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ABSTRACT

The Oak Ridge National Laborstory (ORNL) SITEX (Sur-
face lomizatioe with Traaswerss Exiraction) oegative ion
source utilizes a 1060-V/20-A reflex arc discharge in a
1300-gauss magaetic fiekd o gomersss Cs* ioas asd H or
D* ioms. depending om the beam required. A shaped
molybdesum plate is pimced directly behiad ths arc columa.
Cesium coverage oa this plats is used t3 minimive the sur-
face work fuscrion, which requires twosthirds of a moso-
layer corerage. Cosinm coverage is adjustad both by ostinm
flow control into the arc dischargs chamber sad by tampers-
ture coatrol of the comvertsr wsing geessas-helium cooling
chanpels in the coeverter pists. Nermial comvertsr opera-
tioaal tempersrures ars 300° o 500°C. H™/D™ beams are
gemrated at the bissed converter sweface (—150 V with
respect to the anode) by Cs* sputtering of abesrbed bydro-
gen or dewterium and by the reflective-cosvarsioa mechss-
ism of H"/D* ioss which striks the comverter surface at
150 eV. The negulive ioms are acosierated through the
150-V plasma sheath at the cosvecter surfsce amd are
focused by the converter goometry asd magnotic fieid 30 as
to puss through the cxit aperture with misimem uagular
divergence. The ion optics of the SITEX acceierstor hes
been caiculated using the ORNL 1-D optics code and results
in a divergence perpendiculer to the slot of ¢, = 0.35°
and parallel to the slot of Sy = 0.18°. This beam diver
gence showid be adequate for imjectiomn imo a ruiio fro-
quency quadrupole (RFQ) for further acoslerstion.

H™ beams of 650 mA, 18 kV, and 9 s, 2long with simi-
lar D™ bewms have besn accelerated at 2 0% duty cycle
Developmest is under way (0 pere: stendy-stecte operation.
The extracted clectros to extractsd H™ /D™ current ratio of

‘Ressych spomanted by the Offics «f Fusisn Saeryy, US Depact-
wew; of Escrgy, wader Costract No. DE-ACOS-S40RIINE with iMactin
Maristta Eseryy Sysseme, [sc.

15%/5% has been achicved. All cxtracted clectrons are
rocovered oni the source with am electrog-recovery system at
an energy that s 10% of the fup acceizrsiics gup potential
energy difference. The arc efficiency is 5 kW of oz sosrce
power per | A of accelerated H™ /D™ beam.

We proposs 0 produce intense Li~ beams {or further
acceisration asd oneutralizitios to be used in 2 charge
exchange 1iphe particie diagmostic scheme Li~ ioms would
be generated by Cs* sputteriag of lithiass adsorbed oa the
converter, with Li™ acceiersted by a systmm whose perfor-
mascs is similar to that described above. Beamw of fewer
than !0 xA hzve bsse produced iz accelerator sowrces by
mecharisns saniier 10 thoss we propose. If the Li™ produc-
tion efficiency is as poed 25 cxpeated, we will be able o pro-
duce 190-mA Li~ beams with am emittascs suitable for
final sccsleration by an RFQ accelerator. Arc cfficiency,
elactron comtrol, and optics are projected o be a5 good 23
those for H™ /D™ beams airesdy prodwced. A proof-of-
principle cxperiment will 3oon be coaducted at modest cost
by modifvirg existisg SITTEX equipment to verify produc-
tion efficiescy of Li™ ioes.

INTRODUCTION

Mom magnetic-confiscrrent fusion power reactor con-
cepts rely om alphs particle heating to supply a portoe of
the fusion power to keep the plasma hot. These 3.5 MeV
alphe perticies are produced by ths demtenum-iritum
seciear reaction in the het pisama. [t & critical to determise
a: the oactiest time the physics of the alpha purticie
slowing-dowa prooess to determins whether the aiphe pacti-
cle coargy tramsfer w0 the piasma is classical or asomalossly
fast or slow. An asomaleusly high alpha particls lose rate tr;
the walls wouid iscresse the A7y, auxiiary beating power.
and 3 roquired for igaition. Asomalovsly high iom hesting



by alphs particles could lead to 3 reduction ia ignition
requirements.! Post et ai? have ryviewed the possible tech-
niques for measuring the sipha particle velocity distribution
SV, F. t). Many of the disgnostic techmiques reviewed
ticn. The use of 2 high-esergy Lithiuin doping beam oflers a
disgnostic from which mret of the distribetion isformation
cas be obtained.! The lithium besm wouid wadergs sisgie or
double charge-exchange ovents with fasmt aipha perticles.
One can thes observe cither the fest Ho? sscaping (rom the
plasma after acquiring two clectroms through dosbie charge
exchange with the beam or the doppler shifted de-excitation
radiation from the decay of excited He™ stases populated by
single charge exchange. The chargesxchasge cross sectioas
are maximum nesr a2 beam coergy of 380 keV/amm or ~6
MeV for Li' propose to use & SITEX negative iom source to
creats intense low-emittance Li™ beams at 100 keV which
are then injected directly into an RFQ for an omergy boost
up W0 -6 MeV. A gas neutralizer and charged particle
beam dump wouid result is about < 50% of the beam bsing
available as 6-MseV L. This psper will coscectrats om the
characteristics and advantages of 2 L beam 28 gemerated
by a SITEX-source-based beam line.

ION SOURCE

The SITEX*' sourcs has besm modified slightly to
produce Li~ besms.!*-'¢ Figurs | shows the basic raflex
discharge plasma generator. A hot tsscalum filamsent is wsed
10 supply clectrons to the discharge az 100-150 sV. The
discharge will be aided by use of ag isert seppert gas swch
as helium which prodeces segligible negative ions. The pri-
mary eclectrons oscillats betwesa the f{domest and the
reflocting (ehectrically flosting) clactrode through the anods
chambar. Cesium will be admitted to the asode chamber
through a motor-costrolied heated valve and from a
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temperature-coairolled oven. Cesium flow rate is adjusted by
valve position and oven temperature to maintaia cesium
cover on the cogverter at app.aximately two-thirds of a
moaolayer, where the work function should be miaimized.

The coavarter temperatere cag tisn be varied betwesa
200* and 700°C to aid in kespiag the propsr CORverisr cov-
erage of two-thirds of 3 monolayer. Figure 2 shows how the
comverter i3 biesed at 2 nomisyl —150 V(dc) with respect
the the asode chamber. Sisce the sourcs rmms ia a2
~1300-gauss magostic fisid, the comverier voitage is fixed
by optical coasideratices 0 tragsport the beam tirough the
ion exit sit A nominai 100-V(dc), 120-A arc will be used.
L{ is then admitted to the anode chomber and directed at
the comverter fromt from a heatsd valve amd temperature-
coatrolled oven. Li% coverage of the coaverter will thea be
adjusted to give maximum Li~ output. Li™ is expected t0
be produced by Cs™ sputtering at the comverter surface.’’
Hisices has estimated thot the comversion efficiescy of Cs*
bombardmant o Li~ ioa release may be as high a; 2%.2
Alton has estimated (rom resits om his acosierator sputisc-
ing sowroe thar the comvarsios efficiency may bc as kigh as
10%.'7 We can attain comverter crurents of 500 mA/om? (&
150 Ytac), this corrwaponds to 75 W/am®]. With a couver-
sion cffichccy of 2%, this wouid prodecs 3 comverter Li™
current demsity of 10 mA/cm?. We estimste that we caa
tramsport and inject 100 mA of useful bearm into aa RFQ a
100 «V usieg the 2% coswersion. Figure 3 thows ame 3-D
optics piot of the beass whick wouid be suitable for injection
isteo an RTQ calculated wiag the ORNL optiz 3-D
code.'** The 3-D code will be used 10 maximrias the wasful
current injected ioto the RFQ. The omittance requircesexts
of the RFQ are small eacugh foc all beam from the RFQ w
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Fig 2. Tep view of the SITEX sewrce with pewer sup-
ply connections.



by aipha particles coeld lead 0 a reduction in igmition
requirernants.! Post et ab® have reviewed the possiblo tech-
niquds for measuring the alpha perticle velocity distribution
SV, 7. t). Many ot the diagnostic techmiques reviewed
give only partial information on the aipha particle distribu-
tica. The use of a high-emecgy lithium dopiag baam offers a
diagnostic [rosn which most of the distribution mformation
can be cbrained.! The lichinm besm wouid uadergo sisgie or
doubls charge-cichange cvests with (ast aipha perticies.
One can s observe citses the (axx He? escapiag from the
plasma after acquiring iwo electroms through double cherge
exchange with the beam or the doppier skifted de-excitation
radiatios from the decay of excited He™ stales populsted by
singic charge cxchasge. The charge-exchasge cross sectiogs
are maximum nest a beam casrgy of 880 keV/amuw or ~6
MeV for Li’ propose to use a SITEX negasive ion source to
create intenss low-cmittance Li~ beams at 100 keY which
are then injected directly isto aa RFQ for an caergy boost
up to =6 MeV. A gas noutralizer and charged particle
beam durap would resuit in about < 50% of the beam being
available as 6-McV Li%. This papor will coscmitrate oc the
charzcteristics and advastages of 3 L® beam as genecated
by a SITEX-source-based beam line.

ION SOURCE

The SITEX*'* sowrce bas besa modified slightly to
prodsce Li~ beams '-'* Figure | shows tho basic reflex
discharge plasma gomorator. A bot tastaivwem f{ilament is weed
to sipply clectrom to the discharps at 100-150 eV. The
discharge will be aided by use of e imert suppert grs such
mary eclectrons oscillate “etweem the lament aad the
reflecting (clectricnily flosting) sloctrode throwgh the amcde
chamber. Cesium will he admittad to the aaoode chamber
through a motorcontrolled beated vaive and from a
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Fig. L. Basic SITEX refiex disciwrge coscept.

temperature-coatrolled oven. Casium flow rate is adjusted Sy
valve position and oven tcmperature to maintaip cesium
cover on the coaverter at approximately two-thirds of 2
inonotayer, where the work fusctios should be mimimized

The comverter temperature can 2h0 be varad betwese
200° and 700°C to aid in kecping the Proper comverter cov-
erage of two-thirds of a mosnlayer. Figure 2 shows how the
coaverter is bizsed at a comismal —150 V(dc) with rwepect
the the anode chamber. Since the sowrcs rues in a
~1300-gauss magnetic fieid, the coeverter woitage is fixed
by optics! coesideratioas to trznsport the beam thromgh the
ion exit siit. A noausal 100-Y(dc), [20-A arc will be Gsed
L{ is them admitted to the anode chamber asd directed as
the coaverter frost [rom a houted valve and tempersture-
coatrolled ovea. Li° coverage of the coaverter will then be
adjusted to give mazimum Li~ owtput. Li~ is expected to
be producad by Cs™ sputtering at the comverter surface.’”
Hiskes has estimated thst the conversion efficiency of Cs*
bombardmest to Li~ ica reicase may be s high as 2%.'°
Altos has estimated from resuits om his acceieraior sputtes-
ing sourca that the comversion efficieacy may be 2s high as
10%.'7 We can atiain cosverter currests of 500 mA/cm? [ar
150 V(dc), this correspoads to 75 W/cm?’]. With a comver-
sios cfficiency of 2%, this would producs 2 coovermr Li™
current demsity of 10 mA/cn®. We ostimate that e can
transport and isject 100 mA of ussful beam ixto ag RFQ &2
100 keV using the 2% coversion. Figure 3 skows cee 3-D
optics piot of the beam which wouid be suitable ‘or injectica
into as RFQ caicuisted using the ORNL optics 3-D
code.'** The 3-D code wiil be used to maximize the useful
current injected ints the RFQ. The emittance requirenents
of the RFQ are small enough [or all beum from the RFQ 10
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Fig. 22 Tep view of the SITEX searce with pewer sup-
#ly connectives.
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Fig. 3. 3D optics ceiculation (e imjection iste za
R’FQ.

be uselul The normelized beam cmittance showld be
<0.02 rcormrad.

The extractad clactron curtest at the sowrce plasms
grid is expestod to be about 3% of the Li™ currest asd wiil
be recovered by the standard SITEX clectron-recovery sys-
tem oa the source (Fig. 4). Sisce tho ciectrome-rocovery vol-
tage will be izss thaa 10 kV, the fractioa of ion acoelerato?
power going into cloctrons will be lses thaa 0.3% for am
accelerating  voltage of 100 kaV. No clectroms are

/R PR "S- TR

Fig. 4 SITEX cectren recevary systam asd mscen-

accelerared with the beam. As such, the few clectroas we
expect to have will be no probiem from cither spariding or
power loading.

A Li" ion-source isotopec seperation series wis per-
formed at ORNL using a reflex discharge like the SITEX
but without the cozverter. They accummulated ~24,000 b of
beam experience at 35 keV with an average rup life of 40 b
(dc beam) We expect simiiar reliability. Owr original
proof-of-principie cxperimeut will be performed 2t 20 kaV
(power supply limit). The highest Li~ curreats produced 1o
date are <10 uA on acceierstor sources,'’ so that we are
makicg a large scale-up.

DIAGNOSTIC BEAM LINE

Figure 5 shows a coacept for an aipha particle diagnos-
tic beam line based om the SITEX direcz-extraction source.
Due to features of the source, the bcam (!} bas no impus-
ties, since the ostimated 1% extracted impuritis are
analyzed out by the source meznetic fimki: (2) has 2o high-
encrgy clectroas, simoe they are all se .sued owt and
rocovered by the source-electroa recovesy systamy: (3) has
short-pulss o direct-curreat capabilities due o lowspower
deneity loading on all source structures; aad (4) has seperioc
low-cnittance optics for isjoction into as RFQ accelerator.
The RFQ would s (ollowed Uy 2 deflection magnet (0 beip
decouple the RFG from thc gas loading of the gas ~eutral-
izer), 2 gms newtralizer (producisg ~-50% neumrais).! 2
deflection matnet to remove and dump the ice composent
(~50%), and as estrance duct to the fusion resctor. Noce
that Fig. 5 beam line ia considerably less complicated up to
the RFQ [than in Fig. 6 of Ref. |, which used 2 Li™ beam
and a double charge-exchange mechanism to generate Li™.
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Table 1 giver parameters for H™ /D™, which we have
reported previously, and the extrapolatioas we have made to
a near-teem, 20-keV Li™ proof-of-principie beam' and to
tie uitimate alpha particie diagnostic beam line.'® The oaly
critical issue is the Li™ production per incident Cs* ica on
the comverter. We expect to have resuits oo the proof-of-
principle experiment before the cad of September 1985.

SUMMARY

The high-energy Li® doping beam is expectad 0 give
the most compicte information oa the alphs particls distri-
bution. Howevez, it also is the most compiicated and expen-
sive diagnostic for this purposs. The use of a direct-
extraction SITEX Li~ sourco would greatly simplify the
beam line over opc using double chargs exchange and,
hence, would lower the cost. SITEX offers 2 low-emittance
beam for direct injection into the RFQ and demoastrated
long-pulse performance. The beam cau also be modulsted®
s0 that modulation-detaction techaiques cas be used to
enhance the charge-cachange signai-to-noiss ratio,
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