
DEBUNCHING AKD CAPTbRE 1N 
THE LEB FOR ‘THE SSC 

N.K. WIa.l~a.le 
Superconducting Supe~collider Lalmlatc)l):* 
2,550 Beckleymeacle Ave.! Dalla.s, TX 7523’7 

and 
Miguel A. Furman 

Lawrence Berkley La.lma.tmy 
University of Califorilia. 

Berkelev, C.4 94720 
Abstract 

” I 

\Yc prrmt t II“ details of t,hr capture process in the Low 
I*hlcrgy l30051.f~r (LbZBj for the SSC. We consider only the 
longit ~I~~II;II ,I~II;IIII~CS. Slww charge forces are coiilput~ed 

quasist ;rlic;iIl?; l‘hi, twam pipe is considered t,o he per- 
I’(,ct I\ co1:~lr1ct,i11~. \\‘itll wsl)~,ct, to maximizing t.he capture 
c,fficic%1ic:y 211~1 Itlitlilllizi11g tllcx space charge tune spread, in- 
t.i;ll fv\v 1~1lll1~~~~~o1iils ilI’(’ very important. \‘\‘e prescllt. Only 
1,he first ff%\v t1lillist~coirtls of the cycle, during which space 
cl1n1~gi~ (4t’wts ;iw significant. For the numerical simulat.iou 
\\‘r ,I% t IIf, CO(l4~ I~S~I 1,:. 

1 Introduction 

‘I’hc Low En~~rgy Booster (LEB) is the first of the syn- 
cl1rotr011s of t11c SSC accclwntor co1nples. This makes the 
f,il:l< n critical ant1 co111pl~s machine. The LEB has t,o cap- 
t IIIY~ ~c~\~~r;rl h~~nchcs conliug fro111 the LINAC, and hunch 
~lit~iii illto ;I singlr 1~1111~11. and accelerate them from ,fJ = 
I.! 7!)2d t ri O.!)!l(j!). l’liis givr,s riw to several l)roblcnls in the 
dw;1g11 0L‘t.li~ I,F;U. ‘l‘li~ iiiost import,ant problein, of course, 
is tlii, sii;ikltii.;kiit S~);ICC cliargc forces during t,he initial st.age 
oft he c>-‘.lt’ ‘l‘o ~~n~lcrstaiicl the effect of space charge forces 
(,I,(’ I(;\5 t 0 coll~id<~r t,llcr longit,~1dinal a11tl transverse dy- 
Ilillllll’~: I Iiis i5 tlic, siil)j(d of another slutly, prcliminar> 
rr511lt’; of ~vhicli iiw pwwntc~d at. tlicsr procwdings[l]. tIc,rc 
\vf’ ~111; I~o\Y~~v(:I., wiriinc~ orirsclvc~s to t.lic longit.r1din;tl dy- 
lli\llli(.S ;lIl(l c~oll~tl~llc~t io1i Of t llr rf VOlt.agP piog:l.?llll fOY tile 

[.1\13. \\‘t, tlo not \visll t.0 cliscuss t,hc atlvallt,ages a11tl tlisacl- 
\:rllt ?I#“’ of’ tlifl;~rc~l11 cnl’t 1,l.C’ procctlurcs. bVr> l”“““Ilt. Ircw 

t 11~’ ;tili;il);ll ic c’al)t ill’? pK)ct‘Ss,\Vt‘, IloivCVer, I<?lllarli that. the 

l.IN!\( ( fl~i~qlK‘ll“!’ has IwtYl s;clect,ed such t,liat. t,hc pn.int.ing 
SC~IC‘II~~’ co~iltl all tw adopted. 

111 iIcli;ll!:~ti~’ cnl)t.lirr; Ill a rc~sonallt~ sysklll, it is CLlStO~ll- 

;rry <Ti1,li(,r (0 Ill,jc’Cl Ill iItl\-2\llCC Of tll? 1110~ll~llt~llll CLI1’Vt’ 01’ 

ti, IlI~lr-ct ;I little> albovc~ t.lie rc,ferenct energy. This is clone 
to ;tclii+~\c tl~huinchi11g of t.lic linx bunches and t,o ca.pt.uw 
1 II+,III ivllil~- t hi, ~ynclirono~~s pliasc is low. For esamplc t.hc 
12Ni\l, boohtcr i11jwts ;Il)out 100 1nicrosecontls before t.llc, 
hot t.onr of 111~ 1ii;igiit’t rainy curve[Y]. Similar rrsult,s call 

‘O~~c~~.;~t~~cI 1,~ tllr I’nivrrGtif5 IIcsc1?rc11 Associativlr Illc. fOl 

tllr. l’.s. l~+~l>a’.tmmt of Erwgy. ~mdvr contract No. I)&AC’O’L- 

s!ll*;l< Ii) 1:ci 

Paraniet.e1 Nominal Value 

Kinetic F;nnrgy 600 Me\’ 
Lor~git~iiclinal eiiiit,taIlce(rtrls) 6 x 10-7eV s 

EllWgi sp’.““‘ljlm) 0.105 Me\’ 
Leiigtli( rins) 1 .G3 c11-1 

.I it.t,er( rrns) 0.075 MeV 
Transverse I’~l11lt~t.illlC~‘(1.l1lS) 0 4 7r n1111 111ratl 

‘ITahl~~ 1 : I\licrolii111cl1 C!lii~1,act,t’l.ist,i~s 

be oht,ainccl by inject irrg nt t hty hotStom of the r1l0111c~nt~k1111 
curve hut at so111c \vhat. highe1~ encrgy[S]. In the rf pro- 
gram we propose lierti we do not, do eit,her. The resultant 
transmission and brinching fador, however, are similar t,o 
the FNAL booskr. Ideas involved in the construction of 
the rf volt,age program a.re explained in Section 4. 

2 Injection Parameters 

Although t I1e act.~la.l partirlrls iqjwtetl n.re JI- ious, they 
arc immerliakly st,ril)pwl of t.he t,wo elect.rons in t.hi> strip- 
ping foil. The i11,ject.ion into t,hc Ll?k3 is m111t8i-turn; here 
we co11sider four t,urll ilrJwt.io11. III eacl~ t,urn t,lle LINXC 
will inject. 0 microhu11cl1w into each of t,lle LEB h~ckct.. 
‘Plie rf’ frt:qucr~c~- of tlri, l,lK,iC will lx so adjust,eJ t.hat 
the 36 microl)unchc~s iti ;111 LER bucket will lx: c~lually 
spaced. The n-ii~~d)~n~l~t~s at, t l1c ~ntl of t,he l,INX(: Iraw: a 
large cxnergy sl)rcatl; lio\vc:vf,r, aft.er lJi3SSillg t.lirough a drift. 
;wtl a co11il~rcxwr t,lle (‘11Prgy spread is rc~tlucetl[~1] During 
this process t,lie niicrol~unch is sheared (in phase space) so 
t list it. bPco1nes longc,r, t.hc~wl)y rdIrcing t.llo cllargc ClPn- 
sit>- alo11g the t)iinch III a(ltlit,io11 t.0 tile energy spread thr 
nv~ragr energy of t 11~ ~nicrol~~nchcs has a $ittcr. Table 1 
suliimarizes t,lie charactc~ristics of t,hc microt~unches. 

3 LEB Parameters 

‘Ill? I,IC;B has ~~1l”rl”‘i.io~liCit,L. of t llrcr, with t,llrcc‘ lollg 
st,raiglrtS sections. Oiic, of t.lie st raiglit stactions is for t,lle 
rf cavities a11tl the othcir two are for irijection and estrac- 
tiou. Tl1~ para111ilters i~rl~~vant t.0 longitudinal dynamics are 
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I~l\l.illllCtt‘l 

Ili.jrct.iolr hloIll~~Ilt 11111 
I’:Xt,r.ilCl 1011 lll~~lll~~llt 1111 I 

Il;~rlllolilc Nllllrlwl 

(!ii.c.llliiferl’tl(.(’ 

‘I‘ralisition (~;rnitili\ 

‘~‘r~lJlsvelw ‘l‘lrllc~ 

liq”‘t,it iOIl r;ltc 

h1;lsilllllllr rl’ wltagc 

‘i’ahlf~ ‘2: l‘h? I,I,,I{ 

!~ollllllal \‘ulrlc’ 

1 .i!l!) (k\‘/( 
12 (;c\‘/(. 

10;; 
r,zllJ III 
21 26 

11.8 
IO I-17 

72.5 I;\’ 
IO’ ’ 

)ill’;llllt’t,l’L.h 

listctl ill ‘I’;rl)lv 2 nl)O\-c>. ‘l~liW;(~ t~ill.~lllll’il‘l~~ Il;l\.r Cll~lll~:‘~~l 

rw‘lltly: t,IIP II?11 ],ar;illlr~lcN~~ ;,I’<’ glvc~ll [II tl~cx~ p’w’l- 

ilrgs[S]. 

4 The Rf Voltage Program 

As ilot~cY1 rllKIV~‘, Ci)ll‘ltl’ll(‘t ICOil Of 1115’ rf \.<)ltiIgC’ lI~O~~~~l1~ 

~,l~oill~.l lnijlii1ii7f t,llc> h[“,cc’ cll;rrgc, I Illlr’ hj~l~c~;-ltl (il IIIC~SllTC 
of wllicll IS giivc:lr II\, I,;1+1?1 11111c’ slllft) nli<.l ila\c> all atI- 
c~q~iat,(~ t raIisilliihioll. (‘olllj~li’t~‘ tlc~l)~rl:clriiig \f-ill require a 
~~11~111 ~~lI’.tll’Ol~<IllS ])11;15(’ ;III$lt’ 10 L’i1111 IIf<’ ;I high frn~t.ion of 
particle4 ‘I’lljs. in tllrll, rctl~~II’t% 21 higIl ri‘ voll~agc. IliglicI 
VOll.?lgC?, t IlOII~tl, SiVCT il Inl&i’ l~il~‘l<Ct iII’Cil, tlO?S IlOt, ~lliir~\l~- 

tpc that, i)lllj<h area &ill 1)~ l;~rgc~. It i-: t,llt, ~)llllch aJT?l alld 

11o\v tig!it,ly illi, I1r1i1c.11 fills I IIt\ tiil~~l<~~t tll:lt tlct~~rmint~s R 

f;~~oral~l~~ t)iilli.llillg factor. I’cI~ a h “ii.i‘ll 1~1111(~11 i,rca ;, sma11- 

Iic,iglit I,Ilc~lic~t (I,llt Iliglic~r lllilli tlic, I~\IIIC~I) tt,i~tls Lo #iie a 
lOll~~~1~ itlld SlIl~lllLll~~l,~llt. lillll(.ll ‘I’tlf’ illll~~~~ltil~! l)llllCl~ ill‘(‘;l. 

of (‘OIII‘.W, i5 tlc~tcrlliilic~cl I,> 1 llt’ Iiiliit-: oil t.lrC rf voll.ngc~. 
‘I‘llis t.lirli tlc~tc~rnlillc3 tIl(, c’11crgy ~.pr(‘;lcl rlcYc%sar! fhl t.llC 
Illicrotjllllc.ll. ‘1‘11115 tllc‘ rf’ volt ;!gc’ Illllht I)? ho cullst~YllCt~C~.l 

tliat. tlic~ I~~icl;r~t i-: (lliitt” f’111l OII,,P tlir- ri>l;rtivistic. effwt. 

Illtirc’ tllalr colll[~“ll~ai(~~ I II? t~!lllc~llll,~~ ~1l’OC1“1, 110\:.(~\~1~1., t~lll~ 

I)ll(.\ii’t ;\]‘<>;I <1lOli\(l Ii? f’lIl’t!l(‘I’ irlcrc~aw~il 10 ]>~f”\(‘lll Lllf’ IOhS 
cIri(% to SI(I\V ;~!lrir~ioII ~liri~ill:; tlkw ;~~~c~~lf-r;~l ii))) ~,?-clt,. 

CcX)tl 1 ri1l1sllliS~lOll, ~II aclrlil I,-NII to avoitliiig Iollg tc’l,lll 
i(tt ril.iciil. 111119t iIlS0 rLIl>t lll’f‘ ;I gc>c 8~1 1’;y;~c.l [c 111 oi’ t>iirl icclc.5 ill 
1 \I(- Illlri;rt ll1oili~~lllh \\;, ;I(.!lii.\.c, Iliib I)? ;I I)illt Iill, I.iltll(,l 
t11a11 a (.~~lllpl<‘tr’. <1,~1~1111d1111~ 01 iI1r. Il,l~~~ot~llllc~l~~~~. hlorc 

clvtnils of [Iii; n~(~i.t~;itllhill ;:I’(’ ;gil:c,!r i’l+;i, \\-l1rw[G] fl,YT \V1‘ 

~,!‘cY~~II~ ttlc, rc3liltiilg 1.1’ j)i’c ~g,rikill. 

I‘iglf~f~ 1 s:i)o\Ys (]I(, t~ll~~li~~l ;ll’<‘i\ ;I?- ;I fllllCt 1011 Of tiilw. 
I 4 jr t Ii<> fib1 ::(I il.5 (;iI~.irlt 1:: trlrllb) 1111~ \.iIltiI&!’ is Iif’]‘t 
at il iriiniti1Iirli, pwtc~rat~l> a!, 7<‘,0; \V(‘ IlilVf~ 11wd tllc’ valrlc? 

of I ICC’ ;IS pract~ical)lc. ‘I‘lit*~l t 110 volt ogt’ is snloot.llly hut, 

r;~l)i~lly iItr-rc~;iy(~cl (11’ to 0 5 III’-: z.lls.11 tlr;lt 3 l~l111~~11 fills t,ll<, 
t)ucl;i;t ctLlit f’ 1 igilt I! ‘1’11~. I,IIII,~~I ;\ri‘;l (~iJ.S’%) at tliis 1110- 
~~rc‘nt is ;il)oul .l~!:i (XV -. ill coi1iI);iri+iri to tlif; t)i1cl;(,t, arca 
of [I i):il: c,\’ 5. ‘1‘11,t l,~~c.li,~t arc’:, is rli;iiilt;litl~~cl at O:$K (>\; 5 
111’ to I\ iil,~, tjj, nliic.11 liitit’ tll(, rf’tilti\iStiC c,ffWt is nt>lC I.0 
co~l~~)i~ii~i~t~~ 1’11rll1c~r I,lliic~liirlg. i’lli t iKIlt ;t t)llliclb call IlOt 

>C,l,,l , / , , , / , / , , , , , , / , / , 
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l’igiiw 2: RI \‘olhgc~ \-‘s ‘I‘imf- 

Ijc I11aitltaillrvl \vit,iiolit ftlrtllc~r l0s.s of pariiclc~ ib t II? SyIl- 
cl~~or~oiis pleases angle* 15 i ~~c~~c~nxr~tl. ‘I‘llt~l~c~f;,w !]I(. l)ll(.l<~‘l 

;,rt’<l ,h flil.ttlr~r 1llc~r~c~ascYl t,, .().‘>4 P\’ ‘; I,c~twc~c~li 3 to r, 1115. 

‘I‘lris t,ucl;cyt arc;1 is t lieli iililiiitailit-cl (I](;,1 slic>\vIl ii1 tllc‘ fig- 
111.t:) ullt,il 130 ins, I)r\olitl ivllicll it can 11Qt III‘ Ill;llllii~lrlc’~l 
(illc~ 1.0 lhc, (It~clTnsf~ ill t II<’ vitlrlc~ of slip t’;lctor alltl j,liiiSl‘ ilk 
glc. I\;iscil 011 tllf, ;lt)ovc- itlcns t,llc, 1.1’ VOltagc> ~)~~~$l'illl~, tllc’ 
first, 5 111s of whic!l is sliown ill Figiiw 2. \va< c.ollstrllc.trd 
usiiig tlie p~~grani lIi\ hll’I{ F‘ 1)n3clll ~‘f I rI\f% \vII~‘rrl iI1 t,hw( 
procwcliiigs[i]. 

5 Simulation and Results 

I\‘(, IIW tllcx cod? EC;h’lF: fOl, lli+> tl’ilC1iitlg siiiiul;ilicJc ~I:I,‘LOO 

1)ilL’t iclt:s ( 1200 ill Cac,ll ~l~ic~~~cil~i~nc~ll) \\‘<‘I’(’ t I’~l~‘li(‘tl. ‘1’0 i\C- 
count for t.111, jit.tw in tilt, r:t1vl’gy, t II<’ t’Ilc”‘g~ sp1.<‘ad and 

t,llc jitter 5v<‘rC ;Icltlctl ill C~il~ldL.iItIII.(’ S[)ilCP cllargr PfTCCt< 

including t,llr, coiidllcting bvnll art- i11c111cl~~d in 1 Ilc‘ silriulzt- 

tioii. ‘I‘lir spilcf‘ clr;lr,gtx c;ilrrilatio~is arc h;iw~l 011 ;I (t11ilb 
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,pn<;l “‘1 ‘1’ III I,11 III1 

,z, 1 ? 
';‘TIrIE ,;r;,.>',' 

4 5 

1Kiguw 3: Space (%;~rp~ t1111r, Shift \;s Time 

sist.atic c:valuation 2. 1x7 t.11~ cotlc FSMJ*:[8]. Due to the 
VCry Sll1i111 longit~lidiiiiil c~iilitl;3llc’c’ Of t.lic‘ ti~icrohuiiches, f01 
t.lic> first 1 ills, il. ~va.5 nc~ccssary to giw niiie kicks per t.urn 
for ;i prop‘r vhtiiii;lt(~ Of tllr hpcc clkargc forces. Beyond 1 
1115 Fi SillglP 1;iC.l; [>“I’ t,Ill.lr ;;a\‘(’ at1eqr1nt.e rcw1ts; we, IIOW- 
ever, prtw’nt t.lir, rvsult.5 u,iilg II~IIP kicks per t.uln. The: 
t,rilllSV~‘I’w h!~alll siw ColTcY]‘ol’tls to 1 llf average value of 
t.llr, I)r>t +fllilc.t ioll ‘I‘hC, ilCt Ll?ll l)(‘alii pip is not, circular, 
I)ut rat~ller ai1 r~llipw; tlic cE~ct iw l)(~;irn pipe radius used 
\vas t.lic gwmctric iwa~~ of thr, two asps of the ellipse. h 
pnrt,iclc is as~u~tle(l t,d, 1)~ lost. if it.s ;Lverage closed orbit, 
tlvvlatiorl is 1110rl‘ t.llnli ‘L IIIIII. 

I~‘iglll~l :i bho\vb lli(> il~ac(~ cllar(;c t uitv shift, ‘l‘lie cfii- 
('it'llcy of caf)t~lli~t‘. or t I.itll~llli~sl~~ll. is !iX% for tllc cTtitmirc, cp- 
clv ‘l‘ll(, loligitli~lili;~l s[)iic(’ c.lia~gv forcc~ wtluw tlic trails- 
Vt‘l’Sii’ t~llllr sliift I)?’ ;\l~Ollt 20’/;~. ‘I’ll<, Sl)ACc (‘Il~ll’g~~ CffiTt., RS 
st~ii froiri Fip~w 4, ws~~lt~ irt iiiisillg of tliv part~ic.les and 
hl)rt‘;iclilig t I](’ part icl (‘5 OVCI ItlOSt Of tllC1 tIllClitt. PlI’Cil. 'TllP 

I~llllCll ;lrc’;l(!IT,‘;: ) ilt ii III> ii ;lt~i)lll .0:30 (?I’ S ‘l’ll(’ l~llll(.Il- 

II’& 1‘;lC’li’T :it Fll)O\lt 1OL t 111’11\ ih ~~~~11l~~i1~;11~11~ t0 tll? l;‘Uf\l, 
~ililiil;ltii,li[2,ij]. 

6 Discussion 

‘I‘lrcl 1.1’ kc~lt~;igi~ ~I~~~~~,L’;IIII~ j)rost~llt(~(l IIC’U>. give-s i~r~tilk COLII- 
~~;lr;ll~l~~ ti1 t ll(’ rf pL’o~r;IIll at 1 IIC‘ I~X!\I,[2,ii] i1.i far as trans-- 

tllix~ioii i111(1 l)t~~~i.l~iiig f;lcTob a~‘(’ ~Y~II~~(~~I~~~~I \\:lic~thc~r tliis 
\vill allo\:. ii> to j)r!‘clict tll+> I)cliavior 01 Ilit, l.l~:li usiirg 
t,llr, IcKj\ I, lwos1~~r as 211 vx;l)(,i,ilii( iit.:rl I)iaof of t,r;lilivc~rsc~ 
tlynaiiiir5 is Ilcit yc>t clc;ir. ‘I‘lit,r<: ;II’(’ st~wral diff~~rcliccs 
hc~twrrll t Ile ili;l~~llilim; for C~Z;IIII~I~C ~i~f~“l’[)(“‘iotlic.it\.; I,I.;II~- 
sit,ioli ~~~IIIIIIIiI ;lll(! S>‘il(‘lll.~.It [‘(III ILllllt’. AllOt.llCA1 (1lll'Sl iOIl i:, 

\vlic,t lif’r :I siirrplil scalili g of tllr’ iittwhity n~ltl trailsvc0c~ 
~‘lIll~t~i1l1C~’ i.i t Ill~f~l~~~ti~~lll~ ~Ollll~.l ‘1‘11011g11 \V’I’ Cilll 11ot g’v“ 

;I l’lp,Oi’Oll.~ pr”“1’. \, I’ C’S[>C’C‘l I Ilill (II<' ~f~~~O~~~\lll \I(’ I>l’O[“>5“s 

2s far as acli:lbatic cnpt uw 15 ~~I~c~~I~II~c~, is well optiiiii7ml 
f’ctr goocl l)~ill~:liiiig r’a~.tor all(l t I.;lllillll~~ii,ll. 
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1tfx7 /rcfr~rc. 
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