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Summa ey

Sumrary
A serles of <elculations using measured magnetic

Tields ras beer performed to determine ths optimal

nt coil currents for the wide range of operating

lons to te experienced by the Indiana University

5 zlotron. Deperding on the particle

type Lo ge accalerazed and final energy desired, the

uired radial rielc increase varies from 0.5%% to

. An ilzerative least squares fitting technicue

18 used to minimize orbit time variations. Tor *he

acceleration of 200 MeV protors (330 revolutions,

fourth tarmonic) the maximur rhase excursion is

predl t2d to be less than two rf degrees The tech-

ed can be adapted tc using measured phase

5 to predict corrections to gradient coil

Introduction

spread of a cyclotron veam depends
rree $o which the mag-

veen lsochronlzed., In order to

izh resolution beams of varying rparticle

energy 1t 1s necessary to have a technigue

typss &r
avallable fer rapid ~alsulation of the appropriate
currents for the set of trim rcoils. T the cyclo-
tren lg to Te easily tuqaole vhen cnanging erergies,
these rents should smoothly varying furciions

Tne Tndiarna nain stage cyclotren has 21 radial
i coils.  The ratio of r.Z. freguency to

quency is w for hign energy cro%ons and

Tor heavier ions. Cornsequeatly vary
rejulrerants are imposed on the eld
:zsary for isochronism.

will descrite the techniques used
gradiznt cell -urrents and éiscuss
chus far.

oG Y MECH Teen te cal-
ar creit propertics as a funrsion of
dins the thresncld voltase “uncticn

Srdenes Voundation
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has teen replaced by the cptimization of f/ (E). The
effects on f{E) of an incremental charge in the
current of each gradient coil has beer caleculated

and stored in tabular form. Tre effect of an in-
cremertal change in the main magnet current has also
been stored in the same table. These tables were
calLuLgted usirng median plane magnetic field measure-
ments,”

For a given measured megnetic field, ©(E)
was calculated for a range of energies spanning the
injection radius to extrac<ion radius. Op-
lelzatlon of f(E) to the desired function f (E)
was done by minimizing ¥~ defined as 1

L.
1

where the C(j) are the required changes in gradient
20il and the main magnet currents and the &§f(¢)

&I,
5

are the previously takulated 3d:i ““ereqtlal effects

on f(E) In the presert calcula%tions f_{e¢) has

been set to zero, wt{e) = 1 ard zhe caltulastions
performed witn uniform erergy spacing Typically
£(e) is calculated at 165 energies. The least square
fit to f_(E) has been dore using a modified versicn
of a prozram TRIMFIT3, written criginally to fit a
one dimensional field shape wita a base field and
trim coil contributions.

After celeulating C(J) a new field is generated
incorporating these changes and f(E) is calculated
again and if it is rnot acceptable a new set of
current changes are computed by doing another least
sguare fit. This procedure is repeated until it
ccnverges (generally 2 or 2 iterations). The
primary reason why a single iteration ig not suf-
ficient in the inherer® non linear effects of the
trim coils or orbit time

Each iteration takes aporoximately four minutes
on our Datacraft <024/l data acquisition computer.
It nas been found to 2e sufficiernt to use the
same table of differential current effects for all

ralieulations with a particular charge to mass ratic

Results

This Drcce“Ar was fcllowed tor each of 32 rain

Ltingge rorrespeonding So operaticn with

nags ratlios of 1, 2/%, 1/2 and 1/4, with

tatic's ranging Irom belcw saturation Lo
geatle by an ion with a givern 4/M. TFor

than protons the maxirum field used

the linit or he power supply.

ristory for
Tkis phase
all wodes

rsicn 1g legs

cne oscillation

derrrees
per ~radient




The variation of gradient coil current with
firal energy is shown for typical coils in figure 2
for protons and in figure 3 for singly ionized
Helium-4. The smooth variation of these currents
with erergy {the remaining currents exhibit similar
behavior) give us confidence that the settings for

intermediate cases can be obtained by straightforward

irterpolation techniques. For final energies below
the lowest measured for z given ion the settings
will be obtaired by scaling those at the lowest

enerzy and correcting for the change in relativistic

corrections needed,
procedure, the field for 178 MeV protons was

riapped using current settings obttained by a 4 point
interpolation fermula using two points on each side
of that =rergy. The phase history for the measured

map was as isocaronous as for the two adjacent maps.

Due to temporary constraints on the gradient
coil currents, the final measured maps were not

As a check on the interpolation

of 30 r.f, degrees. Relatively small (less thar 1%
amps) corrections will be sufficient to misirize
trese excursions.

The procedure described in this paper can oe
easily modified to use a measured phase history
rather than a caleulated 7(E) as he ctject of
optimization. During operation of the cvelowron
corrections to the precalculated seitings, lor
examrple, those arlising from sec%or %o serzor field
differences may be determined and the precalrulated
table can be updated if required.
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perfectly isochronous having maximum phase excursions Design Note, TRI—DK-69-31)
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Figure 1. Phese history for 195 MeV protons (330 turns, fourth harmonic).
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Figure 2. Selected gradient coil currents for protons. Figure 3. Selected gradient coil currenis for 5ingly
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ionized helium,



