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A Simulation Study for the Beam-Beam Tnteraction of Protons 

with a Flat Electron Beam in HERA 

2 Simulation Procedure 

R. Rrinkmann 
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Abstract 

Tllr t~srllfs of A ljarticlr tracking sillily l’01, IIL<~ III~CI.RV~~OII <If 

l)rcfton< with a flat (F./F, 0.114 I i‘ll~l~tnrtl IciiI, 11, fIERA :1rv 

pl-twwtrrl. Tlw siluulatjon t 13 km t ~HIILVCV+* IU*:IIU ivpn~ atirln. lirl 

(‘if, rsnil>liIL~, arlil ri~~~~l~i~~l t1111c llkocllliiltioil Irkto iIr4.cnult R 8, 

+I~ILW ill R rr-girbn frw q,t” I~~oII;~*L~~ III, to 1Ott~ ~~rilcr R iiK:llific iltlt 
growth <If proton r‘luit t:~ncq~ aftrar tracking IVY- up to wvvr;~l 10” 

+II~II\ ii I!IK+Iv~~~I. S~IIIW ill~pliratic~t~~ for the IIERA irltwac tiotl 
~~nral~r~~tr~t‘i an<1 llltllillreity arc* iliwllswd. 

1 I.ntrorluction 

III 1~1111l~ Ul rrllll ~ill~lll?. II f s./liu 1)~8l;~riz;lti~~ti ill the* <,lrvt 1011 rills: of 

11,‘~ IIER .A “.,I ~~,,lll,lr~r, (pr-c~wnily lllllh ~Ymit rrLCti(m at DES>-). 

I! Ir;l,. llr~7 ~)~bil~tr~81 oil/ Ihat tilt. t~lt,r.ll~rl~ I~~-nlu vrnittau<c~ I:il~ to 
1st kqlt a. .n~all as p,~s~ 1 t ‘1 I I for it Ibig ~lqrw of p(hi7iftiou 1.1.21 

Alt Iti ,II~,II thr, Ilwcltilui~llls rrsl~~niiljlr. fur the* c~nrr~liltiilr! Il~~twzc~vIl 

Izr11:‘ ~-v~iii.al vmit tnnrr* it1111 ,tllitll d’yp” of pllari;miil~rr ill,’ ll(Jl 

71.1 rtiliiv tl~,irr irl~rl Ill? l>ohsil,ility of llaviu: 111~111 a “Llrllll~l” ll1.:1111 

anal tublari;~atiolt is still tliscusscc I ‘2,31, on< may have to Fau tlil% 
sitll;tticnl whvrr the protrnhs wml~l colli~lr with a wry fl;l t fjl*v t r IbII 
~IPZIILI t ~w Tnl>lr, I 1, Acr~udi~~g tr, exlwril,lrcr ma& at (‘1’J1 U 1.1,:J 

ilk ‘<r:Cl, il <‘iliP (If I,,~tl,ilt(.llf”l lmms, tllr lnrgrr OT1C’ (‘ii,, lil, lI11~WlL 

II*’ 111 111~11 ottlcr ticbi~ lio~xr wvr~l:~~ivr~ (I~ivrn ljy tllr- s~~~~m q,ll;ll 1:” 

f(vrv of t,hr opposing smnllrr 0nr. In orrlrr tr, grxt at1 itlcn. rlf how 

swm~- thrsr rffrrts might lw in HERA: a silrullatl,m strltly fen 

the “flat twnm” sittmticm was d~)ur. Thv sirnt~lntim~ procrtl~~r~ 
ih rl+crilwrl isi t IL<. fitll. ,’ ‘IRlllfi ‘4l:lpt~~lr A1’tI-r t11iit tllr rr:<illts <arc 

tw’wut.vrl a1141 fillrllly SOIILV illltllil.;\t isrl\. 61r lTJ?R A nrr rlisrlww~l 

prot ens r~lwt ro,, 
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Tal~l~ 1: HERA intrmrcti~m parat~lv’tvrs wit11 :L flat (z../c.? *I “ZY) 

~,l~~~tl~rbt~ IwRI~~. A Pt~d~~t~ 12tkitt ititlc(’ <If 30 of 1t1171 . 1117arl itlr)r- 

llLilli/P4l, 3 n) i\nt1 E, 31) c:+v, I?,, 831 Gr\- ic ac41:m~rl. 

The simulation is perfumed by tracking an ensentble of 10” pro- 

tons with initial Gaussian distribution (n’s as in Table 1) wcr 

up to 3 s lo6 turns (about 1 min of real time in HER,%) n11tl 

recording the time ewlution of emittance and lunhosity. In this 

veak-strong approximation, a time-intleDelldent Gaussian distri- 

bution is assumed for the electron beam and the three interaction 

points of HERA are concentrated in one (with triple beam-beam 

strength, A Q 2 0.004). The ring is represented by a single (lin- 

par) 4 x 4 transfer matrix with off-diagonal elemmts reslllting 

from a skmv quadrupole componmt which sinmlatm a coupling 

rpamancr of width lS:(Qz -- Q;) = 2.5 r1V3. 

I’;,..., -= ?T &.I:., I?) 

The iu!erarti~ln ~ril11 111e CI~CII.I~ IPV;IIII is ~ill~~~l;tt~~~l l)y givill$ 
~a1.11 particle kick: 6.r’, 6:’ :r-hith nw ~al~~:li~lrd lising t tir m*m 

plrx cm-or fnnrtinu rrpwsrlhtntir~n of tllr spare i.!larp fivw for ii 

Figurt, 1: Dia.gram of sum rcsonnncrs i~i, to llt,h order. Trackhe, 

simnhtious harr lwru tlonp f<vr t,hr thrrcs ~UIWS drnlltrtl 1)~ A, B. 

c. 
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C;allssi;ill Iwillll [G 111 0rtlr1 to nm>itl lcicrk “JB tal~lr\ and proI)- 

ly111s ,jf ~lr)*l troiitinr;r,,l5 tlr,livnlivl%s c~f illtcr~~c,latic,ti i”‘c”‘Pc Ili‘b-5. I 

Ill? co~lil~lt~x juror ftlllctlc,Ii ii ;~ll~~L.o~illlilil’~l I)!- vJrlllrlltitrJ; ftllir- 

lion, (wc 7j for (1(-t nils 1. 

Spm-ial iittr,ritic~ll 1\ paiii 11) tllv illtportancr of an rxtmxal 

I~Io~.~I~I~I~~~~H rlf I~:~~;IIIL~~!~~Is. xrlliril occtu5 ill R n-al tunchinr dllc- to 

I.R~~OIIC kin,ls of ‘~ILOISC“. A r;~~~rion~ ilrlfl IIf tllc rum-s is siluldntctl 

I,\, ,~llnli~:ll~ t1,<, q I.RlllVi fn,lll tllrll tl> il11.Il iiir.11 tl!;it 

0 LFSi - CY’Z 
A L”I!IN~I?,~~ 

(i’( tllrll$ I) ~~ Q” * A q (31 

with 

A4: ; 5*10’., A(2, 0 (4) 

ar1tt 

A.(zi2i(J, ,-z A@ 
J / 

CT]’ - 
i i 

(5) 
I, ,. 

W~~CTC thf- c~lr~~,liit~~~~l 1~11etli of thr rim~l01~ t unca ~~i~~~lrilation ia 

se! to Tl, lo4 (SW rc>f. 17’). Such n rilnd~~n~ nli~rl~llittiori of tllr Cl- 

‘I.~~IIIP’ tnril’; 0llt to I,(, ILIIICII I~LOTP ila~~gr~riw tlban R n~odul~tiotl 

with it sinqlt~ frrqurncy (e.g. t J:v synrlirr0 rc m frrq~~a~cy. if t Ilr, 

rhrtmlatirity 1s ;I,,! pvfwtl~- c,,lnl”~“‘“tc,(t). wt. lwlow Tllr, (Irift 

IBf t t,v t\u1w Qz anti Q; is asswnrtl to IlC illdrpdent anti ihe 

AIntrix 111, is rvalculatrrl after cvch tnrn. 

Alic,thrr ~~xt~~~ml I:ioddation v;Jiich ii spwific. frbr n tw> rinfz 

rr~liirlcr hai hwn tnkcll i~;td) acwtnlt. Dur to grrlrmd nmtion (nnd 

pl>“llJly &I%> rlll- to r.,rrrt-rtil)ri power 9111)j)ly drifts), tllr Cloh?(i 

orbits iI1 the 6-l-Ctroll alid the pr~)tcm ring will vary witli tlmc 

511~11 tllat ii till,,, clqbvnd~7it trnll<vwv- 1wa111 \r-paratislil at tile 

intrrirrtion p<>ilits rchtdis. This r+fcr: i\ biluiilatcct I)!- cllangiIiF, 

tllr trankvr-rv* lwaiu ir-paratis,li ii fttq <,nrl~ turn \:<1*la riata of nn 
orl)lt ulotiou II.,~;I,~I~‘(‘~II~‘I;~ that was takrn in tllc HERA rlcc 

tron rilr# 11111.11~): ilhc lhht Ci,rnllli’i(,:lilll 1’11n 8, Tlus trnnsrrrw 

wparitticbii (tvl):cally it f(,\r triitli of TT, i ] tl<-s~rcl~s tllc zyuluctr> 

of ill? Si’““” cliiirg~~ t,rv SW’*, II)- tllr, protons and If~arls to thr 

arl~litiin~al ~~scii;~*l<m rlf ~lcltl r)rtlrI rrionr?ncrs. 

Figurr 2: Tiler- tlryc~~~lr~~~r elf nrwag:r llrcj:~111 culittanrr alltl 111 

minosity owr IO” turns for tl111r7 r\. Al~imt 90 ‘,‘b rtf tile mnittancc 

gnmtlr ocmlri ill tlirx wrtlcal lliallc, 

25: 

3 Results 

Tllr, Gluldatlon was ricmc. for 1111~r-f- cll!fc~r>l~t tlllir5 in the rc~g:rm 

lwtwwll ttlr 31~1 ;111<1 tllr, 8th onlv; TK~o*~R*~c~~ ~vliich i5 tlrw of all 

iI,,, r,‘i~l,lR,,(‘<‘LI <If “I’ t o ortlr,r 10 (Fig. 1). Thr rcs~~lts for tllc* 

cwutt;i~lcc~ proxt11 r;itr ant1 tllr lunlinoiity lifvtiar arr SuumliL- 

rind ir; Tai~le 2. JIM cast’ of tunr A (owrlapping 11th and 14t,l~ 

ordm TPSOII~~II~~~~ / a rap]cl difhsivr grr,wtli of the prut<ni l~mul 

rmittnliw 1s ol)smwd (Fig. Z), and aftrr 111” tllrnq tllr prtirlr~ 

ciiqtril)\iticni ill tlic wrtirnl plnnr ha? ilrwicIp~tl taili. ill<ticntitlg 

a strc,*ix ~lq~+~~i~if~xicc of enit tancr ~rc~wth rnt<, on partirlts Rnl 

i’lit Iiqlri ( Fig 3 Tllrrrfotr t hr dwrraz~ in Illiliiuosiiy is mnch 

~lowc-r tlian the inrrvtsr of ;rvrrngrb partlclt, rluittance (Fig. 2). 

Rq~lta~ k;ll,ly. tlr:, mlittance diffusicu ccmiplrtt~lp tlisappcars if thP 

111nc inorllllati4lu i5 switchrd off and It gcws ricwn l)y RholIt an 

or~lcr of niaRnituilr if th random uxldutati*~n is rcplad J?y a 

II~~II:OIU. mrxllllati~rn wit11 tllP syncl~rotron frqumrp (WC Ta- 

hit- 2). 

For tllllt‘\ II and C’. tlica c7nittmcc growth ratc%s nrr much 

smal:cr hut still statistically significant after tracking ovt-r 3 Y 10’ 

tllrrl\ t T;ll)Jr 7 j. For tllnr C, h~ww~r, the mtinmtr(l 1ulninosit.v 

lifctilnr is rathu nnccrtain dur to thr Iwo* stntistir5. As in thr 

-0.50 3. 0 SO 

Figuw 3: IlGt:rd (upper) and final tl~mcr, aftrr IO” trims) particlr 

distrillutiori ill tll~ vrrtird plarie. 
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4 Discussion 

c,c~llslant. scy,watic~li, IJwrtkoJJic- 

tiltic Jilr~clril:Jtic,rJ n-it11 
(2. 10 "% ;IlJJ])iit.lld~' r, 1 1(1-' 

II0 (11111’ Ill(l~~ll~iltiOIl 

Tal)lr 2: SIIIIII1IiLI.J’ r,f hiiuilliitifni rf’hlllt5 

AT tlLr ~iIllillRtiill: rf~F!llti irbtiif-atr. t!lv lilfliinohitv Ilfc,tiIrlr irl 

HER .I <RI: I>+- \r~~.~rc~lv lirllitr~~l IIV tllrs IJCRIII l~ra111 II~IP~~~S.~ICIII 
u:itll Ilnniatrlli~cl rlrrtrou an*1 proti~n t,e;lItl ii7f.h. Altholl~ti 301116’ 
nf thr Illi~d~l aswlrlptinnc :brr~ r;itllt-r cnlilr (P.R. the prcclni.ctl<. 
ap])rcpxiltiatir>ll rbf a .;irlElr. ilitrr.ar-ti,lrl I)l,illt with tri])lr A (2). rblil‘ 

mnv rxprc-~c qIrrnr ~I,,III,AG ryhcfhrr a wwkinr ]mint wittl cllftirtcllt 

FVlti!li l~(.RIll lifvflrtir, t l(l Il,nlrs~ can lw focllLri rlllii~r tl1r-w cir 

c-llm\t;tl~c-r~<. If ii f III II. \ wit Illat the wrtival e,li,rtr,,rl vIr11tt illl(-f~ 

rnnn,,t Lr illrrra.f‘ii \vltlli>llt rvdllcirll: tllr. elr’grrr c)f ]li~lilrii:ltl~i:l. 
clr~crr~nsii~C tllr, .crrt~c;~l ,j’ frbr tllv pr<)t,ms at 1111~ illtrIai.tiilli Itstilit 
~r-c,lllil ]‘ddl~ 116, t11t. ,l,<l\.t cfffTti~,~r~ \ca\- rbi rt-rlrli-ilhE tllr. J)r,r 

to11 PllllttaIlrr’ grlvxtll ratr ‘kry”llc tl1v llmllIl.liit\. Crrti~tnllt, tllr 

clt? I, 0,; tw;311, ~IlI-rlmt rlllllil II<, wd7lrr~l ~~ICII that ;~]~I”.~~xilll;lt~,I\- 

A 0: .iY’ ?. ;111<1 tl1e 11w111 ci7r Illlm;Ltcli WldCl I>? rrrillr?+l 

at tl1+- MII~(’ tiltlc). Fro111 tllr point of vi<,xv elf chromaticity this 

SIIII~IICI ncit IN- a pr11I11rm. lt11t tlir- rfzlativc-ly small xpcrturc in tll? 

I<,\1 i ,p:l~lrli],,‘l~~~ <~lllll~t t~viwi it ILIC~* CC*Y~‘TP lilrlitnticm iin- 

~t.r~x\r(l tr;tr.kpr<lllll<l irl tllr~ r*.y~)crirxlrltt~ <111r to particlr 105~s at 

t Ii* i3ltr.rt urr lirlut 3!i. Eulwriuli-r, xrill hlls~n WI14 IlW t hr. pmtcm 
rf,lliul:ttr8r 5y,7tc‘n1 ~ 10~ r:i11 l~f, r~tfi-ctivc rlrol~gh to 5npprc’s. tllc, 
t,;Ar-kKrc,,lll,l 11, :t~iriiti,ni. R ~~~r~l]~~,~~~;~ti~~~~ <PC t11r tilliC’-fll,])i’ll,lr.llt 

tr:\llkv+,rw 11r1111 w]bar;ltirlrl tvit!~ al, r,l.llit f<vvll,ark syr-tf,m I.~IIIICI 

he,Jp to incwaw t,hr sparr itra~l;rl~l~~ I*! ill<- t 1111v tliagranl fir il 

“grKr<l” w<rklnq p<,itlt 1)~ sn,n],rr~+c,t~!: tlL<, ~1~1 or(lcxr nw~nanw~ 
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