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PRODUCTICON OF INTENSE PROTON BEAMS

Peter R. Hanley* and Nikita Wells
Radiation Dynamics, Inc., Westbury, iew York

SUMMARY

An lon source system employing mass
selection has been developed for use in the
terminal of an accelerator. The beam from a
duoplasmatron is accelerated to 40 keV and
focused by an einzel lens through a 20° per-
manent magnet inflector. A beam waist is
formed at a 6.35 mm rejection aperture locat-
ed on the acceleration axis. Dispersion is
sufficient to provide a proton beam of great-
er than 99% purity. Froton currents up to 7
mA were obtained during bench testing. Per-
formance demonstrations on the Dynamitron ac-
celerator at the University of Birmingham have
shown proton beam power in excess of &6 kw at
energies from 2 to 3 Mev.

INTRODUCTION

A high current proton source system has
been developed for and successfully operated
in the terminal of a Dynamitron accelerator.
The motivation for this efffrt was discussed
in detail by M. R. Cleland. Briefly, the
proton beam current intensity of Dynamitron
accelerator syste as never matched the cap-
ability cf this type of cascaded rectifier
power supply. Loading effects in the acceler-
ation tube limit the current intensity to a
Tew milliamperes of hydrogen ions. Molecular
ions in the beam increase the load on the
power supply and contribute a disproportionate
share of the tube loading effect. Monatomic
vields of one-third are typically obtained
from standard Duoplasmatron ion sources oper-—
ating at a few milliamperes of hydrogen ions.

One approach to reduce the molecular ion
content of the beam is to use a small source
anode aperture and run the source at high arc
and magnet currents; that is, to cptimize the
proton performance of the source. To evaluate
tnis approach, a detailed parametric study of
tne operation of the gynamag Duoplasmatron
source was performed. High are current dis-
sociates the triatomic ions and increases the
orotoa yleld to nearly 70%. However, at
source pressures above 400 microns the yield
of diatomic ions is relatively insensitive to
the source operating conditions and remains
abcout ZC%. Since significant quantities of
these undesirable molecular ions are stilil
present even under the best source operating
conditions, the obvious alternative 1s to
analyze the beam 1n tne terminal prior to
acceleratione.

A design aim of 5 mA of protons was
estaolisned for the ion source system. It is
designed for tre model RFEA-3 vertical Dynam-
itron at the University of Birmingham in mnE=
1and. suaranteed specifications are 2 nma
proteons at 3 MeV, and 80% of the beam contairn-
Uil witnln a L ocm dianeter. [n the following
sections, a description of the source systen
1s 7iven, tne soarce test bench results are
presented, and the accelerator system opera-
tion 1s discussad.
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SYSTEM DESCRIPTICN

Tre ion source sysiem of fig. 1 is nmount-
ed on the centerline ot thne accelerator.
All components are packayed within the accel-
grator ferminal {(Yl.s cm in diamcter and
137.2 cm long including the hemistherical tep
gzction) and are inmersed in A atmospheres of
3%¢ insulating sas. ‘he power availatls is
b owsa, 681 Mz with 50 sz drive. Jcolins is
provided by a closed Loop freocn system with
a liguid to 3F6 heat exchanger.



Tre major components are described below,
designated as in fig. 1.

1./ A Dynamag3 duoplasmatron has been modi-
fied for use with tris system. The source
nead is a separate sut-assembly held together
by cinch rods. Alignment is malntained by
four insulated jacking screws which are initi-
ally adjusted by peaxing the electron output
of the source and tnen locked to ensble the
alisnment to te recovered upon reassembly. A
0.25 mm anode aperture is used. The source
head is elevated to +40 KVDC akbove terminal
ground by a 50 kV, 30 mA extraction power
supply.

2./ Tre ion beam is accelerated to 40 keV by
a conical extraction electrode. Deceleration
and divergence result in the first gap of the
einzel lens by applying a potential of =2. 5 kY
to the center electrode witn respect to the
source anode. 3trong convergence of the beam
results upon acceleration back to extractor
potential at the second gap. The beam then
converges to a wailst at the rejection aperture
located after the magnetic inflector.

This unit is mounted on a "V band" flange
to facilitate disassembly. The assembly 1is
constructed from pyrex rings, epoxy-sealed,
and maintained in compression by delrin cinch
rods. Voltaze holding capability is 25 kv in
open air and 50 kV in one atmosphere of SF6.
The zlectrode structurfe is designed similar
to the low aberration, strong einzel lens
descrived by oeptler* Each stainless steel
electrode element is independently mounted on
a cooled copper support flange. A pair of
electrostatic nlates is mounted after the lens
to sweep the beam transversely across the re-
jection aperture, thus providing programable
modulation of the proton beam. Programing of
the sweep voltage is performed by a pulse
zenerator in the accelerator console and in-
formation is transmitted to the accelerator
terminal by a light link.

3./ Since the besam waist is formed at the
rejection aperture close to the magnet, the
weak optical properties of the 20° inflector
are effectively eliminated. The magnetic
circult consists of 10 cm diameter cylindrical
poles, separated by a 3.75 cm gap, and driven
by permanent magnets. The magnetic field be-
tween the poles is approximately 800 gauss
wWwhich provides a mass energy product of 40
He-nmd. LefWJLatloa of the fringing magnetic
is limited py a steel field clamp mount-
the rejeotion aperture. A large cooled
flange supports the molyodenum reject-
arture and is faced with a molybdenum

to prevent erosion of the copper surface
bv Leam gputtcrlq,. An aluminum mani-
cld uupportq tre poles, rejection aperture
flanrz, lens mounting flange, and pump.

>

4./ The entire assembly mounts on the accel-
eration tubse Consequently the electric field
i acceleration tube penetrates into the
vase of tne snersy aatening lens and becomes
tre dominant optical element of the system.
The ot ject point of this lens 1s the rejection
aperture and the image polnt is an external
aperture located b:JOAd the ground end of the
acenlaration tube. Both tre distances are
fixed, A constant focal lensth must be main-
tainad if tne object and imnage points are to

remain conjugate. In this case, the condition
is fulfilled if the voltage ratic between the
terminal potential and the injection potential
is about 50. A reversible polarity 40 kv
power supply is connected to the base of the
energy matching lens. Cooling is regulired on
the base of the copper Tlange as 1t is the
limiting aperture which defines the angular
acceptance of the system.

5./ A 15 cm #RC orb ion pump is used to
differentially pump the gas load from the
ion source. When the pump is mounted on the
system, the center of gravity 1s near the
axis of the acceleration tube.

CURCE TEST RBESULTS

In order to evaluate the »erformance of
the source system, it was mounted on the ap-
paratus described in ref. 5. The energy
matching gap was replaced by a drift section.

Froton current intensity was measured for
three different rejection aperture dlameters.
Figure 2 illustrates the proton current as a
function of extractor load current. The in-
tensity of the proton teamlppeared to be
directly correlated to extractor load current
and relatively independent of source param-
eters.
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At the same extractcr load, the ratio
tetween arc and magnet curreants had only a
204 effect on the proton output. This can e

etpecced veczuse the proton yield has a simi-
dependence on magnet current as on arc
current. Therefore, a gilven extraction load
can oe ckttained with eitker high arc curr
current, or tne reverse, and

and low magnet
the proten yield wili FOE ve very different.

ities at the
and the output is insensitive to small chan
in the extraction voltage Thus, the beam
rust ce larper tran the rejection aperture.

res

Frotons were odtained through thre reject-

ion aperture with 40 kV on the excractor
diatomic hydrosern ions were found at 20 kv,
and tristcmic at 13 kY, as expected. The
proton team was azalyzed and the nighest di-
atomic ion
Icns of hnigher masses were completely absent.
Sirilar measurements on the diatomic ions
deronstreted an equivalent purity to that
soserved for protons. The &.35 mm aperture
size was chosen for the system since magnifi-
cations slightly less than 2 are anticipated
for the acceleration btube entrance lens in
tais geometry. For thils aperture, 3.5 KV
appiied to one sweep plate reduced the proton

rent to zero.

current

ACCELESATOR 3YSTEM CPEIATION

ferformance reasurements on the system
made during tne testiong
at firmir m.,  After exiting from the accel-
eration tube, the converging beam could be
centered by magnetic angle steerers cn an in-
sulased water-cooled copper aperture located
approximately 2 meters below the accelerator.
er-conled copper target was used Lo
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collect the primary cteam. A negative bias
was acplied to the kcousing to suppress second-
ary LlDCt”O“oo Jacuaum pumping was prcv1de

15 em JaC /a3 purp, with a net pumping
at the ionization gaure of approximately
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pace charge expansion determines the

ize. This can te demconstrated by chang-
2 rarmnetic field axnd thus the extraction
r2. lLarger apertures give higher current

same exsractor load current,

content measured was less than 0.2%.

of the Dynanmitron

In fig. 3, the ionization induced leak-

aze current is shown as a function of proton
beam current for 2 and 3 QeJ cperation. The
hizrer slope for the 2 lieV data is probably

the result of residual gas scatteril in the

which 1s a regenerative
significant for the scofter
beam. FProton ceams in axcess of 3 a4 at 2
and 2 rA at 3 Mev were routinely achilevad.
An arbitrary maximun pcwer of O Kw wWas 28tT-
ablished for the target. This limitation
prevented the full capabllity of the ion

acceleration tube
affect and is more

ned

source from being demonstratel thr tre
accelerator system.
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rents of about 1 ms would result. hig 1is
well within the capability of tre power
supply, so that “4-=5 proton beams can 0ro-
cably be achleved with tne pres c :

and i1on stem. future
proton currents of the f
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