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Radial injection into the superconducting cyclotro11 at LIVS 

L. Calabretta, L. Lo*Monaco and D. Rifuggiato 
Istituto Nazionale di Fisica Nucleare, LNS - Catania 

‘l’hc stud), of’ the radial inject,ion of t,he Tan- 
dem bea into t,hc Sii~)~~rcoliductirlg Cyclot.ron is 
presented. The procedure adopt,ed to achieve the 
tJrarisvrrs;J matching is dcs~ribctl. 

Thr> cvalu;tt,ion of’ the expectetl beam loss and of 
the t:lliitl.aucr gro\vt Ii 3.1, inject ion is presentcil t 00. 

Introduction 

The Heavy Ion b’acility at) I.,. N. S. in Cat,ania 
nilI he based On au injector MI’ t,andern, upgraded to 
IF, I\;IV, and on a boost,car, a Ii = 800 $uperconductirlg 
cyclot~roI1 [ 11. 

The t,andem beam xvill be radially injected into 
t,hr cyclot ran, 11 lit>rci a strii!I)?r foil, located On the, 
hill, increases t,hC, charge stat,cs of the ions bcforc ac- 
rc~!t~r;l!ic)ri, ‘I’il~’ I,cn;trrl trarlsf~~r lint’ IjrtweeII t,hr: trail- 
tlc,IIl aIiti l,h(h <‘~;clO~ro:l JJlIlSt, ~)~‘I’f‘OI’111 the pll%C ?]);1C(‘ 

rl.,t,atic.)rl of the l)c~arIi ii] ord(,r Co opt8imizc t.hc emit- 
talicr xc-flromat,ic niatching at thca c.yclOt,ron stripper 
[2]. 11t~1.c \i’~ de5cril)~~ t,llcb proc’~durc adopted to fix 
t,tie illjet- iOn paramctcrs iLild the diagnostics of the 
ntatctiirig linr,. III ortil<,r to obl.airI it good inject,ion: 
we 1lilVC ‘50 miIlinlixt~ the emit tance growth and the 
I~C;LIII 10~s due to mismatch rfl‘ect-s. The results of our 
iJlvrst,ig;ti,ion at)ollt, t,his slil)jc>ct, are presented here. 

-Beam iI1iection into t)he cvclot,ron 

The tandem bean1 is injected int,o the cyclotron 
through ;L steering magnctl t~hcn it crosses the yoke, 
tllc cryostat, goes into a valley and rcarhcs hill 3, 
whc~rc: the ztrippcr foil is placed, fig. 1). The strip- 
per foil l)osition is the tangent, point between the 
inject,ion trajectory and t hi tquilibriurn orbit corre- 
spontlillg to the initial beam energy Ei and to the 
increased charge state. Due to t,hr cyclotron pararn- 
(‘t<brs, radi;il injection is possible only if the final to 
initial charge rat,io is 2 3, tipically 3.5 i ~1 j2]. 

1!71~~:n assuming the clrclotron field is constant’, 
iI1 the hard edge approximat,ion it is possible to eval- 
uatc the tandcni voltagr liliill and the injectiou 
ctinrgc, stat,t’ q, rcquirotl to ot:)tnir, a specified final 

euergy KJ rvith a final charge sLatAt yy. ‘I’hesc cIat,a 
are used as starting values in the following procedure 
leading t,o the injection trajectory 

a- i\ssuming at first qs and E, as those evaluated 
in the. hard edge approximation, the magnetic 
field nlap is computed b,r theoretical simulation 
up lo E? = 130 (‘Ill. Then it is extended up 
to t-? r- 250 cm hy interpolating the measured 
fringing field data; 

I:)- the equilibrium orbit relative to E, and t,o (I~ is 
computed; 

c- The tangent point, betiveen the equilibrium orbit 
and the injection traject,ory is found. 
If the iujcxtion procedure does not sat,isfy spcc- 

ified constraints. wta modify sOme of the main in- 
jeclion parameters, often t,hcl t antlc~In volt age Or t8hr 
cllarge st,ates and start the procedure again 

‘I‘llca following roristrairkts lllrlsl tie SiltiSfiOCi iri 
otdcr (IliLt aI1 injection trajectory ma)’ t)t, aCcepted : 

- ‘l’t~r taIideIri volt,agrx uiust. ljtb Irs: ihau 15.5 
!vl \I. 

- The strippc?r position rriust be distant, c:nough 
froni the acceleration gap (*i cm, i.c. ‘-.j 1 .5 times t#hc> 
axial gap) in ortlrr to avoid t.hcs RF heating of t,hc 
stripper support. 

- T11c: iIljectior1 i.~;lj(:r-t,or) IIIUSI 1)~. far C~I~OU~;~I 
from the irijeclion ct~a~nrlel walls (at lt:ast, twice t,tlc‘ 
beam envelope). 

- The intensity of thtb final rhargc, state depends 
on the productiou efficiency of the injection charge 

Fig.-1) Injec.1 ion lrajcct,ories through the cyclotron. 
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St ;ltc ;tf‘wr Itic tandem stripper, rll (q%), and of Lllr fi- 
nal charge state aft#er the cyclotron stripper 71,,(q,); 
wv cotlsiilcr tJi(~ glohl cfIit:icncy ?/l(q*) ‘Isc(‘],) t.0 
t,c arc<~I)t,itl)ltt if it,s value is 2 1.5’$. This will gudr- 
:it]i,eo hcan~ intensities after the cyclo~,rorl sbripper 
iljgt1(:1‘ l]lil]l 10 1lAtllpp. I+:flicictlc.ic*s ill‘<’ PVCLl\lil(rYl 1))’ 

setriic*ttlpirical I’orrtiulz: [3] which uttfortutiately (‘ait 
giLrtb at1 t’l’i‘Ot’ its IIigh ;Lc; :!() “; l’Oi. SOti?? iOIlS. 

Sinccb ihc q,/qi rat,io and l,hr inagnet.ic fringing 
fic:ld cliattgcs for tliffcrctit. ions arid also for (-liR‘c:rc~il: 
c~ttctyivs, ;L SC,{ of rcsI)r( =etitat,i\,c ions was cllos~tl Lo 
s[,ttiI~, tlic \~~ltolt~ opcrat,irlg rat:p of tllc c)‘C~ot~t’~~tl (!0!% 

;~ltl high iivltl) ‘I’hc irljection trajc>ct orics arc slightI\ 
c.liff’t~rc:ttt. fot~ cliflcrctrl ii)llS. In lal,ll: 1 rv(’ list. tllv rtiiGtt 
injvctiari p:triLttt(~t,?rs inclttdirl,, ~7 ttrl~ stripper pmitiott, 
II’ j mi[ 0,) ant1 tttv initin! l)eartt diroc.t.iott d -- 120”, 
a: l.tte st,tcvrittg tnagtlrt,. 

i;itirca 1iighr:r order cfFec.1,: itre rtc!gligil,lo, t hc 
L)(,;I]II C~lliIlic’ (0 bc it~jcrtcii ill, tdtlr~ st,ecritig trl;igilPt, 
\$‘a:: dci~ivr~l f’rom the eigenellipsc at the stripl)rr po- 

.sil,iiltl ati, i’r(lIIl 111~’ trarl5I’c~r 1ll;lt.ris. iii ortIt:1~ Iv cvib1- 

u;it C’ Lllf> I t’dllSf~‘I’ Illat ris f~l~~tllcwt~s, \Y(’ t riiccd IllP l>\VO 
*jo <'i1.11('~1 [>rit,cipal t rajcc:!,ol~ics of 1 Ii{: bcarrl 1)): ititb 
grat iti~ t Iit* vclllatmiorls of triot,iorr along tllc c’yclot roil 

IIiagric,t iv ficalcl. 111 a similar way Iv? c9trlputed t,ltc tlis- 
pc)rsiott cot~fiicictlt,s fEl(j alld i(z+j (E(‘C TItAD;SI’OI~I’ 
rtotaiiutl). The vd~t(~s of tltc, t:llil)sc paranlctlers ( s, 
s’ at1tl J’\ 1” , sw t,at)le I ) at. the stcerirlg rrlagtIct, 

loget,ltcr. \$,il,lt ttrta clispclrsiott c,ot>ffticietits, wfrC usccl 
as ittput to “f‘1~,4ht5:1’OIU” code Lo search for the 
field \xluc> of t hv ntai,ching sc>ct,iotl litlc. That mat cll- 

ittg litIt> witj ;tlready prcascnt ryd [2]. l?!iLli rc?si)cat’t. to 
tliosc specificat,iorts: tmlie distmicc l~etwc:ert t,lt<’ lasl 
two c~t.ta.driipoles is a lit.Llc short crtctl in otdcr !,c) mitt- 
ittiizc t,11c lbc,anl fnvclope insid? t,hcso c~~t~~~lt~ltp0lCS. 

Alo:c+vc~r Llic yoke> bo ~1 ct’txr and steerer t,o Q 16 
cli?laricoh i.rt’ so largt’ as Lo I)liLcc% ;L hotrl(a d(f\JPl0])(‘d 
(:mit,tattcv rtiet,c:r (KM) [,I], 

Oll(‘f’ :igilill \?‘? v?rifitrd tlliIt t.hf! nlatching I)t’ilIll 

lint> is al)lc to rot,atmc ~11~ beam ellipse in t,he phase 

space I0 sat,is[y t IIC fotrttd itijt*c.liott ibat.;~tti<~t(~rs a1 tltc 
slferc:r positioti. ‘I’hc cliaraclc~~i~1,ic.s of t,hc strvring 
llI~gtl(Al &Ild Of t iI<’ IitSt, t\f’O !~ll;ld~~lJ)Oi(~S (r I ,j 2iIld & 16 

are prcsc~rll etl Ilt,w 

h1.d :, ,I ( 3, < 1 i .:t,‘, do, ,, ” II ;,--.i Y, I,, 

LJlil I.,.,; “i’s .,I L -‘I I:.!11 If,,,,,, ;‘.I, li~;du:+ 

‘1 1 s I,, ! .I ‘!(‘L .I, 8:’ !‘.I(! iiil:, If,,> 2 I i: :’ l\;~~.llli.. 

‘I’lit, clifl’t~rrrit. ~011rcc’s vi’ etttit taucc grmvt h wv 
l1i.1~ c cc.,ttc;icIrtml art: : 

- angular si,I~ikggling irll,roducetf IJ), tltc strippet 
foil; 

- ettiitta11ce t,c, at:rt~pl~;tticc~ rllis111at,c~!~, 

- rttrotilal istrl; 

- wrong positio1l of t,iic beam cent rc‘ in t lir pllasc 

spre. 

‘1’11~. cntit,t,;ttic~e gr~>\\,l ti clutb to ;1tig111iir st,rnggling 
<‘ill1 t,i, tltittirriii:f,cl 1,111 ttoi, c>litttitt;lt,tvl. 011 t IlP (:011- 
t,ritr~*, t lit) 01 lic’~, r:ff;:c,l s (.ot1111 iii I)rinriplc t)c, rt~tluct~tl 
to %ero. ,Sitict> t11lt ilI1~~lllill~ .st,rilgp;ling is qu;tdrat icall:,, 
s,zrltlc:d I,0 t 11~ bc:;trit tli?cargcrtr,c, iti otd(~r t,o n-iinitnizc~ 
its taffclct \:‘c h;t\.c t,o ul)t,aiti ii I~cnni divt-:rg?nccJ as 
high as po.ssit,lc ill, t ti? st.ripper posit~ion. Assuming 
t,lli, ?lIlitLiLtl(.t’ T;;llllc <,,-..15 111111 n1racl. ‘iV(’ find t.hc 

asid ~:Ii\,eiopt: is typicall>~ ,I 111111 while t,htb radial one 
is 2 1Il11l. lhc tlivcrgcnc-cs arc’ rcvipect,ivt~l~s 2.~1 and 4.8 
rnrati. If izii artgulitt~ Si)l’(‘iL,l of 1 -+ 1.5 mrad is iii- 
troduccd by t,lie st,rippcr [S], wt’ ot)t,ztirt ii 1.20 t~i 
Clllit t;Ltlc:t~ gI~Owtt1 in 1 lIC> ;lsia! [)ll;iScx Sp;LCi’ illId UIll\’ 

1 .05 f. iti Llie radial spacca. 
M!tb l)larl to clteck t,he (.ot’t.c!c‘t, stl! t,itlg of t,llc’ nlatmch- 

irtg litic t)y tttrxurittg tltcz I)ci~tll cbmitt,aticc, at tli(s 
stcxritlg tnagtiet positiott \vit h an lStnit,t-;ltIcr-trieter 
(ICtcI), IT:ifortunat,cly, v\‘(‘II t.liough t,h(; rcJ>olut,iort of 
Ihe EM is e;ood (0.2 mm., 0.3 mrad) small errors 

Table I. Injection arid beam parameters at t,hc steering tttagtlc!t. 

I O?i q,/qs I’tGTL Ho E, O-120 12, 0s z 2’ Y y ! Ir’l, Ii26 

Ad I,’ 7’ M$!. dey rley 7r17r: mrud 771 r/1 ?rlrud y mrnd 
C’lll 

/O 
-F-- 

/ii 
- 

c l/6 6. 3.13 100. -0.1 9.2 337.1 21.6 9.4 12.8 10.7 -102.0 -47.2 
c: 2/6 15. 2.65 67. -0.7 21.5 320.8 14.0 6.2 6.5 6.0 -69.6 -32.9 
0 2/x : 6,s 2.2 ‘14 .5 -1.4 14.6 320.9 22.1 9.7 4.7 4.0 -65.7 -31 .G 
CL1 5121 I:,. 3.72 60. 1.8 14.0 333.1 17.9 7.8 1 1 :3 l&l -95.5 -d3.7 
I G/26 1‘1.6 ‘1.68 40. 4.0 12.6 332.9 19.3 8.,1 11.0 10.8 -96.9 -‘13,8 
1 Y/38 15.5 4.65 I 39.5 2.8 13.1) :3 5 4 .2 14.2 ti.4 22 8 20.6 -1G0.3 -71.5 
u 9,/3-l 1,1. .I.7 16. 4 .3 16.6 32‘1.4 17.7 7.7 8.5 8.7 -79.6 -36.2 
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Fig.-2) Radial beam ellipses at. the stripper. 
A) eniili8anct~ b<>arii nieasurcd at, steerer; 
H) Hcarn sizr IIICXSUI~ t)>, t,htl nioving probe. 

iJ1 the c~vnliiat,ioii of the ellipse ShJN’ al the StA~RI 

pusition a~‘(’ aIllpliliet1 at tl:e stripper. In fig. 2il) 
w’e S~LOU :\ro tiilfcrrnt, emitlance ellipses at the st.rip- 
per. ‘I’l1q i11’C‘ ],ro<~rlcY!d by two ellij,scs at the st,crre: 
which are jndist inguishable within the resolution of 
our tlJ?l drvice. III t,hc worst, cas( shown, 25% of the 
beam is out of the ideal emittancr (assuming uniform 
inteusit,y inside the cllipsc), and t.liis ~unrnatclicx~ part 
of the bearn (call~tl ‘loss’ frown now on) will be fila- 
nieritetl ovfar a I;trgPr rmit.t.anc‘r area (-. 2cu), In thr 

axial I’hJl” t~lc?t~ Jllisrrlal~cll r~f1‘c~ct.r il.l‘(’ sIilallcr~ clue t,c1 
thr, br~;tm :jixe aI, the stripper posit ioll (beaH ‘loss’ 
,L I #!‘[G> ( I .7~~). In fig. 3) \ve 811o\v a typical bcanl 
en\selope aloilg thcb injt‘c‘tiorl t,rajectory and also after 
(,llf, -il,r.ij)p<ar I)i)siiic,ll ui~ lo Ilill I (be<! lip. I)), wtlc~rt~ 
ihr l)?arri (.ii:i I)f> detwtd t)y a moving probe. ‘l’h? 
~!osit ioI1 r~sol~ul ic,ri c,f (lie probe in thv radial plant is 
iii~crut (1.T) rllrri. If ttli:: I)roi,ts i5 USed to C’hc!Ck ttlr! irl- 

j(~c1iuIl ccrn,liticon~. v;r csprcL a Iilaxinium Ibeam ‘loss’ 
iri t ht, radi:ll l)lanc of about8 X 96 and c = 1.45r~, see 
fig. 2U). 

.~ Str ippsr 
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Fig.-:{) Ucml vnvelopc from t,hc st,txrer to tlic 
rilo\fing ~)rol)<~ croksirig tlic> st,ril)l)cr positioll. 
The st,rippc:r is out, tlic, cliar~e st,ato is (1%. 

ln order I,0 clicck t lir tli~porsioli cocffiricnt s al, 
the steerer position, WC pIa11 to increase t,he teari- 
de111 voltage by O.Zo;O and t#o measure lhe beam shift 
(about 12 + 32 rn1t1) by t.he EM. Since the beam 
momentum spread int,roduced by the rebuncher is 
i 0. 1’Z8, the evaluat,cd residual dispcrsi\rr cffrct at, 
the stripper is negligible (1116 5 1 mm/?6). 

The last problem WC investigated is related to 
the position of the tangent. point between the injec- 
tion trajectory and the equilibrium orbit. We expect 
that we could place the centre of the beam at the cor- 
rect position by setting properly t,he steering magnet 
paramet.ers. Let us suppose to check the trajectory 
position by t hc! probcl ollcc again; if !v(’ ilSSUIIlC a 0.5 
1r11iI error in radiuq position, the btlt,al ran oscillation 
of the centroid iricrcasjes the emittanct~ to 2.5co and 
causes a brani ‘loss’ of -.’ 39%. Fortunatc>ly, as said 
before, wv can niove tlic bca111 to a dift‘erent, radial 
I)osit,ion by using t,li(a steering magnet so itc: to mini- 
mize this effect. However: in doing so we would also 
introduce a I--:- 1.25 trlI.iLd angtllar shift (rc:fc,rrrd t 0 
0.5 mm radial shift), and this produces a bean1 ‘loss’ 
of 21!‘&, filaI~lent(X~ 011 ii11 ernit8tanc:r arCa of 1 .3iCo. 

(ZoIiclusioris 

\,\‘t’ p~HJ1 t,U list’ al t~IIlit~t~lIlcC IIlc’t(:r [)l;iCc.!d Ilt!iLJ’ 

tliv steering magriet t-0 c1itx.k t.he beam chroriiat,ism 
and t,o srl. t,hc- niatcliing linv. I:sing only t-his di- 
agliostic clevicc, JVC C’S~H’Ct il bPaJl1 ‘1095’ Of #% ;It 

most. ‘I’liis can be reduced to 26% if it nio\,ing probe 
is used t,o check t,tir posit io1: ;lilii tll~~ t)(‘ilIll <‘IlV?lOp?. 

Matching in the axial plane is possible using only the 
LM device:, t>hc beam ‘loss’ Boeing of -- 18%. If the 
probe will measure the axial beam size with an ac- 
curacy better than I mm., \vr espccl LO 1wlr1ce the 
axial mismatch. 
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