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Abstract

2 APPROACHES TO THE IDEAL SURFACE
The best features of twiadependentlydeveloped surface- PLASMA SOURCE-A MODIFIED SITEX
plasma negative iorsourceswith separatedfunction CONFIGURATION

(independently controlled plasma generatima negative
ion emission),have been combined in an optimized
configuration; as a result, we proposeatisl anew mode

of operation that will allow &0-fold reduction in the .4aaiSPS.  Anideal SPS with cesium catalysisould
negative ion temperature.  The process of CesiUM paye 4 highly ionized plasma with very low gas density.

injection developedfor the semiplanotron negative ion 1nq plasma must be dense enough to supplyetsred
source at the Budker Institute of Nuclérysics(BINP), pgh nositive ion current density on thenverter-emitter

Novosibirsk [1-6], along with the hot cathode, first anode g, face put thin enough for transparent transport of
configuration and neutral gas injection of the BBUrCe  pogative jons into theaccelerator. An independently
development at Oak Ridge National Laborat@RNL)  piased converter-emittemust be used for additional
[7-8], combines the besfeatures of both for the  ohimization of negative iomgeneration in thesurface-

continuous wave (CW) high-density, low-pressure  ,35ma interaction. The careful optimized distribution of
generation of negativéons.  Converter-generated oW caraivst (cesium) on the emissiosurface must be

negative ion densities of 750 mA/€rare expected from developed. The emissionsurfacemust have a special
the existingdatabase. These iom;re generatgd\/ith a curvature for a good focusing of negatiess moving
temperature ofibout 7 eV; focusing these ions by a 401455 the magnetfield lines to the emission hole of
factor of 5 increases the current density to 3500 mA/cm the extraction system. In this variant 8PS, it is
(with some mutual neutralization loss included). The ion possible to have negative ion beam production with high

temperature becomes 50 eV; howevercording 10 gmission current density and high gas efficierimyt, the
Louville's theorem, the brightness of the besmains  yansverse temperature dhe ions emitted from the

at a value of 100 mA/cfreV (Volume ion sourcewith g ace is quitdrigh, andthis reducesthe brightness of
a cw current per channel 400 mA, have a brightness o hegative ion beam. Fadditionalimprovement of
one-third this value.) The conflgura.tlon of' tk@urce the beam brightness, it isecessary tacool the very

geometry and atomic gas control is optimized for ense negative ion flux.

maximum charge exchange reduction othe ion The basic operating principlemnd the construction

temperature by a factor 080.  The configuration  faares ofthe modified SITEX SPS are shown in the
involves appropriate shaping of the converter, arsddg figures.

andhot cathodeuse of a supersonic gas jet of HO, and In using the Penning plasnaischarge, it is helpful
pumping the jet into the sourcelncreasingthe beam i Lave the plasma column with a high ion denségr
brightness to 1000 mA/cireV corrects for a factor of e emitter surface and in a thin plasma sheet to
four loss in recovery of charge-exchangéns. = The  minimize the negative-ion destruction. This very
concept proposed hemesults in a net cw brightness important for high current density negative ion
increase of 10, which is about 30-timgreaterthan that production.  The negative ionfocused toward the

otherwise available. emission slitcan beextracted bythe extraction system
formed in the beam and acceleratedfor future
1 INTRODUCTION applications. This configuration of plasrganerator and
Many modifications of surface-plasma sourdgPS),  surface-plasma emitter is helpful in combining the high-
with cesium catalysis of negative ion generatibaye  current density from the emitter with therge surface of
been constructed, testednd optimized for various  the emitter (R ~ 1 cm) for convenient dc operation. We

Understandingthe main processesand problems of
negative-ion formation irsurfaceplasma sources with
cesium catalysis allows us to start the development of an

applications since 1971. [1-8] can separately optimize plasma generat@md the
conditions for thesurfaceplasma production of negative

" On leavefrom Budker Institure of Nuclear Physics, ions. However, the energyspread of negative ions

630090 Novosibirsk, Russia emitted from the emittesurface is quitéhigh-as is the

momentum spread.
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Fig. 1 Elevatedview of hydrogen negative ion
source showing connector, cesiufeed, Penning
dischargeregion, supersonic atomic jeaccelerator,
primary, and negativeions formed atthe connector
and secondary charge exchange negative ions.

The negative ion fluxcan be cooled by conversion
into cold-negativeions in aresonance charge exchange
process with cold atoms. The cross sectiomesbnance
charge exchangfor H- with anenergy of0.1 keV is
5x10*° cn? and for effective cooling of H flux in
volume on a mmscale nearthe emission slit, it is
necessary to have arf density of > 10 cn?. A
high-gas density throughout the 1-cm gdgmiween the
emitter surface and the emission slitcan destroy the
negative ions.

Charge exchange note: A major developmenhis
concept is the utilization of charge exchange "temperature
reduction” of the negativhRydrogenions. Thisprocess
relies on the cross section aharge exchange. A
convenient and much referred to source on charge
exchange is the "Red Book" which has posted editions ir
1977 (Ref. 9) and 1990 (Ref 10). The experimental work
quotedfor energies below 1kV is from Hummer el.,
(Ref. 11). However, the 1977 edition erred in the scaling
of the Hummer (Ref. 10) measurements. For the
energies of 100 V thadre ofinterest here, therror is a
factor of 8too small (1.%10"° vs. thereal values of
1.0x10*%). In the 1990 edition, therror was corrected
without comment. This inconsistency was discovered by
accident by one of the authors. From 1977 to 1998,
error could have inhibited negative ion source
development.

A practicalsolution to this problem is to use the

supersonic atom flow with high-local density of kear
the emission sliaind to decreasgas density in albther
volumes of its discharge chambers. A possible
configuration of this high density atomic fluyenerator
is shown in Fig. 2.
It is convenient to use the RF dissociatord aflat
nozzle located neathe emission slit. Thexpanded
atomic flux must be pumped at higbeed. For testing,
it is convenient to use the pulse regimed@fsociator
operation.
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Fig. 2 Basic operating principlesand the construction
features of the modified SITEX SPS.

3 SUMMARY AND CONCLUSIONS

We have combined the best features of imdependently
developed and independentigntrolled surface-production
negative-ion sourcesndadded anew mode of operation
that causes a 50-fold reduction in the negative ion
temperature. The features o€esium injection,
magnetron operation of the ion source development at
INP, Novosibirsk, with thefeatures of hot-cathode and
first-anodeconfigurationand neutral gas injection of the
ion source development @RNL, combine the best
features ofboth; namely, the cw highdensity low-
pressure generation of negative ions. Converter generated
cw negativeion densities of 750nA/cn? are expected
from the extant mutualdata base. These ions are



generatedvith a temperature of about 7 eV; focusing [3] Yu. I|. Belchenko, G. I|. Dimv, and V. G.

these ions by a factor of 5 increases the current density to

Dudnikov, p.113 in Nucl. Fusion, 14, 1974.

3500 mA/cm (some mutual neutralization loss). The [4] Yu. |. Belchenkoand V. G. Dudnikov, p.479 in

ion temperature becomes 50 eV; howeveye to
Louville's theorem, the brightness of the bemmains
at a constant value of 100 mA/graV. (Volume ion

sourceswith a cw current per channel in excess of [5]
100mA have abrightnessone-third this value.) The

configuration of the source geometand atomic gas

control is optimized for maximuncharge exchange

reduction ofthe iontemperature by a factor &0. The

configuration involves appropriateshaping of the
converter/anode slot and hot cathode, use of a superson|@]
gas jet of H , pumping the jet in the source, and

increasing the beam brightness to 1000 mA/aW
(correcting a factor of fouloss in recovery of charge
exchangedions). Thus, theconcept proposechere
achieves anet cw brightnessncrease of10, which is
about 30-times greater than otherwise available.
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