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SUMMARY 

An ion sonrce system employing mass 
selection has been developed for use in the 
terminal of an accelerator. The beam from a 
duoplasmatron is accelerated to 40 keV and 
focused by an einzel lens through a 20° per- 
manent magnet inflector. A beam waist is 
formed at a 6.35 mm rejection aperture locat- 
ed on the acceleration axis. Dispersion is 
sufficient to provide a proton beam of great- 
er than 99% purity. Froton currents up to 7 
mA were obtained during bench testing. Per- 
formance demonstrations on the Dynamitron ac- 
celerator at the University of Birmingham have 
shown proton beam power in excess of 6 kw at 
energies from 2 to 3 Mev. 

A FiR. 1. Ion Source System 

1. 3s.oplasmatron Icn Source 
2. Extractor - Zinzel Lens 
3. ?:agnetic Inflector 
4. Energy Katching Cap Lens 
5. Orb ion Pump 

‘> 5 I s .v 

INTHODUCTIO!J 

A high current proton source system has 
been developed for and successfully operated 
in the terminal of a Dynamitron accelerator. 
The motivation for this eff rt 

P 
was discussed 

in detail by M. R. Cleland. Briefly, the 
proton beam current intensity of Dynamitron 
accelerator syste&as never matched the cap- 
ability of this type of cascaded rectifier 
power supply. Loading effects in the acceler- 
ation tube limit the current intensity to a 
few milliamperes of hydrogen ions. p!olecular 
ions in the beam increase the load on the 
power supply and contribute a disproportionate 
share of the tube loading effect. Monatomic 
yields of one-third are typically obtained 
from standard Duoplasnatron ion sources oper- 
ating at a few milliamperes of hydrogen ions. 

r 

One approach to reduce the molecular ion 
content of the beam is to use a small source 
anode aperture and run the source at high arc 
and magnet currents; that is, to optimize the 
proton performance of the source. To evaluate 
tnis approach, a detailed parametric study of 
t?.e operation of the ynamag Duoplasmatron 
source was performed % Righ arc current dis- 
sociates the triatomic ions and increases the 
;roLorl yield to nearly 70%. however, ar; 
source pressures above 400 microns the yield 
of diatomic ions is relatively insensitive to 
the source operating conditions and remains 
about 20%. Since significant quantities of 
these undesirable molecular ions are still 
present even under the best source operating 
conditions, the obvious alternative is to 
analyze the beam in tne terminal prior to 
acceleration. 

A desit:n aim of 5 TT.A of protons was 
estaollsned for the ion source system. It is 
designed for 
itron at the 

tr.e model RHEA-3 vertical Dynam- 
Lniveraity of Birmin;:ham in tint:- 

I Sl nil . ruaranteed specifications are 2 mA 
protons at 3 ,?e;r, and 80% of the beam contslr,- 
f:d tii.cf~lrl z 1 c.n cli:lmeter. in the follo.tiin;: 
se12cl2~m , a description iif the sn~:rce .jystem 
1s ;I v k-n , tne ;oJrce test bench results 3re 
presen5ed, ,ind the accelerator system opera- 
t 10 t1 1s fl 1 s c .1s s 211 . 

SYS~Y~N 3 % '5 ? R I PT I i ?i --L.-L---i 

T%e ion source s;rstem of fig. 1 is Kourlt- 

ii k r (-2 :; c g t ,-:,:j.,-l r (2 3 3 : Goneral ionex Corpora% icn 
,Yochester , .Icw York 

ed on the centerline of the accelerator. 
All components are packa;~ed ,tilithin the .3ccel- 
:3r.?tor terinlrial ;yl.JT cm in 3ia.mctor ,q,qd 
137.2 cm ion:_: incliidin,: the hedmispherlcal tcp 
section) and ~?e :.nr;:ersed in ,5 atmosphere; of 
53'6 insulilt inir ,?SS. 
4 I<‘//\, 681 r:z’w’lqYth 5~ 

‘ihc podi-r d~i.il.1rli:l.z is 
:-: Z i-1 r 1 :’ e . ; 0 0 1 i I I. i ; 

provide-l by 3 CLOsJCr* loop i'reon i;y;terfi i,it:j 
3 1iq~ui.d to .;ij i; neat N~j(cL;3;1,:,~r. 
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The .?ajor components are described below, 
designate'? as in fi;T. 1. 

l./ A Dynamas3 duoplasmatron has been moili- 
Eed for use with this system. 'The source 
hea3 is a separate sub-assembly held together 
by cinch rods. Alignment is maifltsined by 
four insulated jncking screws which are initi- 
ally adjusted by pealciq the electron output 
of tlce source and tilen locked to enable the 
aligment tO be recovered upon reassembly. A 
0.25 mm anode aperture is used. 'The source 
head is eievated to +40 kS’DC above terminal 
Zrsund by a 51J kV, 30 mA extraction power 
supply. 

;1-/ 'T1:e ion beas is accelerated to '40 keV by 
a conical extraction electrode. Deceleration 
an5 divcr;cnca result in the first ,%'a? of the 
einzel lens by applying: a potential of -2.5 KV 
to t>;e center ctlectrode with respect to the 
source anode. Ztrong convergence of the beam 
results upon acceleration back to extractor 
potential at the second gap. The beam then 
converges to a ,daist at the rejection aperture 
located after the magnetic inflector. 

'This unit is mounted on a "!J band" flange 
to facilitate disassembly. The assembly is 
constructed from pyrex rings, epoxy-sealed, 
and maintained i:n compression by delrin cinch 
ro&s. Volta-Te holding capability is 25 kV in 
open air and 50 k'J in one atmosphere of SF6. 
'The electrode struct$e is desif:ned similar 
to the low aberration, strong einzel lens 
descrii;ed by Septier'+. Each stainless steal 
electrode element is independently mounted on 
a cooled copper support flange. A pair of 
electrostatic plates is mounted after the lens 
to ssieep the beam transversely across the re- 
jection apert,urc, thus providing programable 
modulation of the proton beam. Fro,zraming of 
the sweep voltage is performed by a pulse 
c;enerator in the accelerator console and in- 
formation is transmitted to the accelerator 
terminal by a light link. 

j.J Zince the bean .t:aist is formed at the 
rejection aperture close to the na:;ret, the 
lweak optical properties of the 20° inflector 
are effectively eliminated. The magnetic 
circuit consists of 10 cm diameter cylinerical 
poles) separated by a 3.‘75 cm gap, and driven 
by permanent magnets. The magnetic field be- 
twPPn t.h?p noles is ii slqroximately 803 c;aluss, 
wk 1 c 1: $0.,&s a mass enerq oroduct of 40 
kc .'-rbxd. F ccc t ration of the frin~giq- ma;-:netic 
<Le]d is limited by a steel field clamp mount- 
& cn the rejection n?erture. A larce cool&. 
83 0 p 1; e r fi&i '0 j 1 sIL[;pGrts the .nolybdenum reject- 
ion .&perture and is f'aced iiith a molybdenum 
li::c to ?reVCn; crorlon of tt,0 copper surface 
c.aur:ed i;;~ bet~.r. sputterin,;. An LllJrninurn m*ani- 
falrl sSIFports tte DOkS, rejg:ction aperture 
f :.:x-i ‘1: , lens moinntin,~ flanq, anil p.u:~p. 

&.,I ri-.c entire assembly mo,ti.l",s on the acccl- 
Gaticn t.~l;e. Conscouentlv the electric field 
of + II ,..e acceleration tube penetrates into the 
:,:,;;u ,:,: T,!:c: ~-,~~~p~~~~j .3~ii;ciii~l~~~ if<ns :ind becomes II .a 
t%c ,105:inant 0Dtical element of the system. 
2'r.e o'bject point of ;his lcnn is the rejection 
arerturt; r:nd ;he irnq,.e g0ir.t is an external L'- 
;ip,c-rt~~re loc,~~.te~l be;;ond the ,:round end Of th.2 
,i,-:<7.!1 /’ -,ti; i:,r: t,!?tx. 'yjth r,?.e;;t' ,:1i'str*nccs art3 
f ix ttr: . A ~ocst:wt foc:il letl+h rmlsi; be mnin- 
f;uiccX! ii' trlc object a.qd i::;2.:e pain-ts ;~ire to 

remein conju,;ate. In this case, the condition 
is fulfilled if the voltage ratio between the 
terminal potential and the injection potential 
is about 50. A reversible polarity 40 kV 
power supply is connected to the base of the 
energy matching lens. Cooling is req,Lired on 
the base of the copper TlanGe as it is the 
limit ins aperture which defines the aq~ular 
acceptance of the system. 

Sr_/ Ai5cm ::2C orb ion pump is used to 
differentially pump the gas load from the 
ion source. When the pump is mounted on the 
system, the center of gravity is near the 
axis of the acceleration tube. 

SCURCE 'TES;r HESbLTS ----- 

Iil order to evaluate the :serformance of 
the source system, it was mounted on the ap- 
paratus described in ref. 5. 'rile ener,ry 
matching gap was replaced by a drift section. 

Proton clurrent intensity was measured for 
three different rejection aperture diameters. 
Figure 2 illustrates the proton current as a 
function of extractor load current. The in- 
tensity of the proton. bea$ppeared to b,e 
[directly correlated to extractor load current 
and relatively independent of source param- 
eters. 

7 

6 

REJECTION APERTURE ’ 

SIZE 
/ 

6.35MM 

EXTRACTOR LOAD CURRENT (mA) 

;:'I'-. 2. 1 rctl3:G / I?;ili, ',~,*rr~?.nt IFS '1 I' .i!lC i;iJ.: 

of Extr:sctor Load Current. 
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At the same extm.ctcr load, ;te ratio 
'between arc end r;ac;net currents l-ad only a 
20% effect on the proton output. 'This can te 
expected bec%use the proton yield has a simi- 
lm d.ependence on map-net current as on arc 
current. ~3!erefore, n given extrac;ion load 
~a3 tz cbtained Iwith either hi;h arc current 
ana low ,m;;net c1irrent , 01’ the PfS;J&?%e, Etnd 
r,:;e proton yield 1Vl I.7 riot be very different. 

Space charc:;e expansib:: determines the 
beam size. 'This can be demonstrated by chanz- 
i:l!; ct- rrapnetic fiel:i a51 ti:ilS the extraction 
volta&ce. Larger aperfures give higher current 
intensities at tke sarre extractor load current, 
and the [output i; illsensitive to small chzzi_es 
in the eXtraction VOitaSe. Thus ) the beam 
i;;st ce lar,yer t:hxi the rejection aperture. 

Protons were obtained through the reject- 
ion aperture irlit?. LO r:: on -,'rie extractor, 
diatomic 
and triatcmic at 13 k'!, as expected. 
proton beam was analyze6 and the highest di- 
atomic ion content measured was less than 0.2;;. 
1cns of higher masses were completely absent. 
Similar measurements on the diatomic ions 
demonstrated an equivalent Durity to that 
o5served for protc?ns. The 6.35 mm aperture 
size was chosen for the system since rragnifi- 
CCtCiOflS slightly less than 2 are anticipated 
for the a,cceleration t;lbe entrance lens in 
this fgeometry. For -,i?is aperture, 3.5 k'i 
;;ppiied t0 Oile sweep plate reduced the protan 
current to zero. 

A~CC"L"+p(j:q dl L -ySTE"[ (‘pE“y'.':cJ:J ,I ,J L 

:erfornailce measu- -~emcnts on the system 
,usre i;p&e dL]yin:; t>;e test irq Of t'fls Dynanitrorl 

2"t ~irniri~.:?.am. After exiting from the accel- 
arC3tion tilbe, the conver;ri.np beam could be 
C6Z:lteiYd by aagletic ail~le steerers Gil an in- 
sti!a;eci ct!ater- cooled copr3er aperture locatt:d 
a!>prcximately 2 meters below the accelerator. 
A sr7:-,el--coolei?. copper t~srqet was used to 
collect the orimary &am. A nsative i;;ss 
:';a~ ?cplied to the tcusini; to suppress secorL,3.- 
3ry e1ectrom. ‘:acium pumpinK was prcvidec 
L; y a lj err .:2c .i!G pua~, with H net pilspln: 
:: nr;ei.: at ti-.e ionization 7nl;r.e of ,apprcximntai;,i 
lii3ci liters/see. lo:lizat ion induced. 1eaka;;c 
c A~ri33; ~1~2s meas~drcd -7 re:-Tnlng the i:1s~;kt- 
\$a 1;r;ers of +,i?e D-'~la.TiiroTi pcwer sUpnl,JJ t0 J. " 

‘ysf- .<i- _ _ ,i--.l t%po:,:;-:k a.2zropri:%te x ", e ri n,c; . ~:alj.\:ra- 
"ions of thf2 ni:-k voltage resistor divider 
.~iper p+;rforn.ed iid 1.0 - ( :d,n) tgys~~olds on ':5:, i L 
,T;y?; i J>j, . 

S;Jrlier &.?,;.a& NJ:? c-r:13 cffzcts of termincll 
? A 3i E: 1 'n _, ‘I jit:PC CO111 lP!iitC. l ‘L;;plcal no-load base 

‘:-rc.:. ,.: x2.s 1 .5 :i IS-:’ t3rr. .di-,h the x2i^.irit: 

1 T’ -1 j ‘,, ,p n ; l?J <. 3 n:A 0: proton ~C-rilT~ i3.t 2 I’<?/, t; r; 5 . _ 

:, L.? e j :c .iA;,1 !',:35 ;' ;< li>-'! torr Xith term?Al. 
pi,:,xpi-.- ::A< 2.3 :i. llj-c: t,rirr witilo-lt tc~irLY;iiL 
~;,<ic~;lr:!-. , roprc~s~;omY in',- lGe:i;i:* ~2 czrrcrit;: ;vnP; 

1 '> J ,L L j 1. l,"L;i. : ~7!:/Lx, pv:.; pr::: c;.j,g -7. 

;' * r 1 t :j of i;k:e ,~c~+~~l.+2rritcd Learn gas ci:!:ck- 
51 f-1; 33!i,jj;iYl', 1. t r.,.i CC AiT, :r-iti: f'rom flJi 1 p, 'lj 
f-,-r L,.'r;(,::L-?l r,lirry~-Lt:.; 9:' ,I i:ic::~;'c ,<I"& ,'Qri- 

rLto:I.i3 inr.; ,>t ‘i? c:le.r,,‘:J ::~,(j,.lJ l!jIj i.rjJ t2'i+,n 

i; ti:~i-::: !. 8: l'l . r;olJl~t; rstes >;:ire rcatkr trlnn 3 
c.i;;; j;' ,:f fifl;;) ::j.!‘i‘+,r.d,;:,, j,:.:.t>!l ~.l)JliC2:; '; 1 1 n. t 
I, !-. s.2 -; 1 ;i ; r, :,I i ,; ija:i:li 1.':; L3::2 L; 5'1 ill G:,'$ 13ii2 Zljrl 
:31A'; -,:.lL!!'-L';l~Dr?. 

In fig. 3, the ;oclzation i:ldLIced leak- 
a;e current is shown as a functicn of prcton 
beam current for 2 and 2 :,e: cperatic::. :l;e 
hi+.er slope for the 2 i;e'J data is prsbably 
the result of residu31 ;as scatte:qi:l:; i!- the 
scceleration tix'be :,lhi.cS‘ is a re,:enerative 
affect and is more si~gnificallt fcr the softer 
beam. lroton teams ii1 excess of 3 ,x-i at 2 ..e u. 
and 2 sA at 3 Ke i were rcutiilely 3ciiIev2d. 

. . An arbitrary maxImum pcwer 01 i) x:~ '*MS zst- 
ablishad for the target. 'This limitatisu; 
prevented the full capability of the ion 
Source from bein,? denons;retei thao'. :;ii t!:e 

accelerator system. 
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~x-,rapol.,ttion or‘ these results i;c L& <)I' 5 
ml1 of proton bean s.2 I;,;;++sts +Gi^.ht lCB,ltZiL‘:E. COAT- 
rents of about 1 mA NO-ild result. ,Shi; is 
VJell :4itnin tne cn.pa~Clil;y of t.:e sower 
S.An:ply, so ‘it-Lit h-5 !?A proto-f, L’-.ii...2 h->, n-c c’ill eJ.nl,- . _ 
cably ‘c1e acp;ie;,izii ;,;it:-. t;.qe r>-rr<r..7: Li- ._- _.. ‘cJcc-lv>yitcr 
tUlU lor, source Systen:. F.; cure 5 y 5 tens '8; i z ii 
prOtOri CLiPPerits of the crder of lI> '.l!i i:11:! 
probably require ma,;;netic sugression 1:: -;';.z 
.3cc+>leratiofl tiA:'ie to redxce tl-:e lcad:3,, ;e c';.'- 
ren';.;, as '/lC?l.l ac; a rota;lri:_: c4r.F;'et. 0-2 i - ~.-T L _ __".. 
t:co.inner to >Jitns i-.3nu c:;c hL .‘.C ]:(;:'i cr ,.!+i~s i t i e .: 
;;hich c:in I.,, _ ./ ,^ - 1 ,- 1 p:, + ; ,; . . . . Ad--LJ.i.-&. 

<’ ._li. 2 1-i L- -’ ;,;; 

1. :.. ;<. ':1,:1;~:1~i, i'. i. ...>.]:1*$" .. I.2 ,". , . ,,, . ..A 
.j 1 nc:np:: on ) I Ii.:.: :'r:LI::;. ,I ic1. .,Cl., ,.:-IL' ----) 
3, ,;- .inr: 1 ;3 3 :, . 

2-z. . . . ;, ‘2 i it 'illrl LA . j . :lr:i:::! ,: !1,, l'-~t~lT:I'.L 
-T?po-ft, ?'r.;-!,',i-?) I, t 0 ::c r1.i ! ; I :..,I! I ) . 

i ,. -1. il . f:lcl;l:xl. Ci!,'i : . ,: . "'.:iZil ::.;3.1, '_ . , . 
,+Rt;:!lt f3 , !i5i: ) 7!+3, ,J ,: i y 2 ': , 1 'j t '/ . 

:b. :;. ,;ejlti,:r, iJ$.:.. 5#;-3,:, L c t . 1 ; rl ! . 
I' ,* ' ,,,,L.-Ls '-in,? :a. 'f. :tLll-r.j, i',;'. ,;; II _. 

IJ',. ;87'jTC,<; 1, 2 i/lCl, : (2 t . 1 ';“#' 1 . 
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