39K 
(ground state) at an incident energy of 150 MeV at various quasi-free angle 
pairs. A visit to the Nuclear Structure Facility of Daresbury Laboratory 
at Warrington, England was also undertaken by two staff members (A A Cowley 
and S J Mills) in order to view and discuss the experimental facilities 
available at that institution. 
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General Impressions 

The experiment did not yield data of adequate statistical accuracy during 
the beam-time which was allocated to it, and the experimental arrangement 
will have to be modified slightly should more beam-time become available. 

The gamma-ray correlation tables at Daresbury Laboratory are of a particularly 
functional design.The on-line computer facilities at this institution are 
very impressive, and the NAC is fortunate that one of the persons responsible 
for its data acquisition computer facilities is currently spending a few 
months at Daresbury. 

Z B DU TOIT; BELGIUM, FRANCE, HOLLAND, WEST GERMANY 

SEPTEMBER 1981 

Purpose of Visit 

(a) To attend the 9th International Conference on Cyclotrons 
and their Applications held at Caen (France) and to present 
a paper. 

(b) To visit various cyclotron laboratories in Europe, mainly 
to discuss axial injection systems, development in the 
field of ion sources and design problems in the central 
region of solid pole cyclotrons. 

General Impressions 

The recent development of Electron Cyclotron Resonance (ECR) sources for 
heavy ions has renewed interest in axial injection systems and central 
region studies for solid pole cyclotrons. This could be seen from the 
number of papers and discussions at the conference in Caen. Apart from 
new machine designs this method of injection is now also being developed 
for the existing cyclotrons at Julich, Louvain-la-Neuve and Groningen. 
Regarding the choice of inflectors, no definite trend could be noticed 
although the hyperboloidal and spiral inflectors seemed to be slightly 
favoured. It was clear that central region design studies still play a 
major role in cyclotron design and that much time and effort were put 
into this aspect. All calculations reported were still based on measured 
electric field distributions except at Julich where field distributions 
were obtained by means of 3-dimensional relaxation programmes. 

Several European cyclotron laboratories were visited where contact was made 
with scientists in similar and related fields and valuable information was 
obtained. It is evident that most people are confident that ECR sources 
will be the most important sources for heavy ions, at least for the next 
couple of years. Also noteworthy is the latest compact ECR source which 
is capable of producing -0,3 pA beams of W 2 +. 

The friendly reception and hospitality received everywhere is deeply 
appreciated, especially when one considers the number of visitors to these 
institutions and the tight time schedule for their own projects. A special 
effort should perhaps be made to invite some of these people to visit our 
own laboratories. 
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J H HOUGH: WEST GERMANY, ENGLAND AND THE UNITED STATES OF AMERICA 

JUNE 1981 

Purpose of Visit 

The visit was undertaken in order to gain information which would be of 
value in the planning and realization of a Fast Neutron Facility at the 
Pretoria Cyclotron. The itinerary was scheduled to include the Fourth 
Symposium on Neutron Dosimetry (Munich 1 - 5 June 1981) and Part I (Physics 
and Radiobiology of a postgraduate course - 'Fast Neutrons in the Treatment 
of Cancer' (Hammersmith Hospital, London, 8 - 9 June 1981). Visits to 
various Institutes in England and the United States of America were also 
arranged and discussions were held with a 3ritish company concerning a 
variable collimator for fast neutrons. 

General Impressions 

The Munich Symposiums on Neutron Dosimetry provide physicists working in 
this specialised field with an ideal platform, firstly to obtain a broad 
overview of the work being done in most countries and secondly to meet and 
converse with fellow workers with common interests. Apart from the 
occasional specialised workshops, this meeting should be attended by all 
physicists active in neutron dosimetry. 

The variable neutron collimator recently installed at Hammersmith Hospital, 
London, is functioning very satisfactorily and performance characteristics 
such as depth doses, tissue-kerma rate in air, beam profiles and leakage 
radiation compare favourable with the old collimator with removable inserts. 
The acquisition of a variable neutron collimator for the Fast Neutron Therapy 
facility at PCG would minimise radiation exposure to staff, facilitate greater 
flexibility in therapy treatment planning and eliminate the time consuming 
and physically strenuous effort associated with the changing of removable 
inserts to attain different field sizes. 

The clinical trials at the MRC Cyclotron Unit, Western General Hospital, 
Edinburgh have shown that for average neutron energies less than 10 MeV, 
which thus restricts treatment to superficial tumours, neutron therapy is 
not necessarily superior to conventional photon therapy. It was suggested 
that the similarity in tumour response to the application of the two modalities 
(photons and neutrons) as observed in the Edinburgh trial, was due to more 
favourable results being achieved with conventional photon therapy at Edinburgh 
than with the photon trial at Hammersmith Hospital. In the light of these 
findings it would seem appropriate to raise the whole question of mixed 
schedule therapy and the possibility of initiating the use of therapeutic 
neutrons in South Africa in conjunction with photon therapy. Although there 
is still much confusion surrounding mixed modalities, the ultimate viability 
of the low energy Pretoria Cyclotron may well be enhanced by this approach. 
Any decision concerning the actual treatment regime is, however, entirely the 
responsibility of the radiotherapists involved with the neutron therapy 
programme envisaged at PCG. 

In order to undertake dosimetric studies under controlled mixed field 
conditions, the Medical Physics Department of the University of Wisconsin 
has coupled a 60Co-teletherapy source in tandem with their 14,8 MeV neutron 
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source. This unique arrangement facilitates a broad spectrum of dosimetric 
measurements (both physical and biological) and to duplicate a similar dual-
modality radiation facility at the Pretoria Cyclotron, would undoubtably 
enhance the scope of the research and development work at the PCG. 

D T L JONES: SWITZERLAND, WEST GERMANY, U.K. AND U.S.A. 

MAY - JULY 1981 

Purpose of Visit 

(a) To attend the Fourth Neutron Dosimetry Symposium in Munich, 
West Germany. Three papers were presented there; 

(b) To attend the Course on Fast Neutrons in the Treatment of 
Cancer at Hammersmith Hospital, London, U.K.; 

(c) To have consultations with two major manufacturers of 
cyclotrons in connection with the proposed isocentric 
neutron treatment system for the NAC; 

(d) To visit various institutions in order to obtain information 
and evaluate the techniques and equipment used in the 
medical applications of particle beams with particular 
reference to the physical aspects involved. The tour 
included visits to all the institutions in the U.S.A. 
involved in neutron and proton therapy. 

General Impressions 

There is currently some pessimism about neutron therapy in that it has 
not fulfilled its earlier promise. The Hammersmith randomised clinical 
trial which apparently showed improved local control of neutron-treated 
advanced tumours of the head and neck is being regarded with some scepticism. 

However, the pessimism is tempered by the knowledge that all existing 
neutron therapy beams suffer from inadequate dose delivery (the depth dose 
is inadequate and/or the beam is fixed). In addition, the doses given 
may not have been optimal since the RBE's are not always well-determined. 

In many centres combined neutron and photon treatments are given and there 
is some evidence that this type of treatment is better than neutrons alone. 
However, care should be taken in assessing these results since in many 
cases the photon beams had better dose delivery characteristics than the 
neutrons, the fractionation was different (e.g. 2 neutrons per week versus 
2 nautrons + 3 photons per week) and the optimum dose was more likely to 
be achieved with the mixed-beam schedule because of the inadequate knowledge 
of neutron RBE's. There is also some radiobiological evidence that 
simultaneous neutron and photon irradiation may be even more advantageous. 

In view of the infinite number of permutations and combinations possible 
with mixed-modality treatment schedules it is evident that the question 
of whether neutron therapy is better than the best available photon therapy 
should be answered first. A large-scale randomised clinical trial of high-
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energy neutrons with isocentric delivery versus 4 - 8 MeV photons is 
required. 

Several cyclotrons in the 40 - 70 MeV energy range are presently under 
construction or are on the drawing boards while some of the lower-energy 
facilities have closed down or are threatened with closure. The reaction 
of 60 - 70 MeV protons on beryllium is now generally regarded as providing 
the optimum energy range for neutron therapy. Current knowledge indicates 
that there are no compelling reasons to go to higher energies. 

The potential advantage of using high energy protons (which are low-LET) 
for radiotherapy lies in the possibilities of extremely accurate dose 
localisation in a well-defined tumour volume. This requires variable 
beam penetration and variable range modulation coupled with extremely 
accurate tumor localisation, three-dimensional treatment planning and 
patient set-up apparatus. A magnetic raster-scanning device together with 
compensators to take account of tissue inhomogeneities is desirable. Computer-
controlled automatic milling machines may be i.ecessary to fabricate the 
compensators. 

It appears that 3 - 4 man years will be required to develop a suitable 
treatment planning package from scratch for proton therapy. Commercial 
systems, while adequate for neutron therapy, are totally inadequate for 
proton planning and a dedicated system will probably be required. 

For the treatment of large volumes the broadening of the Bragg peak 
increases the dose to the proximal normal tissue. To limit normal tissue 
damage multiple port therapy is desirable. However, an isocentric system 
for 200 MeV protons using conventional magnets seems impractical at present. 

If the presence of hypoxic cells in tumours is the overwhelming reason 
for using high-LET radiation, then the use of hypoxic cell sensitisers 
in conjunction with the dose localisation advantages of protons is strongly 
indicated. 

H KETTNER DENMARK, GERMANY 

MAY 1982 

Purpose of Visit 

(a) The main purpose of the visit was to clarify technical 
details on 25 power supplies which the NAC has ordered 
from a Danish firm and to inspect their products and 
factory. 

(b) Another firm in Germany was visited to examine their 
power supplies and to discuss details of their quotations 
to NAC. 

General Impressions 

Power supplies seen at both companies were of a very high standard of 
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workmanship. It could be seen that these firms had a number of years 
experience in this field. Discussions at both firms were very successful 
and modifications to standard supplies can be accommodated to meet NAC 
specifications. 

The visits were very useful and they will help to make further communications 
with these companies easier and clearer. 

J J KRITZINGER, M HURWITZ AND R E QUANTRILL 

GERMANY 

MAY 1981 

Purpose of Visit 

To discuss the requirements for the design, detailed manufacturing drawings 
and manufacture of the two SSC resonators with the firm concerned. 

General Impressions 

The design drawings of the SSC resonators, done by the NAC staff, were 
explained to the design and draughting staff of the manufacturing firm. 
The NAC specification and all the radio-frequency and mechanical requirements 
were discussed in detail. The need for the small tolerances was explained 
and different manufacturing methods were discussed. During the two weeks 
of discussion a number of design improvements were suggested which should 
lead to a better final result as far as tolerances, operation and maintenance 
is concerned. 

J J KRITZINGER AND M HURWITZ : GERMANY AND SWITZERLAND 

OCTOBER 1981 

Purpose of Visit 

(a) To discuss problems related to the design, manufacturing 
drawings and manufacture of the two SSC resonators. 

(b) To discuss the possible manufacture of short-circuiting 
plates for the resonators of both SPC1 and the SSC. 

General Impressions 

(a) A number of problems, which arose during the progress 
with the manufacturing drawings of the SSC resonators, were 
discussed during the visit. Suitable solutions were found 
to all technical problems. Since the design team of the 
manufacturing firm was at this stage very familiar with 
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the details of the resonators the discussions were extremely 
useful for the progress with design and manufacture. Earlier 
we had found that some technical problems could not be 
solved by telex or by letter. Very good co-operation was 
again experienced. 

(b) During discussion of the possibilities of short-circuiting 
plate manufacture, with a firm which has manufactured 
similar units before, it became clear that the NAC requirement 
was such that previous technologies were not suitable for 
direct use due to different dimensions, current densities 
and the extremely high cost which would be involved. Despite 
the excellent co-operation experienced, it was decided that 
this development will be undertaken by the NAC staff. 

J J KRITZINGER AND M HURWITZ: GERMANY AND SWITZERLAND 

MARCH 1982 

Purpose of Visit 

(a) To observe progress with the drawings and manufacture of 
the SSC and SPC1 resonators at the manufacturers. 

(b) To discuss the manufacture of special components for the 
rf-coupling system of SPCI. 

General Impressions 

(a) Good progress has been made by the firm manufacturing 
the SSC resonators, although delays have occurred with 
the delivery of the large stainless steel plates and the 
manufacture of the large copper cylinders. The manufacturing 
drawings were near completion and few technical problems had 
to be solved during this meeting. The improvements on the 
original design resulted in extra design and drawing time and 
higher manufacturing cost. The resulting request for 
additional cost was discussed in detail. Two of the main 
subcontractors were also visited. All firms seemed to be 
very capable in their respective fields, and were very co
operative. 

(b) The firm manufacturing the inner and outer cylinders for 
the resonators of SPCI was visited. Manufacture has started 
and a production schedule was obtained. All technical 
problems have been solved and very good co-operation was 
experienced. 

(c) A very fruitful visit was also made to a manufacturer 
of variable vacuum capacitors to discuss the manufacture 
from standard components of special units, which are to 
be used as the main part of the rf-coupling system for the 
SPC) resonators. 
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D REITMANN: SWITZERLAND, GERMANY, FRANCE AND THE UNITED KINGDOM 

AUGUST - SEPTEMBER 1981 

Purpose of Visit 

(a) To attend the Ninth International Conference on Cyclotrons 
and their Applications, Caen, 7 - 1 0 September 1981; 

(b) To attend the 17th General Assembly of the International 
Union of Pure and Applied Physics, Paris; 

(c) To visit a number of accelerator laboratories where research, 
isotope production or cancer therapy, similar to that envisaged 
for the NAC, is conducted. 

General Impressions 

The cyclotron conference presented an excellent opportunity to become 
acquainted with the latest developments in accelerator technology as well 
as all the applications of such facilities all over the world. Valuable 
information was obtained, both from the presentations and from informal 
discussions. Overall impressions were that the choice of the NAC accelerator 
type, energy range and proposed applications was good, that the medical 
facilities as presently planned will be rather unique and that many 
scientists from other countries would be interested in future co-operation. 

During the visits to accelerator laboratories information was obtained 
about research programmes, procedures regarding scheduling and outside 
users, radiation protection, isotope production and radiotherapy (where 
applicable) and hardware including ion-sources, vacuum pumps, beamline 
components, diagnostic equipment, computers, etc. 

At the medical facilities which were visited, matters of importance 
to the NAC were discussed. These included procedures, dosimetry, shielding, 
collimation etc. Particular attention was given to facilities for radio
isotope production, for treatment planning and for patient handling. 

S SCHNEIDER, P G MOLTENO: WEST-GERMANY, SWITZERLAND 
FRANCE 

FEBRUARY - MARCH 1982 

Purpose of Visit 

(a) The main purpose of the visit was to finalise numerous 
detailed design specifications of the beam diagnostic 
components purchased for the injection beamline. 

(b) To clarify detailed design features of the electrostatic 
extraction channel and its high-voltage supply line; 
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(c) To visit a manufacturer of radiation-resistant closed-
circuit television cameras to discuss a proposed system 
for the NAC. 

General Impression 

The first conceptual design layouts of both the mechanical and electronic 
systems were evaluated and discussed in detail. Apart from minor 
modifications, these layouts were approved in principle. The characteristics 
of the numerous interfaces were defined and it was possible for the NAC to 
convey its preferences at an early stage before detailed designs were made. 
The design work was progressing well. The visit proved to be of utmost 
importance to clarify misunderstandings and to establish the feasibility 
of preferences at an early design stage. The NAC is now in a position to 
develop various other systems in parallel. 

The discussions with experts at two accelerator institutes on specific 
design features of the electrostatic extraction channel proved to be most 
useful. It became apparent that in some respects our design approach was 
(possibly) too cautious. 

The proposal for the closed-circuit television system with radiation-
resistant TV cameras was discussed in detail with the manufacturer. We 
also had the opportunity to look at a similar installed system. The 
proposed system has very attractive features and is also used at other 
accelerator institutes. 
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SECTION 14 PUBLICATIONS AND REPORTS 

14.1 Publications in Research Journals 

1. P Andersen, F J Haasbroek, S S J Venter and F W E Strelow*, 
Purification of cyclotron-produced 8 1Rb for the preparation 
of small 8 l mKr generators. S. Afr. J. Chem. 3 (1981) 34 

2. C M Bartle*, F D Brooks*, D T L Jones, W R McMurray* and 
R Verbruggen*, A high flux associated-particle neutron source. 
Nucl. Instr. and Meth. J80 (1981) 165 

3. F J Haasbroek, F W E Strelow* and T N van der Walt*, 
Separation of carrier-free rhodium isotopes from ruthenium 
cyclotron targets by the extraction of nitrosylruthenium 
from hydrochloric acid solution. S. Afr. J. Chem. 2 
(1981) 34 

4. M J Renan*, C F Albrecht* and D T L Jones, Multi-elemental 
x-ray analysis of normal and malignant mammalian tissue by 
proton excitation of thick samples in air. Nucl. Instr. and 
Meth. 181 (1981) 297 

14.2 Conference Proceedings 

1. A H Botha et al., The status of the South African National 
Accelerator Centre. Proc. Ninth Internat. Conf. on Cyclotrons 
and their Applications, 1981, Caen (Les Editions de Physique, 
France, 1981) p 34 

2. H Breuer*, C C Chang*, A A Cowley, H D Holmgren*, K Kwiatkowski*, 
A C Mignerey* and V E Viola*, Alpha particle fragmentation in 
238U(ot,xff) reactions at 80 and 160 MeV. Bull. Am. Phys. Soc. 
26 (1981) 581 

3. G Ciangaru*, A Nadasen*, C C Chang*, H D Holmgren*, P G Roos*, 
A A Cowley, S Mills, M K Saber*, J R Hall* and P P Singh*, 
58Ni(p\2p) reaction at 198 MeV. Bull. Am. Phys. Soc. 27̂  (1982) 
509 

4. Z B du Toit, S J Burger, P J Celliers, G S Z Guasco, L Roels and 
H A Smit, Aspects of the design of an 8 MeV cyclotron as injector 
for a 200 MeV separated-sector cyclotron, Proc. Ninth Internat. 
Conf. on Cyclotrons and their Applications, 1981, Caen (Les 
Editions de Physique, France, 1981) p 129 

5. M Iturralde*, 0 R van Reenen*, M G Lotter*, W H van Zyl*, 
A J van Wyk*, P Fourie, J P van der Walt* and F J Haasbroek, 
Clinical evaluation and dosimetry of selenium-75 renal tubular 
pharmaceuticals. Proc. Int. Conf. on Medical Radionuclide 
Imaging, Heidelberg, 1-5 Sept. 1980, Vol. II (International 
Atomic Energy Agency, Vienna, 1981) 

: Member of another institute. 

* 
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D T L Jones, C M Bartie*, W R McMurray* and F D Brooks*, An 
associated-particle neutron source for dosimetry applications. 
Proc. Fourth Symposium on Neutron Dosimetry, Munich-Neuherberg, 
EUR 7448 EN, Vol. I (Commission of the European Communities, 
Luxembourg 1981) p 465 

D T L Jones and F D Brooks*, A new type of recoil spectrometer for 
neutron energy spectra measurements. Ibid, p 479 

D T L Jones, The neutron sensitivity of a GM counter between 0.5 
and 8 MeV. Ibid. Vol. II p 409 

K K Kwiatkowski*, A C Mignerey*, V E Viola*, H Breuer*, C C Chang*, 
A A Cowley and H D Holmgren*, Light particle spectra observed in 
the 2 3 8U(a,xff) reaction at 160 MeV and 80 MeV. Bull. Am. Phys. 
Soc. _2_5 (1980) 732 

C M Merry and J C Cornell, An orthogonal quadrupole system, 
Proc. Ninth Internat. Conf. on Cyclotrons and their Applications, 
1981, Caen (Les Editions de Physique, France, 1981) p 509 

M J Renan*, C F Albrecht* and D T L Jones, Influence of neoplasia 
on zinc and copper levels in murine liver cells, Proc. Sixth 
Internat. Conf. on Modern Trends in Activation Analysis,Toronto, 
1981, p 68 

P F Rohwer and S Schneider, Beam injection and extraction for the 
separated-sector cyclotron of the National Accelerator Centre. 
Proc. Ninth Internat. Conf. on Cyclotrons and their Applications, 
1981, Caen (Les Editions de Physique, France, 1981) p 481 

J Wesick*, C C Chang*, N S Chant*, A A Cowley, S Mills, A Nadasen*, 
L Rees*, P G Roos*, N R Yoder* and W W Jacobs*, Distorted-Wave 
Impulse Approximation calculations of the continuum spectra and 
analyzing powers in p + 2H, 3He and "He at 100 and 150 MeV. Bull. 
Am. Phys. Soc. 27 (1982) 568 

Internal Reports 

Orbit calculations 

NAC/BA/81-01 S J Burger 
Wysiging van "Orbit Code" vir elektriese 
potensiaalrooster invoer. 

NAC/BA/81-02 S J Burger 
'n Sitnuleerde elektrolitiese tenk 
toetsveld vir "Orbit Code". 

NAC/BA/82-01 S J Burger 
Orbit code baanberekeninge met 
inagneming van fasesaamdrukking en 
-uitrekking. 
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Beam diagnostics 

4. NAC/BD/81-09 

5. 

6. 

NAC/BD/82-01 

NAC/BD/82-02 

7. NAC/BD/82-03 

8. NAC/BD/82-04 

9. 

10. 

II. 

NAC/BD/82-05 

NAC/BD/82-06 

NAC/BD/82-07 

S Schneider 
Cooling considerations for scanner 
and harp wires for the injection 
beamline (SPC1 -+ SSS). 

P G Molteno, S Mills and S Schneider 
Initial tests with y beam-phase-
measurement system at SUNI. 

S Schneider 
Surface area estimate and material 
designation for the injection beamline 
diagnostic components for the evaluation 
of outgassing and vacuum requirements. 

E Franklin and S Schneider 
Derivation of formulae for optimization 
of capacitive pick-up probes and 
calculations of probe signals as 
proposed in the report: GSI 79-13. 

S Schneider and E Franklin 
Signal distributions from capacitive 
pick-ups (of the type proposed for the 
injection beamline) for various probe 
dimensions. 

S Schneider and L Stawiszynski 
Requirements for PCG stepping motor 
drive for slit systems. 

S Schneider and P G Molteno 
Minutes of discussions on beam 
diagnostic equipment held in February 
1982 between NAC and the manufacturer. 

S Schneider and L Stawiszynski 
Tests results to determine the position 
measurement accuracy of the potentiometer 
on the linear high-vacuum feedthrough 
(DL010) with stepping motor drive. 

Calculations 

12. NAC/BE/82-01 

13. NAC/BE/87-02 

P M Cronje 
Motion in a plane in an electromagnetic 
field: Cartesian coordinates. 

P M Cronje 
Motion in a plane in an electromagnetic 
field: Cylindrical coordinates. 
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Beam transport 

NAC/BT/81-01 

NAC/BT/81-02 

NAC/BT/82-01 

NAC/BT/82-02 

C M Merry 
Calculation of injection beamline. 

J C Cornell and C M Merry 
Specification for dipole magnets 
type D9, D29 and D48. 

C M Merry 
Beamlines to the experimental area. 

J C Cornell 
National Accelerator Centre identification 
code (NACIC) for beamline and related 
components. 

Computer programs 

NAC/CP/81-01 

NAC/CP/81-02 

NAC/CP/81-03 

NAC/CP/81-04 

NAC/CP/81-05 

NAC/CP/81-06 

NAC/CP/8I-07 

S J Burger 
VDER - 'n Subroetine vir numeriese 
interpolasie en differensiasie. 

J N J Truter 
A processor to generate forms on the 
HP-264X terminal from a user command 
file or interactively from the terminal 
itself. 

J N J Truter 
Minicomputer/microcomputer development 
system communications handler 

J N J Truter 
A minicomputer-based cross-assembler 
for the 8080/8085 microprocessor 

J N J Truter 
A program to format user's text files 
with heading time of listing information 
for printing on the 2608 lineprinter. 

J N J Truter 
Priviledged subroutines: subroutines 
to allow users to send BrCNAF's to 
CAMAC modules from Fortran/Pascal: 
assembler routines without using the 
real-time executive driver 

J N J Truter 
A program to allow CAMAC users to 
access any CAMAC module interactively 
in any branch or crate in the GEC 
CAMAC system via simple commands. 
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NAC/CP/81-08 J N J Truter 
RTE driver to interface the GEC CAMAC 
executive system to RTE-4B operating 
system. 

Dosimetry 

NAC/DO/82-01 

Injection and Extraction 

NAC/EI/81-05 

NAC/EI/81-06 

NAC/EI/82-01 

J P Slabbert 
Geabsorbeerde stralingsenergiemetings 
met 'n ferroamonium sulfaat oplossing. 

NAC/EI/82-02 

NAC/EI/82-03 

NAC/EI/82-04 

P F Rohwer and S Schneider 
MIC dimensions and movement 
considerations. 

P F Rohwer, S Schneider and A H Botha 
Preliminary specifications for the 
magnetic inflection channel (MIC) 
power supply. 

P F Rohwer and S Schneider 
Preliminary specifications for the 
power supply of the electrostatic 
extraction channel (EEC) for the 
separated-sector cyclotron (SSC). 

P F Rohwer and S Schneider 
The injection orbits of the SSC. 

P F Rohwer and S Schneider 
A conceptual design of the second 
septum magnet (SPM2) in the extraction 
system of the SSC. 

P F Rohwer and S Schneider 
Conceptual design of the electrostatic 
extraction channel (EEC) for the 
separated sector cyclotron. 

Electronics 

NAC/EL/81-01 H Kettner and J S du Toit 
Codification for documentation 

Injector; calculations 

NAC/IB/82-01 

NAC/IB/82-02 

G S Z Guasco and D T Fourie 
Electrolytic tank measurements using 
the "Parallel Plate" model. 

G S Z Guasco 
Electrolytic tank measurements using 
a 4:1 scale model of the ion-source/ 
puller region of SPC1. 
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Injector; extraction 

NAC/IE/81-05 

NAC/IE/81-06 

NAC/IE/82-01 

NAC/IE/82-02 

NAC/IE/82-03 

G J van der Merwe 
Ondersoek na hoogspanningstegnologie 
verbonde aan elektrostatiese 
ekstraksie kanale. 

P J Celliers and W A G Nel 
SPS1 eerste magnetiese kanaal: 
alternatiewe metodes om die gradient 
te varieer. 

P J Celliers and W A G Nel 
Vervorming van die SPS1 hoofmagneet-
veld deur die Iste en 2de magnetiese 
kanale. 

P J Celliers and W A G Nel 
Die finale ontwerp van die tweede 
fokuseringskanaal vir SPS1. 

P J Celliers 
Veldmetings van die passiewe fokusering 
kanaal (MK1) van SPS1. 

Injector: geometry 

NAC/IG/81-01 

NAC/IG/82-01 

NAC/IG/82-02 

S J Burger 
Aksiale fokussering en akseptansie in 
die sentrale gebied van SPS1. 

S J Burger 
Elektriese fokusering in die sentrale 
gebied van SPS1. 

G S Z Guasco 
Calculations of the positions of the 
ion-source for 4 MeV and 8 MeV protons 
and 6 MeV 1 2 C 3 + . 

Injector: magnet 

NAC/IM/81-03 L Roels 
Toetsmetinge van die magneetveld van 
die SPSI. 

Injector: central geometry 

NAC/IS/82-01 Z B du Toit and S T Burger 
Die sentrale geometrie van SPCI en die 
versnelling van ligte-swaar ione. 
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Magnets 

NAC/MA/81-05 

NAC/MA/81-06 

NAC/MA/81-07 

NAC/MT/82-01 

Radio-frequency 

NAC/RF/81-04 

NAC/RF/81-05 

NAC/RF/81-06 

NAC/RF/31-07 

NAC/RF/81-08 

NAC/RF/82-02 

NAC/RF/82-03 

NAC/RF/82-04 

NAC/RF/82-05 

NAC/RF/82-06 

H N Jungwirth and P R Dostal 
Proposed repair to damaged pole face of 
SSC. 

L Stuart 
Specifications for the supply of the 
cone and trim-coils to the NAC. 

L Stuart 
Specifications for the supply of the 
inner and outer harmonic coils to the 
National Accelerator Centre (NAC). 

H N Jungwirth and L K 0 Schulein 
Resistance of sector magnet trim-coils. 

R E F Fenemore 
Screen and control grid voltage regulators 
for SPC1 power amplifier prototype. 

R E F Fenemore 
SPC1 Power amplifier prototype. 

R E F Fenemore 
Filament supply regulator for SPC1 
power amplifiers. 

R E F Fenemore 
CAMAC interfacing requirements for 
SPC1 power amplifier system. 

R E F Fenemore 
Chromate conversion coating. 

P J Kriel and J W Carstens 
Evaluation of a continuously variable 
phase shifter. 

P J Kriel 
Testing of the double heterodyne phase 
modulator. 

J W Carstens 
Amplitude detector. 

J W Carstens 
Phase modulator (ERF 13). 

J J Kritzinger 
Heating of contact-fingers by rf-
currents in vacuum. 
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60. 

61 

62. 

NAC/RF/82-07 

NAC/RF/82-08 

NAC/RF/82-09 

M J van Niekerk 
Diode switch-over circuit for the 
amplitude control system. 

M J van Niekerk 
Automatic tuning of the SPCl resonator 
model. 

J J Kritzinger 
Coupling systems of the SSC resonators. 

63. NAC/VA/81-05 B H 0 Eisinger 
Leak-tightness test of first magnet 
vacuum chamber at manufacturer. 

64. 

65. 

66. 

67. 

68. 

NAC/VA/81-06 

NAC/VA/81-07 

NAC/VA/81-08 

NAC/VA/81-09 

NAC/VA/81-10 

B H 0 Esinger 
Leak-tightness test of first magnet 
vacuum chamber at manufacturer. 

C J van Lamp 
Proposal for SSC cryopumping system 
with a central helium compressor. 

C J van Lamp 
Proposal for control SPCl vacuum system. 

C J van Lamp 
Proposal for the facilities and 
procedures for the cleaning of high-
vacuum equipment. 

B H 0 Eisinger 
Leak-tightness test of first magnet 
vacuum chamber at NAC. 

69. NAC/VA/81-11 B H 0 Eisinger 
Leak-tightness test of second magnet 
vacuum chamber at NAC. 

70. NAC/VA/81-12 B H 0 Eisinger 
Leak-tightness test of third magnet 
vacuum chamber at manufacturer. 

71. 

72. 

NAC/VA/82-01 

NAC/VA/82-02 

B H 0 Eisinger 
Leak-tightness test of second and 
third magnet vacuum chamber at NAC. 

C J van Lamp 
Provisional specification: DN 800 ISO 
cryopumps for the SSC. 

14.4 Book 

H Breuer, Atlas zur Chemie (DTV-Munchen, 1981) 
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SECTION 15 PAPERS AND LECTURES 

15.1 Papers presented at the 22nd Annual Congress of the S A 
Association of Physicists in Medicine and Biology, Durban 
(March 1982) 

1. G D Cilliers*, en J P Slabbert, Disentromeervorming van T-
limfosiete in 'n snelneutronbundel. 

2. F J Haasbroek, Produksie van radioisotope met versnellers. 

3. J H Hough, Dosimetry measurements in mixed n-y radiation fields. 

4. J H Hough, Die beplande neutronterapiefasiliteit vir die Pretoria 
siklotron en 'n kort oorsig van projekte met snelneutrone. 

5. J P Slabbert, G-waardes vir die FeSG\ Bensoesuur-Xylenol 
sisteem in 'n snelneutronbundel en suiwer fotonveld. 

6. D T L Jones, Progress with the National Accelerator Centre. 

* Member of another institute. 

15.2 Papers presented at the 26th Annual Conference of the S A 
Institute of Physics, Port Elizabeth (July 1981) 

1. A A Cowley, Die rol van die nukleon-nukleon wisselwerking in die 
reaksie 58Ni(p,p'p) by 'n invalsenergie van 100 MeV. 

2. S J Mills and F J Haasbroek, Hiebriedmode-berekeninge van 
opwekkrommes vir proton- en a-geïnduseerde kernreaksies op 
tot -100 MeV. 

3. H N Jungwirth and A H Botha, Review of progress with the 
National Accelerator Centre. 

4. P J Celliers, Die ligte-ioon versneller van die Nasionale 
Versnellersentrum. 

15.3 Other Papers and Lectures 

1. A A Cowley, Eksperimentele aspekte van uitslaanreaksies soos bv. 
(p,2p) en (p,pot) by intermedíêre energie (100-300 MeV), Course 
of 7 lectures, University of Stellenbosch, August - September 1981. 

2. S J Mills, Die eksperimentele studie van kerne by hoë draaimomentum 
Course of 7 lectures, University of Stellenbosch, August - September 
1981. 

3. F J Haasbroek, Production of radioisotopes in the Pretoria 
cyclotron. Symposium on small accelerators and their applications, 
Taipei, R.O.C. (May 1981). 
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A H Botha, Die fisika van versnellers, Course of 7 lectures, 
University of Stellenbosch, April - May 1982. 
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