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THE EXTERNAL PROTCN BEAM FOk THE PRINCETON-PENNSYLVANTA ACCELERATOR¥

J. W. Benoit, K. B. Conner, J. Kirchgessner and F. C. Shoemaker
Princeton University
Princeton, New Jersey

Summary

The beam extraction system being built
for the Princeton.Pennsylvania 3-Bev weak foc-
cussing proton synchrotron is a resonant system
using the vy = 2/3 resonance. This system has
the advantages of high efficiency and small
emittance, and requires that only the final ex-
traction magnet, or septum magnet, need be
plunged.

The first propossl to use the V. = 2/3
non-linear resonance for extracting the beam
from a weak focussing synchrotron was made by
Turrint who suggested that the pole-face wind-
irgs be divided and used to provide the second
harmonic in the radial gradient of "n" required
to excite the oscillations. Because we wished
to preserve the flexibility of our pole-face
winding control system and to avoid adding to
its complexity, we decided to perform this
fanction with four short current-sheet magnets
placed in four of our =ignht short straight sec-
tions. These excitetion magnets, as we call
them, have an sperture sbout § cm x 24 cm and ars
30 cm long. The two halves of the winding are
separately powered (see Figs. 1 and 2) so that
a guadrupole field to adjust the tune of the
besatron oscillations to the resonance can be
generated, superposed onto & non-linear or
"hexapole" field which drives the oscillations
so that their amplitude grows approximately ex-
ponentially. The required cuadrupole gradient
is about 85 gauss/cm. The non-linesr field is .
a hexspole field of magnitude about 10 gauss/cn
in tre center, softening to a uniform gradient of
about 25 gauss/cm at the edges. The polarities
of the "hexapole" component are alternated from
one magnet to the next so that a second harmonic
in the radial gradient of "n" is produced. The
magnets are powered dy Transistor amplifiers
capable of providing 150 amperes at 50 volts.
This system is shown schematically in Fig. 3.

The beam is guided out of the accelerator
at a long straight section containing a septum
megnet which we call the extracticn magnet. In
order for the beam to clear the next synchrotren
magnes downstream, the field in the b 1/2 foot
long extraction magnet must be 1h kilogauss.

For hign extraction efficiency, the septum must
be narrow in comparisor with the width of the
chanrel, Our extraction magnet has a channcl
one incn wide b e-half inch high. The sep-
tum is 0.5 cm © with the current-carryving
pert constructed of four turns of 1/8" square
copper tubing. CTre peak current per conductor

is 3500 amperes and the duty factor designed for
is 20%. Because this magnet is located only a
quadrant downstream from the inflector, it must
be plunged in order for the injected charge to
be maximized. The required stroke is 2 inches
at 19 cps. For this reason, the iron yoke is
made as small as possible without increasing the
stray fields. Present plans call for powering
it with a transistor amplifier.

The properties of this extraction system
have been studied extensively by the use of
digital computersg. One programn, desigred tc
run very fast, 1s being used to study the ex-
tent of the region of stability as a furction
of the parameters. The properties of the ex-
tracted beam and the extraction efficiercy esti-
mates are being derived from a program which
takes into account in detail the irregularities
in the radial Tield gradient or "n'" of the syn-
chrotron magnet. The fields in the synchrotron
magnets are computed from a 9th order polynomi-
nal in x and z which had been fitted to the
measured fields, and the fields in the excita-
tion magnets are computed from & truncated (4O
terms) two-dimensional Fourier series which had
teen derived from the idealized boundary condl-
tions. Except near the edges of the magneb,
these latter fields checked measured fields with-
in the error of measurement. The orbits of the
protons are then computed by a Runge-Kutie-Gill
program which uses the exact (not linearized)
equations of motion. Because the slone of the
orbits is everywhere small, it has been found
that one integration step per magnet is suffi-
cient. On an IBM 7094 thais FORTRAN program
requires about one second to integrate around
one full turn of the synchrotron. Fig. L is a
phase plane plot of the oscillations as computed
by this program and plotted at the azimuth of
the extraction magnet. Eight protons are repre-
sented and each is plotted every third turn, when
the maximum of the oscillatior occurs at the
azimuth of the extraction magret. Two protons
strike the septum and are lost, the remaining
six enter the channel. The position in the chan-
rnel which one of the lost particles would have
occupied is also shown. BSince the parbicles
entering the charnel are spread along NELTOW
line in the phase plane, the emittance is very
small - of the order of one micron-radian.

*This work supported in part by the U. 5. Atomic
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Status

As of March 1965, the four excitation
magnets have been installed in the synchrotron
and are being connected to their power supplies.
Fig. 5 is a photograph of one unit just before in-
stallation. An experimental model of the extrac-
tion megnet (Fig. 6) with the thin septum has
been operated and some field measurements have
been obtained. The emphasis is on the fringing
field. The mechanism for plunging the extraction
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Fig. 1. Section through an excitation magnet
showing directions of current flow for quadrupole
and '"hexapole" fields. In actual use, the
currents are superposed to give a combined field.

magnet is being actively designed. It is hoped
that an extracted beam will be available this
fall.
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Fig. 2. Graphs of quadrupole and "hexapole"

fields on the median plane. These are combined
when the currents are superposed. These two
components are separately controllable.



IEEE TRANSACTIONS ON NUCLEAR SCIENCE June

964

‘umydes wo G*p B pue ‘Iogoey Lnp %oz ‘ssned
000°NT JO PT®TJ ® Sey YSTum Jouleu UOT]OBIIXS UB
Jo Tepow Tejuswiaedxs ue yo ydeadoqouq *9 314

umydas

9y} xeeTo sucjoad Yy JO 9 SB PaLBOTPUL ST
$SL 1noqe Jo £ousloljJa UOT(0BI}XS uy cumgdes
343 U0 150 U2aq 30U pey 3T JT 3ABY PIROM (+)
pajeudisep Arenotasad uojoad syy uolgsod ayy
squesaadea wo g*) = H 3@ Toquis syl °suogoxd
g Zupmoys ‘3euBeu UOT4ORIIX® 8YZ JO YJNUTEE
84y 3B SUOT}ET[FO8Q uoIye}eq Terpex Juimoad
Arreriusuodxs yo qord sseyd pagndmos N 814

- foe-
3
3
=2
TINNVHD 23

NOILOVYLX3 E Loz-

= VN
v <
a x o R
fo,
Ou,y
o4 O~
"o, Sap,
Y004+
0% I20vo;
AN
+ AN
Qg o2 oy 02 N .,, 5 00
(W2) NOI1sOd Tviavy i
FO1

{(SNVIGYEITIW) 34075 LI9¥0

*sqauldew

UoT38310X8 JNOF 8U3 Jo suo yo ydesdojoyy S I

IO

o2
‘HY

=
-

VvV

e,

«gpusuoduoo
PT81F uo1odexay, pue sTodnipenb oy guswaluerge
TOoI3uod 3y} JUTYRI}SNT[T 35UIEW UOCTEITIXS
ue Joy Lrddns asmod eyy Jo oTqemsyog *f 314

ANVINWOD
CRETH
,310dVX3H,

ANYWWOD
a13i4
310d N¥AvAD



