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BEAM-SIZE EFFECT AND PARTICLE LOSSES AT COLLIDERS?

G.L. Kotkin and V.G. Serbo, Novosibirsk State Universit30890 Novosibirsk, Russia

impact parameters may be much larger than the transverse
sizes of the colliding bunches. It means that the standard
cross section of this process has to be substantially modi-
fied. Such a beam-size effect has been discovered in BINP
(Novosibirsk) about twenty five years ago. In this report we
give simple qualitative description of this effect and prets

two novel topics. First, we discuss how to take into accou%ing ep—beams [9], [10]¢+ e — pair production ine*e

guantitatively the particle correlations in the beams. -Se%mdw collisions [8]. The corresponding corrections to the

ond, we present our calculations related to bremsstrahluggynqard formulas are now included in programs for simu-
at B-factories KEKB and PEP-II. We find out that beamaion of events at linear colliders. The influence of MD-

size effect reduces beam losses by about 20%.
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pact parameters give a substantial contribution to the stan N
dard cross section of the"e™ — ete™ process. These .
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Figure 1: Block diagram of radiation by the electron

effect on polarization was considered in Ref. [11]. In 1995
the MD-effect was experimentally observed at the electron-
INTRODUCTION proton collider HERA [12] at the level predicted in [10].

i i The possibility to create high-energy colliding" .~

The so called beam-size or MD-effect is a phenompe g is now wildly discussed. For several processes at

enon discovered in experiments at the MD-1 detector of],q, colliders a new type of beam-size effect will take place
the VEPP-4 collider, Novosibirsk (1981). It was ob-__ ¢ 54 called linear beam-size effect [13]. The calcula-

- Rfon of this effect was performed by method developed for
processeTe™ — eTe~y was considerable smaller thany o MD-effect in [8].

expected. _A qualitative explan.ation of the effect was given In the present paper we discuss two new features related
by Yu.A. Tikhonov [2], who pointed out that those impact, y,e pp_effect: 1) an account the influence of the parti-
parameters, which give an essential contribution to the o .orrelations in the beams on the MD-effect; 2) an in-

standard cross sgcnon, reach valu_eg,,gfw 5 cmwhereas fluence of the MD-effect on the beam losses at the existing
the transverse size of the bunchdis ~ 1073 cm. The B-factories

limitation of the impact parameters to valugss o is
just the reason for the decreasing number of observed pho-
tons. The first calculations of this effect have been per- QUALITATIVE DESCRIPTION OF THE
formed in Refs. [3] and [4]. The detailed description of the MD-EFFECT
MD-effect can be found in review [5]. Later on, the effect
of limited impact parameters was taken into account usin
the bremsstrahlung reaction for measuring the Iuminosi&
at the VEPP4 collider [6] and at the LEP-I collider [7].

A general scheme to calculate the finite beam-size effe
(which starts from the quantum description of collisions as E./(m.c?) - 5 9 5

_ i e = Ec/(mec?), vp = Ep/(mpc?) andr, = e?/(mec?)
an interaction of wave packets that form bunches) had be the classical electron radius. This reaction is desdribe

_develo_ped in paper [8]. Since the effect under diSCUSSi% the diagram of Fig. 1 which corresponds to the radi-
is dominated by small momentum transfer, the general fo{ition of the photon by the electron (the contribution of

mulas can be considerable simplifieq. The correspondiq e photon radiation by the proton can be neglected). The
approximate formulas were derived in [8]. In the secon rge impact parametes > o, , whereo | is the trans-
step, the transverse motion of the particles in the beams c, se beam size correspfz)nd to small momentum transfer
be neglected. The less exact (but simpler) formulas, whi L. ~ (h/0) < (/o). In this region, the given reaction

are then found, corresponql t(.) the results of Refs. [3, 4]. ga be represented as a Compton scattering of the equiv-
has also been shown that similar effects have to be expec g

; oth : has b hi ; nt photon, radiated by the proton, on the electron. The
or several other reactions such as bremsstrahlung for ¢ quivalent photons with frequenayform a “disk” of ra-

. _ 9\ :
*Work supported by RFBR (code 06-02-16064) and by the Fund dfiUS 0 ~ Ypc/w Wherey, = Ej,/(m,c?) is the Lorentz-
Russian Scientific Schools (code 5362.2006.2) factor of the proton.

Qualitatively we describe the MD—effect using the—

~ process as an example and use the following nota-
ons: N, andN,, are the numbers of electrons and protons

ositrons) in the bunchesy andoy are the horizontal

d vertical transverse sizes of the proton (positron) bunc
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In the reference frame connected with the collider, thprocess of single bremsstrahlung was the dominant mech-
equivalent photon with energyw and the electron with anism for the particle losses in beams. If an electron loses
energyE,. > hw move toward each other and perform themore thanl % of its energy, it leaves the beam. Since the
Compton scattering. The characteristics of this process aviD-effect considerably reduced the effective cross sactio
well known. The main contribution to the Compton scatof this process, the calculated beam lifetime in these stor-
tering is given by the region where the scattered photoragje rings was larger by abait % for TRISTAN [16] and
fly in a direction opposite to that of the initial photons. Foiby about40 % for LEP-1 [17] (in accordance with the ex-
such a backward scattering, the energy of the equivalepérimental data) then without taken into account the MD-
photoniw for the typical emission angles, < 1/4. and effect.

the energy of the final photaf, is related by Usually in experiments the cross section is found as the
ratio of the number of observed events per sectido the
B ~ Ly . (1) luminosity L. Also, in our case it is convenientto introduce
442(1 - E,/E.) the “observed cross section”, defined as the ratio
As a result, we find the radius of the “disk” of equiva- AN
lent photons with the frequency(corresponding to a final doops = I (4)

photon with energy.,,) as follows: )
Contrary to the standard cross sectién, the observed
E.—-E, h cross sectionlo,,s depends on the parameters of the col-
—5 M=o @ liding beams. To indicate explicitly this depend
N Mec g . plicitly this dependence we
introduce the “correction cross sectiaft’.., as the differ-
Equation (2) is also valid for the"et — e~ et~ process ence betweeto anddo,p,s:

with replacement the protons by the positrons. For the

C
Om = O ~ 4Ae YeVp
w

KEKB and PEP-II colliders it leads to doons = do — docor - )
om 2 1cem for E, <01 GeV. (3) The relative magnitude of the MD-effect is given, there-
fore, by the ratio
The standard calculation corresponds to the interaction 5= docor ' (6)
of the photons (that form the “disk”) with the unbounded do

flux of electrons. However, the particle beams at the HERA Let us consider the number of photons emitted by elec-
collider have finite transverse beam sizes of the order @fons in the process et — e~et~. The standard cross
o1 ~ 1072 cm. Therefore, the equivalent photons fromsection for this process is well known. The correction
the regionr S ¢ S om cannot interact with the electrons cross section depends on the r.m.s. transverse horizontal
from the other beam. This leads to the reduction of thand transverse vertical bunch sizes; ando;y for the
number of the observed photons. electron,j = e, and positronj = p, beams (for detail
see [18]). In calculations we used data from Review of
MD-EFFECT AND CORRELATIONSOF Particle Physics—2002 and 2006. Besides, for the KEKB
PARTICLESIN A BEAM collider we have to take into accqunt that étSe _beams
of the lengthl. = I, = 0.65 cm collide to a crossing angle
Correlations of particle coordinates in the beams are ig«) = 22 mrad. Formulas of the correction cross section for
nored in earlier papers [3, 4, 8], since usually these corréhis case have been obtained in [9]. In the above notations
lations are small. However, more accurate measuremettit® correction cross section is as follows:
may be sensitive to them. In the paper [14] we derive
formulas which necessary to take into account quantita-dg((:gz — ﬁmgﬁ [(1 —y+ §y2) Leor — P_y} 7)
tively the effect of particle correlations in the spectrufm o 3 Yy 4 12
bremsstrahlung as well as in pair production. The corre-
sponding additional term is determined by the correlatio\rll\/herey = E,/E.and
function for the density of particles in the beam. It should
be mentioned that the same problem was considered in pazo: = In 2Vl —y)lan +av)re  3+C
per [15] using unrealistic assumptions. As a result, an ap-
plication of formulas obtained in this paper to the HERA ¢« = \/agH + af)H + (12 +12)92, (8)

experiment is ungrounded.
ay = \Joi + Ugv , C=0.577....

MD-EFFECT FOR PEP-11 AND KEKB .
The observed number of photons is smaller due to MD-

It was realized in last years that the MD-effect ineffect than the number of photons calculated without this
bremsstrahlung plays an important role in the beam lifeeffect. The relative magnitude of the MD-effect is given
time problem. At storage rings TRISTAN and LEP-I, theby quantityé from Eq. (6) (see Table 1). It can be seen

)

agavy 2
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Table 1: Relative magnitude of the MD-effect for different
photon energies

y=FE,/E. | 0.005| 0.01| 0.05| 0.1 | 0.5
5, % PEP-II| 26 24 19 | 16 | 6.0
J, % KEKB 29 26 21 | 18 | 8.9

Table 2: Integrated contribution of the MD-effect

G/GObS 7'grcm' hr 7-li)rem’ hr
PEP-II 1.20 4/8.7 12/44
KEKB 1.23 8.9/6 14/13
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ential observed cross section from some minimal photon

energy. We take into account (as it is usually assumed)
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