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ABSTRACT

Tbe Oak Ridge Natioaal Laboratory (ORNL) SITEX (Sur-
face tonJTtrinn with Tttatunw Extraction) negative ion
source utilizes a 1G8-V/20-A reflex are diihaiae ia a
1300-gauat magnetic fltid to ataenle Ct* km a»d H+ or
D + am. depending o« the beam required. A
molybdenum plats is pjr—'f ilirevtly frtnwi She arc J
Cesium coverage aa dM pkte « uaad o —t«i—i«. tb« tar-
face work function, which naatret two-thirds of a moao-
kyer oorenae. Csmm i'mw»|i it adjuiretf both by o w n
flaw coatrai into the are Jmimtft chiaber aad by f i p e w
tare caatnri of the w w W i mmg inmat^tlimm oosliag
cfaaaoeit in the uaennff ptote. Nerwel ooewester opeca>
tioaal tampenorai art 300* to 300*C H~/D~ beaau are
jencrated u tbe biaHd ojuwwar sarfaoe ( -130 V witli
respect to tbe anode) by Ct* nwKtmiag of ihaarhad hydro-
yen or dctttcnuai aad by tbe faflecnoaacoffMnaia mechea*
ism of H"7D~ ioai which itrito the ouawmer sartase at
150 eV. Tbe aageih* naa are lui.eai i n J throvffe the
150-V ptacma liteatli at the coovener sarfaoa aad an
focoaed by the cocwrter |uunietry aad magnartc field » at
to pen tbroagh the exit aperture with "*~wrt aagaiar
divergence. The ioa optics o' tha STTEX acwekfitor hat
beea calculated wing tha ORNL 3-0 optics code aad tanks
in 3 divergence perpendicular to the ilot of f^.^ - 0.35*
and panilel to tbe slot of ff^ — 0.1S*. Tbia beaa dhnr-
gence shoeid be irtaf|«atn for iajeetiDB iaw a radio fre-
quency qnadrnpok (RFQ) for fmrtber >

H~ bauos of 650 mA. IS kV. aod 9 s. aJoog with :
lar D~ baaan ba*e beea acoalaraMd at a 10% daty cyde,
DevetoeoKSt a uodar way to paras: needy win osarauae.
Tbe amactad aharoa to emactad H~/D" cumst ratio of

15%/5% bat beea achieved. All extracted etectroos are
recovered on the source with aa electron-recovery syttam at
aa eaersy that is 10% of the first vo teaura gap poteaaal

' differeacc. Tbe ate eflkiaoey ia S kW of ioa SWUGB
I A of acceknied H~/D~

We propoai to produce tataoss W beana for farther
aocekratioa aad aeatnlizatioa to be used in a charge-
nrrhaage tloha pactide fliaawrir ashasje. Li~ ioaa woeid
be aanamarl by O * spatttriaf of lithjaai aiiwiitierl oa the

with U~ maiinnil by a syaiaa wheat perfor-
ia skaiiar to that dejehbaa aboec Baaoa of fewer

thaa 10 *A htv« beea umdaued ia atiMleiam joarcei by
BMBhacaaaa aaaier to thoat w« puiaaea If the U~ pradac-
tioa affieaBKy « M goad at exaaatad. wa will be able to pro-
duce 100-mA Li~ besBH wita u nrrirraact suitable for
final accalaratkm by an RFQ n i • ! • aim Arc rffeieacy,
etxtroa ooatrol, tad optics are piajecteJ to be at food a*
tboee for H"/D" beams already twidiaed. A praof-of-
pcisciplB cjtBarimnt will sooa be coodvetad at iwiriftt. coat
by modifyti;; exittiag SITEX eqaipraan to verify produc-
tion efficiency of Li~ tons.

INTKOOUCTfON

Mom futioa power reactor a c -
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cepts raiy oa alpha partictt beating to lusoiy a porooa of
tbe futioa power to katp tbe piaaau hot. That* 3.5 MeV
alpha partidH are pradacad by the deuterittaMritiwn
sadarnr raarrina ia the hat pitaaM. It is critical to oatermiat
at the Mrlai OSM the physics of tbe alpha, particle
s t o a i f d w proctas to liwifiaat whtthtr the aloha para-
de energy traacfer to tha piaaoa a rlnaral or aaotatJoaaiy
fact or slow. Aa aaoaalaatiy high alpha particle Iota rue to
tbe walk woald iacnaee the nrg, aoxiMary beaxiag power,
aod rf required for igntion. Anoraaiouaiy tngb ioa bautog



by alpha particle* could had to a reduction is ignition
requirements.' POM et at* have reviewed the poafiHe tech-
niques for measuring DM alpha panicle velocity distribution
/„(?. T, i). Many of the diagnostic techniques i w w i
(t*e only partial iaforouiioa oa tbe alpha particle dietribB-
boa. The UM of a high —aigj lithMua doping beam offers a
diagnostic from vaaab OHM of tko distribution iaforamtion
« b« obtained.1 The lithium bean woatd eaaergo sisjgk or
double daift> ttrtita* • v a n with f w alpha ntatidca.
One can O M o t a m either the feat Ha° artpiag from the
plaima after acquiring two electros* ihi(sigh doaMe charge
exchange with the bean or tbe dopptar shifted lie uiiminii
radiation from the decay of excited He* state* papaliial by
single charge- rirhMgw Tbe charjMxcnaage cnm MCtioai
are maximum oear a beam energy of 880 keV/ama or —6
MeV for Li7 propoie to UM a STTEX oagatrre ioa eaarae to
create imeajo low-muttaace Li~ bemme at 100 kaV which
are then injected directly iato aa RFQ for aa eaarfy booM
up to —6 MeV. A gaa neutralize* aad chaffed particle
beam dump woald neali ia abeat <,S0% of the beam boat
available as 6-M«V Li0. Tha paper will ooaoeetrate oa tbe
cbanctensncs aed iiliiiilian of a Li* beaai at aeaeratul
by a STTEX-eouro-baMd bean Use.

ION SOURCE

The SITEX"' swrot \m Seaa modified dietary to
produce U" beam.1*-1* Figars 1 laowe the baaie reflex
docharae plasma jeaerilor. A hoc taatalaai fSeaaaat ia vied
to supply tkcaom to the daxaaci* « 109-150 eV The
diacharge will be aided by oat of aa inert japvett p a saeh
ai heUam whieh prodaeei seciigibia aagative ioax. The pri-
mary electros* atdllais beweea the fikaaeBt aad the
rsflactiBf (dtcctrkally Ctaadag) electrode thraaab tbe aaode
chajnbar. f*«ti»« will be adaaictari to toe. lairttft chanbar
through a motor-costraUed heated Tahs aad from a

\r i
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temperaiure-coavoiled oven. Ccjitun flow rate it adjtwed by
valve poMtkm and oven temperature to maintain CSRUSI
cover oa the converter at appi-jximatety two-tlurds of a
awooUyer. where toe work faoctios should be muifflizsd.

The converter tampmtcre can akv> be varied berweaa
200* aad 700*C to aid in kaspiag the proper aoaverter cov-
erage of two-third* of a mgaeiayer. Ftgve 2 ikows bow the
coavertar i* biaad at a a m i u i •ISO V(dc) with reepea
the the aaode rinmeer. Swee the «MHOB roan ia a
—(300-gauat mtifMfu- fMd. the coavenar voitage it fuced
by optical coasideratioae to traaeport tbe beam tteoafa tbe
ioa exit sliL A aosiaal 10O.V(do), 120-A are will be uaat
U° a then admitted to tbe aaode cbember aad directed at
the caarertar froat froea a beatod valve aad temptratsre-
coatroUed oven, l i 9 coverage of the awrertar will tata be
adjusted to give maximum Li~ oatpac Li~ is crpected to
be produced by Cs~ ipelteriaj at tbe converter swfaoB,17

HiaiEB* ha* eitimararl tost the coa»er*ioe efficiency of Ci*
bombardmant to U~ ioa mteaje may be a* htga as 2 * . "
Altoa has winnwt from reaalts oa hit soaalentor spafler-
iag source thai tbe cuawniua effirianrjr may be as tagk u
10%.lT We can tttaia oonverter carrero of 500 aA/car1 [at
ISO V(dt>. that ujnaajuatk. to 75 W/cm2]. With a coaver-
aom effiOBLcy of 2ft, thai would prodaos a MJHIIIU Li~
earreat rliaiiry of 10 ejA/cm1. We atiiene that we caa
traaaport aad injea 100 mA of ueafal beaia iato aa RFQ u
100 ieV uMg tha 2% coawsna. Hgare 3 ihowt oaa 3-D
opbea pioi of the baaai which would be mifiMe far njaeboa
iato aa RFQ cilcalaled w a g the ORNL aqbet 3-D
code.1*-2* The 3-D code wOl be need to maamiae Use uacful
current injected iato tha RFQ. The omtttaant reouircawats
of the RFQ arc mall eaoagh for aU beam from tha RFQ to

''liacur 'we
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by alpha panidei coaid lead to a reduction in ignition
requirements.' POK ot aL1 hive wicwad die posatbto teeh-
niquji for tncasoring the alpha partidc velocity dbtributioa
/.(V. T. (). Many of the (tiigmntir tariaaqaai reviewed
give ooly partial iofonnatioa oe tin alpha particle distribu-
tioo. Tb> UM of a higB-eaerjy lithium daaiag baam often a
(tiagnnaric IJWU winch eaost of At djatrioatiaa jafonoatioa
e n ba obtained.1 Tha lilliaei beam mwhl aadarap SMfje or

dooMe d»arge-«change evens with fait aloha parade*.
Ona caa (baa observe dtiar the fa* H«° escaping from the
plasma aftar acquiring i«o sbctroai through doabla charge
exefaaage with the bam or tha iJcpaear shifted <laen ifniiia
radiatioB from the decay of escKad Ha* scan* popalsmrt by
single charge exchange. Tfce i ' n m mrliaajs cross Mctioas
are maximum near a beam naargy of 880 keV/una or —6
MeV for UT ptoaoae to uaa a SITEX negative ioa soatoe to
create iotcoH low-amtlanct Li" beams at 100 kcV which
ate then injected directly iato aa RFQ for an eaergy boost
up to —6 MeV. A gat oeatralnr aad csargad particle
beam damp woaltf resait ia about <,50* of tha bean being
available m 6-MeV U*. Thit paper will ooaoaurate oa tas
chmrr.acnsaa aad advaacagai of a Li* bean at feaerated
by a SITEX-Naioa-baaad beam tiae.

ION SOURCE

The SITEX*-'4 soarca bai baaa raoatfed sligiBty to
pradaca U~ besna.'*"" Figare I jJwai the basic nefia
ducharge pUsna guaeraioT. A bat raatela— fllaaMat m end
to supply elactroai to the 4irraiir||i at 100-150 eV. The
discharge will be aided by oat of aB iaart Mppan p% sack
as helium which prodnca naglifiWa acgatrn ion. Tin pri-
mary ejectrons ojcjllaw 'Mtmim tha :'Uamam aad the
reflecting (dectricslly Ooafjag) etaaroria tomagk the aacdc
chamber. Ceuum win be adrnmnri to the anode chamber
through a macor-comroUad heated -nbm aad from a

temperature-coatroUed ovea. Cmum flew rate is adjwed by
valve potitioa and oven temperature to maintain cesium
cover on the converter at approximataly two-third* of a

r. where the work function should be <

The coaverter tempttatere can also be varisd betweaa
3)0* and ?0O*C to aid ia kaeping the proper cottverter cov-
erage « two-thirds of a mowntayw. Figara 2 ihows haw tna
converter is biased at a oomaal -ISO V(dc) wish taapaa
the the anode chamber. Since tfce soarca nus ia a
—1300-gauM magnetic field, the coavettei vottage is fixed
by optical •••—-»— " i — ta tnaspott tha beam thrasgh the
ioa exit slit. A nomiaal lOO-V(dc). 120-A arc wfll be oaad.
Li0 is thea admitted to ths anode ckambar aad directed as
the converter frost from a heated vaive aad lerapeniara-
coatroUed ovaa. Li° coverage of the converter will than be
adjusted to give ""«""•"" Li~ oatpot. Li~ is nprcted to
be produced by O + spatteriag at tha coaverter surface.'7

Hiska has ntimainri tkst :he conrenion efliciency of Cs*
bombardmaet to U~ ioa rakate may be «s bigb at 2*.1 '
Altos baa nrimateri from rae«ita oa ha tj.uk mm ifmtwr-
ing source that tha coaversioa efTicieacy may ba as high at
10%.17 We can actaic coavartar ctrreats of 300 raA/ao2 [at
150 V(dc). this conaspoads to 75 W/cm2]. With a cosvar-
sioa efliciaacy of 2%, this woaid prodaca a uuawnai Li"
entreat deauty of 10 mA/cm2. We ~r i~**- thai ^e can
transport aad iajact 100 taA of uaaful baam iatn aa RFQ at
100 IcaV tMisg tke 2% coavemoa. Figara 3 skooa oee 3-D
opoo pint of the baam which woaid ba Mutable for mjacaoa
iato aa RFQ calcaisted «iog tha ORNL apba 3-0
code.1**1* The 3-D code win be used to mtxiarin tbe asefml
carrtat injecud into tae RFQ. The etittaaee requueaems
of the RFQ are snail enough for ail beam from the RFQ to
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Fig. 2. Taa> view of a i STTEX Mates watt
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be useful. The normalized beaia
<0.02 rcnrmnd.

The extracted eJactna C U M at the source
grid it expected to be about 3% of tb* Li" currant astd wiU
be recovered by the standard SITEX eteetwa-reco*ery sy»-
lim on the source (Fig. 4). Since tho ulacrrua luuiiatfy vol-
tage win be ien itaaa 10 kV, tbe fraction of ion aceeierato?
power gains into eteeuaa will be \*m t b n 0.3% far as
accelerating voltage of 100 k>V. No eltetrom are

zmthmmmT

accelerated with the beam. Ax such, the Tew electros* we
expect to have will be no prcoiem from either sparicutg or
power loading.

A UT ion-couice isotope septntioa wrie» tvst per-
formed at ORNL luinj a reflex dbefearge liics tiw SITEX
but without the coaiwter. Tbejr ymmnli'irf —2<,000 h of
beam experience at 35 IceV with aa average taa life of 40 b
(dc beam). We expect similar reliability. O v oripaal
proof-of-principte dperimeut will be psrfonaed i t 20 keV
(power sappiy limit). Tbe bifJMR U " curreau prodooed to
date are <10 <iA oo accekrator soiucea,17 » tfeat «e ars
makiag a large scale-up.

UNE

Figure 5 shows a concept for aa alpha particle diagnos-
tic beam liae bawd oa tbe SITEX duect-«xtracttaa souee.
Due to features of the source, tba beam (!) hat no unptn-
tiaa. since the estimated 1% extracted iawuritiei ire
aaalyad out by the soiucc magnetic fiaU: (2) ha* no higb-
energy ulacHOM, siaoe they u c all M ^«itd oat and
iacowjed by the SOBUM tUcfma reeovtsy ijntant; (3) has
sbon-palM to direct-curreat capabilities *m to low-power
daaaity loading on aU source strasoiiM; aad (4) tat saparior
kw-emittiK* opttoi for ujesstioa iato an RFQ accekratar.
The RFQ woaU to foitowrt *,iy 2 deftacuoa otacoat (to bdp
decoupk tbe RFQ from tfcc gat toadtag of tbe ga* lourai-
iar), a gas nawrabaer (p,rod»d«g —50% amcmitV a
deffoetna magnet to recw*e and damp tbe ioa onwipnwjt
(—50%). aad aa eatraacs (fact to tbe fusion reactor. Note
that Fig. 5 beam !iae is considerably leas complicated op to
the RFQ [thaa in Fig. 6 of Ret'. I, which used a U"* beam
aod a doable charge-exchange mednirism to generate Li"

Fig, 4. s m x

•en 30UKE

Fig. 5. Alata



Table 1 gives paranwten for H"/D~. which we ha»e
reported previously, and the extrapolations we bav* made to
a near-term, 20-lteV Li" ptoof-of-priacipte beam19 and to
tin ultimate alpha parade diagnostic boam line.'* Tbe ooly
critical issue U th« Li" productioa par incident Cs* ioa on
the c o w e r . We expect to have remits oa the proof-of-
priociplc experiment before the ead of SupmilbM 1985.

SUMMARY

The high-energy Li0 doping beam ii expectad to give
the mod compieu information on the alpha particb distri-
bution. However, it also is tbe most complicated and expen-
sive diagnostic For this purpose. Tbe use of a direct-
extraction SITEX Li~ sourcs would greatly simplify the
beam line over one using double chart" exchange and,
hence, would lower the cost. STTEX offers a low-emittance
beam for direct injectioa into the RFQ and demonstrated
long-pulse performance. Tbe beam cau also b» modulated*
so that nwdnlatioc-detictioB techniques caa be used to
enhance the charge-exchange signai-to-noisi ratio.
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