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Sommary 

Magnetic Field Data of the Calcutta 88" Cyclotron 
has been analyzed with the Berkeley Code CYDE to 
compute trial Trim Coil Settings, "V'f' ) Vl: and phase 

history Sin ¢ ,in order to improve the beam quality 
of the cyclotron. 

Introduction 

Imenever a new beam, characterised by its charge
state and mass number or an already tried out beam 
with increased final energy is tuned, one needs in 
practice to set about 50 parameters for the cyclotron 
and about 10 parameters for a good transmission of the 
extracted beam on to the target. The number of beam
line parameters varies, depending on the channel in 
which the experiment is carried out. It is worth
noting that each cyclotron is unique in its behaviour 
and that the interdependence among the various para
meters like, Central Region Parameters, Main Magnet 
Coil, Radio Frequency, Dee Voltage, the various Trim 
Coils, Valley Coils, Deflector settings are so compli
cated that it is not possible to express the dependen
ce analytically. Hence, it is not theoretically 
possible to predict the optimum settings for all the 
parameters uniquely, so that one can immediately 
tune all the parameters and obtain a good beam on the 
target. But from a previous precise knowledge of the 
Magnetic Field Data, 
it is possible to predict a set of trial settings, 
with the help of a computer code such as CYDE 

developed at Berkeleyland the deflector calibration. 

The Berkeley 88" Cyclotron Laboratory has produced a 

Systematies20f such parameters using a personal compu
ter which provides an efficient data mailagement system 
to assist lliLh the day-to-day operation. The motiva
tionof the present \lork is to achieve such systema
tics for our cyclotron. Such systematics will also 
enable one to study the behaviour of rAdial And 
vf'rticAl oscillation frequencies ( V.,. cmd '))2)' 1\ 

precise knmlled."e of these frequencies is necessary 
for desip;ning and installation of an external ECR 

heavy ion source3)funded for the Calcutta Cyclotron, 
as \yell as for injection of the present beam into A 

future post-accelerator facility. 

Procedure for Trim Coil Setting Calculation 

The computer code CYDE in its present form 

obtained from LEL, Eerkeley4 was used for calculating 
the Trim Coil Settings for a desired beam. This code 
consists of severAl sub-programmes for undertaking the 
following tasks viz., 

(1) to calculate a base magnetic field. BO,r,& ) 
from the measured magnetic field maps,at a munber of 
main field currents. 

(7) to estimAte the trim coil contributions at 
these levels for f'Ach rAdius. 

(3) to cAlculate the equilibrium 
meters According to the mAin field And 
fields for the desired energy. 

orbit para
isochronous 

(4) to cAlculAte trim coil currents. 

(5) to calculate the equilibrium orbit proper
ties for the final fitted fields. 

A constrained least squares fitting routine 
TRIMCO is incorporated for optimising the settings, 
assuring at the same time the isochronism condition. 
The expected phase history of the beAm is Also 
obtained as an aid to beam diagnostics. One mAy opt 
for A trim coil solution for an Average field 
profil e other than the isochronous field profile by 
inputting the centrA] "field bump" And the 'edge 
fAll off'near the extrAction rAdius. 

Magnetic Field Mapping Data 

The detailed magnetic field measurements for 
our cyclotron was done with a calibrated search coil 
fixed on a computer controlled semi-automatic 

gearS. Iron field was measured at 31 main coil 
excitations from 665A to 2850A with azimuthal SCAns 
of 360°/3°, 120°/17° and 60°/3° depending upon the 
current. The effect of each trim coil for an 
excitation of +3000 and -3000 Ampere-turns was 
measured at one Azimuth for 5 principal main coil 
excitatiions. Measurements were also done by simul
taneously exciting mAin and All the 17 trim coils. 
RAW dAta processing was done on BESM-6 computer at 
Bombay using computer codes, such as CERTFY, OMNVEC, 
COMPCO cmd MAINCO which finAlly generAted coeffici
ents to express the iron field B(I, r, e ) AS a 
polyI)omial in mAgnet current I, the trim-coil effects 
and DB/dI for the mAin magnet. The data tapes 
thus generated need to be converted AgAin for our 
purpose to make it compAtible with IRIS-80 computer 
of VECC, Calcutta. For that additionAl conversion 
programmes were wri tten in FORTRAN, which provided 
data files According to the requirements of CYDE 
code. 

Results 

vie have CAlculAted optimum trim coil settings 
and the main coil adjustments for 0( -particles in 
the energy rAnge 30 to 120 MeV using the Aforesaid 
measured magnetic field BO, r, e) And trim-coil 
contribution (dB/dI). In doing so a model central 
field b\lffip' and the 'edge falloff' neAr the extrAC
tion radius, determined empirically from previous 
operating experience, WAS used as input. The trial 
set of trim-coil currents for each energy was 
obtAined from the operator's log book. The trial 
main coil current WAS estimated from measured I-H 
Curve for the cyclotron magnet and the B~ value for 
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the corresponding 0( -beam. Table 1 gives typical 
results obtained for 60 MeV O(-particle beam for our 
machine at a main coil current of 1027 A and dee 
voltage of 45 KV. For completeness, the trial trim 
coil currents used are included. It is experienced 
that the least squares solution from such a procedure 
is very much sensitive on the bounds for trim coil 
currents used rather than their absolute magnitude, 
provided the input reference main coil current is a 
good approximation. Figure 1 shows the variation of 
the magnetic field, both with trial and calculated 
trim-coil currents as a function of radius for 60 MeV 

c(-particle. It is observed that the field is more 
or less isochronous between 7" to 37". It is requir
to decrease behJeen 0" and 7" to meet the vertical 
focussing requirements; betvleen 37" and the extrac
tion radius, the field falls below isochronous values 
as required for efficient extraction. In the same 
figur~, the variation of vertical and radial oscilla-

tron frequencies Vtand V~-l respectively, with radius 
are also shown. Figure 2 shows the variation of 
estimated Sin ~ with radius for the same beam. It is 

observed that V .... is close to 1 from centre of the 
cyclotron to the extraction radius and then falls 
below 1 as desired and Vi; gradually increases as 
expected from isochronism requirements. The calculated 
phase history shown in Fig. 2 is adequate for acce
lerat _ion though not optimised for minimum phase 
slip. 

Table - 1 

Energy 60.00 MeV 

Mass 3.97153 Proton Units 

Charge 2 . Proton Units 

Dee Volts 45.40 KV 

Harm. No. 1 

Freq. Particle 8.6600 MHZ 

Freq. Cyclotron 8.6600 MHZ 

Coil Optimum Setting Trial Setting 
(Am/2s.) (Amps) 

1 -750 -358 
2 660 -340 
3 -442 -251 
4 0 0 
5 0 0 
6 -89 0 
7 0 -69 
8 -46 153 
9 136 0 

10 0 90 
11 284 0 
12 25 149 
13 668 -40 
14 263 -300 
15 -1388 0 
16 -638 0 
17 2000 474 

Main Coil Adj. 7.6 A. 

Ref. Main Coil 1027.0 ~. 

Calc. Main Coil 1034.6 A. 
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FIG. 2 CALCULATED PHASE HISTORY F~6Q!1IlV o(-PARTICLES. 

Conclusion 

Trial Trim Coil settings for ~ -beam has 
already been .obtained satisfactorily. It has been 
found that this serves as an excellent guide for 
trying out a new beam. Our aim is to extend this 
,-Iork for the heavy ions to be accelerated in the near 
future and to try to improve the quality of beam 
extracted from our cyclotron. 

Proceedings of the Eleventh International Conference on Cyclotrons and their Applications, Tokyo, Japan

313



Acknowledgements 

vIe ackno~lOledge the constant support and 
interest of Drs. A.S. Divatia and Bikash Sinha for 
the present \lOrk. We also acknowledge the coopera
tion from D. Sarkar and other colleagues of IRIS-80 
to solve the computational problems. 

References 

1. E. Close, CYDE, LRL Report UCID-2869, (1967). 

2. D.J. Clark, R.A. Gough, W.R. Holly and A. Jain 
Nucl. Instr. & Methods 154 (1978) 1. 

R.A. Gough ~nd L. Chlosta, PET Computer 
Programmes, LBL-12793 (1981). 

3. R.K. Bhandari and A.S. Divatia, Proceedings of 
the 10th International Conference on 
Cyclotrons and their Applications, Michigan 
(1984) 165. 

4. D.J. Clark, Private communication. 

5. R.K. Bhandari et.al., Nuclear 
Solid State Physics (India) 21 B 

Physics 
(1978) 

ar.d 
332. 

Proceedings of the Eleventh International Conference on Cyclotrons and their Applications, Tokyo, Japan

314


