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PULSE UH- BEA.MSFROM PEN NINGSPSSOCRC’KS
EQUIPPKI.) W1rrH CIRC[:!AR EMITTERS

II. Vernon Smith, Jr., J[jseph D. Shermtin, and Paul Allison
MS- HF118, LiIs AISMIM %atli)nal Ltib(lr:imry, I.(Js Alarms SM 87545

Abstract

We re m-t the H- beam curren~ and emittances
Rproduced w en Penmng Surface-Plasma Sources (SPS),

equipped wiLh circular emitt&rs, are pulsed at - 1% duty
factor, Two sources are now under investi~ati;;e \h:
small-angle source (SASl and the 4X source.
source IS designed tu test Lhe plasma scaling laws for
Penning SPS, SAS is the 1X device. The LJ.16 cm~ dis-
char e volume of the SAS is -30 times smaller than tiatuf

%the 4 source, 4,6cm~. WiA a 0.25-cm diarn rircular emit-
ter. tie SAS producm 82 !nA (If 27-ke V H“ benrn with nor.
mallzed rms emlt~nce of 0. L)05J x 0,0056 (11.cmmrad)~.
With a 0.26 -cm-diam circular emitter, We 4X source
produces ,50 d of 29-ke V 1{- beam wli-h emit~nce of
() 0049 x () 0050 (,l.cm. mrad)2 The measured data are

“J
mm ared with the predictions of th~ ion-optical rode
s% w

introduction

Surface Plasma Sources (SPS) are now being used In
pulsed H injectom on several different accelerators,
lnclud]ng those 13L Flrcakhaven National Luborabryl,
Fcrrnllab:, Los Alamos National Labcramr#, and the
Rutierfurd Labore’ary,’ SPS are typically used with s]il
emlttem. sl~ou%n wne work on rircular emit~m has
been repotid.’ ‘ We began he pre.wnt study of Pennin~
S1}S rqulppef~ with circular emittem because of the

~~’t% ,urrenw and em,twnces that can be achieved are
CL i)f ~lmplilied beam mnsport ~ an accelernti]r.

,jf’pnrucul~r Interest ta us,

SAS Iixperimental Results

~he SAS evolved from Dudnikov’s orifinnl desi
:Inri the subsequent ?Jovnslbirsk modification! of R:
Iies I gn It rvplcaily operates nt -(),5% duLy factar wnd
prt)dures -150 mA of pulsed H“ beam with I-MS nonnalir.ed
rmlltilncr III’ () ()()6 x !), (J17 III cm mrad)2 from n ().()8 L!
1) 7 ,Tm‘ ~lil l~mlt~r The beam frac~on iu typically 40% for
[ho rms rmlttnnre tinri W% for the 4rms emll~nce. ‘rhe
Ilmlsslon I:urrrnt t-lens ltyjll is 2.’; A/cm’, With n (),25-cm.
:lI:Im tlwulnr r’mltter, - m l) 30 cm dlam e~trac~m, nnd n
i) 26 ,.nl RRp, Lhr SAS produces W mA f;f pultwd ’27 keV II
1)011111 with II 01)53 x I) [)056 III rm mrnd)’ cmittnnce [Tnble
I I I’h,l rmlsslon current density IS 1.7 k’cm~, akut 60’% (If
lhr +IIL t)(,iiiI) result. k’l~rc I shows a sample II” beam

TABLE 1, COMPARISON OF THE SAS ASD 4X
SO[; RCES
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cons~nlul. 120A The line IS a flide LOLhr eve

4X Source Experimental Resultx

The 4X wurce is a four times scale-up of the SAS in
two of Lt.e tiree spatial dimensions — parallel ~ the B
field (y) and along the H- beam direction (z), but only n 1.3
LlmeS increa!w in the x-direction. “ Initial operation of Lhe
4X source with circular emlttem wrs diaep~inting wtth
large H- beam fluctuations and beam erzutwncea.+ We
then increased the diwharge slot depti (z-direction) ta
1.7 cm, which allows operauon at low rnngnetic field (almut
500C) with a reaul~nt drop in the H-beam current fluctu.
ations and H- beam emit-ce. With a 0.28 x 1,14 cm~
recumgtllar slit, 4X produces 250 m.A of 29-ke V, qulsed H-
b.ea.m with ●mit~nce 0.014 x 0.027 (n cm.mrad) With
a 0.54 -cm.d.iam ●m-it~r, it reduces 170 mA of puld H-

/beam. arid for 150 mA at 2 keV, the emittince la 0.020 z
0,019(m cmrnrad)~ with H- beam-cument f?uctuationa of
f 1,3%. When the emitter diametar is reduced to 0.26 cm,
t-he maximum pulsed H- beam current r!ecrenaes m 80 m.A
For 50 mA of ulsed 29-ke V H- beam, tie enuttince IS

!().0049 x 0.00 0 (ncmmrad)J (Table 1). The emitmnce
reaul~ grven here are obtained with the addition of -1 I
10’l J’CIDJ of Ye neutralizing gas to the vacuum box.’ A
plot of the x-plane rrzm normalized emitmnce vs tke
exwaction volbge is oven in Fig. 4 for tie 0.28 -cm. dimn
emlt~r for iwvernl different dlacharge currents. The y
plane emi Ltance sbowasimilar behavior,

The r-mm ermt~nce has a weak dependence on the H-
beam-currentfluctuations for the 4X murce (Fig. 5), about
1 .7% emit~nce

Y
wtb per f 1% H- beam fluctuation-,

This ●tTect IS sma 1, but Impmtant If the lowest achleveable
hearn ernl LLance IS b be at~]ned. The fluctuations are
typically bmndbnnd, ●xmndlng Into the me~ahertz rnnge
mnd ran he reduced from M high an - t 50% b i 5% or lower

m,,,,,_E=q—-—-—~--,.——.-.——l---
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H - Beam NOIOO, peak.!o.~~~k (%)

FIg 5 The rmnemltlance. L,, b!i (he }[ tmum n~)]w fil Illrr,. ,Ill?,.l,f
rxLructlon voluigeo Ilnmetl for (he 4X ujurrr ‘The in? .l>r(!,,~h ‘,,,

dMui ,s prlmnriiv M ~lde 10 [he eve. bul ,[ Implies A I ;% ,nrrv,l.i,

eml(bnce for ●ach ~ i% OikUtirII nOIW rhUU, U(Mr Ii[l OIl dl ‘Ill $)-1 ..!

nolw IE deslrrnble. nnd cnn he achlev@d uj deucrlbed In [ht. 1,.xT

by proper ac(justment of the source Hz as flow, Cs !lt~w
fmm an ●x~mal oven, and magne~c ‘field, f’he be~rn
fluctumtione ahw influence Lhe rrns beam SIUS nod

divergence angles measured at tie ermttsnce wannem
12.3 cm downstream fmm be ●mit~r: the lower the

fluctuations, the smaller tbe spatial and divergence noIJle
sizen of the be-. Minimizing size and divergence i+n le

Ycan be impomnt tn the dealgn of a hcam-optJcs systEm or
sub~quent Lrnnspcrrt ufthe beam tcr an accelerator

lon-Optical Calculat.ions

A sample ~~owl~ glmula~~n wILh zero I,jn

@mperature Input for tie SAS circular extraction s~s,tcm

rmsem,thnce predicted by SNO& for 100%fthe hetim >
Is shown in Fig, 6a for 81-mA ~dr et current at 26 k~ l’h~’

().0057 ,, cm mrad, which includes the eml LLance (llntrl
hutiorr from Ion opucal aberrnbons and non Ilnenr >p,i(v
charge effec~. A sample SNOW slrnulntlon for thr JX

wurce clrculnr ●~waction syswm IS shown in FIK 6h I.hr

ex~nc~on volts e la 24 kV, with 56 mA l~f ~ar~et (.orrrril
The SNOW-p J lcted ●m]t~nce IS (),()()44 II cm mrnd for
100% of Lhe beam.

The calculated target curmi~t. I(lr tlxed IrIJIICt IIIH
(promotional w discharge) rurrent. ris n funcL~!Jn II
extiachon vrrlbg~ k’, IS shown in FIg 7 for the .tx w!llr,.(,
F,)r reawns cxplalned belIJw. the resul~s II (tII~II

(.nlcu]auons nre plotted IIY ele{tr~)n r( ‘I IV II IVIIL 1111.1111
pervrnnce vs rilsrhnr~r pcrv~nnco t,,l~,,.(,,,,ti f,!{
in(luerrrc I)( electron nnd 11111Lenlperlllllr!mi, +~1 1~~ ~

prwilr-Uons (,fheam slm dlverKen(.e nn I*I, Int) ,IITI,!I,III,(
?rinri Imnm Pervranm nrr unlqurl,Y .prc I Ird hv [}1(, 11111,1{I, I)

perwrnnr? for n ~lv~n ~Ft)rnetrv

(-omparlsor I)f Measur_mrnt~ with 5NOU
(“til~.ulntionrn

‘I’hr 1[ (,urr~nl I’r(lm the 4,X ~lllrt,v IIIr t., ,,. , ,
~.f)rnhlnntl{~n y ()[ rxlrli{,tl{)rr vt)lln r 1111(1fils(ll!~r~l. , II!r I!!’
1s (Il$plnvl:d 1!1 tl~ 7 F)1’)1!, Ss u’ ‘lIllllllllll!ll) ‘,1 t,, 1/

.ollrrf. vxtrttt.ll(]o ~ri~tnrlrv l“,3r >f,v(,r!il l!)l! ,1,,1.’
!f)lnhlnHLl,)rls, 11’ II It PI. LII~f) ~,llfrrnl Ilr)(l ,,xlrll!ll,,fj \,, IlrI:.
nlw) ~lli]wn III FI~ “; ‘I’hc \lll~)4. ,!1”!tlr sK(l\\’ ~!.ll!l 1’, ‘!
,rllrv~ I)n.i hrrn It{~jil*lc,(l Ii, ll~rrr Wlltl III, \lIIIIt. I “
lr\~bi\%\llt*lll#m!lL% 111 I(1W (ilw )lIIJX(I i)ftr~t,llll, a. Ill, . 1,! !,

I),,rll,]rl of (ht. SNOW tllrvr (r,rrt,\l)vrl{t\ 1., ,dl I ‘t), ‘II II!

;lilrl],l!,\ll,,lri~ trfill*rl)illt*ti lllll)li~ll llll,l,~lr!r(ll,ll ,,1 ,11,

I Ill 1)1.l,k Ill 111! SNl)w tlrv,, ,,(lr,rr,ql~<,ll(l,, 1111111, f71 It r!: ,,
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l’hr tIIFa.IIIr.If v.,wtrt,nqulv~lcnl II l-mm ~ri~mrwr
!,,. ,1,, \’ ,. ‘IIF diwhar~r Iwrwr-nrr ‘lw V” for !hr 4k

From hllsl,, ,.,lnslder:\Ll,Jns, :L w,, u,d :;lkr In t, }1 rI:; !

7.,5 1 LU redu L,e Jll bv 15’% from Lhu purr 1{ l’:i>t’ I IL;r
mensurcd e I{” rntlm are LypIcallv 1 5 3 1, :hu>. !lI:.

ft,tTect IS t~kmuL 5%. Frum Lhe posltl(]n L) Lhe }{ henm in ,,~ir
uml LLance scnnners, we can ullmlnatr IS). our LA)L;II II
beam current has Intensity fluctuations (noise) th;lc .irr
typically < ~ 3%. ~rifhn~ Lhe measured phnse-spn,”t’
diagn.rns back w the extractor electrode shows that Lh~ 1{
hea.m easily fiL9 wiLhin the 3.rrm-diam i?XLraCL4)r hIIIP

Thus. (4) is ellm]naced as a poswble cause of beam i[ws
This leaves ( I) and 12~ ns the ,)nly possibilities. The ,]nly
species emanating from the source emi Lter likely w h:ive

enough density and an H- destruction cress section hl~h
enough LOcause problems are H umms and IIz molecules.
We calculau H- riestructlon hy collisions with H atoms
and Hi molecules M be atxluL 20%. The strlppln~ tind
simulmneous ●lectron ●xLrmcLlun effects logether ure aht)ut
:?5%, “rhus, tie measured dnta In Fit: 7 \h(julrl hr

currectad upward hy 1 0 75 fur dem)led cumparlsi]ns wlLh
Lhe SNOW curve,

(’occlusions

When Penning SPS wurces such ris the SAS :Inri 41
suurce are equipped witi - (),26 .cm-dim l”lrcu]tir en~ltwrs.
LranSV@W rms emltLSnCeS of nbouL () 1)()~ ,I,t”mmrlwi
result. Even Lhou~h the SAS ~nd Lhe 4X source pnn-lucr
about Lhe same rms Transverse eml LLance. lhf? SI\S
L ~lcally produms about 50% more H
i

beam current Lh;tn
L ● 4X source fOr Lhe same sIXe ●mlLUr. The SSOW
slmulatmn code

!
uall~uvely predlcta tie dependenrp III

III on V and ld. urther work IS needed to quanutauvclv

8
com are this and otier ionhearn pnrnmetem WILFI the
SS W predictions.
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