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M. Williams, R. Gough, K. Leung, R. Low, C. Matuk, R. Thomae, S. Wilde
E. O. Lawrence Berkeley National Laboratory, Berkeley, CA 94720

Abstract used tolower the work function of theconverter and
The upgrade ofthe Los Alamos Neutron Science Centetherefore enhance theHield. .

(LANSCE) Facility will require high intensity Hbeams.

Lawrence Berkelejational LaboratoryLBNL) has been 2. ION SOURCE CONFIGURATION
contracted by Los Alamos tevelop an H ion generator

that will meet the LANSCEupgraderequirements. H LBNL has been developingulticusp surface conversion
current is to bencreasedrom the present 18 mA to 40jon sources for many yeat$.The typical multi-cusp H
mA. The current LANSCE ion source uses surface surfaceconversion source consists of a plaschamber
conversion proces®nd extracts ions radially. Two and a negatively-biased converédectrode agllustrated in
tungsten filamentare used asathodes. The ion source Figure 1.

designed by LBNL is also a surface conversion typerce FILAMENT (6)

but the ions arextractedaxially. This designallows Six perRMANENT Y

or more tungsten filaments to be instalredially sothat MAGNETSN\

the magneticfield of the permanent magnets on the \
cylindrical wall provides a magnetic filter field. This filter

field prevents energetic electrons from enteringctral CONVERTER /EPELLER
plasma regiorwherethey could strip the H ions. The A H- Beam
LBNL designedon source has beemperatedsuccessfully L4 =]
at thedesign parameters, 40 mA~Hat 12 % dutyfactor L M“
with 1 msec pulses. Thigaper describethe design and
fabrication of the ion source.
1. INTRODUCTION

The next generation spallation neutron sources, such as
the upgrade ofthe Los Alamos Neutron Science Center
(LANSCE) Facility will require high intensity negative
hydrogen (H) beams. Lawrence Berkeley National CESIUM OVEN AND INJECTOR
Laboratory has beetontracted byLos Alamos National

Laboratory to develop an-Hion generatotthat can meet
the upgrade LANSCE neutron source requirement.

Specifically, the outputurrent of the new Hion source
has toincreasefrom 16 to 40 mA. Inaddition, source
emittance, reliability,and availability will need to be along theconverter surface. Hions are formed on the
improved_ All of which must b@&chievedwhile Operating surface and extracted baakross the sheath. Tlspherical

under the facility’s prescribed 12% duty factor (1 ms pulgirface of the converter focuses the negative ions through
at 120 Hz). the extraction aperture. The convertecogitedwith a low

work-function material such as cesium tenhance

In order tomeet the LANSCEsource requirement, the N€gative ion conversion.
lon BeamTechnology(IBT) Program at_.BNL chose the ) o
surface-conversiommulticusp ion source asthe base The current LANSCE  ion source has acylindrical
candidate.The present LANSCE H source isalso a body and the negative ions are extracted radially. The two
' i filament cathodes are located ahe cylinder end flanges.
surface-conversiosource,howeverthe H™ output current

does not increasemuch beyond 20 mAwith higher ggse. nnewhlaAESe(r:E trljre IggnS()eL:{gre |_2aI§noStg;‘|;£|2dr|(;iI(j
dischargepower’ Previous experimental study BBNL 'gn, however, M IS 1 9

. i . . parallel to the cylindricalaxis as shown in Figure 2.
demonstratedthat if the surface-conversion source 'SNegative ions are extracted along the cylindriodb.  Six

operatedwith a magnetic filter, the H output current fijlaments are installed radially between the cylindrical wall
generated by @arium converter can increaswithout cusp magnets, Figure 3. The magnptsvide a filter
saturation with increasedischargepower? Based orthis field, which reduceshe number ofenergetic electrons in
study, a prototype ion source has been developed to utilig@ main plasma volume. Thieducesthe negative ion
the multi-cusp magnet arrangement as a filter. Cesiumgigipping due to energetic electrons. cénverter of twice

Figure 1: Schematic of the surface conversion ion source.

The positive ions present in tigdrogenplasma (H,
H,", H;") are acceleratedcross the plasma shedtiimed
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the area ofthe current converter iglso used. Theadius primary H- beam, Figure 1. This is aglectrically

of curvature isincreased tanaintain the same projectionjgg|ated, conical collimator installed in front of the outlet
angle. The axial position of theonverterwas optimized gperture. The collimator ibiasedslightly positive with
for maximum H- output. respect to the ion source body. Thépelspositive ions.
The lack of positivecharge inthe region will prevent
plasma electrons from entering. Two magnets forousp
field within the collimator todeflect energetic electrons
from the converter to the conical wall.

Cesium isinjectedinto thesource from éheatedoven.
The oven is mounted on the cylindricakll with an
injection tube penetrating the Tharrangement enables
one to inject cesium into theentral plasma region.
Cesium forms a thinlayer on the converter, which

enhances H conversion. The operating temperature is
typically between 200 and 300 C

3. ION SOURCE CONSTRUCTION

The ion source body is constructed of stainless steel. It is
cylindrical with plasma confinementprovided by
samarium cobalt magnets placed on all source walls. The
cylindrical sidewall has 18 line cusps parallel to sherce
axis. The rear flange has four line cusps placedasallel
chords. The front flange has 18 radialyangednagnets.
Figure 2: 3-Dcutaway rendering ofhe LBNL designed A space isprovided inthe center ofthe radial array for

ion source forLANSCE. Note that the filaments areinstallation of therepellerassembly. The waland back
placedradially and the converter al mountedlong and flange magnetsre installed in coppeboats to provide
parallel to the cylindrical axis. cooling. The front flange magnetse mounted on a low
carbon steel plate, which is brazed to a copper plate. The
copperplate is in turnattached tothe mainwater-cooled
flange.
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Figure 4: Cross-section schematic of tlenverter
showing construction and water flow.

The converter is installethrough therear flange. An
insulating flange is used to provide electricedolation
from the source body. Figure 4 is a schematic of the
converter construction. Thmdnverter surface ismachined
to a spherical shape from molybdenum. The molybdenum
plate is vacuumbrazed to acopper interface piece to

A repeller similar to oneused onthe current LANSCE provide goodthermal contactand conductance to the

source is utilized in the new design to prevent electrofi Ql'ng channel. The coolinghannel is machined from .
from being extracted and accelerateglong with the sfainless steel and is vacuum brazed to the copper. Coaxial
stainless steel tubing welded to the cooling channel

Figure 3: Magnetand filament configuration.(A) Wall
cusp magnets (18 columns]B) Filaments (total 6). The
filament tips are placed atpproximately the 25 gauss
region. (C) Converter installed on the cylindrical axis.
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plate. Water is supplied through the inner tube and ——
returned through the outer. duartzcover isprovided for '
the rearandside surfaces afhe converterassembly. The
cover isolates thareaswhich facethe plasma. Only the
spherical surface is exposed to the plasma.

Six filament feedthroughs are provided. They are
arrangedadially aroundthe cylindrical wall. Cooling is
provided by squirtubesinserted in each feedtthroudgg.
The filamentsare fabricatedrom 1.5-mm diam. tungsten
rod. The filamentsre insertednto andheld firmly by a
molybdenum and copper chucks.

A cesium ovenconnected to acommercial high
temperature valve is installed radially on tbgindrical
wall. A molybdenum tube isised totransport cesium
vapor into the central region of the ion source. A heating
block is mounted on the oven. Itis heated by a BEQt Figure 6: Photograph showing inside of the &wurce.
cartridge heater. The converter can be seen dhe removed endflange.

Notice the six radially positioned filaments.
4. CONCLUSION

Two ion identical ion sources have beeifabricated.
Figures 5and 6 arephotographs of one of the sources.

One has beedelivered toLANSCE for testing ontheir 5. ACKNOWLEDGMENTS

test stand. The second source is being tested drBtkie
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source. The linear manipulator is for test purpasdsy.

It will be used tooptimize theconverterposition for

optimum current and emittance.
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