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4bstract L- 

,4 \~~IIIIII~ source of I-I- ions, with a f‘illl rotational symmetry, 
11:1., 1wc.11 ttesig~~eti amI studied. We have achieved agulsed H- 
cu r<.111 01’ 51) III,&, ;I[ a curr’nt density of 25 mA/cm”. Using a 
IC~IIICI~II ;tpc’rikirc of 1 cm 4 , the ermttance of a 10 - 16 keV 
hc;i~n ibak mc:iSured for ttifi~erenf source parameters, and for ;I 
I~;IIII <urieut of 70 inA il was f0ui~c.l IO be tebs tlia11 0.5 71 mm 
nlr:~t: (iloimilli7r‘cl, 4 rms). \Yhen qcratirlg with dcuterium, 
rhe I>- olltput was found to be 50 - 60% of the H- current 
olll:iiile~l iinticr rlic s;inic tli~charge conditions. Adding cesium 
IO ltic rtlscbargc iilcrcased the I-1. output by a factor of two, 
white rctlucing ttic electron current. After the addition of 
c(,\iltlil, c,rcatt,r lti;~fi 30 rriA of f I- could be extracted wittl 
I,!11 l- ., I. 

Introduction 

S’tuttich IIf the BNL volume I-I- ~OII source with a toroidat dis- 
cl:argc chamber have been in progress since 1988. The source 
ii intcniicd to one iiay replace ;!n cii\tiiig magnetron surfacc- 
plasm;i bource arid 10 supply 50 mA of H- ions in 1 ms p~ilscs to 
thr RI‘Q :md linx injectors for the j\GS. The source ttcsign is 
~IIs~II~~~II.~~IcL~ I‘,;( IIS toroidal gcon~t’!iy, with the discharge 
rei;ioii \urroliriding lhc ccntrat extraction region, thr: scpariltion 
coming Iron1 a coJlic2t dipole ficld. Details of the deslgn ucrc 
rcpi>rtcd ;3rcviously. i The conical dip&: field, produced by a 
pcrnlanent lr.;lgnet disc placed in the center of the filament 
tla:igc. tias bcrii ~tio\4n to be substantiattv better than a nlanc 
dipole field2 md the former is now being used exchsiveiy. .A 
c.rcli :I/ Lt’ i ilarnciit ir used in the source. The parametric studs 
of the !,c~ur,:e cc)rl~iatc.d of incasurcments of th’e H- or D- yieIj 
;II;CI ot ! he accoml);lnvinE electron component when varvinz , v 
\c.~.cr:~t \otiri’c p:l;all;etcr5 (arc currcni, extraction voltage, 
j~l;~\~il;~ ~~Ic~~Lroctc t>i;l\. g:rs ttensity. pzrrametcrs of the filameril, 
kl~f.~iyltl ot IIIC conic.lit fl?tit). 

Iii I)IL~\ ioil. 5iudic’\, ;li, 
ltlrcJ.lgti Ihc. 0.C CII? 

tl- yield of IS mA \c;Iq achieved 
;q)crliii c, .A5 Iii,4 thiough I ~11’ aperture, 

:11lcl 4s Ill;\ tt-1-t lugtl 1111’ l:~z-grsi ;I )crmrc 
t,.ftl I- \,;lriccl twtnccn __ 31 and i1O. i. ” 

of I.87 cm2; the ratio 
Varlatmn of the negative ion 

vlt.l,l di ,I fLill~.tioll 01 ttlc cxlr;lction voltage for a constant arc 
~‘OII<‘II: ,\!lows ;I h:cell rire l’irbl (tile Child-&hngmuir V3/2 lawj, 
tl~ll~l~~~~(l hy il Wl7ll-()l;ite;ili. ‘l‘ticre i5 also a dependence 011 ihe 
IIC,UII,I~ I’% dc~~:i[y:’ rhc yicltl incrcascs with thi density up to a 
l)ro.lil I1t.1s.mtIm; howe’vt’r. the eleclron comuonent shows a 
\tcc,lb I;11 t do\\~l ti) ;I t~rcml minimum3 81 aboui the position of 
ttlc III~IY~III~JT~ III Lhc. I I- victd. The bias 011 the ulasma electrode 
ha<1 3 niliic)r effect on ttic 11‘ yield, but a more’pronounced one 

5 on Ihc clectrorl comj~onent:- as the bias varied from negative 
values tllrough zero unto the positive region, the H-yield would 
riowly decrease but the electron component would decrease 
ITI~IC.~I f;i\ter, resulting in a tower ratio 1 /IH-. Filament par- 
;IIII(‘IC:~ (hctating current, l)oGtion of the ffiament, size of the W 
wire) arc very important for the source performance. The 
t)c.tl;i\ i!)r of the source detxr~ds most on the direction of the 
I‘il;lilicIi( current and 011 whether the filament is on or inter- 
rul)[cd during the arc pulse; the source performance can he 
optimized by selecting the proper direction of the filament cur- 
relit ;~nd hv inclIng the besi p&iti~>n of the filament in the axial 

2l ,’ di!~cctiori. 7 FInally. preliminary results obtained with a sma!i. 
pt~lscd coil replacini ihc center magnetic disc have shown thai 

~herc is a broal! optmlum in the II- yield as the coil current (OJ 

conical field) would increase; the electron component was 
decreasing with the coil current in the whole range of ;Ivail;~ble 
‘Work performed under the auspices of the Dept. of Energy. 

values. 2 Preliminary results of emittancc me3burcnicrIIs 4 were 
obtained for an H- current of 20 mA. In the range of btlam 
energies between 10 and 16 keV, the norln;!li~cd 1 r II< c‘nlit- 
tnnce was lower thau 0.5 71 mm mrad. 

This pa 
between R 

er will first describe results of conlp.l~i~o~I xtudics 
vctrotrcn and deutcrium, rii;liclty Itic ~tci~~~it~li’~~~~~~ 0i 

negative iGil yievlds and of the ctcclrcln c‘i)~~il)o~if.‘nl G)II ;~IC ~111. 

rent and the strength of the conic:11 fictd. ‘t’hc Y,O~IIC~* pt’t t.or- 
mance was also studied when some cesium wilh injec tcil: :!li\ 
effect wilt be described as well. 

Isotope tirrccta 

The source geometry used for isotope studieh tw.l 1 tic. conic;It 
dipole field, as shown in Ref. 3; however, a smatlcr fitamem 
was s 

‘i 
lected for an im 

P 
roved performance at lower arc cur- 

rents2 In all isotope ef ect studies, the extraction ;llJerturc was 
1 cm , the extraction gap was 0.97 cm, and the pt:lsm:l electrode 
grounded. A di ote magnet r 
a line integrate (p. <Y 

the exit of Itic souric’ protitiied 
field of x lO‘* T-m, which el’ficientt~+ deflected 

the electrons out of the beam. A Far:l<!ay cup tcr n;casure the 
I l- current was toc;ltetl IO cm from tlic so11:<~~‘. ‘t‘tic tr,:.il 
extractor power supply loading wx iiicxstIr0.t WIIII ;I <‘(II rcni 

transformer. and the difference bctv,ecrl the to1;11 t{);ltlir:g ;ln<t 
the H- current in the Faraday cup is assumed to be ciectrons. 
The source was operated with a 1.5 ms pulse width, ;]I a 0.S Hz 
rep-rate. The gas was pulsed, and the cxtractism vottagc U’;IS 
dC. 

Figure I shows the negative ion v~etd ;I> ;I f’unct~on III’ LII~: 

extraction voltage for several values of the arc curreilt ill the 
range between 20 A and 12.5 A; for cacti \‘atuc of !tlz ;Irc (‘ur- 
rent, the gas density was optimized for ihe bchl IIC~.I~~LC, ioll 
yield. It is evident that the nc rativc ion yictdx for dc.t~tcri(tlll 
are only 50% to 60% of those or hydrrtgen, Ior cqu;~l .!I< C.II~- P 

rents and extraction voltages. While the shift of the Ir;:llsltic,n 
region in the curves (for equal negative iolt currenta) ill~tic.ll<.~. 
bpace ,chargc effects in the rx1r;Ictioii g;lp, ttif’l’ci~ric3~,. 111 I IIC 
yield m the saturation portions of the curves grc:lli’r I tl,uI 

(MH/MD)~/~ = 0.7 (for equal arc current.\) indicate a 1~ L,\ ~II! 
iient production mechanism for cleuteriun~. 
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Fig. I: Negative ion field vs the extrac~tion ~;o!~;IQc \ _i 111~~1 ;il(‘ 
current as parameter, for hydrogen (dotted) ;I\;‘,: 
deuterium (solid lines), 
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!:~~gk,~ .’ ii1oy~5 the r::tio I %!I- as :I 
f- 

function of I-, for 3 coI1- 
SI:IIII L’x:l ,tct;on voltage of o k\’ and a grounded plasma elec- 
Irl)c/c‘ III this rcjpcc! :S well, the performance of the source 
wiljl tlc:ilterlurn is much worse because both the arc power effi- 
iicncv ~(1 the extraction efficiency are much lower than when 
hydn;gr’n ~12s used. 
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F’ig. 2: Ratio I ./I- \“I I- for a constant extraction voltage of 10 
kV, fc,ri;ydrc,gcn (dotted) and deuterium (solid line). 

An ilitcrss!ing expcrimcnt was then performed with the 
[x~lscd coil replacing the center permanent magnet. In this 
Lay, ir M;J~ pos\ihlc to vary the conical field strength from tow 
value< up IO and beyond the corresponditig value for the per- 
manent lmaenet. The arrangement for timmg pulses was such 
Ili:lt tli<s ~~lFlcl!t 111 lhc coil W;I\ irriii;ltcti first ;ind only after 
rcacllllig ;L flattop, the arc was triggered. A coil current of 400 
A corrcspcrntieci approximately to the 3 kG field of the p,erma- 
nent magxet. ci urd shows the ratio 1,/I- as a function of 
I-, for xvcr;ll VL ucs of the pulsed coil current (in the rangr f- 
200-001:) A). VaIucs of the arc current arc indicated on the 
CII rvc. 
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It is true again that the yield and the r;1ilo 1.,/I- ;irc ITG I ,IV~II 
able when the \rourcc is runninE with clciilcrlitiii; uIIc’II llic. ljc.1 
formances are compared for the same coil c!lrrcnt, the 1) L.I(.I~I 
is always about SO - 60% of the He yield and the ratit) l,‘l- 
higher by at least a factor of . . ? However, by adjusting tlx \..il 
ues of the coil current it is possible to match the valuc,~ Ic 1. 
= f(I-) for the two gases, although the arc efficiencies \ro~~I(l 
still differ, It is, therefore, possible that one could redt1c.c 111~‘ 
isotope effect (as manlfested in I,/!-) by-, sllhstalltiall~ 

increasing the strength of the conical dipole t~eld wh<~n III? 
source is running with deuterium. 

Ccsium V:itxx Effect 

The treaut of the volume source, when co:iip;lretl to sllrl’;it L 
production &- . sources, IS the fact that it opcratcs cc<iulli-l‘rcc’. 
At several laboratories, however, ccsit:m h;~s hccn II icd in 
volume sources, and it is of interest to see what the clI’t‘ct ot 
cesium is in this source, since the geometry is quite dhl’fercii! 
from other volume sources. 

‘fhe experimental setup was the banir a+lh;it uscc! l’,jr71hc i30- 
tope effect studies, except that both 1 ~111’ a~~tl 1.X7 c‘m- cxtr;li- 
tion apertures were tried, and ;I larger cli:lnlctrr Ill;inl~:nt \\‘:a\ 
used. In our standard configuratiol, there is a 1 5 cm (li;lmct<,I 
cover over the SmCo disc magnet I” the l”tlanlc.nt l’lallt:l,. ‘I ll~\ 
magnet produces the conical falter field. :tntl thr c‘ovc:r, s: hlcl~ ~3 
floating electrically, shields the magnet from the ~I;IL.IKI. ,+, 
small Cs oven was incorporated into thi\ cI,\cr. l’~~ll~~l~ ln<i(ii. 
from a mixture of cesium dichromate and lil;illiun> ~CIC ~)l;~~vtl 
in the cover, a heater and thermocouple were :~ddcJ to I(. 
When the peltcts are hcatcd to 400 - 500 ()(‘, ~CS~LIIII \‘:I~)oI. i\ 
released. The source had no hot inner liner to 111~ tlix~hal!,c 
chamber, as was used in Refs. S and 6, so cc\iuln III~?LIIII;~III> 
condensed fairly quickly on thr water cooli’d ciiarnber \1;k:ls. 

When Cs was added to the discharge. thy 11- ( II~I~III 
increased, one couId operate at lower gab prtxirrc. .~ilii tits 
clcclron currcIl1 dccrc;lsccl. Alho, tllc di5i.ll;llt:t. ;111(1 I I- <‘,i! I<‘111 
pulses became flatter. Figure 4 shows the If- currc’nt :I\ :I func- 
tion of arc current with and \yithout cesiun+ for the I 8’7 cnl-! 
aperture. For both the 1 cm- and 1.87 Lrn-,:!Ixrturc. the I I- 
current :IpproximateIy doubled with the ;Itl(lltlon elf (-‘\. With 
the plasma electrode floating, the r;ltio of clcctrori t$) Il- cur- 

-stayed in the range of 10 - 20 for 50 - Ii11 i\ ;lrc, ;IIILI 
e with the addition of Cs. With the pl;l<rn;i elcc- 

however, the ratio was 5 - 10 at 511 - 150 A 
without Cs, and dropped to 5 1 when Cs w:~s adtlztl. 

60v-T7---l-r- ,- , 

‘ARC (*I 

Fig. 3: l<atio 1,/I- vs I- for several values of the current in the 
coil producing the conical dipole field, for hydrogen 
(dotted) and deuterium (solid lines). 

Fig. 4: H- current vs discharge current, with and witllotIt 
cesium in the source. Extraction voltage = 16 kV. 
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In I;igurc .5, the H- cLlrrent and the IeilI.l- ratio are shown as a 
i‘unction 01‘ bias on the plasma electrode. with and without 
cccium added. Note that when cesium has been added, one can 
xlj~hl the plasma electrode hia5 to get ;I very low I,/Ill- ratio 
withclul much loss in f-l- current. 
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Fig. 5: I I- current and electron-to-H- ratio, as a function of the 
piasma electrode bias, with and without cesium. I 
I50 A, ynrc = 250 v, vext = lh kV. The dots i&?cTte 5 ’ 
Ill? Ilo:ltm$ ptcl:tial. 

Fjgknc 0 shm-i an I I- current pulse and the power supply loac!- 
ing (I t II(-) after adding cesium. We are not aware of any 
other ‘volume” Fl- source which has obtained > 30 mA of I-I- 
wit11 * 30 m!Z of csiracted electrons. We have not yet been 
;Mc to clu:lntif~ the retiuclion in operating pressure when C’b 
WI\ iItltlVd, but It appears to be at least a factor of two. 
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h: li- current (upper trace, 5 mA,‘div.) ana total extractor 

supply load (lower trace, SO m.4idiv.). Time Scale = 
0.5 m~div. Taken with c&urn in the scource. 

WXI~ the Cs heater was turned off, effects of the Cs remained, 
except for a partial drop in the H- current. Even when the 
sourctx was opened to air, but not cleaned. some effects 
remained. While the H- current dropped back to near the lev- 
els before Cs was introduced, the operating pressure remained 

cleaning brorrgtit ttl ,. 
low, and the I ,,‘II. - ratio remained at == I. Only a thorough 

levels. 
e \<)urce back to it> original ‘c&urn-free” 
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