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1 Abstract 

In the rxperilnrnts pwsrntrd hrrc thr tune shift grncrated b! 

thr brarw bcarn rKc>ct was mrasurfd as Irlnclion ol a vrrtical wp 

aration brtww~~ thr positron and rlwtron bunches in I,EP. ‘l‘hr 

rxprrilnrnts wcw performed at thr injrrtion rrirrgy of 1,131’ (20 
GrL’). ‘I hr rrsnlts arp r-ornpared with ralrnlations ol the tllnr 

shirt fc)r srparatrd nowround beams. In thr prrwnt T,T,P ~prra- 

tion the tunr shift due to thr bcarn-brarn rorr-c for rrllly srparatrd 

branrs is nrgligablr. I his will rharrgc- with a luminosity upgradr 

of l,lCI’ whirh will br achir\rcd by both incrrasing thr intensity 

per bunch and the. numbrr OI bun<-hrs. I’ntlrr thrw conditions 

thr total (unc, shirt, coming rrom the intrrartion points whrrr 

the brarns arc srparatcd, will beco~nc important and this stud? 

could hrlp lo bet lrr undrrstand the limitations due to brani- 

hrarn errwts. 

2 Introduction 

Onr of thr most important paramrters limiting thr bunch interI- 

silirs, and hrnrr the Iuminosity in rlertron-positron c,olliders is 

lhr brain twani inlcra~ tion.‘l hc cr)tlirling rlrctron and posilron 
bunchrs nc-1 on ~~01 olhrr as non tincar trnsrs.‘l‘hr strrngth of 

sue h a nonlinear lrns ~l(~p~*nds on ttlc* in(rnsily 4 ih~- I~c;~ws. 

‘1 ]I(* 1wa111 brnrn irl(vrac.liorl irltrocjuws n tune shift which is d<,~ 

prnding on the, t)rtatrr,n 0c~ illalion arnplil udc d lhr indif.irl- 

uat partic.lc.s. I his rcs11115 in a tunr sprr~acl 15 hich might. rY:rwrl 

tlangcrolls rfw3nnn(Ts. bli)rrilvrr, tlllr lo thr n~~nlinrar-ily Or the- 

bfan-beam inlrrac-lion higher ordrr rrwnanc‘rs arr rrralrd. ‘l‘h(* 

rrmst-~u~nc-~ (IF thw, tw &c-(:ts is a transvcrw blow up of the 
bfams iI tl~c* hrarri intrnsity and (hrrrf(~rr thr tnnr sprrad arc 

ntw~r- a wrtain rrilicnl valor. ‘I’ll? rrr1il la,,, r blo\c I,(> can Irad 

I0 a wdlt<rd IiCc>timr. 

I IIC sl 1wnglt1 of l hr hr~;rlrl IJV;I~II irllrracl 1 ‘1111 is ni511;\117 cxt~~ms~~~l 

a~ a rrlrlr 1 itrn d 111~ $0 ( alkd tinc.nr 1 II~~I’ shill, i.r. t tic. ( IITIC’ dlirt 
rlur (0 thr bran-twaw L,rc.r on a par tic-I(, with 7pro brtalrc)ri 

osrillati~~n alupli( udc. ‘I his [unc dlirt d~pf-nds on thr intrnsil) 

and thr transvrrsr dimcnslons (the rlrnsity) of the othrr beam 

and it invcrscly proportional to the rnrrgy. At I,Kl WC’ obrrr!,r, 

that thr beam-bcarn limit at 16 (:I’\’ is substatially highrr as at 

20 (;cV, which is probably rrlatrd 10 thr dircrrnt values for thf 

damping tier-I-rmrnl. 

Onr way of rrrlucing thr bearwbeam interaction is the srpara- 

tion d thr brams in chc% unwanted collision poinls. In l,El’ it 

is possitrlr (.o scparat,r thr beams ‘1 t torat bumps using rlrctro- 

stat ir tfrflrctors arclllrld thr right collision points [I]. Scparaling 

the brams in (hr vrrtical plane rrducrs thr linrar Iunc shirt in 

both planrs so that higher beam currrn(s r-an br acc~umulated. 

Ilonc\‘rr it is not clrar that the bran-bran1 limit will still bt 

thr same as in thr unwparatrd CRSC. I;or hrnd-on collisions 011ly 

~vrn highrr ortlrr rrsonanc~es arr crcatrd whrrras in thr scpa- 

rated crowing~ &cl odd wsonancrs come up. 

In this paper wr rrport on somr rxperimcnfs that wcrc donr 

aL IALl’ in ordrr to study the bean-beam interaction as a rrlrrr- 
tion d vrrtical srpnratii)n. Wr first measured thr linrar tunr 

shirt as a l’unction ol srparation in both thr stronK-wrak and 

strong-strong regime and comparrd this data with thcorrtical 

calculation for non round Gaussian bcarns. Wr also measurrd 

thr brarn blow up and the intensity l&times in order to lind Ihe 

bcarn-bran, limit whrn the srparation is redurrd. 

3 Experimental procedure 

‘I hrw c.upc-rirticwls on thr bran-btwu Lunc shift wrrc. I)(-rforlrlrrl 

at 20 (:c\’ with only nut- clcrtron bunch rolliding with onp 

posi( ran bunrh in Iwo ICI~ brta insrrtionn. ‘l’hr vrrtiral srpa- 

ration in both points can bc varied in a rang? Irctm 0 to I .R mm 

which c.orrrsponds roughly tc> a srparntion d 20 t imc.5 the- bram 

SlZC. In ordrr to measure thr linear tune shift two approac.hcs 

wrrc arloptrd. ‘I hr most accurate mrthod is I.0 IncaRurf thr 

tunr shift in thr strong-weak regime. The intensity of thr weak 

bran1 is low in order to avoid any influrncc on thr strong bram. 

In this rasc thr tune of the weak beam is identical to the siw 

glr particlc tune. The tunr was mrasurcd by rxriting on bunch 

with white noiw and mrasuring its rreqwncy rrsponsc. hnothrr 
way to mrasurr thr tune shirt is with two bun~hcs <)I thr same 

high intrnsity. ‘l’hr tune mraSllrrrnrnt in this rrgimr rrvails 

tjvrb peaks in thr Irrrltlcr,cy sprrtruln cc>ming from Iwo c-~~hr*rcnt 

bran-t)ram rno~lrn, thr ~‘3 rallrcl T and (r muscles. I hr dilTrr- 

rnrr hc.1 WWTI thrw two rnod~s 6C.J is prop”rtir>nal tc> thr linear 

bf~au-bram t unr shirt. : 

htj=tr r( 

I)illrrrnt ~~lurs Tc,r (2 arc’ q”,jtrd in thr litrralurr ranging Tram 

I Ill I.31 ((21, [xl, [,I] alId [s]). ‘II urw difrwrnl 8nraSurrmrnts 

iV,‘T<’ donr. In thr fir,qt c-xt)crirrlrlrl lhr intt,nsi(y d ltlr slrotrg 

t)unc h was (.IIow~ Ir,w rnrll,gh (pwitr~~n~ 25 /IA) 50 Ihat fhr wc*ak 

t111nc h (A I roll% 12 /‘A) (ould snrvivr will\ 7rrn PC.~~~;LI bn. ‘I hc 

working point was .37 Qll and .27 QV. ‘l’hr hrnltl sizr al th(, 

in11’rac(ion point d I hr strong bunrh wit9 0.57 lnln h~~riaontall~ 

and 1).09X mm vrrtirally (1 m ). 

III the, SWORD rxprrifnc~nt the, currrnt d thr slrong bun<-h was 

280 p,l and 4 (he wak ow <In /1,1. ‘l‘hr bram size rll thr nl.rong 

I)unt-h at thr intrrartinn point was O.WIl mm in thr vrrticnl 

plant and O.RA mm in thr horizontal planr. ‘l’hr srparation 

bctwrcn the brams was reduced until the wrak braIn was lost. 

Both horizontal and vrrtical hrnrn size of thr wrak bram was 

fnfa3urrd usin a wire sc‘annrr. 

‘I‘hr third cxprrinlc-nt was doer wir.h rqually 91rong I~c*an~s d 
280 /I,& rach. ‘I’hr wparatinn was rrtluccd +lnt,il rlnc or thr two 

hrams was IOSI. 

4 Results 

‘Ihr mrasurrd vcrtic.al and horizontal tune shifts Irwn the first 

rxpcrimcnt arc plotted in Kg.1. The tune mra9urcmrnt,s l’or the 

srt-ond and that third rxprrimrnt arc ploltrd in l‘ig.2. 
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IIIVII~S .wc know that for head-on rwllisiorls al t11v saner workiltg 

point a 1\111c shift or O.OR can Ic avhir\,cri irl~lir-atirlg lhnl Ihr 

brafwbrani liuiil is lower for I~callln whir,ll nrr srparntrd by a 

small R111011111. 

A forlh rxpcrilrwtll was clorlc wilh l,l<I’ o[~cr;llirlp, nl a hrillfl 

crlc~rgy d 4~ ccv. lr th hRIIIR ;,,,. ~c~llnr;~~ld, th ayIIlrllrtry is 
l,r~~kcli arid nrlcliti~~unl rcw)naurcs 0 I orltl or:lvr ilfv (3x< irc.11. I1 

(01rtrs lllrrrlorc- 1101 as a Rurpriw, lhitt in 111~ C~RC d w~;II;I~~ 
ICWU~ ~IIC IJIw-II,, I)y th- LCYIIII-~K;~III drrd is 3tr011g~~ tl~ilu 

wilhuul any scparatiori. ‘l‘hr lumirwai1y nu(l t11r vrrlic~al hall1 

.si7c was rccor(lc(I during a scan wrrc 111~ wparati<)rt I~c,twrru lhr 

lrvr) bcalrlr wit9 changml al all irlleracticbrl poiuls Iwlwrc-rl -15 [if88 
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1,‘ig.S: Vcrtlcnl r~r~~ltat~rc d Lhc rlcclrc~ll and positrorl Ijrarrl a3 

FL rlllrrhll d ihr tmm wparalion at ~15 (:cV. ‘I hc rc*lalivr lrllrli 

nosily, 1ncas111r~l iit irllrraclion rrgion 4 is plottccl as wrll. 

0. I2 ~til/l~r~d~ for lb rlrclrons ad 0. If III~\/~IIIII~ II for lhr 

positrolls. I;or zero srparaliorl tllc crttiltnnc.rs d l.hr two bralrl3 
wcrr nlrrady slightly dilrcrrrlt. LVilh stnall wparalir~rl 111~ cTtrli(- 

l;rnr~c ol llir n rakrr IJCXIII ill(.rcas(.(I sigllilic null l,v, b hrrr;l< I II< 

rtrliltnnw of thr stror,gvr IE~III rrl~~aif~f~l c 1~115tai11. l“or 1nrge.r 

V~UCS d tlir srpar-;~ti~lrl ih(- blr,jv up IIW~PWYI ;~gair+. 
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1;ig.G: lutvrI5iliw d thr* elrclroli nncl posilroll IJIIII~ II during a 

srparatmn sc’au. 

Arlolhcr iltlrrcsliup, ob5crvalictll was dorlc- al irljrt-liorl ruvr Ry 

(20 GrV) : Usually tllr wrakcr IW~III iq I,l<~wr~ up x11(1 lo5t lirqt. 

That this is no1 always true Tar l,Iq:l’ call 1~0 swn in 1;ig.G : thv 

bfalrl wilh lhc higllcr inlcnsily disappcara first. ‘I‘llis is tlur I<) 

a parlicularily in the IW systvm d I,ICI w hit h i.4 mod II lalwl 

ill arrlI)lilude. Ir lhr phase d this rwdul;~t~~d wnw is rwl r-x- 

wtly optillaised, thr 9yrlchrolrou tuur 4 lltc rlv~~tron is slightI! 

clilrrrrut rrom thr syrlchrotrou luuc 0T IIw pcv3ilrorls. AR a rorl 

sccturucr tllc aynchro~t,etatron rcw~uanrc-3 art* f<)uurl al sliglltlj 

dilrcrcut places in lhc lurre diagram Ior posilrorls aid rlrclr4~rlr. 

Siucc the lw4ses nt 20 <:eV arc lrlnirlly tlur to clyncliro~l,c.l;ltrrlrl 

rrsonancrs lhis dilrcveuw iu RYIIC hrolroll tuue can cxplnin why 

111~ slightly stronger beam beromrs unstablr first. 

5 Conclusions 

‘l’hc- IIIII~ 3hilt dul. to th- beam beam drd ihat ~33 I~ICRSIII 4 i0 
thr strong-weak rvgilllr rorrcspoutl!, vpry well to the thwrct it al 

cnlr.ulatiltn. ‘l‘l~v tuur 9plil ill lhr stroug~3lrrrng raw scvrIIs 1~1 11c 

5)slr~lrlalic~nlly Ilig1Ivr 111;~ llif- liuvar Luur Fillif1 rol alI I idu~ Id 
IIW rc’p’“l.irw Il,~l\V~Tll 11IV l\v*l L>f’W119. III the 1a9r 4 wp;\ratr-<l 

IW;WIS 111~ IIIWII IW~III lirllit R(~TIZ 10 t)r IOWA thnu f4br hf-wl 

<>,I , I~lliSiOflR. ‘I ) .. I#F~ wilq olw-r~~f*~l ill Lhr c,xpvrirnc*rrt3 al. 20 (:v\ 

al111 was r~rulirmrvl with nrtotltrr ~xprrilrlcfll at I(; (:cV, whrrr 
th: nlrits~lr~~~l hlo\v up invrcawsl 9ig~~ilhutly itltrr ill( rcduc itlg a 

squall wparalion. 

I”or 111~~ Tuturc% opcratiou Or 1,111’ it i4 rxpwtwl try f.ollifl(~ 

bunrl1~9 will1 llighrr iulrnsiliv3 as wrll a.4 to r,lrl with mow 111~11 

hr I~unc-11~s prr brnill. ‘l‘hr wparation8 rlc-hc>fttr will llnr-c. 10 l~r 

upgraded aad 111~ rxprri~n~111~ rr-portrd hrrr will Iw ilrildII~ rltr 
tllr clc3igu Cd 111~ luturr ~~p~~tati~~f~ $I hrmr9. 
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