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ABSTRACT 

A simulation roile that models DIP mutual deflection and ita emission 
of beams) rah lung of two ultr.vn-t.il ivistic ctettKth and positron Inmchi's is 
dosi-ribi'd The simulations arc used in determine transversa beam sizes from 
oliservi-J Watr&trnhhing fluxes. 

1. In t roduct ion 

At tht' interaction point of the SLC electron and positron hunches 
with energies of IGGcV, transverse beam sizes of a few microns and a few 
times 10'" particles per bunch collide head on. The large number of particles 
in a small volume gives rise to large electromagnetic fields of up to 10 T which 
deflect the particles in the oppositely running hunch. The observed centroid 
deflection angles range up to 20Uftrad and can he reconstructed from beam 
position monitor readings in the vicinity of the interaction point (IP). By 
deliberately sweeping one beam across the other with fast air-core magnets 
the deflection angle as a function of the relative distance of the two beams 
is recorded. The convoluted spot sizes E = \fo3(e~)-i- «rs(e+) can then be 
calculated by fitting the well-known beam beam deflection curve for round 
beams to the data (!]. 

As a complementary signal the synchrotron radiation flux from the 
beam-beam deflections, the so-called beamstrahlung, is recorded in two mon­
itors atmut •10 m downstream of the IP. They are situated just after the first 
bending magnet that is used to separate particles and bcatiistrahlung, but 
gi-neraies synchrotron radiation itself. Owing to the large magnetic fields 
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in tdc ti<siiH-fi<Min <t<•((<•(•!i<MIS (fie eriiieal (IKTRJ'"- *tl ilie i»-<mr 11;itilinii; is 
considerably Uifcliev lliaii tbal of the syncbrotixn r-nii.iiHiii I'MHII tin bend­
ing NinKWt. ''"'"" l '" v energy pli"'ons arc discrifirin.it-**! imtn lIn* )ti*>!' '•in*rj*y 
boniiislriitilitiiKpliolons by the tftn-slmW efFerl of (In- rnonihir whith iii -! con­
vert x pilot mis inti) r ^ r ~ pairs find then delrii*- lln* (Vten'.nv lijdit emitted 
by those pairs iu ;i volume i>f ••lliyli-nc JJ,;IS ;I1 low piviMin* 'l\. 

The widths <*f the beams! rahhntK Ilt»*<( <,iirv<*> , lulled versus the rela­
tive distance, of (lie (wo (tenuis is predominant y d< -termined by I In* t ran -verse 
benin si/.es of the electron and positron beams. i*Y*.rn buri/.ontal and v-rtieal 
beatn-benm scans Wr obtain "2 "Ibis versus distant e" ploti (torn the i .14(1*11-
inj; positrons ami '1 from t i" ' mrltnltir*n elect m?is. From llm-i* ploit-. I v.tilths 
can be i-xirarl^l. Assmniu)*, '1 upright pitrtii'li* bo:mts. < -liarnrteri'/eil liy n , 
'itnl (Tj,, the 1 transverse extensions of the beams uniqnrly del ermine tin-
widths of (lu' I beams! rabbin^ scans. Tin* ineltu»I. oii-jin.illy proposed by 
W. Kozanecki (uul ]•). (!evo J:t,'l] uses a simulation code in di'ienniuc tin* 
beams! lahltmft widths for various given l)i';*ni si^'s and then sils tip « labie 
lli'iil maps beam sizes to widths, (live)) m<*i'».*nned width**- the bi'am si/es *aii 
then W iiifcrrnl by ;i mble inversion which is performM in .i \"' -sense. 

2. T h e S imula t ion 

Thesp<'j.'ti'iili'hiii'nt*t(,risti<'Si»f synch mi roii nidi'iiion is inu-,1 ellieienily 
ileseribed by its critical i-ncr^y r,. ~ MryV-V which dcjicmts i.n the liciulinv, 
radius p a radialin)*, particle expeib-iuvs. Thi* local hen'tin;1, i .alius vari*.*** •^ 
a particle traverses the • iixmmiij; l>itn*"li i>f the opposite i-liai-f!-* aiToi-dinx, u> 
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when* tlie entin* triiusversi* df']>cni|fin*' is Inirirrl in I In* iitt<*jjr->lrtl (1*-))«*<'I it>i> 
atigl-r* t-)(x,j!r) wliidi is proportional to tin* tiiiiisvi-isi' elect ric fielil of I In- on 
coining buiicli. t-)(x.,«) is jviven (•xpliciily in Irrms <>f tuinpb-x ••nor binctions 
in H«>f. 5. 

ID order to tU-ternniu' tiie number of gein-iiileii < 'ercitJiui* pltotoi).*; i>i'r 
tiitit time »•«* iwive to i»le|>iiite llic numliev of bemnslrabbutg )»Uoions per 
iniil timi* and unit energy, given by [ti\ 

,l.\ i/ \ 1 o* I / v 

- r - r ( f . f . (p(fH. - -a j / ./•- K,Vr(.«) l-i) 

over enerj^v. wi*ij"liti»d tiy tbe pair prorbiction prolmliiliiy •) —- i + r " in ibe 
con wrier plate and tin* etlicieney of t'onwiiiim a ' " f |i«iir intu a < 'enniknv 
photon. The relation among tlie diflereni spectra and ebieu'iicic.*. is dejneted 
iu Fig. !• 
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Finnic 1: /'In (>,!>>• futxhu'tio)) pit'l'tthilittf. (Vtrtikor photon tpntnition ijji-
rir ni-i/ itnj photon »:ii»inr uprrtnt with critu'nl t tti'tvjrcs of 1/2 (itotiitt$hril).\ 
n/u>/tn/l iiml '2 tutu,* (s<»/r</J tht Crnuknr thnshottl. Tltt rrrtirat bar ut 1 
mark* tlf t 'i n akov thnfhoUi 

I hi* lvsi i l t i i ig 'mti'Rr.tl dcpriuls on l i w tlilFcrtMil miTRies: the crit ical 
i-iii-i py and 1 he t Inv.-ihoM rin'ruy of tin- (Vicnkov monitor. To a good approx­
imation ii c m In* shown [7] that tin- umnbiT of (.Vrmkov photons gn iorn tn l 
pi-r unit time- depends only <w tin- ratio of tin* mcrgiott. The resulting cali-
tn.i luui i t i i vo ivprtwut;) » ti'an*>frr map that ivlato.s tlw local bonding radius 
.is <*\*,»orion<vd hy the radial in £ particle to i!»* nmnlx'V of (Vrenkov photons 
\u'v unit tiiui". 

l'lii- total inimhiT of 1 Vroitkov plmtons gi' i iriati-d in one hi-atn trnver-
•MI i* <i i iru Iiy lli<' iivci.il>!' ovi'i' (li*1 | iail i and tin" transverse distr ibution tv 
of tin- i i i i l ial iii)i parlii'lcs ns given l>y 

V J " ,{.,- J ,{,, i: t.,-. ,,\ J ,lt ~-[p(j\!, .t)) . ('A) 

Al l dependence on tIn* licltl producing distr ibution is buried in p(f,y,t). In 
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order to elimimite mio tiii'neri< »l integration wr express </.Y, ftlHp) in .1 |«)«i-f 
series iiiitl inlcRi-ali- t r im liy term over /. The reinaininj.-, inlrpjiils over .r niiil 
V tlirii Iiaw (o In* done unmeti<;ill> 

hi tin* si inn tnt ion rode |S] this algorithm is used io < ,ilt ulati- the 
(Yrenkov llnsi-s ;is ii Cmx-lion of the transverse dist.tnre of 1 In- two l»e;iins. tit 
the next srrtimis we will discuss how this ran he used an it diagnostic tools 
to infer properties i»f tin* pailii !<• distributions, namely: wlihli of the iwn 
br-hins i* l»)Sfi[*r • 1 ' " ' nei'ds 1 loser attention mid 1»y how inneli iv il Vigger. 

PARAMETERS E-/E+ RUN : 1 
N:2.50 1 50 10-10 co 0.20 
E : 45.99 45 99 GeV h-

SIGZ: 1.00 1.00 MM z 
=>0.10 SIGX:5.00 1.00 MICRONS z 
=>0.10 SIGY : 5.00 1.00 MICRONS 

z 
=>0.10 

TILT ;0 0 DEGREE CQ 
W2 :4.91 9.84 MICRONS DC 

BSMMAX : 0.149 0.161 E-01 RATIO 0.11 < 0 D(ZDEF) - 0 EST KAP SIGMA - 0 53 
D(YDEF) -165.24 EST KAP SIGMA 506 

PATH (microns) 
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r ig lire 2: A lijpnal output fmtn tin ,*mmttttitut roth, In tin uppi > lift tin 
input ilntti an trlnml. In tin ••/)/'••• ripht tin hunn.-ilnihluiri Jhist s arc ,4u>wn 
hi arbitrary units. 77K *<>liii m m i> tin fhts /••."') tin nnlntti>i<i position* on 
tin mirth monitor, tti tin (mnrltfl tii pirt.* tin path mi trlm'fi flu .»<-«« WtJ-
ttikt tt ami tht fau'i r tiijht >hi»r- tin 1 Itiinm iltjln Imn. fit n tin .-olnl rtirri 
ahoif.* tin horizontal tit /itr/no- a ml tin thi.-lintt'intt tin ttrtmiL 
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.'{. S imula t ion R e s u l t s 

Fig. J shows tin* nsiill where a large electron beam will) nT ••• .r> /Jin 
is passed tftvr a small position beam with ffr = 1 |*tn. The ex t renin of 
ihe heamstrablmig llux from I In* small / + beam (solid) coincide with tin 1 

extrema of the delleclion m n v , because then' the local bending radius the 
« ' experience is largest. The deflect ion near the center oft he target c~ bean-
is weaker iiiul causes tin- dip. lor an ideal point liki' i * source bran, tin* dip 
should decrease to zero. 

Ttir radiation from iln- electrons (dot dashed) rcllccts mainly the trans­
verse distribution of the electron beam because only those r~ railiate that 
arc intercepted by I lie fields of I be positron beam which serves as a window 
to view I he radiating elect rons. 

Simulations with varying hiiurh sizes of 3, •!. and 5//m for electrons 
and positrons continued the above observation [S] thai tin tlip i> always 
ustHH'ititftl with tin faiyjcr tut;)ii hatjn si;r. 

AI lirst sight il appears ohvions to associate asymmetric beamstrahhmg 
scans with lilted beams. However, if the scan is centered- tin* beamstrahhing 
scans are still symmetric, because the configuration shortly before the source 
beam enters the target beam is (point ) symmetric to that, shortly after it 
exits. Therefore I lie tluxes ale the same. In order to break ill is symmetry 
and examine the .r - IJ coupling we have to offset the beams with respect 
to each other. Kip;. :J shows the results where tilted heams are scanned with 
3/im oirset. Clearly now asymmetric scans are produced. 

The fact that tilt fit »mi nffsii brums pmiurr anyntmctric bcttmstrahhwi/ 
.-.((IH.S can be useful to diagnose tilted beams. However, only if llie beams are 
known to be of equal size is il possible to determine the lilt, direction of the 
individual beams [$]. 

The widths of the beams!nibbing scans show a weak dependence nn 
the energy and the number of particles per bunch as well as on the bunch 
length or the beams [•!]. The reason for this lies in lhe separation of transverse 
and longitudinal dependence exhibited in Kcp 1 which is largely preserved in 
the response of the frrenkov monitor (7J. 

•I. Spo t Size M e a s u r e m e n t s 

In otiler to follow the program outlined in ihe introduction the simula­
tion code is run to set up a lable that relates the 1 beam sizes frr[e~)tay(c~), 
fTr(( + ) . r r v (c + ) to the 4 produced hcninstrnhhmg widths from horizontal and 
vertical scans emanating from electrons and positrons. The table is organised 
as follows 

^|.-).^(f-).ff,(i + ).<r,tt + ) -»> _ ) .H;(r + ) .»- , ( r - ) .H- , (c + ) . 
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Figure 3: Vertical bfunmtrafilinig st-au.i for tilted (want* offset intb respect to 
rack other. The. beam sires for both beams arc S x 3 / J M . The tilt angle in 
—45, 0 and +-15 degree with irspeel to tin horizontal oris from Ivfl to right 
for the pitsiirnns and top io bottom for electrons. 

Typically those tables contain 3'1 cut lies, because each of the 1 beam sizes 
assumes 3 different- values, eg . l,:i..r>/im. 

The task of finding the beam sizes that produce a measured set of 
beantstrahlung wiilths is accomplished by inverting the tabic. This is done 
in a 3-step process. First, a "weighted table average" is calculated. In this 
pass a weight, depending on the eudidcan distance belwi-en the measured 
widths and the widths in the table is assigned to each (abb- eniry. Then the 
weight is used to average over the sigmas in (he table. This process yield* a 
rough estimate to slarl the second pass, which uses a linear interpolation on 
the table and a \ J — minimization to zoom in on the beam sigmas that min­
imize the \ 3— difference between the measured widths and tlie interpolated 
table widths. In a third stop an error estimate is performed by varying the 
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measured widths by a liuite anion nt itnd observe how much I lie c.ilcuLied 
beam sizes change. 

It is planned to diagnose lieam si/.es using this melluid in tile next 
SLC rim and pursue the investigations undertaken earlier by \V. Kozanei ki 
and K. (leio. 

5 . C o n c l u s i o n 

A stimulation rode tliat odoil.ites the heainstrahlung lluxes as a fnnc-
lion of the le lau .e distance tit' <wt. iiltm-relatn isl ic beams was hiii'llv de­
scribed. I'll*1 simulation results indicate that lite dtp ut tin tniw>*t}iilitntii[ 
scans am It titlriliuttd to u In rip r ttiiyt t Imiiii M.< and t hat astpnmt Inc acuns 
arc prod net (( by till id hrtims that an scutum! with tin t\lfctt. luirthermore, a 
method to determine individual beam sizes from observable bi'anisl rabbin^ 
widths was described. This method is based on construction of a table thai 
relates beam sizes to widths. The "inversion" of this table can then be used 
to relate the widths to the beam sizes which produced them. 
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