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FIELD MAPPING RESULTS OF THE IUCF 200 MEV CYCLOTRCN*

D. L. Friesel and R. E. Pollock
Indiana University Cyclotron Facility

Bloomington,
Introduction

The Indiana University 200 MeV Isochrcnous
Cyclotron is a separated sector (N = 4) machine
whose design goals include the acceleration of
both protors and aeavy icns over a variable energy
range up maxinum energy of approxzmately 220
ﬁ‘/A MeV. The large range in energy and particle
mass requires that the radial profile of the mag-
netic fields be adjustable to match the relativistic
nass increase of the accelerated particle For the
acceleration of protons to 200 MeV for example, an
increase in the field from injection to extraction

radius of about 22p is needed, whereas for heavier
oximately 24,

approxXarn LY ZToe

to a

icne the 11
icrg tne I

Indiana

es. ete. )

3
Les, eTc. )

wid+he
WiGTas,

readily determined and optimized for the various ions
and energies considered. The radial linear current
densities of the colls adjusted for isochrornism

then give_a field which increases with the vy of the
varticle. The complexity in the design of the |
isochroncus coil configurations arises from the
departures of the real fields from the simple model,
Some of the basic properties of cur main magnetic
fields have been previously described. Two of the
dominant effects are reproduced in figure 1. TFigure
la gives the B vs I curve for magnet coil currents
ap to 1300 Amps. The magnet begins to saturate at
£00 Amps, asis reflected in the dB/dI curve. The
3 field (30 Oersted Max)} of
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The cyclotron magnet sectors have pcletips
without spiral and uniform gaps, each spanning an
argtlar width of 36°. The four magnets are sym-
retrically positioned such that their effective
field toundaries intersect at the machine center.
Tre configuration 1s intrinsicaly almost Isochroncus
and allows a conceptualy simple design for the
isochronization coils. We have chosen a set of 21
radial gracdiant coils fabricated from .5 inch thick
chaat and width Tha
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c0il bourdaries conform to the aard edge equilibrium
orbit shape. The coll widths were determined from
an iterated series of calculations based upon cne-
dimensioral hill center-line magnetic field measure-
ments of a prototype radial gradient roil set.

The set could produce gradients about one half as
large as the ultimate regquirement. The numder of
colils and their widths were chosen to hold the
maximum current in the coils below 1000 Amps with
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smooth ckanges from coil wo coil, while keeping zhe
resulting beam phase excursiosns uuL;;é acceleration -
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A sex of pradient colls having the optimal
zeometry was fatricated for use in the field measure-
ment program in ore of the cyclotron seclors,
main magnet and trim ccll excitations up %o their
Tull design values., An extensive seriess of two-
dimersioral field maps was obtained to verify the
zn of the coll set and to provide the data ne- n
cessary to investigate the orbit dynamic properties
yclo*ron The mapping procedure znd orbit
of thne machlre are the sub3§c§ B
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the field data B
persain to the trir -~oil design, and in
lar, discusses those aspects of the flelds other

<han the predictable relativistic shape changes
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ich influence the rcoil design in this type of
lotror.. Some results illustrating the range of
isochronous field profiles made availatle by the
~¢il set are also presented.

Main Magnet Froperties

Assuming tne idesal case of a uniform hard-edged
otron sector of infinite permeability,
1 design parameters {numder, radial

« Verk supporsed by tne laticnal Sclernce Toundation
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Figure la and 1b
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. yoke was measured and its
of the gap field does rot account for

the B-TI curv This is because of an appreciatle
contribution from the saturation of the pole tips
veginnirg at about 60C Amps. The resulting radial
field profiles are shown as a function of maznet
excitations in figure 1t. The gap field is uniform

at currents up to 500 Amps and shows an increasing
onvex curvature as the pole tips sazuraté. The curva-
is rougkly parabolic and increase almost linsarly
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<rim coil 3on11&arat¢cn. The ccil currerts required
to Tflatten zhe convex curvasure of ine field are com- | gg MAGNET | AB | A8 .
parzble to tnose vesded ror full energy proton iso- CURRENT| STEP |{120°)
ckronization. IZigure 4 cf re‘erc‘ance 4 is pe‘lsed on 400 g4y 84 ¢
ar overly pessimistic extrapolation Trom tais data - 60 1
and ig superceded oy the resulis presented below. 800 839 Tig
X o 1200 799 58¢g
Trin Coil Effectiveness Ls0 -

The fiaal coil cornfiguration was aTected by
twe other less signirficant effects related to magnet L20 (GAUSS)
saturation. ITirss, the effectiveness (strenzta and
7ield profile) of the trim coils will vary with their
radial position in the maznet and with magnes ex- -
~ation,  The measured effects are shown Ir Tigurse
Figure 2a is a plot of the remental field
cormributicr of a typical trim ccil at several =20 RADIAL DISTANCE (lNcHES)——-'
rasreT excitations, and is the difference of the
maznetio rfield with the coil excited and the base ' 63 . s,o . "i° . EO
o Py - P N T A% - 2 T T T ¥ T T T T =
lééumj fl [0 foiis cxelte diq.- e flewd szep s I(T.C.#10) =60 A Im= 400 A
x ced by only at trhe highess saturation level, T(TC.#4-521 =400 A
btut it is superimposed on & radially decreasing field (Tc#as )—
whose slope increases with magnet saturation until - 80
at high fields, the overall coil effectiveress is MAGNET] '
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reduced by 20%, This effect was previously observed
ir a study ©f a S‘"“la‘mod 21 magnet and trim coil 80 400 ji0g 854

{m = {000 A

Im = 1200 A

dssign at Cak Ridge-” and may be explained »y tk 1000 96¢g 459
Tinite reluctance of the pole ips and returan yoke }_40 1200 84g 109 R

relative to the narrow gap. The increased reluctance
of the yoke at high excitation causes a portion of
the ~clls total flux to retura torough the magnet |

zap.

P (sauss)
gcond trim coil induced saturation effect -
onserved is shown in figure 2b, Here, a Tull set o
21l coils was excited to produce approximasely iso-
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Coil Desien ani Typi-al Profiles

A plain view cf the trim coil se* anag
shims ig given in figure &, The trim soil
widthe vary approximately with the inverse
absclute field correscticn reguired for the
erergy protons. Table 1 lists zhe “rim coil radial
widths, along witn the isochronous ~urrents as
ultimately predicted by Tull mapping w:
adustrents for 225 MeV protens andé Tor %3 MeV “te
The latter current set is also a good arproximation
for the acceleration of heavier iors having higher
charge states. Thz maximun design current for the
trim coils was 1200 amps. All of the trim colls
mist return thelr current around the back of the
sole tip for mechanical reasorns. The result of
this return path is that “he saturatior parabelic
profile shown ir figure 1b is flattened by reducing
the hish part rather than raisicg the rest, Ag a
consequence the maximum spergy of operation turas
out to ke just velow 2208“/A for tre heaviest ions,
rising to about 225Q°/A for JHet* ang pretons.
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Figure 5 illustrates the range of isochronous field

profiles made available by the trim coil assemblies. | 228 Me V PROTONS : Bmax = I7.5 K9
Figure 5a shows the isochronou§ radial field for 225 i 2 303 MeV 3”:4 : Bmax = 16.85 Kg
MeV protons and the corresponding saturated base 2 ]

field of the magnet. A subtraction of these two - 3109 MeV Hy +Bmox = 16.3 K¢

coil set. Figure 5b is a plot of the isochronous

radial profiles for the various maximum energy ionsg
we will be able to accelerate. The profiles for the 8

protons and for the byet given in this figure were '(K')
obtained with the currents quoted in table I. The
absolute scale of each curve has been adjusted for 5
ease of comparison .

profiles gives the field contribution of the trim 1 Me V 4H: t Bmax = 15.8 Kg
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