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Abstract

The dipole force on the beams caused by the parasitic
collisions (PCs) induces closed orbit distortions in the
interaction region (IR): “typical” bunches (thofs away from
the ion-clearing gap), collide center-on-centewith a small
horizontalcrossingangle; “pacman” bunches(those close to
the gap) not only collide at an angle, but their centersare
displacedas well; andthe orbit separatiorbetweenthe beams
at the PCs is different from nominal. Végaluatetheseeffects
asa function of horizontaltune in first-order approximation.
This analysisyields one set of constraintsthat are absolutely
necessaryalthoughfar from sufficient, for reliable operation.
We concludethat the crossingangle and orbit displacements
are small except for tune values very close to the integer
(above or below), and that fractional ture9.35 are favored.

1 INTRODUCTION

The PEP-II design [1] calls for head-on collisions with
magneticseparationin the horizontal plane. This separation
scheme entails unavoidable PCs narinteractionpoint (IP)
whoseeffectson the beam-beandynamicshave been studied
quite extensively [1,2].

In this articlewe addresghe orbit distortion causedby the
net attractive force between the beaifise main consequences
that might be relevantto the beam-beamdynamicsare an
inducedhorizontal crossingangle, and a changein the orbit
separation at the PCs.tlie beamswere uniformly populated,
the crossing angle would be the same for all bunches.
However, the existenceof an ion-clearing gap complicates
mattersa bit: thosebunchesearthe heador the tail of the
train (dubbed “pacman bunches”) do not experience@$ and
hence their crossing angles aifferent from thosebunchesn
the middle of the train (dubbed “typical”). Pacmanbunches
also collide off-center due to the imbalarafethe net forcesto
the right and tahe left of the IP. Typical bunchesexperience
only a crossing angle without orbit separation at the IP.

2 CALCULATION

The basicheamparameterand optics of the IR are given in
Ref. [1]. There are four parasitic collision poimts either side
of the IP, andthe opticsis symmetricalaboutthe IP in this
region. The PCs are spaced by 63 cm, wischalf the bunch
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spacing. Weassumethat the ion-clearinggapsin both beams
are of the same length, and that beamsare storedin sucha
way that gaps*“collide” with gapsandbeamswith beams.In
other words, we assume that the buatthe headof the train
in one beamcollidesat the IP with the bunchat the head of
the train in the other beam.

The generalexpressiorfor the closedorbit distortion X,
and slopeX (relativeto the nominal orbit) at an observation
point o produced by discrete kicksX, are given, tdirst order

in AX,, by
_ B

X, = Sanm Y BX \ By cos(Ag, - Tv) (1)
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where Ag, is the horizontalphaseadvanceof point k relative
to o andv is the horizontal tune. The phaseadvancesAg,

must be computedby going from o to k in the samesense
around the ring foall k, so that they arealwaysA 0. In our
case,the kicks AX; are producedby the PCs. Each bunch
experiencesour PCs on eitherside of the IP, and thesePCs
are labeled k = —4,...,4, as shown in Fig. 1.
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Fig. 1: Plansketchof the IR showingall four PCs on either
side of the IP. Black bunchesare shown in their actual
position. White bunches shothie positionsof the PCs when
the bunchesmove by half of a bunch spacing (LEB=low-
energy beam, HEB=high-energy beam).

If the horizontal displacememnt and azimuthalcoordinates
(for both beams)point in the directionas sketchedn Fig. 1,
then the kicks fok A 1 are given by
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while thosefor k U —1 are given by AX., =-AX; for each
beam. The kick at the IPAX;, is zeroin first approximation
for all bunches.Herery = 2.815 x 107*® m is the classical
electronradius,the y's arethe usualrelativistic factors, dy is
the orbit separationat the k-th PC, and the N's are the
numbersof particlesper bunch. The subscriptst label the
positronor electronbeam.If the observatiorpoint is the IP,
the relative phase advances are

A _ [RmAvy, k=1,---,4 4
G= %H(V—Av_k), k=-4,-..-1

where the Av's are the usual phase advances.For other

observationpoints (e.g., at a PC location), some of these

phaseadvancesnay haveto be shiftedby 2mv. Whateverthe

observation point is, the phase advadgg is given by

_m, s=o_
B¢ = %nv, s=o, ©)
3 RESULTS

We havecomputedthe orbit distortionsand slopesfor typical
and pacman bunches at the IP and doalt PCs [3]. Herewe
presentonly the salientresults. The PEP-II designcalls for a
train of 1658 bunchesfollowed by an ion-clearing gap of
length equivalentto 88 bunchesSince eachbunch could, in
principle, experiencea collision at the IP plus four PCs on
either side of the IP, there are four pacrbanchesat the head
of the train and four at the tail. We label the head pacman
bunches 1, 2, 3 and 4, where #1 is first one. Padmach#1
of the LEB experiences collisiotks= 0, 1, 2, 3 and 4, whe@
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Fig. 2: Horizontal slopes at an LEB point immediately
upstream of the IP, and full crossiaggleof typical bunches.
The crossingangleis computedassumingthe samefractional
tunes in both beams.

3.2 Results for pacman bunches.

Figure 3showsthe absoluteandrelative displacementsf the
orbits of the 1st pacmanbunchesat the IP. Both bunchesare
typically displacedto the same side of the nominal orbit
because theetimbalanceof the forcesfrom the PCsis such
that the headbunchesof both beamsarepulled in the x<0

direction.By symmetry, the last bunchesat the tails of the
beamsare pushedtowards x > 0 by the sameamountas the
head bunches are pushewvards x < 0. The magnitudeof the
displacement ofthe 1st pacmanbunchfrom its nhominal orbit
isfi 10 um for most valuesof the tune. More interestingly,
the displacemenbf one bunchrelativeto the other, which is

is the main collision at the IP; bunch #2 experiences what mattersfor the beam-beandynamics,is AX < 2 um.

collisionsk = -1, 0, 1, 2, 3 and4, etc. The remaining1650
(typical) bunchesexperienceall nine collisions, namely k =
-4, ..., 4

3.1 Results for typical bunches.

The orbit distortion, Eq. (1), is a periodic function of v with
period 1, so that only the fractional paftthe tune mattersin
this approximation. lfs also easily seenfrom Egs. (1-5) and
the symmetry of the IR optics that the orbit distortian®Cs
to the left of the IP (k = -1, ... , —4) are of the same
magnitudeand oppositesign asthoseto the right of the IP.
Similarly, the orbit distortion of given tail pacmanbunchis
of the same magnitudeand opposite sign as that for the
corresponding head pacman bunch at the same location.

The symmetry of the IR optics implies that typical
bunches haveX, =0 and X; # 0, leadingto a finite crossing
angle, as shown in Fig. 2.

These numbers are smathmparedo the rms bunchwidth of
152 um.
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Fig. 3: Orbit distortions of the head pacman bunchekealtP.
The change in orbit separatidvX is computedassumingthat
the two beams have the same fractional tune.

Figure 4 showsthe absoluteorbit separationbetweenthe
two beams at the IP for all four pacman bunchabaheadof
the train. It is clear that the largest effectds the 1st pacman
bunch(we recall that typical buncheshave zero separationat
the IP).
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Fig. 4: Beam orbit separationat the IP for all four head

pacman bunches.

4 CONCLUSIONS

Unless the tunés very closeto an integervalue (from below
or from above),we concludethat the closedorbit distortion
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from the PCsis so small for nominal PEP-II parameterghat
it is expectedto have a negligible effect on the dynamics
[4,5,6]. The first and last pacmanbunches experiencethe
largest orbit separation at the IP. Typibainchesexperiencea
larger shift in orbit separation at the PCs, addrgercrossing
angleat the IP, than pacmanbunches[3]. More specifically,
our results can be summarized as follows:

4.1 Crossing angle.

For fractional horizontal tunes in the range Oil5 i 0.85,
typical bunchesollide with a horizontalcrossingangle|¢| i

0.1 mrad, assumingthe same fractional tune for the two
beams.The 1st pacmanbunchescollide at a smaller angle,
| A 0.05 mrad, and the other pacmanbunchescollide at
anglesin between0.05 mrad and 0.1 mrad. It is always
possibleto cancelthe crossingangleprovided that one beam
hasfractionaltune> 0.35 andthe other< 0.35. In any case,
the crossingangleis much smaller than the ratio o,/o. =
15.6x 1073 and therefore this crossing angle effeaipected
to be negligible [5].

4.2 Orbit separation.

Pacmarbunchescollide off-centerat the IP. The 1st pacman
bunches at the head of ttrains (andthe last pacmanbunches
at the tail), have the largestbit displacements-or fractional
tunesin therange0.15/ v A 0.85, the bunch centersare
displaced from the nominal orbit B¢ i 10um, which is f
7% of the rms beam size, g, = 152 um. Multiparticle
simulationsfor displacedbeams[6] suggestthat a separation
of this magnitudeshould have a negligible effect on the
luminosity performanceEvenbetter, if the two beamshave
the same,or comparablefractionaltunes,the bunchesn the
two beamsaredisplacedto the same side of the IP, so that
their centersare displacedfrom eachotherby an evensmaller
amount,|AX| < 2 um, which is negligiblelf the beamshave
substantially different fractional tunes, however, the bunch
separation can be significant.

The beamseparation®f all bunchegtypical and pacman)
at all PCs are modified from the nominal valuas.any given
PC the fractional changein orbit separationAd/d, is largest
for a typical bunchandsmallestfor the head pacmanbunch.
For any given bunch,the effectis largestat the 1st PC and
smallestat the 4th PC. The changeAd/d can be positive or
negative: if the beamisave comparabldractionaltunesin the
range 0.15i vii 0.85, the magnitude of the effefpd/d|, is
at most 1.5%, which is negligible.

4.1 Tune values.

A positive value of Ad/d indicates larger-than-nominal
separationwhich is favorablefrom the perspectiveof beam-
beam dynamics. For all bunches, dadall PCs, Ad/d is > 0

for v + 0.4 andthus this is the favored range of tunes
(assumingequal fractional tunes for the two beams). The

crossing angle vanishes for = 0.35, but it is not large for

any reasonable value of the tune. Thus the dynafaessthe

range of fractional tunes 0.35.
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