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SEP.1R ATION OF RE.ACTIO;“; OR DECXY PRODUCTS FROAl 
COOLED 105 BEGIS STORED IK THE ESR 

B. Franzkc and H. Eickhoff 
GSI, Post:*ach 110552, D-G100 Darmstatlt~, Fed. Rrp. Gu-mn~~j 

.41,stract 

‘The Exprrimrntal Storagr fling ESR, prw~nti. ondcr wnstru~ 
titer: at !;I I)armstatit, will h[L usrd i~r atomic anti nuclrar physics 

csprrimpnts rci:h wr,l(~d twan:s of hra\y ions [l], lntt‘rarti(sn betwrcn 

hrarn parlic.lt5 ad inti*rnal largcl at~~ms or frcv rlcctrr~ns, r. g., in lhil 

rlrclrc~r. n~olcr ham, ‘xl ‘II hr stutiird. Nurncrous atomic or nucl(>ar pro- 

wsscs rauw motlrratc jumps IJ( the charg+to-mass ratio of proji>ctilc 

rrwils. ‘l’his paler tiiscussrs thr wlwtivr rvtrartion of thrsr sp~iai 

rrwils 011t <rT the st~~rap~ ring, \vher? dcter!i~n (II adtlitiunal analysis 

uf kinrmatic paramrtcrs may bc carried out. On thr other hand. PS- 
prrially for hravy iOn storage rinp, thr drstrihd rnrthcsd SFP~S t<~ l,c 

a valuabic~ altcrnatiic IL! cr,nYpn!ii,nal rcscrnant tvam +-rtraction twh- 

niqucs. 

1. Characteristics of the ESR 

In the f,:Sl{ all kinds or icjns uith magnetic rigidity frI,m (I.5 trr 

10 Tm can br stored. Thr hravy ion sync-hrutrorr SIS I?], a IS I’m ring, 
will rlrlivrr t,rarn> OT hilly stripped ions up TV-! uranium. ‘i‘htl hrams 

arc stczrrLi, in goncral. at mayimurn energirs tli’t;vwn 550 llP\‘/u (ora- 

Ilium) :inil ,93L) \IC\‘/li (Z/4 = Cl..?), ~~1~~11cd illlcl cithcr Fxtrartc’rl for 

c.xtvrnnl c~pc’rlrnfnt5 0r buscti h irl-riri~ ( sy5rrimrnti. S;>w~al i~apabtl 

itics s,f thr ring ?w: vari;ltl<)r’ +,f l>Canl tnrrgy fr,>rn maximum !alur? 

(I~rirn iii :I llr?‘/u itl~rtta’~Iic, prc c-i~~~ling. 8~l~~ctriln r’,~,!in$ 21 dil1’c.r 
pnt rncrgic,s, anti ;\I, internal i;as irt target wi:h variahlr t hit-knw 

f3carn stxlra~c at vnvrgizs (if ahctut 111 Vi, ‘b ,‘u, without majrsr t:(‘-3rn 

11155 \\ithin a IPK min~t~\~ v,ill 1x1 prs+it)!(’ dur to an ult-vl:igh ~a(’ 

uum of IO-” mhar. 

I’rimary pals .)I tk,v I:<lL drsign arr: 

l Ezpmnt’rttal rn~lrurilc’nl: 

\iany vxp<lrimrnts irrwstigaring thr intcractirln bet\vwn (.iri.ulill 
iilg ic8ns and irttcrml tarp-t at~riris rlectr~,ns i,r rlrvtrii mafin(‘ti(~ 

radiatifjn (1.:251’11:1 arc in prrparatisn. ‘Th+ ’ ri,BSir~,,tm lllmtn~rs- 
itr is i~xrirc.tcd ti, hi’ ;ahl8ul ltl3o c1rle25- 

. ,~rcrAmnliIti~r 0: R(.C~:?IIfnr~ tw~rr1.r: 

F:nc>rgctic. hcaavy ion hrnms all ow this prt dui.tiun 11f wr-ondar\ 

beams (,I rasliwa:-tivc? prujrctiic rragrnrnta. fLather high intf,nsit! 

and qualit!, Ci)r thcac t~~olir hcame will br achwvcvl hy st,)Azs:i( 
prtl-wriling !3], rl at,nc.king and final rlwtr(~n c<>,,lini: :‘I]. 

. (‘OOlf r and s1rctchc r /or Sli’. 

‘T’hc irnpr~l\‘[~ment of the, qualit! ~1 thr s> nchr.ltr[ln twarn is dm~- 
sirat)1v for I!IC rnaj~~rity <if thr pr~~p~wd rstvrnal tarp,rt pxperi~ 

mc‘nts. 

. Hern]ictor /or .(‘l.S: 

After st.ripping, intrrrnrtliatc >t<lraR<’ and :cwling in the bZS11, 

the twain ,‘an t)[l rc‘-injwtd III 11:~ SIS. l’~st-a4elrrati~~rt thv 
rn,-rgy (,r uranium is ini.r(‘ahwl Irt)rn 1 (;rV/n til 1.X <;i~\‘/u 

( r ~lwcli~r;:ririn !liiir II til cnrrfiirs near I!11 (‘iiilliirnt8 tlarris’r ib 

kiasihlc. 
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f~ip~ri~ I: I h,’ l:\;~~rrirnr~vt;rl Stt9ragia tilrig FSI:. 

: I ,. / ,liip~~tf’r pIGlt ht:,,u\ I!~c. rink i+itli/n rdiiiilt:8,n il i~~lriityq x41:>. l’ill.lr\ 

nr,cl tr;tns<nrrl~ f<tr thr csrnrrvtc crilinK arp n,lrkr,rl by rrctanalrs and d(lttd 

Iin?>, rp*pvl~tiwlv 

2. I,jn optical asprctx 

Op~mal hram ad;:ption to thr tliff’rrcnt tasks ~,i :hc b,S11 had tl, 

1)~’ i~n:itrd h:; a rathi,r ill’xih t’, 31tt aIs<! rc;tsLlnahl~ dimple, ~truvturv 

<,f th(! n,agnct Iattic?. Hram injt‘c‘!i<ln. sl(~‘rv and last Iwax c>stractirin 

ti;!d t18 I~(’ pro~idd ai vi~ll as hrar-i rnal,:hinp to stdrchastic pr!~-<xb1dirrfi. 

t,, (~lcctr\>n r~bling and til a large varirty (,r iwring ~rperirnc~:lti. t,:vn 

dynamical tranhitior~s, i c. chanK?s ill iiir~ ,Iptici whilr the hc;lm IS 

st<brd! t urnd glut to t)(, il(Grablc~. 
F ,111 triples and All,r ili~uhl~~ts ,.d (~uailri~p~lr magnc~is art’ :hp k- 

cuslng c-lzmrnlh within the t\lijrtdd m:rriir symrretrir, arrar:fierncnt d 
4x Iwntiiny: magnets ,,Cthc 1.1SR (we I‘ig. I) ‘l‘h? ion [lptic.al flrxibilit!, 

i5 ot)t.aintd mainly I,> supplying IfI pairs [‘r quatiruplllvh indi,l’cn(li,ril.l? 
,,fcach <,til~.r. H,v lhi2; wa!. It) paramrti~rs rsrthty lattiw funrtii8ns (Q,,,,. 

!~l,,I.. 3; .,,, t (Lp and o;,, can hr varid at wv(,ral iru~~~rtant I~,~ati~ins ‘II 

thp orbit (internal targtt, vlwtwn cw~lrr etc.). Hrarn rn\‘iop(~ runr- 

lions va and the> blriliintal diipc!rsii,n wp.?.p/po rijr ,,n? special 

rr~idc arP ploltcd in I_ ig 2. <,wr onr half (pr thr rinp circ,urnk-rcnrr. 

i. r. ilnt d tn’c idrntically struclurcc! f,~rusing pcrids. An imp”- 

tan, attrihutr of the sbi\r-n %)cu>ing rnt,de ii that l;rith ill zan11 1t5 first 

dcriiatiw ok tllsappvar on the l~lng straight scctiilns. ‘1 his achrelrnatir 

I~<~anl IIpLii’L a\lLds r~<,llptln~ ,d mom< nt~rn llisi and 5tra~~tinfi in I?(, 

internal targct intc) the h[lri7ontal phasr space. Jump\ of iOn rigillit? 
q,ithin thr (m~,mrntum) ac’c’rljtancr \cill nrlt (‘aus(\ nrcpssaril! the 111ii 
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of wsyfcctli-e partli~lcs. Ior ins1anc.c accllrdin! to tFc: rnorn~fnturn ac- 

crpt;lnc’(~ vr :* J ” ‘X i:t illis achr, matic‘ m~idi,, ch?rgr statrs from i-P9 to 

+!I? 01 ilriwiurii ran cir( 111alv silirrilta:tct~u5l! 
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[~‘i~urc~ 2: ,\~.hrumatic m<~dr of the ESR 1attic.c. 

ll~iri/~~nl~tl (,~pp<a~ \~)!id (,ur\C>) an4 \rTti< Al (lwr did ,,,,\C.) t>~~arrl rllrd~qw 

fun< tii,n, nrid hiirizi,ntA < lhwr 1 rrhit for 8 rrl~?mPntun, deviatinn Ap/p=t ! 8 

jda.hrTt c llr\(.) 0vt.r n W[“TJ”‘i~d, i.1, <bllf’ hd iIf thr ESR. Iransversc: bram 

(.lnis!*fict’s RTP ~h7 20 r nlril mrad and E,,= 20 T mm mrad, betatri)n tUrlt’S alI? 

(,I,, -L 2 2 ;ln<] (J. : 2. / I ,ir~ij 1) ilc:ic8tr h~~ri,~rl~tally f<clliirlg iuld dt~ii~~.Usin~ 

r,t~,l~irup~h. rl’ipr’ti\f4>. 13 AlI” 60” btrdkg rnii~nct’. \Vithin girrn ~cdlc:s 

r.he, t ~\I’L ill\l\lr;ltl. svfTlY.t~‘.c, Ibnqlli , ,A,,11 ,,wiul ,,[l<‘rti,r~‘S or !,,a~“‘:’ t~l~~lrlml ,, 

(.‘har;I8 tr~i\iic L, ,fncj a~~p!icdli~in (,I itliz IIIL~~L art drv rihd in thr trkt. 

3. Charge or Illiibi jumps of Stord ions --. 

S,*if~rai BIVI,H~ and t~~~lr;ir wactiiini tbvtwvri cirrulating !~c,avy 

iunb anti :ntrrnal tarp\ atCJrls or frw ~lrctr~~ns ran cause changr of 

the, charCi% 0: tkc rnahs ill projwtilc r~~:‘oils hq <,nr unit, but 110 not 
ti;t\r nliij<ir inllucnci~ 01’ the trnjccl[lri6*s CI~ prujrrtilcs. hlilrncntnrn 

li,ss. IWII,IT.~~I~~ 5tragglin.g an 1 slight <rowth IIF transvc‘r~ r-rztittanc‘cs 

duf to hn~:ill ar~gii~ s~~atli~ring in :!li, ir.tisrnal tarpis: cari h< cornp+‘nSatt~d 

if rirctr~~n coiilin:: i5 acti\.<’ at lhv 5arl~r’ tinti’. Hy thl’ way, the hcani ‘, 

Ilfr lilrh~ ih cy~~m‘tril to hi. 1.s5i.r~liall~ ~ir~‘tr.h(.rl. C )n t/1(’ o:h(%r sirI,%, orli 

r~~ltj I.~I k :)I,CIII~ <-:;trai-tir,r, of I hi, +r.‘~./v~ irnrncriiat~l~ aftc,r one of 

~/II’ wai.li ),I’, I.b’.~‘ij I>i~lo:i. 

a) At,)rnic. wllisil~n5: L....-- - 

IImfl~lltl~r lY~/‘t?rli \:I] ~1; ii frw ~lwlr011 (It b:(‘) in lhc 1 <~wo/~r takw place 

ivit}, rat<-s Incrcyas,ng ‘X q2/l,,,,, \ihrrc y ii lhr at<jrrric c.hargil Stat? and 

I’,,, tht. ~~\~~rit~ lli[F.,rt.nc(, I)(-lnwn ion (.\-) and cIwIr< I). 

,y+” + ,- ..* ,\-+!7-.I + f,J(lf:‘; 

\rhf:rc: h,, ii a 111 own of ~nvrg~~ 11;’ averding !.I> thcl sum of the kinvt,ic 

c’nc’rfi! 4 thr rl(~rtri~n in thv systcrn ,,I thr moving ion b&w caplurr 

iltid iis hidir~g ~.ne~‘rgy arlpr i,aplurr: A I,’ - r~~,.r:~~~/2 t&. 

/!E-~ i,~f~lr,~n~i: rtc.,,trrhr:li~ltIir~ (lll~ll:~ in thus rlrclriJn ~-r~r~li~r is a rf:r~nant 

(‘:ql,turt’ ,,f an c\rc.tr~~n t)y a partialI! stripprd iOn which is initially in 

nt:lrri:c gr,wnA ~,;tt~ (.V,,). In this prirnari’i non-radii!tivc, pr~wC% 1111 

is 11,rd Lir I iv cycitatir,n of anI~rh(,r bound rlwtron (.‘i~,:). 

tc7-1) s,:” i- c- + .Yac 
‘l‘hc C.~xw~~ri ,tarc i,f the iOn ma4 dvray by auto iorii/ati~,n, Aui;cr- 

rahradc ~~r,‘rwl t*rni>,i~rn L, f raditi.,n If t.hc vr!ocitq sprrad in thr ion 

llc~:lrll 15 IarK” anIl I hat ,I f rrl=t, (.I( c’:r~~n~ ii smell, thii prircras acts wiw 

ti\cl! only /III 8 ~~xry n4rr<~iv soli-hand of thr \c41cit~ diitributi,in [ti]. 

i Ifi ~rt,,~ ,,r;~l~rr~ <,I /r,qe ~~d~~wi in c ,lli~i,ln\ ;vith targ(yt ;IIII~S: 

,,- +‘i ._ )’ _* ,y I-fhl: +. \‘+a -- (JL i 1)t 

tIt11h th(, pr IJc,i.lilc and (hi, targl*t rw;,ll i 111 arc‘, in general, rxtitrd 

at141 {till cliv~,i,b 141 ,~rui:114 5iati t,j (*nliei,hn ‘> r diahn ,): dr:.tr~,:~s 

h) Nuclear processw: 

Los,9 (I,/ ~Jrvtor/,i 01 111 r~lrr~n,~ withitnt rn?jor i’r\Prgy I~se or wat trrirrg 
from the initial traj~ct<~ry takrs place in prriphcriral rollision <If hcavj 

projcctilc nuclei with light Largc‘t riu(.lci. XIodpratc rigidity jumps arr 

pc,s’iiblc it!50 by flf~tro nca~qncl~r d~tswral~on or fmgmfntnttoo. 

$-d!,my tnto bound ,slalt A is a p~~sil)l(~ A*I,;~.Y prw:pss of some spwial 

riliky strippl>d nuclei which arr +tablis in nrutral htatc [i!. or ciisn10 
lrigicai intrrrht .b. hr r~arnpl~. the, iliv~~ 

which Icaves thrh rIgidit of the tfaughtpr particlr unchanged. a! lirst: 

the nuvlcar charge is increawd !)y or:c unit, but thr Pscaping clwtron 

is b[jurrd to the nucleus. Thr rigidity jump necwsarJ’ to discriminate 

the daughter nuc.iei must he tl,jn c artifirially by stripping the Plwtron 

in the internal jet target. 

4. Extraction of secondary particlrs 

a) Rcs~~nant extraction 

‘[‘h- utili7ation itf a 3rd inlc gi’r iwtatron rrscnanw for sl,lw h:,am 
c,rtrac.tiun is a \ccll itn~,wn mctbod The qxtrat.tilin spud ~CTP the 

nurvlber i>f turns nvcc’hs:iry tu lrarspirrt a parlivlih fwrrl ill? hordtr <if 

the> htabli~ awa in :he xx’ phqsc ;)lancx (sr>paratriu) across the septum 
(If the first eflccting elcmcnt is dctrrrninpd by thr strength iof the 

sextupolc harmonic cxriting Ihc resonance. The typical shape of the 

separatrix near thr wxtupolc resonancr Qt, = 7/3 at the position of 
the c~lcc.t.r,,static ESR septum for JIIW hpam extraction is plotted in 

F’ig. 3. It illustratrs the situation during normal slow extraction of a 

primary beam suppljirtg cstt>rnal experiments 
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I‘ipurc 3: Srparatrix near the scxtupolc r~sonanve Qh=7/3. 

‘The prirnnrg U +91 ham is obviously not influenced by the rcs~nanre whrrcas 

LiW srrm~iwy I r+= par:irlrs outside the stable triangle are pr:nhed t(wnrds 

the- septum Particles oukle the wpturn (ES) are dcflcctrd by about -5 mrad 
f~,r.finirl c~firctic~n out of thr ESR. On the right: >rrtir.al <smittancr <-)I I,~,th 

brams. 

For resonant rxtrartioc of reaction products one has tv cho~lsr thr 

horizontal tune (2,‘ and rhrornaticit,y [A = din Qh/dln p in a way that 

the rcwil particles arc’ cra(:tly in the rcsonancc whrrcas thr primary 

ham particles are too rar away from it to be influrncrd. 120r rxarr- 

plc, extraction of Ii +“I-ions at 3rd-integer resonance (2h = 7/3 after 

a capture of an electron could be realized by the choice Qh = ‘2.37 for 

lh(, primary U+“” brarn and Et, = -1.5. 

llaildirap5 iisin~ rw)ri:ir’t cxtractiiin for ihi, wparatif,n of swcndary 

bcarn particlrs arc: 

l ‘l’rajfctorirs <,I thr rc~s~~n3n1.1~ rxtrartcti particiL~s d.1 wflrcl r.l,ilhcbr 

the phase space vulumc (.,I the primary beam nd,r - desirable in wrnr 

casts - the kinclmatirs uf thr invcstigatcd rraction. 

l I(wi,n;rnl i,ulrki.tit,n in parallS~l it, tl:v nirt5sary tv3 iwar:i 0pvriiti~>n 

wt111d nwd a IargP fractirln of the horiz(,ntal apcrturc. In the ESl1, 
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vi thr ring lhc pstracti.ir\ <of swontiary charge states ~.uuid bc rc,striclcti 11; ions 

hp;>\~irr tllarl scns,n, fc,: nhi:h the rclatirp rigidity jump iq smallt~r than 

ahuut $2 r,‘i. 

e Srmrni~ s]l,,rl living nuclear rrartirsn rwuili rl:ay nl)t survivr thr r‘);I:;1(‘- 

tit,n prt’cpsss tiwauw many turni arc nc%crs:ary lbc>li~rfL particles IFaY(, 

the ring. 

1)) Non-rrsonant ~~utrac.ti~)n --__ . - _.... .--- 

For nc)n resor’anr, Fib1 eYlraO,illn <if particles aIlor rigidity jumps 
i,hf cIuspd orhit vf thrsc! psrlic.lrs is I;,arl thr,,ugh lhcs g”p ficlil (1: tilct 

first rflwting srp:om which might t!r rlectrii static‘ ur rnagnctic. Thr 

cirtrac.tic,n mrrhanism is il!ostratx! in Fig. %. ‘l’rajwtoric+ R r a pri- 

mary !warn of i:+“’ ions (rranrr:il trajwt,Jry) and ta’:~ scw~ntlary hcams 

o,nstisting :~f thr m,ure rlgitl I) rt4’~’ ions (upper :rajrc.t,)ry) and uf :hc 

IPSS rigid r!+“’ ions (li,\vrr trajrclory) are stiown It is assxrnrrl that 

the wcc~r~d:rry c’harg? statw‘s are p:sxlucd by elrctron captllrc or 111s 

(stripping;) i:l the intrrnal jrt targc%t, whew (I,, :-. ii and (vi, = li a~c~lrb 

ing to Fig. 2. ‘I.hc- tl:star:w hrtwwn sewndary aliti primary bwms 

i5 nrarly fill mm, i 6’. thcrc ii rathrr cc>mfbrtablr space hct\vren pri- 

mary anti secondary !u~arr;s for the insrrtion UI’ r< lativcaly thick srpta, 
shirldiug tht cirrulatirlq pri:narp brarn from ddlrcti:~g lirlds The less 

rigid sccxntlary hram in easily extracted out of the I:SR hg using thr 

elcctri.1 static scI~tum pruvidcd for the standard slow c’strac.tion. A 

kick ul 4.: mcatl i< sulTicicnt tu bend t.hc trajwtury into itic: gap rul 

the s+?pl,um n~agud f,lr final cflcction g,ut r:f the rirp,. The more rigid 

I’*“” Iwarn needs a kii,k ~,f practicalI!, the sanle strrngth in thr sarnc’ 

dirrctior.. It could hr done by a small srptum magnet which is not 

drsignrtl in detail yet, hut dors not srrm to tw a twhniral or spacr 

problem. 

--------& 3otl,,utrgc /rm 

Figuw 4. Heam trajrcli:rics for non-resonant t,parn rxt,ractilvn. 

‘l’hc plvt starts at the inivrnnl targx~t, which ih I(~atd in thr rrntrr of ri I(1 m 

Iong straight s~~ti~,ri, dnd cuds alter thr final taflcctbrn w~)lcm magnet I(>[ 

slow rxtractien. A prirnnry heam of I ‘+” -ion5 (rrn!ral brarn) is ass~~mrd 

<‘ill <,I whirh st.<~iir,dary twam5 art- prwlllr~~~ I in thr intvrn.11 ~nrqct hy f‘lvi-(rqln 

L:JSS (CJ+92) or &rtr~n rdpiurr (r:+9’)). At thr l~iltii~~ d the, vlcclro *l;lli( 

wptum (ITS) t,i;ti , ,<’ r~riilary h<,arn, ncerl th? iilm<’ hrnrl ,,f 5 x~rul to CI>ITIC i 

nrarly uraxinlly into, the gap d thr final &rrLion sq)l~ui rrlagrrct (lC?sl). 

l~Ilcmc~nt.s KS nnd t*:hl art, i.hwi alss. hr tl:r s~and.iril >li w I c’ilni vutrw lion 

Hrncfits or the clsrrihed nr,rr rcwnant cstrac!Li,n d srmrndary hams 
in comparison with thr resonant mrthm)d arc’: 

l t’artidcs itrr cxtractrti in thr very first lurn r(lllrJwing tlr thin rigidit) 

jump Thus, unstable particles lvith lik- times d~~:vn tcr a fc\v mirruvx- 

~~nci, ran hr ti~twt~c!. r011n1rti and analy~wl r~~~tsitiv thr ring 

l IZxtrrnai ticv-twtion and analysis d,xs n11t influr,ncc> tbc ultra h,gh 
varuurn d thr ring. 

l I:xtractitrn cap be carrird (,ut withoul. inlrins!c l(es of parliclrs bc,- 

rat~sc the rigitiiry rhnngt’ is f.xrtl ISI a finite value. Iii wlvrr. Ibis vnluc~ 

murl tw larp t.ri<i~~gh with rrsprrt tit the thic~knws i)F I hr first scI)!un~ 

rlrment and sma!l enough with rwpc’ct lo th<b rtujmrnlurn acc‘rptanc-t’ 

l ‘l’hc cmitlanu uf the itstrartrd hrar? is pra”icaIl:, tht ianlo as I hiit 

of the primary hoam as shwvr~ in 1:1g. 5. I<fTxts riu(, t~s atcbnlic (.,]I 

lisiuns arc nrglcgibl~, ant! rstrn(.Iid hcyarns rFa)’ h usrti Tir (‘YLernifl 
c,n line cmittanvr rr’i‘ilsllr(‘rlil’IIt Clr lhf 4tr:rd b(~arrl. 

. Some phaw sI~aw tli utilin must ho (~~pwttd arwr nuclear pr~:c.z-~~i~s, 

but this is not nccrs5arily nnwantrd. bwausr it ulr(,rs the possibilit> 

fsjr vstcrnill sptvtwnlc~lry <,r prrrjC&I<, rw’l ils L r intrrnnl larger>’ t’spr- 

imcnts. 
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!I ,I 1 ! :? ri, 1 , : 

:zc x , ?I-, :‘ y , fl”, L: 
f;igurc 5: Hvarri cllipw ii! lir+l t%utr;~,.ti.ln epturri 

l’vitiv~n and silt, of lbe,,trr~ r~mittnnr t.5 in ihv iioriz~~rrta p)lat* pli,nv (x, I’- 

Ihlc.j br I iIt. I1rirndr) I, T+‘I Iwarn nnd ttvi nt~:$ltlriorin~ r-hirgr~ ‘I~AI-L. Thv 
lieq’ heam cm tie ~x!ractrd hy thr ft4d .ii thr, tdw!r~) staic wirr wpturn 

(ESj, b,r the U+4” brsarrl a >hori wpturn magnrt (\15) with R t~vniling pi’w~‘r 
Ht = Cl.&5 Trn is aildilinnnllv ntwit~i. 

5. Conriusicbn 

In heavy ion stiiragc rings r,urncr<)us at~rmic and nuclf~ar rwcti(irii, 

bctwccn circulating ions and internal tarbct at,jms or fr(>c, e!w1ro25 

cauw jumps trf projectilt mass or chxrgc,. ‘I‘hr brcc,ndar> particles 
a:~ \vcll s-par”l~‘d frrlnl 1 hr% Ibrirliary !i~,ilr.l acwrrlin~ I J I ti., Ib~,ri/<~ntal 
tlisprr~ibn linctilin ant. (‘an rn\.ly tw *quir:icttvi 11111 ~rl thr r:ng I‘hi, 
tli:wt. n,in rwrinar- t partirlc cxtrartli)n migh: br a xalual,l~ adtlitilln 

to thr ar:al,v/in~ iy~il.rwr : f~ r i:itl,rnal targot c;up<~rir~ic~rl~s as :w:l 
as an altc~rnalivr rrroth~iti 1:; huj~ply vsl~rnill vspcrir-lc,nts with tx,;irn. 

1.‘vr ;tir 1:111(‘r iipj:lii~~lir~ri. vxtrai.lib~l r:it;-z (‘.ti liv i~(ii~t ri,llc II ii> tli(’ 

(variablr) thickness ril the, intrrnal gas j(,t targc~l or, ifradiatirr capture 
off c~lr:.lrl~n~ is is utili~vl, 111 the cu:r,snt d(>nsity rlf 1 ht. o)oIer drr-tron 

hcam. f,:rtrac.tiljn tirnc\ frllrn 1 s III’ 1.0 Ill0 s rlr EI’C~ 1000 c might 1~ 
ohtai:,rri this \vay. 
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