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Abstract 

Lorlgitrltlinn.1 snatching Of huncllcs Ix%\veen the Low Energy 
[Sooster’ (I,FB) ;111d th(, i\ledium I-ucrgy JSooster (MER), 
if’ tloi~c~ 17~ ~oii(~o11i1~~ t,lle rf vOlt.agi, alone, requires 1.00 
10~ a voltngc, to IF pract,ical1lr. 11~~ we invest,iga.te t,he 
po5siliili~~ 01’ Ilinlcllillg cl~nalilicnlly 1,~ t3unch rot.at.ion in 
1.11~~ lollgitlltlirl;ll ph;isc: sl);lci’ at tilt‘ end Of the LER cycle. 
l:irst., the I)II~~c~Ic~ nrc slieai~etl 1,~ illi rf phase-jump int,O the 
uiist al310 r~~gioll. Nest.. the h~iricli i-; mat~checl by jumping 
l,acl; to t,llc syIIcllI~o1lINs pl1a.w. Sciisitivit,y to errors in 
phnw ilIlt t.itllillg ;\I’? stuclid 

1 Introduction 

‘1‘11c liniit 011 tli<x Sf?ilC’ ch;lrgf, l.illlo shift, ;It, injection Clet,er- 
liiirir5 t hi, 1~111icl~ l~ar;3ili~~t,c:rs at iii.jcction For a given lon- 
<p.it 11di1ia1 t*lllil t ;~ll<‘r’ tliis 4dCtf~rilCn65 tllc, rcquiretl rf voltage 0 
Clilriilg t IIP fill tillic for til(i R,TF113, anot.li(xr considnat~iou in 
t IIC c1ioic.r~ Of L.[’ vc-)I1 ;,gl’ iq t llat t.llo ~ynclirot.ron tune is not, 

:III iirtvg,:~r 11!11111[~1~~ oi’ii0 tlz[l]. Ii ~VC% ~10 not, wallt, tuml)liilg 
iiiicl frirl IICY incrc’;lW iii t,li(, lollgitlitli~lal rrnit,tancr iii t.he 
I\lP:H. tlicl O~IIIVII iii tlit> 1,lq:B at. Cxt.t.c%ct,iou must conform 
to llitl l-~ii~~l;+~~l itI tli(‘ blI’I3 0 116’ icilv to cl0 t liis, Of course: is _ 
t(i lllili(‘Il tllc, [,I’:13 I~l~CliC’l ;It i>sti.;l(-tiofl t0 t,llc MER l)UCl<et, 
;kt. iii,jc>rf inIl. I“or 111~3 ])r(w~llt ~~ar:u~l~t.rrs t.his recluires to0 
10~ ;,I, 1.1’ \0lt;ig(, ~II tlhC, I,I~:li. ‘1‘11~~~ arc’ tlrrec> poGl>le Op- 
I io11.s. \\‘P III;IV hlou 111’ t 11~1 loli;lii rrtlillal c~mit,t,auce iii t,llc, 
l,l’~li ;111:1 tIlrl5 IIll!lil‘ Iliplic~l~ rf \-c)lt;lgc% iii 1.llf’ h,lER RIICI t,lIt’ 

l.l~;li ;icc.~~l,:;~lil~~, ‘I‘l~ih lias a dt~triilrcnt;Il effect, if !vc wish 
to (.lioobf’ (;rilfilr‘b hillt~lnr~ Ibr tl~i\llSit.l0ll cmssing[‘L]. /llt,C:F 
llill i\c,l!-. bitt’ lll;i) I<‘1 t IlC I~llll(.li t~Illl~t)l(‘ ill t,ll? ~lEJ1 illlC1 

lftt, t IIf’ c>lrlit !iLllCi’ iilcrcasi>. 111 atltlit.ioll t,O tllC above dissd- 
\nl!l ;ig:i> for t I.Fill5ii 11’11 cixmiilg t Iii5 illa>- cause tlilut,ion of 
tr.;11rhv~~rbf ~~IIritiali~.c~ (Illrillh (3. t Iii’ fill t.iliiP 311: alt,eriiat.ivi, 
~)l~~‘~t‘lltf‘~l lls’r,. ic; to llli~t~ll ill? l~ll1lCI1 tlyiralllically. 

2 Matching Requirements 

I,vt, 11 I,(> 111~~ ,lil> t’irct~or. \’ t IIP rf volt ages atid II t,he harnioliic 
illllllt~c’l ‘l‘llf~ll S~IIW t,ll(\ ~~IIC~II~~II~II~ phase> in t,hc I,I,:B 

*O~~t~~:,(~.,l I,y I[~c~ li~~~:.vi~itie. Ltc,h(-,~i~~.ll :\shc,c,i;ltioll Illr.. fu1 

i I,<’ 1 .i I~h.p;,,~l,,lt’lit or ISlW~:?~. 1111r1er r-llntrart rco. I>k:-A(e’02- 

.s!li:it Ill 19t 
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at, ext,mct.iOn alit1 in tli(% >,Il\lS at, iiijrctloll are zero --the 
buckels will he n~atcllctl If ?11//1. lliib the sitme value fO1 
t.wO machines. ‘l’ahlc 1 givm t,llc? various parainet,Prs for 
the two macllilies I,asetl 0II t II<- part.ic.lc lllOiiiClltilll1 of 12 

GtZV/C. 
‘rhe niatchiilg valrlt, of ‘iO.fi4 I;\: iii tll(> I.FII1 corrrsl~Otl& 

ing t.0 t hc value Of 1 TO I;\’ ill I II (’ I\II:f3 is ~lWllltYl t.00 low 
to be I>ract,icnl,l(, ant1 1111‘ \alllc~ of $0 Ii\’ is CllOS~~ll. ‘I’llC 
lnatcliilig valllr of (j’,!) Ii\' 111 tlltl hII‘: ~iil~~f~sI)o~~(li~l~ 10 
the value Of 80 1;\: iii t 111% I,F;li will t~rctWl t,licy sl’;1(:‘: CllnrgC 
t,une shift. liniit. in the h4KT3. FJ( . I\\(~Lc’I‘, t Iit, high(>r value is 
accept.al,lr if \V(T ilicrc>;l5(, tllr‘ I,I’~H lOllgitlltlillill c~tnit.t,ancr. 

Since the xy~icl~~~~n~us pll;ixc~ i5 xU0. fol, it givru c~tllit.tallW 
t,lle l)llncll llrigllt. sc;IIcx ilS \‘+ \\l~jlP l~llllCll witlt,h SC;1leb 8S 
I’-!. ‘l’h<~rc~fort~ \\.t‘ IICY~CI to tlo~il,l~~ III~~ loligit titlinal cTiiiit,- 
t,;3llciy fmlll t.lic I~OIIIIII~~~ L.;~I~Ic’ of .O:{X c\’ :, (CiS(/6). lIc>rc,; 
]lO\\Ji~VlJl-, IVC‘ ]l);\tC]l t 11,’ i’lli 5]‘1.<‘,lClS Of’ Illf’ 1~1111(.l1 it5 Cl<‘- 

scrilml in t,lie iic*si hc,c‘t i(‘II. 

3 Matching Mechanism 

‘I‘he itl(,;l is 1,0 ,illllll, (II(, 1)11;15(’ ll<‘:II’ till, Plitl of t.llP T,P;II 

cy& t.0 t.11c lltlst;i~~lc~ ~!~ll(.lll.i~llC)Il’. [)ll;l<t‘ AlId l)Cl(.li t0 t,llC 

st,able zyl”~l’I.olIoIIs ])ll;!-. \\‘liilc i\t 111~~ Iitlstat,le phase, 
the l~rtncl~ s11eam 1’11~yii aft i\r SOIII(: t,ilrle wf: I)ring hack the 
phase to the st.;thlc r)Oirlt, Tlrrx timing have t.0 hc atljust,etl 
SIICII that, at, t.lic, entl cbf t II<, l,T; I3 cy~l(* a propc’r hunch is 
oht.aincd. It is, 01’co111~si~, nnt I)c~+sil~,l~~ to oht ain an c~sact.ly 

l,lRfCllillg t~l311(.11. \\‘v. lIO\\.(‘\~l’1.. lll;l(i.ll t III‘ I‘IIl’: valllcs of 
hunch heiglit arid \vicll.h tci tllat. of the rnat~cl~ctl bunch. ‘I’lle 

scaliiig Of t I](, Ilc:igllt a11t1 wrtlt II tii(~iitiOli4 above rquires 
t,liat. tlli, 1>1111cli Jvirll l~/lic~lglii l)tL iilcti~a~c,tl/tlPcr~~~~~~(l I)y a 
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IFigurcB 1: I’11;w;r Spi~cfx I)ist ril)Llt iota at 4i).T,nk- 

fil(.tOl. Of tllcb fi)LlKtll rO0t. Of tilt’ Ii\tiO 01‘ I~l;lt~‘llillg \Oll;IgC 

10 tll? ~tCtllil1 VOltagc~ ill tile I,P:f3; t.Jlis kl(‘IC)l~ is I. It),1 fc0l. 

t11v [““s”llt~ (‘a%‘. 

‘1‘11~ itlca of jllnlf)iiig Iwt.nw11 5tilt)l(~ i1Ilcl llll5t ;lt,l(~ sy,,- 

~~1~rx~r~0115 ImI~ts IS cwc-iitial 011ly if t.llcs ~~yll~lrl-c,llolls i>llt’rgj- 

rllr\r lii~t~tls to l)tl t.rucd lvitll a goocl arcllr’;lcJ Sirlcc t 11r 

II~OCC~S~ is c,sc,ctltc,cl at tilt- c,i~tl of tllca cyrI(,, 1111x c~i:~~rgy ;,ai:~ 

tlurirlg t.llis I)rc!~‘c~ss is Iicgligil~lv alit1 ccililtl 1)~ c~oii~j~~~~i~;~tc~tl 

I+ ot~lrc~l~ ;lclJllht llll’llts. Tliis illlnw<. ilY sIlo\vll I,PiO\V, ;, (‘(III- 

Ctlvral)l(~ tlt~grw of lat.itu(lc in t.fiv rnnpitlitlr~ of thr pllilS(~ 

jnrlip. 

4 The Simulation R,esults 

‘YII(~ l.Ja:f3 I:: a 10 IIz rrsol~;it~t Illaclliltv \vit II a11 illjr7c.t LC:#II 

Illi~lll~‘lltlllli of 1 219 GC?\‘,‘C a1d r?str;lctioll Illolll!‘lltlllll 1,f‘ 

12 (it:V/c. ‘l‘llc t)~~c~cmlrrrc I~t~quirw .5 1~15 Al zl!).‘, 111s ;I 

])llilw jllllll~ to !I)(- ~irlst.;ll~l~~ sytlcl1ro110115 IB,III~! \\;I> iiiil i- 

;iktl. ‘I’ll<, ph;w \\‘;15 l)L.oIIgllt to t.hr xl ;\t)ll <\ 11(.111Y111011’ 

[)01111 iit I!l.tiS III\. I’iglll’c~ 1 hll0Ii.s tll+ l~ll1l~ll ilt I!) .> 111~ 

\Vlli~ll t IIt\ pll;lx. \v;Is cll;lllgcYl to tllf, IllIS ill)]<’ S> 1l(~lll~Oll~1ll~ 

~wi:it. .It I!l.iiT, 111s t,lit, IPIIXV~ l\‘ilS ~llil’rwl l);i(.l< I,) Ol<. st;i- 

hlr poiilt I,‘I~IIW 2 sll0WS t lit, 1~1111(.11 <It lIj.(1.5 111; i~‘i:c,,ili~i~ 

:i \lll)\:.., tll(, 1’1111(~13 at :,o Ill.‘;, tllc> Pill1 of’ 1lIlX I,I,:tj cyc,lt 

Siiiiulat iOIlS 1vit.h pll25c’ jUlll]) 21, I”Iillth Qt,llc‘r. t tlilll 111,‘ 

s;?~ll~1llYm~rl~ (millt / \vit,ll IIll\ hillllf’ t,iiiiiiip, ;I‘: ;\l)obc’, Ivc 11~’ 

;11io ilIvcvtl~c;ltc‘tl. II! ( :;w 1 ttlt’ [)llaw \v:IY. l;q,l ill 

till> sl ;IIII~’ s~~i~~l~~+~iou~ pollit, t hr.011gl1 r)iil b‘o:, (‘25i~ ? 

(II<, ~)ll;w !\‘A< itltc~w.1 t,c?t.n-cYll ht;rl,lP ;III(I llrl,~t;ll,l~~ ,.Vll 

~~I~~oII~~~Is poiiit 5 wspwbivi:l~. Iii (hs!’ :i t Ii(, I>lias:r~ jliiiip 

JYilS IPO itlld tllc~li t>;LCI< t0 t,llc S~ll~tll~OllO\ls I)oillt ‘1’11~~ 

1111:bt I)i~;ic~!ic~;~l)lc ciiw (‘;I-;(~ 1 is f)rot,;ll,l,i~ \~.II<‘Ic t II<> /~II;Iw 

1s lt)ckc4 at I i;O clf~gwes hr~tn.ccll 4!).5 rn5 iitl(l -I!) 65 III:: ;111cl 

t IIC r~ ;\t’tc’~’ 11111 11 t II<> PII~I of t11c, C~CIP I JIM, t)lt;\s;r\ is l~~,~l<c~tl ;lt 
I.1 ,dc’g~iw 

‘l’lle estract~ioli tiirriir~ Iins t,o I)(* tlt~citl(~~l iiiiicti I)C~CI~C 

T,Ilt- l;151. 0.5 Ill> IIIWCC~, it Kill nr,t I)(’ ~m~il)li. ((1 (.,,lltl~ol 
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Descril)t,ioil A E (rm) MeV’ Lcngt 11 (Im) 1-l-l 

Cast- 1 3.561 0.1575 

C-~W-2 2.m .23.37 

c xx’.- 3 2..%9 .23:3i 

caw4 ‘2.:iM .2345 
C’xj+5 %.r,iS .x333 

‘lkblt, 2: 1311uclt al Tht ractioil 

15 I/ I/‘l,llll)lll~,ItII/II 

-d / ‘I I I I ‘I “I’ @ ‘I ‘I “N’ I al -2 -1 
LENGTHk3tW~~l 

1 2 

Figuw ~2: C’ase: atlvaficc.~l wtrnctmion 

the ext,ract,ioii t itiw sucll t I121 t.llr buucli has shaped prop- 
t)rly 7‘11(* f~st.i~artio~i t.iiilc’ it.sc,lf’ will 1)~ k1iowi1 quit.c, well 
in xcl~mcc~. ‘I‘hc~refnw a liii\t~.lliii~ ~~rocc~tlurt~ can be t#rig- 
gcrtd wit,11 ;I gm(l ;1ccur;3f’\. wit Ii rm]~crct to i,lie est.ract.ion 
t.imc. 7‘11(, estractioii itself nlay Ix 5olw what, advanced 
or tl~lnyrtl. 1‘0 51.11(1x t,llis c-ffctct \ve h;~vi‘ hinllilil ktl t.hc last 
cas? Whcrr t.lle cstract~ion ih 211 49.9 111s illltl t.he niatchii~g 
llrijCCS,S Sii>YtS at (l!).-I III’. ‘l’lir~ ~~liaw jlilitf, schemr is t.ht: 
same as ~II C’aw 4. I’i,qirc I ~IIOIV:, t li(> 1)11ncli at. tast ract.ioit; 
L,Jr+> l~l1rlcll loc)l;s \‘r’t’!- 1~111(.11 lilich tilt, l~irllcll in Figllrc> 3 

111 ‘ral)lr 2 \vr g,iv(> t.hr- 1’1115 Iwgt II ;llltl lwight 1;IY t,llt? 

i~unrlr at c~strari iota fi31. t Iit> ;~lm\-.t. (.a~-~ ‘J‘ll(~ I,llllcllc~~. 

wit.11 698.1 particlf~s, I IdVf‘ IK’r’ll traclicY1 t lllmIgh the, e1lt~il.c‘ 

I.E:J\ cy(,k ‘I‘ll? s:irrlrlI;l1iofl,. lrlt~llitlt~ ‘I’<““’ r11;3l$y dfiv-t~s, 
FY~ IIFLVP IISHI thy co&: b:SME[:3j. 

5 Discussion 

Fro111 ‘l’al)lc 2 IV(’ oII.~~~rke (Itat t,llt, rt11: tl~~\~iatioIl of t,lIc: par- 
t,icle distrihutioil in phns;r ‘;pacc i\l>Ollt, tile l~l(:an is iiisignif- 
ic:lrit~l~~ altmwl by rrwf’b iii t.lirx t11la.w cant rol CI~;~ngcs if] 
t,llo rflis valuca clur, to <‘l‘t‘Ors ill 111(\ c’Xti.ilCt,iOtl t.ilnillg of 

thi, ortlrr of 1 1115 itw alw ili~~igilificnrlt pwviclt~cl thi~t, tmhe 
mntchin~ prr~cm~ is t.inic(l prol~~rl) I‘I~OIII tilt‘ operational 
point, of vie\V. C:a.ic 1, ~rlit~rt~ tl~c 1jliasc: is lockrtl at 180” 
and O”, Irlay l>tc t.l1c: 1irst. pl~o’w1lll~“. ‘Illis sc11c~111~~, l~owcvc~~, 

will int,roduce ali error of about 2 RI(,L’ ii, t 11~5 syncllronorl~ 
energy. This syskmatic error can lx compcnsatetl oithw 
by a.djusting the injection lnoiiwntmilIll of tllc, ,ZlEIl or, the 
extraction momentum of t,he LED ‘TIIY niatching xliem? 
here is t.0 mat~cli tlw rnis values of t.lic biillch to t.hnt of 
mat~ched bunch. Furt.her tracking of t.llc‘ hunch ill t,he ME13 
shows this to be aclccjiiate; t.hat. is? t.linihling of the t)unch in 
the h4El3 bUClif2t alld groWt.ll in t,l1(3 longit utliiinl t’I1llt iilllc(‘ 
is uot observed[il]. ‘1‘1 111s \vt‘ collclll~lr t IlkIt t,llc plmc~clurc 

out,lined here is adequate. 
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