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Abstract 

A ne:,ative Icn of hydroi;en ?assinC 
tl:rou:-11 :.. i 2s ioz-ines t?e tws , ;3nr! the 
electron and iones so produced collect in 
the ?i.ci.nit;{ of the becJn to form pkmma j:?it!l 
nuxher rie.isit:: that cfLri be nluch i.;reater the 
density of th: beam. 11 two-dimennional 
static t;lleo?:I (2 seconl coordinnte is n 
p,xmreter) f?aes the plasma densii,;r and 
nm’:ipolar :f i eld di.:;t;ri.h!.:tiorl .i.n t!le space. 
“!lii o:her ri:et:lo?. of sollltion of problem is 
<>‘o:is:idered. ~i.~~.:lntio~~ of dwlzr.ir of nei’at,i.w 
! on.‘: :‘: ves nors ; ::.i.I.i 1;:; to deterc:ine pzzy~- 
r!eters of optic31 a;rntemn of injector. Ian 
optic:; n.iz ? iIr.cti i:rl of elecTrode dimcrtoi Oli.5 

‘,I’t3 c?P;?L!’ i:-l!?ri. 

1. P::irlci-:Ic? of Ior1 .iezIl Fomlinr 
:./y -? t r;~.,,?‘;:ir,i,-r,il:i:;F: E7C:l.:siJl: 

for G’j 
:‘ccel.t:~~.c;P:,r~!:. 

inj ez tar j a r: nececsnry pal-t of :L linear 
i c-1 12 :~ccelerator rri.211 a ;lsama aocrce ,and 1s 
,?, s:rs t ezi 0:’ ;‘:enerni; :-on, trnnanortntion and 
rlrenci:E!lCT:i=lor! of ;:I. h F3,71~~ . :'e111e of 
p::r;i.r:lo ever: ,l,- a , t injector ostput depends 
on i3 tvnc of scceleratinr-- stir-srture in which 
r:cccle~-ken of ::arti.clcg jl 711‘1 i c: hi, .h j, e:ler{cc!:; 
takes pl:~ce. .‘t 1:: S t t ii7 F: i> 1. ! acoelnrators 
nrono::cc’ b,- ;,. “- L’ . i . I’rpchimliy nrx1 

. s “e;11.I,~nko‘r f ainei? ~Lll?I~cl~r~i. ?ese 

2. c c e 1 e r CL t 0 :- :i 

Cl.1 9 
~2:~ accept i-t hii;! current, loa- 

-vel.ocitl;l ')e:m, Xlrnch it >r;lth hi~;lz 
e f f i (’ i c 1 ” y , b :I L ,-.i: ) I.? rat :i.i-iposes ex:.c,ti:q; 
rc~;i!i-~'er~cntc: on i\ shn.pe mci vc.l.ue of R phase 
Voiur!e of 2. tle9.r a”, the irljectc-r’ outriut. As 
it is zilrF!J 51; [2] , the best matchin?: of a 
13 13 c~‘i :! in t-i3 the sc:ce3.eratiiy: channnl v!ill be 
r.chicvc?., :ic - i- 0 m: at the :ICCflCYa tor 
i2jxl.t is co;lveryent 2nd 3:mutletri.cal ertl has 
c:‘ optimnl relationship of 1arCe and small 
semi-nxec of ellipses, representing a beam 
in two-dimensional phase spaces XX’ and YY’. 
Accelerator with drift tubes and alternating,- 
phase focussin_r, considered for example in 
papers of !?I?~‘?I specialists [31 is tke 
other l)oss.i.ble type of accelerator riitli a 
relatively 10~7 enerr’\’ of iniection. 

. I I  .  

Conver:;inr; 1 ’ did ax.? ally aymme-i;rical beam i.s 
2130 desired here for a i:ood w$tinr- into 
acccleretion an3 bunchin:r: rdi.i~2ti.k oc 
these rc-,uiremcnts is concerned with 
solution of complex problems as ion irjector 
is not E dnvlce with high vac1;um, and a 
surface-clama T source (see, for exru7plr: 

‘Pransport of the ICWI of 
charred ;ar’;l cles in the injector is made 
diffic~llt 1):: a substantial change of 
presslwe residual gas alonG the“len@h of 
the injector (bs 2-3 orders) and by presence 
of thc~bearo space-charge field. ‘I’yDical 
scheme of injector is shown in fig.1. Near 
the source and in the bendin;; magnet (which 
is used for extraction of heavy ions and 

caesium atoms from the beam !I-) beam charge 
is compensated by ions, forming in ioniza- 
tion of atoms and molecules of the residual 
{('as . 

32 CC@ . C‘Cta o&r 
p~y-fz~l%+ Qme @I$’ 

\ : I \.. ’ .i ] /.I:_) 0 f]-$ /pj$?J 

“I-L! 
?ir,. 1 . f;chewatic configuration of iori 

<njectoz7- of :‘F: l:‘.nac 

Densit;i of neutral atoms and molecules of 
the residual pas and was, coming to the 
drift slwce frorl the source,;lns usuall:{ such 
a value, that density of pl&smn, formed as a 
res.;lt of icnisation, may be equal to density 
of particles in the jeram or even exceed it 
conciderobl~. i:s mobility of plnsma ions and 
electrons is different, then in the systems, 
limited in the radial direction, (injector 
length considerably exceeds transverse ditnen- 
nions of the injector), plasma aml~ipolnr 
eiestric field, flattenin;: fluxes of the 
i1nLil:e-charred onrt5 clef3. arises. This field 
can seriously illfluence On the particle 
dynwics in these regions of the injector, 
where external electromagnetic fields [G] 
are absent or small. There are three regions 
In the In.jector, be=]: dynamics on which 
differs qualitatively. 

The first region is extraction of ions 
from the source 
hi& (IO-1 + 10L2 

where gas density is very 
mm of mercury) and 

inelastic scattering of beam ions on gas iors 
nay be substantial. 

I’he second region is movemen? of the beam 
In the field of the bending magnet and in the 
field of “plasma” lens. Xn this region gas 
nressure is rather considerable ( ~10-4 mm of 
mercury), spatial charge of the beem is 
overcompensated. 

In the third regi 0:; - from the pain? 
with pressure p=p, corres2ondir-g to full 
compensation of beam iharge - before the 
accelerator input a pressurg;drop by two 
;i;,“p”,.a (from -104 dcwn to-IO- mm of mercury), 

-., place as well as change of the potential 
sign in the beam and increase of the phase 
volume of its particles under the action of 
the own space charge, a value of which 
increases with vacuum increase. In order to 
prevent an excessive expansion of the beam 
and ensure correlation of its emittance 
with the accelerator acceptance, it is 
possible to place gaps of acceleraticn, mar;- 
netic and electrostatic focusing lenses. 
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Injector for RN) accelerator with 
focussing, magr.etic quadrupole lenses in the 
injector channel and compensation of the 
snace c:hargte alon,? all the injector <LO 
considered-Zn pa?& [J]. This-method has n 
disadvantarre: it is nr~~ticallv imnossible 
t 0 imp 1emeGi-z 

I _ 
a sufficiently good compensa- 

tion of the space char&e of the beam on R 

length of tens of centimetres at alternntini* 
pressure. Undercompensation and overcompen- 
sation of the apace charge by I!2 leads to 3 
strong mismatch of beam err,iStarlce and 
accelerator acceptance. Ton Lnjeztor k4tI: 
electrostatic system of fcclmsin:; and 
acceleratior of the benm is stwlied in this 
paper. Ques tionn of numeriral siml;.lnt.: on of 
a beam of negative hydroce- ions ir. such 
injector, forces, actinrr on the nsrticlea, 
and of equations of mot?on nre stated Zn tkc 
paper 151 

For symmetr:i.zati.on of a beam and limita- 
tion of enittance &ro?:ith $77 the re:;ions 1-3 
of the injector there is 3 number of physical. 
parameters, xhieh ma;/ be chal;ged in the 
known limits: for example, field index in the 
bending mai;net ; intensity. of ambi;,olar 
electric field of plasma, dependin{.; ,311 c 
residual QIE pressure and electron terr?:er:?- 
ture, and length-. of the particle nrth ri 11 
the bendin{: macr.et. :!o”!ever, it iS difficult 
to impleil.en: control of the last ;>nrnrr;eter 
in practice. In the re$on 3 hem: dynamics 
is determined 3;: a number of electrodes of 
t,‘n_e preaccelerz"ticn system, a~~rail~~er.ie1lt of 

t?em and octentiel values on them‘. I<esl;lts 
of nmerinl ,s~.sulation of pn:s';~~-e of a becarT 
of ner:aticc hydro::en ions t!Irouyh t?~e i.n)ec- 
tar in varying of the mentioned cIx.rncteris- 
tics and assessment of selisi;ivity of l)ew 
parameters to their cilalw~ are -- rcpre3ented 
under. 

2. T?.meri.csl Oimulation of T)article 9:rnwu-iica . in the InJection a:JS “~~7te:~ 

Scheme of ix-iector, sho7.n i.n fir:. 1 VA l-h 
the souzce of 7.F. !3udnil:ov type 171; 
nroducini- 100 rc>? I’- rurrerit vj th 20 ke’.! 
energy o? particles near the slot of the 
sourde. has heel:: chosen for investig-Etion. 
Dimensions of the source slot are - 
0.5 mm x 10 mm radius of the bending ma;::net 
is 3 cm. Zlectrostatic system of preaccelcra- 
tion of ions un to 150 Ice’: ens..xes effective 
injection both’ into ‘!I’? and alternntin: phase 
focuseinr: nccelerators. Tnfluence of chanre 
of a field index on a degree of s;mmetriz~- 
tion of the beam is seen from firT.2.7 T:ecm 
envelopes in the planes XZ and Y?! for txo 
initial uhase volumes of the beam with 
eaittancks: E;(7 ,fY4 ,&N, EYS and two different 
field indices in the bendinp mai-net n =O.S 
and n = 0.9 are shown there. 
in the case E=f, 

- It‘is seen, that 
the beam may be symmctri- 

zed at n= 9.9 (fig.2), that agrees with the 
experimental data; stated ir, paper [Cl well 
enourh Toss%bilit:: of s:,nn.etrization denends 
appreciably on a shape and value of besm- 
enittance near the source slot. Therefore, 
relationship of a width and length of the 
source slot is also a parameter, which alloxs 
to optimize beam characteristics. As for the 
ambipolar field, stipulated by radial drift 
of electrons and ions, in the bend magnet 
this field can arrize only in X7, plane, 

since a drift of charged particles alow: the 
force lines of the ma&net%c field is possible 
i.n this plane. Calculation of intensity of 
the electric -7lzbipolar field. was produced LYL 
accord?.nce with 161 by the forrxla: 

46 x 2 -&& EC---2--T@ - x (pi) c$ \rr; 4 $,, 1 
I- V&e&+ p& ;+ (btU eq’s, ct+q& [ v 

.:.:hcrc 

xe - 

x,- 

8- 

Tc - 

is effect.lve IxMY&dt:i of thr? bawl on 
X axis. 

is the di::tnnce to tke uetal.l’.c 
nurface. 
i3 cxponeri: of adi.C?lZt~, ::hir:h .ir; <ci 
tari- oc the forEi!!? ?-WY “iOX 8~~lmd” 

veloc5.1;;~. 

ic teI;~per::.ture of pl”“‘.:. el.ectYcns I 

xGJ&~d> -- 6 ,,?., S.“‘Adry .‘C’)“” 

4:1 
-q,; ~:-.:;.J;~::‘~;: :::* 

03 CI 
o+-*.*= 

‘~~ -:yqy;=- _ 
-.. 

I 6 i -z, ri ri i 16‘fR <c c= 
L’Y -1 --L. .- __ 
40 
;l/ i 

. <--_‘-I- ._. _ 
I-.-- - . . . 

& --_ 1 .’ CW 
pi,- 7 :,. L. _i variiztioil of the flelti 
bending naGnet a:ci3:‘:exl envelopes 1-n file 

~lnlles .::z an2 ‘i% 
i42 ,tj, nr: 0.:‘ 

‘lem envelope3 r:i t!-out :xrollnt ;nd pi-;li 
zccouiit cf the ambiool~r f!-eLd inf lucnce ::re 
sGm in fic.2. Tt ?R seen, that inf1;;ence 
of this effect is not i:rea: i.n this case. 
7 t i. :: c 1 ear , if v-:e Take into account, that 
mbipol:m fi eld intensity does not exceed 
(10-20) '~olt/c:n crd rz'l tke scame filile it is 
1~8s by mi order tllzn a value of the 
foc*.ain~; f erceu. 

4’7, 
us, Sz,{,i’ 

.7yc: 
,-“. :,l_ 

I ?I 
--~ki5’r’- IL 

, L? I -1 
,,.f 
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ci 1” LL;t;-.-:--l.l-----’ 7, Cd 
_ -*-;.;L- 

225 . _,,:,s:~- 
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Fir;. 3. '3ea.m envelopes nithont account (---I 

and with account of the pxbipolar field(-) 
influence 
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However, focusizc effect due to action of 
the ambipolar force may be used for correc- 
t;o;eof the ph?se space of the beam in 1.3' 
p-a . Ton-optic system of preacceleratbon 
and foc:Asszng sonslsted of 5 electrodes, the 
lx i; of S~hiCll :"a.3 the inp:lt flonr;e of the 
~-.cceler~to?~. Lor: gror:l-h of emittance and 
ma:rim:LT ;;nssage of current was reached due 
to the we of tile system of single lenses 
and appropriate choice of internal radii of 
the electrodes and distance8 between them. 
'?he last two parameters were vnried.Blectrode 
displacement by @+I0 EX! fron the optimal 
position leads to decrease of pnsoinl; of 
particles into acceptance in the transverse 
plane by 15+20';. Change of the internal 
radius k'y ,he value ER/&= f 10,: lends to 
decrease of reaching the acceptance '0;~ 
25-30: :. (Acceptance for particles with 
~:~rr!c!irCizou~i plinse vii:1 respect ';o hi~ll- 
-~flY?CpX;; field is meant here). 

T'l.12:;C ga"t F’Yil:: of a bem~ of par'uicles at 
the inpIt of t?e accelerntion s*ructure in 
tile !:lc:eR ::‘I ' :il:cl ','?" are ilkOv;ll in 
fiy,. 4.3, dj.i:,, ~?his case correopondn to the 
field index fl- 0.3 3:d linear eccelerator 
~,~~i?li tile o!~crct-i.:if; 2 c: xavele:;;;r;ll. ~'ossll~lc 
ncceptr-.-~ce of :I?>-EowssZnC; ac&elerztor is 
3ho'::!l bj i;hc Lot-ted line, ~rce!)tance of the 
:?ltc-tsrlc.tl::; :~lin;:e fncuc,sl:!!: ,?cceler.:"tor iG 
Sh0Y:l.l lit; cOIlti:liLOXS line. 
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Pig.4. ?hase pnt,terns of a 'zearn at the i.nput 
of the acceleration struct.Are 

- acceptance of APP-structure 
-... _- acceptance of RF&structure 

Conclusions 

1. I‘Tmerical sin.ulation of dyn_amics of 
particles 
syE;tem, 

in the injectcr with ionoptical 
discussed in the paper? showed,that 

nxiallg symmetrical electrostatic system of 
preacceleration at the correct choic,e of 
hendin;l: magnet ?areJneters allow to ensure 
high current-passace in the injector channel 
and [;3cd ngweccni; of the l-ie,u*l enittzce wi.ill 
acceptances of ;;F+ and altcrnatinc phase 
focuss:Ln,r; accelerators. 

2. 7arietion calculations she?-:ed, that 
change oz? internal radii of ion-optiznl 
s;wtela electrodes influences on <he d;nazlics 
of ions much stronger than c!z.nge of 
riistancers between electrodes. 

3. In the numeric simulation of II- ion 
becams dynamics v;ith high phane density in 
addition to t%e extci~1:al rf z:d focussin:; 
fields i: is :;ecessary to take accoi;lst of 
j;!le ir_fluence of ihn clcctroctatic ?~~bipolal~ 
fLeld, arri~i.z.~ in the beLam-plnsr!n system. 
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