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Abstract 

The two different, c.oalesci~lg schemes usrtl ill t.hr Frrrnilal) 
Mail1 Ring during t,he last. collitlrr ~IIII arr co1npa.1~4 losing 
the ESME [l] simulat~ion l~rogram. The simulat.ion rrsu1t.s 
are compared wit,h t,he operat,iollal datea. Fillally, possible 
improvemenk are sugg&rtl. 

Two types of coalexing are I)ring used in the h4ain Ring 
during this collider run. Tllr first is the t~ratlitio~~al t,ypc 
of coalescing which was usrtl Ibrforr [z], a.l~tl t.llr secontl is 
the so called “SNAP” coalrscing usrtl for protons. The 
voltage waveform vs. time for the t.wo t,ypt‘s of coalescing 
is shown in Fig.1. In the regu1a.r t,ype of coalrscing 11-15 
h=l113 (53 Mhz) hunc.hPs are accr1erat.d t.o 150 GrV in 
the Main Ring and t,hr RF volt,agr is adial)a.t.ically rt~111crtl 
hy parapbsing t,o a low va111r (drpelltlii~g OII t,llr Iwam 

emittance) until the loam area. fills t,hr rf I)ltrkrt Thw 
the l~unclies are coalrscrtl I)y ;1 rot,itt.ioii in a 2 5 l)liis 5.0 

h4Hz I)uc.krt. and rec.apt.llrrtl ~II a 53 h4Hz I)llckrt.. Thr 
whole coalescing procrss ill tliis ci1sf3 t.akrs i11~,i11 1 $,‘(’ 

In SNAP c.oalascing thr parapllasing 11a.s Iww w- 
placed with a rotalion. T11r 53 R4Hz volt.;lgv is s~~tltlw~ly 
rrducrd to :W-50 IiV (dfyw~d~~~g OII 1.h Iwaiii riiiit.t.aiicr) 
where t,lir I)ucket, lieigllt rct~ials t.llr I~rai~k Iwigllt.. TII~II t.lrcs 

1Wa.m is left. t,o rot,af.t: for ;I ctilart.rr of it l)rriotl ill ortlrr to 
a.chirvr the minimlllrl AE Thr wst. of’ t.llv coalvwiug l)ro- 

cess is tllr sa.11lr as iu tllc- rrg111;1r co;llrscillg. Tl1t3 SNAP 
coalrsciiig process takrs al~o111 200 IIIS~. 

ESME COUI~ARISON 

Tlir proi;riilii ESRlE \\‘,I> II+YI 1.0 C’OIIII);I~V tllv I\IY, c O;I- 
ItWlll~~ h SClIt‘lllrS. \I’? coiIsi(l~~i.r~(l 11 I)lIlrcllc+ wit.li V;lliill)lY 
Iol~git.ll~lii~i~l rlliit.t,iillcr rot;ltt~~l III 4 I)itc,k(At f;bi.111(~1 1,~. Xl 6 
kV of 2.5 MHz ant1 4 12 k\: of’ 3 o Mllz. ‘1’11tw V;I~IICY \\~vI‘,” 
CIIosw Iwcaiw tlic,y iirv t lie lii;isilillllli volt.;lg:r~h ;1\21l;1l)lr. 

‘o,‘L.lilt~~l I,p 1.111. 1I1llvr~l>ll,,~. lif3t*;*lc.In i\h~cbc~i:tt is111 llllile~i c 011. 

tlw will1 tl~ 1: S. rh.l~~LItII1,lI,t (>r fCllr.l~cI 

Figllrr 1. Vullaqt 1x5 Il?r,f /i/r. Nrqlr/a7- ulrd SNAP Coalc.cc- 
illg 

TABLE 1: MINIMUM AE vs. WTPANCE FOR REGULM 1\M) 
“SNAP” COALESC INGcor4P?4w!mwITuTE2IlmALr2FsE 

lzm?rrANcF, ‘SNAP” I= 
(eV-secl coALEsc1NG -scING AE 

AE (M&T) AE (new IMew 
0.10 4.60 6.W 2.60 
0.15 6.70 8.50 4.w 
0.20 8.60 11.10 5.30 
0.25 10.70 X3.10 6.60 
0.30 12.90 16.00 7.90 

Tl~r c.i~t)t\lr~~ vc)lt ;IK<’ 11wt1 \V,IS SO0 kV, r(Lhlllt,lllg ill :I tinal 
Iollgit.ll(lill;ll tAlliitt;liic.tJ of’ 3 7s r~\‘-S;rc. It. t.llrllS Ollt t Ililt 

t21’r11 iii rf~;:i~I;t~- CI,,I~I~(.III;: \~II(~IY. t.llf- 53 hlHz rt’ dt.agr is 
rc7llic-c~tl 1 ill t III’ 1)1.;1111 Iills t IltJ Oll(~li(~1, t.llr lllilSillllllll I)klCkrt 

Ilvight. ;irl~~(~\‘t~cl 15 it ill 1~11, “+~I’ I.~I;III ~III~ 5E of ii wct.;nrglr 
\vitli I);isr~ c~(111;11 IO tilt, r):( MIlz I)llc-lrc~1 wi(ltIi of lFi.!J iisrc 

;111d ilY(‘il ~Y[ll;ll to IIII~ I)(~;IIII vlrrit taller. III SNAI’ co;~l~~v 

ilig, t111t~ to ilc,lililic~;ll ~l.irs iii t.licb iol.i\t.ioii, tlir I)ri\ili clot5 
11ot rst.c-llcl 1.0 l.llC, Wl;i”S 01 rlrta I)llc.krt As il wslllt , thr 

AE ;~lf.r~, IIICL IOI;II 1~111 1,s l;Ir,q(al. t llelrl t.l~(a AE iI1 t.11(, wi;lllal 

c o.iltwiilg ‘l’,iI~lr~ I (c,lit;liiis tIIf* !).j’% LIE of t.llr I)t~aiil ;\s 
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Figure 3: Fwction of hwm UI~I~IWCI it1 .q(/.ttt Iit, .+ US /on- 
~~iiurlincrl tmiltnrrct: for, Rc!ltrltr~. n~,tl ‘IVI1’A P TV ~~‘lN/ If .Y c I?, !, 

court putd h:q ESME 

calcula.trtl from EShlE at. tl IP Vlltl 01’ ~lilI.il~l1lilSilli; fr)r rt’g- 

ular c0&sc111;: a11t1 at t.lir r11(1 of. t.ilr 53 hlHz rot;it.ioll fi,l 
SNAP coalrscing, COlll~)ill3Yl ill. tliff(‘Wllt Il~illll rrlrit.t,;liiws 
Also S~~OWIL iI1 t.11r SZIIIIP t.al)l(A is t.llts LIE f’or t,llr t~(llli~~;~lt~llt 
rrctangle. As SIIOW~I ill T;II)IP 1, t.llrh I);tral)ll;lsillg iit wg~ll;~~ 

conlescil~g Iratls t,o il Ih\\Yl~’ ill t.11cs l)t’illll t’lllittilll(~t’ 0L’ il 

f;tct,or of’ l.fi, wllilr t.llr rc)t.;itic)ll ill SNAP c.o;lltwilifi Ir;ltl5 

to a I~lowlll) of ;~l)ollt. 2.0 ‘Tiit~ cill)tlkrc- t~1jicic~ilc.y i’or Ibotll 

coalrscili~~ h SCll~lllW VP1’SllS Iollg tsl~rit t;iliccA ;Is c~;llclll;lt(Yl 
l)y EShIE is I’lot.trtl ill Fig. 2 As c~xl~c~rtt~(l t.li<L cAflic,irllc.> 

va.rirs lillrxtly wit.11 lo~rg. t~tttit.t.;ltlcc~. TII~, f’r;tct ioll of’ t.11~ 

I)P;llll CCl])t.llWtl ill tll? t.\\‘O Ilra;il~c5t~ s;ltt.cslitf- I)ll(‘lietS ;Ih ;I 

l’Iubct.ioll of t,llr loirgit~itlilli~l elilit t.cl1lc.r f;)r tIrc> t~v0 (.o~I~I++ 

ill;: scllrlllt~s is plott.rcl ill FIN :i 
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OPERATIONAL EXPEHIEN(:E 

ESME sirrIIII;1t iota I rs;lllt.h \vvw (~OIII~I~IW~ with rxljrri- 
iiirllt I)y Ilsill;: ;I \I;I~II Hill;: cycle with low ilit.ellsit,y (t.0 
avoid rilkit.t.;lilrt~ l)l~~i\~liI) at t riilbitiou) il.ll(l Iisiug ali injec- 
hoii I)II;w Illi.‘;i~lalc II IO \‘;II~ t.llcs Iolkgitllclilial mlit,tiulcr. 
T11r wslllts of’ t111> ~~OIII~~;~~IS(III AI’V I~lot.t.rd ill Fig. 4 a~~tl 

Fief 5. 0 Fro111 t IIW(J iigiirrs \\‘(a s(‘tJ t,llat. t.lir rxpwimril- 

t :I1 (lilt ;I ;kgr(~a ~;III 1~ \\,rll u7it.h t.llcb ESRlE silnulat.ioll I~W- 
~Il(.t~l(~lls ‘l’lir (I:it ,I ;1Is0 slio~r t.ll:lt t.llr cnI)t,ilrr efficieil- 
crlt+ ;i(.lli~5wl \vit II i.(aglil;~r c~clal*+c~illg ;II’P alwltt, 10(X, liigllrr 
tllilll SNAf’ ~~(~illl~~(~ll1~ 1~1~ t.llt- S~IIII~ tatllit,tauw The pd- 
lt~lii wit.11 10;1i1;1r f ,J.il~wiil g is l.h;i t 2 t, Iiiglirr iut~wsit,its t.hr 
lillll(.llt’.Y lw~~olll1’ llll;l;1I,I,‘ Cllll.ill;: t.llr ;~tlialmt.ic &IIIIIIC~I- 

iii;. Ii;lviii;: <IS uc’51ill t Iif‘ I~Io\vti~) of tILtA loibgitlltlinal viliit- 
t iiii(‘v ;III~I tlif* r~\r~si~l Ii;11 cl~~t~~~l.ic~l.;itiol~ of’ t.lica coalescirlg ef- 
licic~ilc.!;. ‘I‘lli< I:, 1 IicI I’i*ilsoll t.lrdt l’fJ~llliI~ coalrsciiig is 11s;rct 

OII!!, liar t IIP ICI\\- Ilrtc,lls;lt>. a111 iljrot.olls whilt~ *SNAP wa- 
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lescing is used for t,lle prot~otls. Dllritlg collitlrr oj)rra.t~ions 
we coalesce 13-15 prot,on Iruncl~es wit,11 t.ypical illt.c9lsitirs 
of 2 x 10” ppb antI emit,t,allces of 0.2%O.Xl rV-sec. The 
capture efficiency varies Idwren 54 !% for 15 I)~mchrs to 
61 ‘%j for 13 bunches wit,11 al,out, 20 % of t,he beam cap- 
tured in t,he t,wo neighboring sat.t,elit,es. Typical ~.oalrsced 
prot,on hunches have int,rnsitirs of 130 - 150 x 10” ppl), 
while a few bunches have heen observed wit.11 165 x 10” 
ppb. These values agree wit,11 ESME predictions which are 
5S% for 15 bunches and 62% for 1R bunches. AnCpro- 
tons have a parabolic bunch int,erlsit,y and rmit.t.ance pro- 
file, i.e the intensity and emittance is larger for thr crut.ral 
bunches. The typical longit.lltlinal ernit.t,ance of t,llr c,rntral 
ant,iprot,on huiiches is 0.23-0.25 rV-src and t,lir coalrsciug 
efficiency is about. 85-88(Z) in agrrrment, wit.11 t.hr ESME 
values of 8!&92%. Tyl)ical coalesced aut,iprotou itlt.rnsit,irs 
are 65 x 10”. 

A new method of coalrscillg callrtl SNAP II;IS IWW SIIC- 

cesfully t,ried in the Frrmilal) Maiu I&g ill ortlrr t,o avoid 
the inst,abilit,y problems ha.pptWilig tlllrillg ;l.cli;~l):lt.iC tle- 
bunching at. higIl int.rllsit.irs. III t,llfJ t’iit.Iirr WP plau t.0 atIt 
a second harmonic cavity (lO(i RIHz) iu or&r t.o linrnrizr 
t,he rotation in the 5~1 MHz huckrt.. This will make SNAP 
coalescing as efficient, ‘a-5 rrg~~lar coalescing. 
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