
DUOPLAGMATRON-TYPE ION SOURCE WITH iMJ?ROVED 
TECHNICAL AND OPERnTIONhL PERFORMANCE P’OJl 

LINEAR ACCELERATOR 

A. A. 6 Iazkov. N Ii. Lubsrrov 
Mozrc:ow LingJncer Lng I’byoica Insf.J.l.~~I,o 
115409 MvocloH, Kastllrshoe Ctuluese 31, 

Runs 10. Fadero t ion 

V. ‘I’. Dar-c:hcnko, I. S .JJo Likoev. ti. 1. Zagran ichny 
Len ingrnd Institute of Electric Engineering 

lY7022 Ct..l’ot,erburg, prof .I’opov etr. 5. 
Russia Federa t ion 

J~troplasm;rt.ron typo 1 nn so1ar(:o 3:; irl.jw:t.c,r 
for RF 1 incor ncc:elarat.orn llnri I tw111 
dcvclopped nncl inveo t,lcnt,ctcl The ntt-~~c:l,t~ 1‘~ of 
ion 5ourcc compri.si c Cold tool low r:trl.lwrln wi I.11 

sign-oltcrnclting magnetic f 1 eltl wbicb ill lows 
to use UllY :I) losmn-crent i.ng gun. Ttli fi ion 
source tins an J mprovetl nJ r c:c,oI 11,~ synl.not 

with average di nchnrgt? c:~~rrnrli. up LO tlllndrI$Iis 

ml\. There is possl.btLi t.y to uperu t.e I.111 f, 

device as a duopigntron wl1.h -l.tln innot~t.iorl of 
fin extra elcctrodc. The bcao~ c:urrc~~t.s of III *. 

Hc’ .Nl+ ion 5 UP to 20 mA were obt.ninctl wl t.tl 
uccc Lcro thy: voltages up Lo 70 kV. Ttlf? 
rcnultrr of the experimnn t-31 ter;l,!; 0 r l.hi :i I 0,) 
3ourcc comb incd with tile 1tt c:o”lpi,r: 1. pt.0 t,otr 
r~~:celeri~ t,or w 1 tb f?r~ergy J HF~V iir<> pr~:~,<:rl t.c:tl 

1. INTWJ)UCTlON 

I. MeV proton Linear accct Icrat.ur IIHAN-I Iton 
ken tJU t It in 1986 at. MEl’tt 1 The IlltAN J 
accelerator for materin sc lenc:c Axpf? I- I OWII 1.:; 
baa following main parcsmeters: in.jtxt.Jn1, 
energy 60 keV , ou t,put energy 1 , 1 MwV , penk 
value of beom pulse current, 6 mh , putm Hli 
power 85 kW, frequency 150 MHz 11 1. Spec 1 I I c: 
option cundi t.Lons for nc:m? 1 et-al. iIl#! I:t~arlIlC I 

with ~ltcrrint:tng-phnne focusing lent1 t-0 t.tuc! 
def iIli t,e rcquLrement5 to tat10 i II jet: t.or IClCl 

beam parameters. As ral cu Lot ions show i t. i !i 

neccnoary to have 50 mA prol.on I)onm wi Ltt B mm 
radius in the crossover UIl~l Ittrrmul I zed 
emmitance lc~i:i t,hnn 0, I 5 cm mrnri i rt t.iw 
rceiori of tlic f trot, accc: I er.ilt.ing gap. In thin 
puper tbc in.ioc:t,l on 5y 1; t.cm 0 r ik(:(:C I errikt,r)r, 
including duoplnomntron-t,ype plasma go~~er~t.or 
and einzcl lense is d 1 scxlsnad :;ome 
1mprovment.s ol! t.tir! tochn 1 c:n I nnri operiL t, 1 r,nn I 
performance of i.on in.lcctor are: ptY?!w?tlI.f?cl 
ModJ.f icotlonr. or l.ht~ gcwme try nf ox l.ru(:I. i OII 
reF: i on ancl OP t.11t: pt-<rt,on bctcm fc,rm*-11. i r,,, 
syst.em are d Lscunned 

2. PLASMA GFNFHATOR 

Duopl;Armat,r.on havjng hig\1 t,cc!lttt I (::A I iin ( I 

operationaL pcrfr,rinnnc:e wib:i c:tlr,ctr;ett II Fi I.hr: 
efficient lorl henm lio~lr(:o I%1 II0 I I ow ,:o It1 

cxlthode and p?!rIwrr,fx, t. mngrir:l.r; for I.lIC 
dischurgc magnetic cv111, ciw 1. i on :iy 5 t.r:m urc 
used with LlIC purprrut: ts0 tlt:crcnnc pOW:T 
c:onnumytioIi. Air cool ing ( t n r;omo l:iLlit:!i 

ZVrCMJ) WI, Li c:~loonr!l, k(:cp I I,[: I II “I 11111 
irlt1unt.rJo1 opl~l icol.Ic~r~!i of I:l~r: 1011 .‘~oIII-(:o As 
,a rcnult, 0P cnlculnt,ic,nn ilntl cxp(:r1ment.t; IOIl 
souccc: !itlowrl on FIR. 1 war; dvfo l(,ppw1. 

WJurhl.1~ gCAri if, 1nt,rotl11~:ctl t,ltrough t.he ho I c 
i.n tho cnt.hotlr:* n COYC~ 1 :~ntl an!; tl I!;l.rilllll.r,r 
2 In to the tl l.umiu ium II0 I 1 ow f:il Lhode 3.Tl~ 

cothodc 1s si Lun Led 1 I, t.ti ,-I I I.crnirt. i ng sign 

magnetic ficlll created by the Pernulnellt t’ lng 
EJaFe magnets 4 [3]. The cethode 1s cooLed by 

air Plow by mcann of radlotors 5. 
Experimentally measured dcpentlonce of 

longitudinal magnet,lc field 011 OXlS of 
c:u t, hod e system with alterniltcly inskll led 
owrneLs is given on Fig. 1. 

21 l------J- Cd.2 

Fig. 1. The geometry of 1) La 5mn ,qerlerator and 
of ion--opt.icnl :Jyntem (t.hr? details see 
In text) 

:;pw*lfir: de:iIna decision in u.sic?tJ in one of 
mocll f icntions of cnt;hodc tluoplasmatrort system 
I3 I. Th t n synl.nm in nqu 1 ppnd wi 1.h 
cy Llndrlciil wgnesijum 

the 
01 lay inaert.lon 

Lhe purpose to increase the 1 J retime nnd 
w il;h 

to 
improve termal conditions ol’ the caLbocJe as a 
result of the lower dischurge voltage. The 
insertion lu installed in the closed 
the cathode cavity in 

end of 
the way t11Cht 

p Innn 1 nncrtion. n but.1, -end 
Lhese 

tll oposcs in 
mltldlo plant of thr? first. m;qnot pair 

the 

the dent’ butt-and, In 
II txa r by 

th1.s region 
conditions for the closed drift of 

the 

In the crmsed el.cctr-lc UII~ 

AJ eotrons 
rnagrietic fields 

fire nut Lsf ietl so that the density of 111~ I.011 
I!lJrl’~ll~ gOblK I.0 t.hC ~ll:lCrLi 011 in 

Acltl 1 I. IOIIUJ lnercxr:i(? of Lhc? c? 1ac:trorr 
imrcnncd. 

emission 
from t;he mlrfrlco of innortlon 1.9 ac~l~ievetl by 
proper (?hoIne of mnterlals wlLh the JOW 

funcbeion, 
work 

e. g. magnesium a1 J oy VoJ tige-amper 
crirac.~terl ati c ttf 1.111s (:at.hode nyst.em 13 &own 
on Pig. 2. The dl admrgo vollage In the wide 
range n r cl i t;trbnr~gct C!II rrent. w I l.hou I. 1 nncrtion 
has tJ)e VfillJC 3X-359 V ( Lhe working gon 

argon, gas pressure In discharge chamber 5-10 
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Fig 2. Uepenclence of tl 1 ScllarKe vol l.ilf.!C IIt1 
on discharge curreul, Id for mod 1 fiecl 
cat;hode syst,cm. 

PA. duty factor 1). After t.t1c Ir~:sftrl.ic~r~ i .‘i 
Inr;tolled t,hc tiischargc: vol l.q;n dncreanen t.0 
about, 120.-150 v with l.dell I. lco I c:cJrlcll I. icHIn. 

Ent?Cgy pri.CO Of ion 01. Ltlo I’1 r!il. 

approximotjon is given by 14 I : 

c; q : f;‘( c*p;‘+ fK uc( > .(I) 

where fl - re.htlve number or ions 6olnc: I.0 
the beam,, fh -reInti.ve number or tons 
bombard i n6: the nurfoces hRV i 1IR (XL Ltlnde 
potent; ia 1 ; c* the 1iml.t oP onorgy price 
of ion; Pi -5oniznt lon proth?bl I i 4-Y ; IL3 - 
tllscharge voltwe. 

BY 5ubst itution into (1) t.tx? vi, I Ilen 
fi= fk= Pi= 1,0 ; C-=50 PIV we get. t.he energy 
price of ion decreased ni 1.11 the ,,ne of 
insertion nearly 2.7. t.imes. 

Intermed iate e lac:trclcif? 6 aI1tl ilrlI4~ ‘I *?,‘P 
01&n of ferromaglle t. i I: ma t.nr in I Tl10re i,,‘R I.hC! 
po]~)3 of ring permtrnent. 0xrgnnl.s synCem H. The 
P ibbons 0 f the intermed iat.e e I R<! Lrode ’ 5 
externa 1 parts and of anode servl? t.0 
improving the cool jng. For t.11e same TS?il.S(1Il 
intetrmed~ate electrode hag COPINGS t,r*nc? ‘I%(? 
do5 ing of <on .source al low.9 1.0 ,‘,‘ftll IA? h lfih 
t1ennit.y 0 f plawofl 1 II t,t1e ,‘F?fi i 011 <,I I.he 
emi ssinn tung3te01 hole in l:he ;rncld<? !I 
IhxuJ se <of the 1 onfl brad n 10 t.hc?r~e in 
posnihi1it.y IX> illntnl I ;ulri i I: i onn 1 
elec!trodes. ThRRC e 1 ec:t.rotfe:~ I II,!rn:,5R 1,111 
gcrrerntion ef f icj wlcy nntt il t, l.hC n(~rnp: I. low 
help t,o produce ion of meta In through 1,t,tt 
cathode npu ttcr I ng . The ho1 c? h I ock 01 I:hr 
plasm3 ge,nernt-.or mny he clJ nmanl.te(t , It. ,lw?.s 

the ftoro-pla:it,ia sea I 1 ngn 11. (:ernm i(’ 
Isolat.or 12 ho Ids on Itnel f 1 on heam 
extraction and format~i on :lynt.emn RlWl in 
connoctcd H I t.h anode. 

3. EXTRACTTON AND ION BEAM 
FORMATION. DTSCIIRSTON 

Var i ous ext-,raction W<l proton twnm 
foroet. i on ny.st;ems wet-0 con PI 1 dered ( ner? 
tnble 1 ). one version of i;hf? ion opt. 1 r! 
nyst.nmn formetl hy cwmh 1 flat. i on of exl-1-nct.nr 
KX2, expander WI nnd elR~~t.r~l.S~~Nl.iI~ lC+llRR I*:;1 
is shown nr1 c 18.1 TP we nnnllmc l:lw twrkm 
energy in the region of grn!~~ttteri ete(‘t:).<~IC? t 1 
~I~A]K uUb and pnt.ent.ii~l 5 r,f t~Itl~l.r.odF!R I3 21; 

correspondingly Ill, Un, Hi. Un l.tlall II. L, 
convenient to describe parameters 01 

Table 1 
Ion-optical system 0P acceleroLor injwtor 

! N ! Extrootor ! Tixpantler ! lcInzl?l Ien%! ! 
8 * .-: 
! 1 !I<Xl iSPI 
I 

Icm EL’2 i Sl,J 
t 

1,"" I 

1 
I jfjy--g~flj 
!---.! _- ! --.._ ! I 

! EP3 FP4! Sl,% I 

I .-! I 
.--_! ..--.-._ I 

imIIErSiOn o11c1 clnzel lcnseo by coefftcicrlts 

Ki=lJi/flb; KlrUl/Ub. Emi t,tanne mt:a.rllremnnts 
were cnrriad out by t.nn 5 1 i t, n method h-i ttl 
fo 1 low I ng c:c,mpll Lr.r t. t-en t.men L I OII hcnm has 
nmn 1 ler angt~ lar d i vc~‘gcncc rot- CUI‘Vf? 2 on 
f lg. 3 so emittance Is roogh ly 25% sm(~ I ler. The 
elecLric fjcld at. l.hf? output of i mmersioxi 
c~t).ic?ct ivc In lncronned ln t.lle EX2 sy z t,em by 
mwn R (1 r rnppt-oc:twmo~~ 1. 0 r 1 3 Ml(l I4 
R lectrotlns 50 t.tw optlcnl lcr~sr: lhxrnmc tern 
nre improved 161. 

/';mmdm 

-30 ] 1 , , , 
-20 -10 0 10 r,MhT 

Fig. 3. Em1 ttance di~groms of prnton tjenm for 
EX1 and EX% ext,rnct*ion nycitams. 

The vr~lue of Lhe coofficiorlt K i nl.rongly 
ii1 tY1ucnno.q on Lhe 1 ,I 1 1: i il 1 npac’c! i1ng Irt heum 

chnror:l.er t st, I ct.1 11l?cnr1 se l.be form nntl the 
pnnl tjon of pT;l.smn ~urfnc!e drtpcnd f on the 
YC~IUO of Kl Ilndcr flxwl dincrhnrge conditions. 
‘I’twre Is c>pt.inw I vit 111~ of KI c:trrrunporul lrlt; to 
l.Ile ml,, 10~~1 trlrg Ic! tl I vet-g:ctllc:r-? ;rrt(l LCJ mlnilual 
iie;rm RIJI i I. (*Rll(!F? . Th i R si I.uirt.i~~,, menu:; nn 
optimal m;~LchIng of ion twam 1.0 I.trrt immerFiJon 
01) jf?,! I.lve 0,x l.t~lll. w f 1.t1 c i II nc: I I 1?11 net h?hlrrd 

( rtg.43. (!~~f~reI~rLlcnr of t.hc ~*r?:rull;n m6iy be 
tChJvr?d wcording 1.0 rrimi 1nrtt.y pnramet;er 17 1 

P= WcEd; >J & - i r (741 
where cl -- t.he length of extrnc:t,or’n 6W’ ; 
j t.he density of tt1e ion beam current; 
H- the atomic mars. 

Angular diverflence is mlnlmal when P=l. 
Any vwtations in injector conditions when 
parameter P in equal zero 1 eocl to the 
Increase of angular dlvergmon of beam. 
Conflguratjon and dlmen3ion of t.tw oxpander 
In 4nf.luenwd by 1%~ givc~n inihlnl ?lPtWO- 

angle henm perfornwnrwn (Clg 5) TWl groups 
rlr pnrt.li-!lf+Fi HPC? ohnerved I II nt1y ci1se.n : 
1) the awin part. of part,i(:InA foc:tr~nd in the 
reg ton of the Plrni. alli. of measurement 
device (main component) ; 2) low intensity part 
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FiB. 5 Em1 ttoncc tl i ngmm.5 0 f prc,t*cm Irwrm: 
Id=10 A; garr presRllrc 5 Pn: KI;0,!,7; 
KI=0,964 ; beam enorgy 80 keV 

1.l~: beam compos illg tm lo, wh i(:tI i I.nr: I I i !i 
f VI’U nocl in ArlvI.tlor I’ I i~llc: ‘1’11 i li pirr 1. in 
obscrvctl on eml t,t.an(:c d iuy!rrrmm a:: ill)t)t:r;lt. IC,r# 

wings ( table 2 1. 
1Sxp;lndor Ia’1 in the! hesl. bY R”, I sn I on 

performances a3 oompnrlsed wj t;b cxpnlidern 0r 
another dlmensJonn and configilri~t,iunR ( fig.6 
fi,b 1. When opt.Lonl strength 0 f the Jense 
irlcrensea the inn beam convergence rlngle nnd 
effective enlitt,nnc!e at the Innse ou tprrt. 
Increase too. Ejnzol Icnsct LSZ hR.4 anlfll1 er 
nhheratlon level CSJ but the Jtlst. resu It.3 of 
tta performance improvements fire not 
di.sousscd in thin paper. The necennciry hanm 
md.ius In crossow?r Is achlevwl in i,be I‘illlgP 
of coefficient values Kl=V),963 -H.!365 III 1.h I 11 
case focuse tllst<w~rc of the cin~..(:I le?llW? I P) 
equal 280-320 mm. 

This exper imnnta I data hnvrt twon II cxct l-01 
Lhe matching of 1 n .jw-t;or heilm vi t;t1 Lhe 

iiC:ceptnnCf? 01 A I tcrnatlng ptlil3(> ror!llning 

nc:col ernciHg cltnrlrle t 11 I (h IC’I, lfil+?<t 

ac:cnplz~nce nf i~r~:eIet-iit.it~g r:tlckrlttc? I t n shouri 
hy dotted J inr? on fig.!, Mnl.c!tt i 111: 0 1 I: tw 

Tlbt, le % 
Ilearn p;lromeLcro for tl i C Tc:rcw 1. expa~tfle~. I.ypc!n 

!Expnndor!En,c-:m! Hh. !Dfverg. , !C~~rrent.. !tllblo. 1 
! types ! mriid! IIUII ! mrrrd ! ml\ ! x ! 
I , I . ------1-L- I 

! El’1 ;o,22! 4,7! 
--iL-... . .! 

3 !P I ‘I !l ! 3m ! 

! EPZ ! rn,Ih! 3.2! 30 ! !>4 ! l!r ! 
I BPS ! 0.13! 3,1! 3m ! !P% ! t:i ! 
! El’4 ! 0, II! 2,8! 23 ! 4!l ! R ! 
1 I I I a-- --.-. ! ! -1 

995 

Flg.6. Dependencen pi En, <I nntl m J II imol 
proton heam rnct J II .9 Hh on VA lue K 1: 
l- H0% of port>lclc?.l; 2 -50%; Ki=8,57; 
for LPI, FX2, SL1 . 

i.n jector benm by the choice of the: cies.ign 
and plasm generator parameters oJ.lows to get 
30% of efflnloncy of the cepturc of in jetted 
beam into RF ac!ceJc?ration process. 

5 . CONCIAJS ION 

Descr i bed above 1 on J II jet tor JnrludJng 
tiuopJnsmot.rorl--type plusm;i generaLor and ion 
opt,l CA1 nystam 1 R character i zed hy high 
t.echn in;k I and nperat i onn 1 Jx?rCormnnccs i 11 
uldn rnnge of parametern nf t.he extracted \on 
heam. Iwr hanmn of H~*-,fle+,N~ + with intensity 
Ilp to WI mA ( pro1.w cquviilent: ) nrr? obt.a1nod 
I n drloplnnw~t.Yon mode or opernt ion with 
,wce.t ernl;J ng vn 11:nge t1p t.0 ‘70 kV. pulse 
tIJscharge current. up to 39 A and discharge 
vo I tago la?-IbM v. Furt.hermore, its 
I?xploi t.nl;iot, 1n corll,in,~r>,,n oporatl onn I mode 
rt 1.h ion rllrrent. IIP Lo 20 mA pcrmi t9 to 
,!oIIf’trlttc l.hill. 1.11 t n ny:i t.cm “U ,y ho 11 .%?<I n 0 t 
or1 ly fl!l ft~:cc I c)rih I.or III .jwl.nr tNlt n 130 i II 
d*tl jacen 1. hr’allctles ( IOU onnrgy ion 
ln~pInnl.trt;ior~ et,c: ) 
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