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Abstract 

All magnetic measurements of the CERN 
SC2 magnet were done with Hall-plates. The 
principal element of the measuring gear was 
a 3.5m long bar with 100 Hall-plates moun­
ted on a computer-controlled turn-table. 
The Hall-voltages were scanned, converted 
into field values and stored on tape. For 
special regions other Hall-plate arrange­
ments were used. The field maps were eval­
uated in terms of mean radius, frequency, 
n-value, etc. versus energy. The optimum 
field for capture near the centre, accel­
eration and transmission through the ex­
traction system was calculated. Shimming 
was required near the centre and in the 
channel-regenerator region. The same pro­
grams as for the original design were used. 
The programs used will be briefly described. 

Shim Calculation 

The reconstruction of the CERN synchro­
cyclotron was undertaken to get a consider­
able increase of the proton beam intensity. 
The principal changes were a new RF system 
giving higher Dee voltage and repetition 
rate and a new hooded arc ion source and 
central geometry to get efficient capture 
into a well-defined beam. The axial intro­
duction of the ion source required a 20cm 
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diameter hole to be drilled through the 
poles. Simultaneously the magnet focusing 
near the source needed improving. These 
contradictory requests could only be ful­
filled by an intricate shimming. Also the 
extraction system, that now consists of a 
regenerator, an electromagnetic septum and 
three iron channel sections, required shim­
ming to minimize undesired perturbance of 
the orbits. The shimming was followed by 
magnetic measurements and reshimming in 
several cycles. 

Capture calculations had given an ini­
tial "ideal" field shape and "ideal" fre­
quency curve. The field shape and pole 
shape should be unchanged outside 25cm rad­
ius. To calculate the shimming around the 
central hole a program called FUNCFLD was 
used 1)2). The field in the gap is represen­
ted by a number of current loops. Another 
set of current loops together with a per­
meability function represent the field in 
the iron. The desired field in the mid­
plane and co-ordinates of a set of known 
points on the pole surface (in this case 
outside 25cm radius and in the hole) can be 
specified. The program attempts to match 
scalar and vector potentials for gap and 
iron on a pole surface and give the desired 
field. At first every attempt failed; the 
reason was soon found to be that the large 
hole in the centre contradicted Maxwell's 
equations for the desired field. Every ef­
fort was then made to decrease the hole 
diameter, particularly near the pole sur­
face (see Fig. 1). The innermost part of 
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the shimming had even to go out together 
with the source. The resulting hole diam­
eter was 94mm and the required pole shape 
could be calculated. 

The regenerator and iron channel shims 
were calculated by a special program called 
OPTCHA, under the assumption that the iron 
walls and the iron bars used for shimming 
were saturated in the vertical direction 
and that the effect of the poles, which is 
relatively small close to the walls of the 
channel, could be treated as reflections in 
flat surfaces with a reflection coefficient 
of l-l/p, where p is the average permeabil­
ity in the pole 3). 

Arrangement for Measurement 

All measurements were done with Hall­
plates. In order to measure the vertical 
field in the mechanical mid-plane of the 
magnet 100 Hall-plates (SBV 579 Siemens) 
were mounted with 3cm spacing on a 3.5m 
long cast aluminium bar (see Fig. 2). The 

Fig. 2 Mechanical Measurement Equipment 
mounted in the CERN Synchro­

Cyclotron 

plates were temperature stabilized to 25 
± O.loC. The bar was mounted on a turn­
table in the centre of the SC. The angle 
was controlled by an Electronic Position­
ing System (accuracy = 0.01 degree, speed 
= 0.13 degree/sec). At any wanted azimuth 
up to 100 Hall-voltages were measured with 
the help of an Analog Scan System (Hewlett 
Packard Model 2323A with 140 channels and 
an integrating digital voltmeter, scan 
:peed :440 channels/sec, absolute accuracy 
- 3.10 ). 

Positioning and scanning were con­
trolled by a process control computer 
(Siemens 301 with 16K core memory, 24 
bits word length, 1.6 ~s cycle time). 
After setting up initial conditions and 
step angle a complete flux map was auto­
maticallY taken and stored on magnetic 
tape or, if desired, on punched cards. The 
Hall-voltages were converted into field val­
ues using a polynomial, and other parameters 
such as SC magnet current were checked and 
stored. A block diagram of the data flow is 
shown in Fig. 3. 

For special regions of the magnet such 
as between the walls of the iron channel 
other Hall-plate supports were used. 

A special task was to measure the 
horizontal field component. To determine 
the magnetic mid-plane within ± 2mm the 
horizontal component must be measured with 
an accuracy of ± 1 Gauss in the presence of 
a vertical field 20000 times stronger. The 
measurements were done with Hall-plates 
(SBV 579 Siemens) fixed on a pendulum, an 
idea of Abrosimov, Eliseev and Ryabov, 
"Russian Pendulum,,3) (see Fig. 4). 

The pendulum consists of an AI-plate 
with a lead weight underneath and hung by a 
pair of nylon threads from a support. Any 
misalignment of the Hall-plates may cause 
a large Hall-voltage. By turning the sup­
port 1800 and taking the difference the 
Hall-voltage due to misalignment is elimin­
ated and the true horizontal field compon­
ent found. By having two Hall-plates with 
4cm vertical distance one can by interpola­
tion find where the horizontal component is 
zero. If this is at the same level for all 
azimuths this is also the magnetic mid­
plane. To minimize the vertical emittance 
of the beam it is particularly important 
near the centre that the magnetic and 
mechanical mid-planes coincide. A correc­
tion was possible by shifting iron washers 
from the top cone to the bottom cone. 

These same washers could also serve to 
get the equilibrium orbits well centred 
horizontally for small radii. Furthermore, 
when the possibilities of the real RF 
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The computational checking of the cen-
~ tring of the measured field was naturally 

quite complicated since the field gr adient 
dB/dR at the machine axis vanishes . To get 
sufficient accuracy 5 complete field maps 
with 40 angular and 3cm radial steps were 
measured around the centre, the 100 Hall­
plate measuring bar being shifted in 3cm 
steps between measurements. Since for each 
complete turn of the bar the field in each 
point is measured twice, with 5 measure­
ments, the field in each point was measured 
10 times with 10 different Hall-plates. By 
averaging these 10 measurements a suffi­
cient accuracy was obtained to calculate 
the proton equilibrium orbits close to the 
centre. With the final shim situation 
these were concentric within 0.2mm out to 
10cm radius. 

Fig. 4 : "Russian Pendulum" 

Considerable data handling was re­
quired to find the required shimming. For 
each radius the average flux density, the 
amplitude and phase angle of the first har­
monic and also n- and K-values were calcul­
ated. In the extraction region the effect 
of each channel section was found by de­
ducting the field at the same radius at 
opposite direction and performing a co­
ordinate transformation to a polar system 
corresponding to the curvature at the chan­
nel. It was then po'ssible to separate the 
effects of each section and compare with 
calculated values. The size of the new 
shims was then found by program OPTCHA, by 
setting the "desired field" = previous 

system became available, 
ated that a higher value 

calculations 
of 
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was desired. This could be achieved by 
placing shim plates under the cones and 
increasing the thickness of the washers. 
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calculated field - error found. The conver­
gence was good except that a rather big 
first harmonic some 10cm inside the extrac­
tion radius grew up. This could be under­
stood by the higher saturation of the poles 
produced and could be eliminated by har­
monic shims fixed to the pole surface. 

The Hall-plates were calibrated against 
an NMR-probe before and after the measure­
ment. The drift over an 18-month period was 
found to be small. The principal causes of 
errors were therefore uncertainty of the 
last digit of the DVM and fluctuations of 
magnet current, steering current and temper­
ature, resulting in an absolute accuracy of 
± 2 G. By proper averaging and using a 
reference Hall-plate in a fixed position in 
the gap during the measurement the relative 
accuracy was further improved. 
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