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Abstract 

It has been recognized t h a t e+e~ pair creation dur
ing the collision of intense beams in linear colliders will 
cause potential background problems for high energy ex
periments. Detailed knowledge of the angular-momentum 
spectrum of these low energy pairs is essential to the de
sign of the interaction region. In this paper, we modify 
the computer code ABEL(Analysis of Beam-beam Effects 
in Lineal colliders) to include the pair creation processes, 
using the equivalent photon approximation. Special care 
has been taken on the non-local nature of the virtual pho
ton exchanges. The simulation results are then compared 
with known analytic formulas, and applied to the next gen
eration colliders such as J L C . 

I. INTRODUCTION 

In future linear colliders, low energy e + e ~ pairs created 
during the beam crossing would cause background prob
lems for the detectors. At the next generation of colliders, 
most such pairs will be m a d e by incoherent processes, 
from the in te rac t ion of individual particles ( e + , e~ or 
b»amstrahlung 7) in the two beams. This problem was 
first identified by Zolotarev et *l.[l]. At energies where 
the beamstrahlung parameter T is > 1, the coherent pro
duction of a pair from a beamstrahlung photon interacting 
with the field of the oncoming beam becomes dominant , 
as first noted by Chen[2]. T h e seriousness of this problem 
lies in the transverse momen ta tha t the pair particles carry 
when leaving the interaction point(IP) with large angles. 
One source of transverse momentum is from the kick by 
the field of the oncoming beam, which results in an outgo
ing angle 6 oc \/\/x, where x is the fractional energy of the 
particle relative to the initial beam particle energy[3]- The 
second source comes from the inherent scattering angles 
of these pairs, which may already be large when they are 
created. This issue was first studied in Ref.l . 

In this paper we modify the ABEL[4] to include the inco
herent pair creation processes using the equivalent photon 
approximation in the same way as Ref.l . By this simula
tion we can correctly take account of both the kicks and 
the inherent angles of the pairs . The geometric reduction is 
also implemented in the ABEL. The simulation results are 

compared with the analytic calculations with the param
eters of JLC as an example of the next generation linear 
colliders. 

II . T H E ANALYTIC FORMULAS 

We consider three incoherent pair creation processes, 
which are so-called Breit-Wheeler (BW: 77 — e + e ~ ) , 
Bethe-Heitler (BH: 6*7 — e^e+e") and Landau-Lifshits 
(LL: e + e " —> e + e ~ e + e ~ ) processes. In the calculations 
of these cross sections the basic kernal is the same using 
the equivalent photon approximation. For the BVV pro
cess both photons are real beamstrahlung photons; for the 
BH process one is real and the other one is virtual; for 
the LL process both photons are virtual. The partial cross 
sections with transverse momentum (devided by 7m) and 
outccming angle 8a < 8 < it — S„ are calculated by the con
volution of two photon energy spectra, n 0 ( y i ) , n\>(yi), and 
the differential cross section for 77 —» e + e " , cy , (y i ,y? ,c ) , 
as below. 
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where y, and c are fractional photon energy and c — cos 9, 
respectively and g = l / 4 for the BVV process and 1 for both 
BH and LL processes. The fractional energy 1 of the out-
coming positron( or electron) to its angle 9 is expressed 
by 
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As denoted in E q . ( l ) , the integration regions of two photon 
energies are 
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where r 0 and *xo are the minimum energy and the min
imum transeverse energy. These lower bounds are very 
important for the calculations because the dominant con
tribution comes from them. The virtual and the bcam-
strahlung photon spectra are given by 

(5) 
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respectively, where a, ie the beam bunch length and \, is 
the electron ComptoD wavelength Finally ff,,(yi,y:>, c) 
is calculated by neglecting the obviously small terms 
< 0 ( 7 " 2 ) . 
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where re is the classical electron radius. The last approx
imation of Eq.(8) is made due to the fact that the fac
tor in the parenthesis (Eq.(7)) is a slowly varying function 
ranging from 1/2 to 1. Our estimates are therefore upper 
bounds, which are too big by less than a factor of 2. As we 
do not use this last approximation in the ABEL, this effect 
wil be discussed in the subsequent section. The resultant 
partial cross sections &re[5] 

c r B „ = 2 . 4 2 ^ 2 ( - H - ) i l n i (9) 
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where r 0 = tan(0„/2). The above expressions account for 
only one of the two particles(say positron) in the pair. To 
count electron as well, we must multiply each one by 2. 

Ill THE ABEL SIMULATION 

In the ABEL the beam bunches are described by ensem
bles of macro-particles. The number of macro-particles is 
typically 10 3 to 106. The whole process is divided into 
time slices. At each time step the bunches are further di
vided into longitudinal slices. For the modification of the 
ABEL the pairs are created in the collision between the 
macro-particles and the beamstrahlung photons in each 
logitudinal slice. There is no pair creation between the dif
ferent slices, that is the incoherent pair creation processes 
are "local" in longitudinal direction. Then the created 
particles(e* or e") are tracked in the Coulomb potential 
which is produced by the oncoming beam. As the trans
verse momenta of these particles are affected by the kicks 
in the tracking, the partial cross sections for the processes 
in the ABEL are given with (xa,80) instead of (ij.„,fl 0), 
and there are no integrations over the beamstrahlung pho
ton energy spectra for the BW and BH processes. Here we 
set e,=0.1 and x„ = 10-*(5 MeV at £»„ m =500 GeV). 
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where yi.jfe are the beamstrahlung photon energies. The 
energy and inherent angle of the outgoing particle are cal
culated by Eq.(2) and (7), respectively, with yi ,y 3 sat
isfying the boundary conditions of Eq.(3) For the vir
tual photon energy, we use the distribution of Eq (5) The 
transverse momentum is calculated by the energy and the 
final scattering angle after the kicks. 

Geometric Reduction 

The finite impact parameter of the interactions in these 
processes comes from the transverse energyf^ ) of the vir
tual photon. The distribution of yj.(s q^/im) is[6] 

y 'dy 2 

n i ( v J = ( y i + y=/V)= lXh) 

As clearly seen in the above equation, for a given equiv
alent photon energy y, the dominant contribution to the 
cross section comes from the region of small transversa 
momentum y± ~ y/-j. In the ABEL every virtual pho
ton has finite transverse energy(y x) according to Eq (15) 
To take account of this non-local nature of virtual photon 
interaction, we first calculate the probability of the pair 
creation which is proportional to the local intensities of 
two beams (macro-particles or beamstrahlung photons) at 
a point Defining the impact parameter(p) as l/y ± fm.we 
get the non-local intensities of two beams separating by p 
in each other. Then the reduction factor can be obtained 
by the loiio of "non-local" intensities/ "local" ones. If the 
separation is far beyond the beam (transverse) size, the 
pair creations will be suppressed largely1. The ABEL cre
ates the pairs at the position separated by p from the beam 
position and even outside the beam size 

IV. NUMERICAL COMPARISON 

For the numerical comparison between the analytic cal
culation and the ABEL, we estimate the yields from a 
1 TeV linear collider, JLC[7], where 7 = \Q6.a,/o, = 
230/1^01,(7! = 7 6 / i m , T m „ = 1.12 (we use T=0.33 in 
the analytic calculation), luminosity L = 3.6 x 10 3 1 /cm 1 7 
bunch train (10 bunches per train) and 200Hz rf pulse rate. 
Figure 1 shows the yields per bunch crossing calculated 

'This gtomttnc reduction effect WAS lira! observed &l Nrjvmi. 
birsk[9], and subsequently developed theoretically by several &ti-
thore[8,10]. 



by the partial cross sections of Eq.(9),(10),(ll) and their 
sum as a function of pj. 0 = Ymrio at 6, — 0.1 together 
with the results of the ABEL which are plotted with error 
bars The yields of the analytic calculations are already 
multiplied by 2 for e + and e". In this figure the effect of 
the kicks, "correct" angular distribution (Eq.(7)) and non
local interaction in the ABEL are switched off just for the 
comparison. The agreement for the LL and BVV processes 
is excellent. For the BH process the analytic calculation 
predicts 30% more yields than that of the ABEL, how
ever its agreement is still good because the beamstrahlung 
spectrum in the analytic formulas is only approximation. 

Fig 1 Comparison ieiu'een the analytic calculation and 
the ABEL 
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Fig S The ABEL simulation results with the canons ef
fects of (a)-(d) which are explained in the tezt. 

In addition to the large inherent angles of the pair cre
ations, the ABEL implements the kicks, "correct" angu
lar distribution (Eq.(7)) and the geometric reduction as 
described in the previous section. To see these individ
ual effects in detail, we simulated the pairs under the four 
kinds of conditions, that is (a) all effects are included, (b) 
no geometric reduction whereas the other effects are con
sidered, (c) only "correct" angular distribution is taken 

account into and (dj with no effects as described in iln 
above comparison with the analytic calculations. The re
sults are shown in Fig.2, where the total yields summed 
over the three processes are plotted in the same way as 
Fig.l. As clearly seen in this figure, two effects are ap
parent. First one is "correct" angular distribution, which 
reduce the yields by 35%. This effects are expected be
cause the angular distribution of Eq.(7) has more forward 
backward peaking than that of Eq.(8) which has been used 
in the analytic calculations. The second one is the geomet
ric reduction. The reduction ranges from 60 to 50% for 
the minimum transverse momentum from 5 to 10 Mi A' 
respectively. These values are consistent with the analytic 
calculation by G. L. Kotkin ei al.[&]. 
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