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IKJECTION AND FAST EXTRACTION IN THE ESR 

II. Eirkhoff, I<. Brckrrt, B. Frarlc/ak, B. FranTkr 
GSI, Pclbtfat.11 110352, D-6100 Darrr1statlt 

Frd. Rrp. Gtmm~~ 

Inlr~idtlrtl~ln -- 

ft,ik tIpsign c,f the ‘I~:sllrriinc~ni;r: Stl>rsgc IlinK (f;Slt) [l], uhi<h 

i, uu(l(~r r.~irl,liii~~ti 111 at (iSI, has ti lu’lill arr,cln& many I~thc’rs 

this rrillriwini: rquircmcnis: 
;j;j I,~jwl~~,ti (if titz l,cittii fr im [hi, tii>a\,y i4ln byrichr~~lr~rr Sly 

12: ivith a rnauirrlal tvIwtlanrr 0: ?!~nnIrr: rrlrad. 

ti) !iljc,rcion ibTsw~intlary hirl15 frilm I tits ‘i,‘rnpmFnt 5rparalc1;’ 

u ilq a rnasirr~al rn~rr~cntuiil spread uf z Cl.:l.i%l awl a tranivrrsc’ 

t!r;im i,viriitncc, uf ?(17rr,irb r’irafl. 
r) iFas: cs~:lr;iclic,r~ crf the t,mru tm:k 11) 515. 
1 /I/j !rlaiu c~bl~rp,m.~I hbr 1 hi3 irij~~~.ti~~r~/i~~.:ril( tixin j>ri>w 

~lrlre is t hc, fast ki,:kvr :na:ncs:. \\hi:.h uill tw uwcl b)th ~III injm 

tic,~l and c%slrar.tl<,n ian? 11 hich aIs,, al:~l\v\ irijrrlilln while a rc1111cd 

htaririi t:t~;trr, ii i.ircxlilliii g in :hc ring (a:.c.rlnlulati,lii). 

‘l’hr nti~hl :Tui.i.ll ~pc’r4~:ng rlvd {vi; h rc*s;>wL III 111~~ deign IIT 

ltl(, kickclr is [ii<’ inj8~rlii~a ,rT: hi’ h:>aiti frrlrx lhc Cragrlli,nl-hl~l;t,rall,r. 

KlcKtR _ BEAn .“PGN CEPT IIK 

ESIJ INJECTION ,ldpi(,,,N 1 c iv! 

I‘is I 

[ Iii% inji,c.lis)il [,r~~ccdurv ui,rli, ill 111c. fvllowinl: Lb-a?: ‘I I;(’ (‘(‘I- 

I r;ll cl<c,(d ortlil \iill Iw 1, 1rIlpwl rI.‘ar I h(x 2(~ptilrrl rn;i&rir>t. ‘1’1 c’ 

bmrrr lci t)c injrcItd ;);!hv’i( I hrc~l:gl~ I lhP Far: car I his ir;)tlinl r’lnfill~‘t. 

prFbrms ;11’1’r’l~irrl;llc’l! 31 I ,ir :I lwtalri II vi~~illi~li~~n and, iin3lly. 

ih ij1j:t~:((.ti 1,) 115 c. ij,c (1 inj ytiil:l iirl)il 11;~. llii’ kii,k<,r rtl~l#l1c’l (i’ig. 

I). I Hun. i~iuillar1c.c~ -11 c I I~,~~III(%~IIIIIII iprrild (ii 111~ tw3rri i3rc w 

tjlll., (I I,,, LtIIrjl:,\lI,~ J/I~ ,.,~olillg h,h~ it is sl<lrc 2 11~ rf stackir g. 

.\, I/b,- 5l;~r.h \/l;i I j,wt l)i. ,liililrl:+.8l Ii!, Ilrc ilcll vtirl,; fic?lti clr 1lmr7 

k18 hr ni;iqft ‘I 111 1 :a(.‘i\.i, a~,‘;! i)T Ihilr rliaj;nc” l’ilil-rb I’tlly ii p;1i” Ilr 

,I!<’ h~bi,, ~IIlHl iIf”8 ptalln. 

\i Ill<. ~~tl:l+ ;ilihli, vi lh(.l:\,.l’,~ I t,w rnli~gn~‘ti~, infl~~rlicltl scpl uirl 

an I Ill/~ hi< k~r :!I/Ll Ihal ,,f Itiil ~r;*cfiixi:r rv~Iril:.lii iI >~-pliliil aml 

I I t, bli.k,,r ,,li’ ?1si, t~lli~llCh t , Y-T I1 t 11~7 ha rl~,i kickrtr ~r~q;w~l cav ia+, 

,I~.(, I r,,: 1) ,I 1, ~IIJ~Y.~I~~II irisi fa41 ( ~;riitc’ -il. Gsil:ir trm injw,liLr 

Ihc c~l~wd orbit I:as to 1~ shilled brfure c-jcction into the kirkqr gap 

czithcr by reducing the fir>itl ivT lhc main dipr~lrs or by accf~l~~iatin~ 

thr t1rani. 

I)wiEn or the Kickrr rnagnrr 

As mrnliorrcd abuw, Lr Iwam injcciion a kicker is rcvluirrd, 

that affrrts only a p:lrl cri th17 htlrihsntal arwptancr ‘I‘!Ic pke 
rrf this rtlagnc’t is CT-shaped. ‘I‘tw timcb rrquircd for rf-stat-king ii 

irbll~~r 20 tt:s. iis lhr ~irurrlrL~rc~li~~c d rht’ SIs is P.x;Ic.~!. ~eis (hilt 

of J,:Slt, thv f,:Sli-ring is c-~rnplcwy filicd xirh l/2 cllthe SlS tirarn; 

t hc wind part (4 thr) i!S he~;~rrl shall tw inju~td ir111, i/11. I-:SJI 
ar soc.>n as pssit~l~~; thrrefcrc a sm~nci injwliov shot has t<, llr2 

p~isilde artri 20 lips ‘I his stlwrt tirnr inrrrra! prc\‘~n:~ 1~8 ust a 

rrlcTtlanira1 shilt~i’r Ior th(, scrm~l~ir~g of rht, cimllating sta8.k frrirri 

clrr rr:agnetk iirlti <,I- the kicker magiwt. 
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Il~~r I he l.:C:I( kit-k.-r a ;.<lncc>pt. uas clown. which ml,.+x thv 

>tr;~! iic,l(l a1 thy stack rrgior t / a ~.~~lcrai:lc valur. ‘I his :‘onr~‘]ii 

is 1,) inslall a (‘-sha~~14 fcrritrs yokr oppusi!c’ tv ihr, kickrr liiaq- 

11~1, iv1lic.h alwarts t the* nlaj~~r part ,lf tttc stray-fidd I’olssos 

(.;~l~~~.li~lis~nh hai.< hhown that /lu.’ to [his “cr,rr~J~i~i~saii~rii“-~~~ki~ thi 

$tra,vfcltl al 1h1’ ~~ci%itim)n ,.jf lhr s1ac.k is ri~!ui~wl by ah~r11 a facl~~r 
,,r :,‘I‘. (l’i~. t!j ‘!‘hrs kickrr is iuI~rl~,vidvri ill10 :I IIIPHIIII<\. 111 !ht 
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folii~v,ing t:rblr~ I thr cwx~nlinl paramrWrs Fi r i,nr nla~nr’t-rrlridlllr 

arc’ listc’d’ 

.---- / 

max. current ~14ot1 .A ! -~.____--.- .._ ..- 2 
_~ H,,,,(kickcr-gap) 99iJ (; ..-. 

IO II. I II, .--- .___. ..-- 
I .!! rnrad 

inductance I :i IIll 

~----KiG~~--~ r,e;ri;;o pii , 
i_. .I ._..-.... .-II --...-.-I 

f*:lcctric circuit 

I)ur ICI thr, maximal currrnt uf I.4 k.4 and the chvwn 

impcdanrF UT 25 I1 a maximal v<~ltagc (of about tti k\’ has to tw 

applitvi to thP magnet. 

BLOCK “,AG”AM OR- “XltR %P”LL 

l’ig. 3 shous the bl(,ck diagramm uf th t? wt.up l-or i,nr rrli.~tIuli~ 

[:I] A high voltagr L~atl cablr umith an imprdanw r1(25 I1 i~i chari;lvl 

by a ‘rrwbnant puwrr supply’. The charg? ib sn.itcl!vtl tcl thrb rnafi 
nrt I)) 111r thyra:r,~n (nlain Thyr.) by t\v~ ~~~~rall~lcd 50 !1 It(;?2OL 

cran,mishiorl rablw. L’ariablr pule fllt top (luratii)n nhirh is r+ 

quircc! htvxusr of different particle, reicllution time, is athiilvciti t:> 
an ,>l~;~r~~~>ri;!~<’ sviitcttllig r\T a ‘11urr ;I’-thyratr~,r~. which Iliwhar~~.s 

thr Ii\‘-c,at!lc to the ippositp side. ‘l’hih ‘I)u~~lp’-lh~ra:r~~n aIs, 

ahs lrbi; lhr +tri,rTG rtflwtii,ns from ihr Ilimlwd rnafinet. Iiwauw 

i)l tllc~bc wili.c::on:, tiirll~iu-;tni~ti~~~t~ll~ thyrs~roris (1671, l:l,L\‘) aw 

(1 hid. 
Ijt,th sidr, ,,fthr Leti c-,lbict :lrc tc%rminarcd by tligh ptwcr 2.1 I1 

r[lsistors l~~vatt~i in an vii iillui (.llssial aluminiurn housing ‘lhi 

rthsistclr or, thr \lain-ywitch s:(lc is I<lc.at<‘d hrT<irc LhLs rnagricl; (II/W 

to this design tbr mai;nvt is ~,n grrlli1111 Iu)lrnti2l during thr flat ti 1’ 

durat;lin, tvhi(,h rrdu<,c>s the F r,rbabilily or \olt;~g~’ i,rr,ak thr~~\igh’. 

‘1‘11~ ‘rfwnant pc,wc’r suppI:;’ \vorks ;is Tallow+ twl primar:, 

ci~ndrr,s~br l)a:lks (I:! m b-11 ar(’ c.hargcvi 11~ ,;i’<t p:j\vpr supplies IL<, 

a maximum v~:‘;~gv ,1 r :‘ZLI \‘. This charge> I< sn,itvhrd t<, au high 

v~ltagc’ t:ansL,rrr~rr hy high powder 5CRs: thr high vcAtagc ccBnnc>r- 

tc:r f,f this transfvrmrr is o~nnrvtrtl tr, a cascadr ol di~rtics. that 

prc’vrnts a tlischargc, vf thr I~:ad cablrb. 

‘I hc charging c&f thlx ICG~CI cablr last\ ,i 171~1; thr leak rharg- 

ing rurrcnt is al~~lit 6 10 A .\ll h(luGngs fllr the thyratruns, thr 
trrrninating rrslstors, the diode caacadc and thP high vlltaae mw- 

surcTmi*:it dc,vitlc*ri art’ lill//d with oil, 1~sci1 Fur II\‘-insulaliun al,<1 

r~~<)lirrg d thcsc cx~rnp~ln(~r\ls. 

I‘hr grids or the, t!lyr:llrilnb arc’ su~,pl:cd hy a “I rigger Aml)li 
ficr’ urit, that d(~livr~rs vcxry stw;) switching ~II/SCL, with an~plitudrs 

vf ;S~)IIII~ :I lx’,‘. ‘l’h~s ji. t,‘r of I hc thj ratr(in switrhing tint<’ may hc 

i)l)limiti,rl II! :)I) al:l~wpriati~ wttirifi 4 the ‘r~st’r;~~~ir’-hc~;llin$. llh~t 

iniluencv~ the gab pre,urr irrsides tl~r~ tube. 

‘l‘hc aivitchirri: OF the II\‘-thyratrrlnh ih s,vn~~hrt~ni~c~.l x.1 h 111~ 

phase d the> at.wli~ratini: II!‘-ravity. thr rqoirrd va:iablr dt~lay- 
timrs tiuc 1~ varioils particle rrvi,luti~,n timr3 a:,’ rcalilcvi by prc- 

wttahlc last digital c~iuntrrs. 

‘l‘hrrr short straight swiiuns ilfthc 11511 cxrnta!n identical mag- 
nctir srpta Tar bram injcctirln and f’ast-/sl(l\v extraction. As thrw 

wpta have ta br lucatr~d close III the adjacrnt bcntiing dipoles both 

thr injrctrd and chc extract4 beams lead thruugh the strayficld 

or thr (Z-shaped bending rnagnrts. &dimensional beam tracking 
c.alcnlatir,r.s shclw that due to thrsc strayfields huth an additional 

brnding anglr ~,falwut 3“ and a l~l~~w-up (lithe hori~~~ntai bram di- 

arnrtc,r has trr bc> takvn int~b acc+,nnt. In urdcr to wrrwc the bend- 

ing eTect trl the dir,rrlr-stra~fip!d an additiunal srpturn-type hand- 

irlg magnet (“rllatching”-scptorn) lvill bc installrd in the injcr?icln- 

and &~+/l;lst cstracticln hram line. 

‘I‘ht~ fillll)wing tahlc contains sOme rcwntial paramptrrs of !,III~ 

rlrafinet types: 

lab 2 

I-... -..--s/m-. .ji). -‘ll.je 1 Inj, Sep!. 1latc~h. Srpl. IlKits ! 

may. maen. rirzidIIv 1, 

brnding angle / 1.2 1 e .o / drgrres 

eao width 1 5 c-1 ‘L(,(, I---;;;;- ., 
-gap height 

gap length 

nr,. d nindings 

6 I!) 

I21 10 

h 

CL, 

1000 

5 5 

m lil 

mm 

no. d ~ding rh 

max. curwnl 

mar. DC-lx,w?r 

1 

-.-.- / 

:,(ir-*j 

‘!hc irlj~(.tii)n-/(‘ytra(.lilin scpta will be cunncctrd in scrirs tu 
thr ICSli main dipoles in order 1~~ salt COSIS Tur additillnal p,xr‘r 

supplits. :\ paralli~lli4 “1,~ I)ash”-p8.)wFr suppI> will ~i~n~prrrsatr k)r 
saturati~rn cfl’wls in the retain dipulo3 at high cl;rxnts and all(lws 

a steering p~~s3ib:lity. ‘I’ht~ “rrl;ltChing” wpta will br huppli4 t-! 

rntlc~lvniic;nt lw\\cr nilpl,li(~,. 

[I] 11. I ra:l/kr, KIICI lnht ilc,th 1121/2: (I!)Si) 18 2i 

[2] ti. Hlaschc, 11, Hiihnt7, 13. I‘ran/kr, II. I’ranFt’, !~:I~11 \S 32 

(5; (I!lP;) 26.5; 

1:;: our gra~it~~tl<, 1~1 11,~~(‘1~.11\ I’S Kwkvr Ilii-isiibn Lir I h”slll>l Ilrt 

during t11v kic,k,Lr c.rjnhtruc.ti~tn 


