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Status of wide angle Bhabha Monte Carlo generators is reviewed, re-
ferring to experimental searches for excited electrons in e¥e™ collisions at
LEP2.
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1. Introduction

The process ete™ — ete~ (Bhabha scattering), is one of the major pro-
cesses in ete™ collisions. Reliable calculation of cross-section and kinemat-
ical distributions is important to understand the efficiency for measuring
the ete™ final state itself, and also for measurements of (or searches for)
other processes, in which case the Bhabha event is a background. Bhabha
scattering is also an essential tool for the luminosity measurements. For the
measurements of Z° lineshape at LEP, the statistical error is less than 0.1 %
for counting the hadronic events. In order to fully exploit this potential
precision, an accuracy of better than 0.1 % is desired for luminosity deter-
mination. To this end, there have been impressive progress on the accurate
calculation of the small angle Bhabha scattering, and implemented in Monte
Carlo generators and semi-analytical programs. Currently the theory error
in luminosity measurement is estimated to be 0.11%, and it is foreseen that
an accuracy of 0.04% may eventually be achieved [1].

Monte Carlo generators for wide (large) angle Bhabha scattering are
less under control. There are number of programs currently available: a
classical O{a) program BABAMC [2], more modern programs are BHA-
GEN95, BHAGENE3, BHWIDE, SABSPV, UNIBAB [3]. None of them is
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regarded as a ‘standard’ program. This may be compared to the case of u
and 7 pair generator, where KORALZ [4] is the ‘standard’. According to
the studies in [1], these modern generators agree with each other and with
semi-analytical programs at a level of 0.5-1.0% at the Z° peak and 3-5% at
the LEP2 ! energies for cross-sections with simple kinematical cuts. These
are in practice not particularly bad figures for the physics at the Z° energies.
The main physics interest for large angle Bhabha event at /s & Mz is the
measurements of Z° decays into eTe™ and determination of parameters like
I.c and App{ete™). Bhabha Monte Carlo is used to evaluate the experimen-
tal efficiency. If the scattering angle is restricted to large angle (typically
|cosf| < 0.7) the ete™ production is largely dominated by Z° — ete™.
Efficiency for selecting such electron pairs is rather high, nearly 100% for
the sample of eTe~ within the imposed kinematical acceptance. Therefore,
quality of the Bhabha Monte Carlo generator is in general not a dominant
factor to determine the overall accuracy of the measurements?.

However, when Bhabha event is considered as a background source for
other processes, different criteria must be considered. Behaviour in the cor-
ners of phase space will become important. This would be the case for new
particle searches at LEP2. As a relevant example of such cases, we consider
in the following, search for excited electrons at LEP2.

2. Excited leptons

If the known leptons are composite particles and are bond states of new
elementary particles. excited leptons, £*, should exist. Excited leptons have
been searched for at ete™ colliders [5.6] and at the HERA ep collider.

Excited leptons can be pair produced in ete~ collisions. like ordinary
leptons, through an exchange of 4 or Z°. In this mode, search can be made
for (= with its mass less than y/s/2. A charged £* is expected to decay into
¢y with a 100% branching ratio when the mass of €* is less than My . If the
mass is larger the decays modes ¢* — Wv and Z°f become important, and
the branching ratio to £ depends on the mass of £*. The single £* production
ete™ — ("¢, and also the decay of ¢~ are governed by */V coupling, and
described by a ratio f/A of unknown parameter f and compositeness scale A.
The ¢* of its mass close to /s can be searched in the single production mode,
but the cross-section is a function of the mass and the unknown parameter

/A

' LEP has recently been upgraded to provide centre-of-mass energies well above the
Z° and above the production threshold of W pair. This high energy version of LEP
is commonly referred to as LEP2.

2 This simply means it is less sensitive compared to the luminosity measurement. High
quality generators are always desirable for high precision Z° measurements.
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The main signatures of £* production are £*¢* — ¢{~v~ (pair production)
or {*{ — (lv (single production). In case of ¢* (excited electron) production,
single production from t-channel v exchange is also possible. In this case, the
electron in the final state tends to be close to the beam direction, which leads
to a final state where only ev from the e* decay is visible (e topology). At
the LEP ete™ collider. direct searches have been carried out at /s &~ Mz
and at higher energies (/s =130-140 and 161 GeV) [5,6], and ruled out
excited leptons with masses less than about 80 GeV, and for €* with larger
masses, lower limits on f/A have been set at O(1 TeV~!). Most stringent
limit is usually on the excited electrons, due to its large production cross-
section.

3. e* searches and radiative Bhabha

Main background for the expected e* signals is due to radiative Bhabha
events. In the analyses of the OPAL experiment at y/s=130-140 GeV and
161 GeV [5], the Bhabha background was evaluated using two Monte Carlo
generators. Program BHWIDE [3,7] was used to generate events with both
et and e~ at large angle (12.5° < < 167.5°), to simulate ete~ 77 and
et ey topologies. BHWIDE is a new generation of Monte Carlo program
based on O(a) YFS exponentiation, and generates multiple photons in the
final state. Remaining phase space was complimented by using TEEGG
generator [8], which generated events with one electron restricted in small
angle region, and the other electron or photons in large angle. Such a topol-
ogy is not calculated by ordinary Bhabha generators, since this involves one
electron of the scattering angle # = 0°. This was necessary to simulate the
ey topology. Combination of these two generators covers the whole phase
space except for small corners where both of the electrons in small angle
region, in which the cross-section is huge and is only relevant for luminosity
measurements.

Comparisons of data and Monte Carlo distributions are shown in figure 1
for the energy of electrons and photons in the eTe™v topology. Here the
high energy region is dominated by radiative Bhabha events generated by
BHWIDE.

Distributions of e-y invariant masses are plotted in figure 2 for the sample
at /s = 161 GeV. Though the statistics of the data sample is limited, we
see that the observed energy distributions are described by Bhabha Monte
Carlos reasonably well.

In case of et e~ 7 topology there are very few events observed. which are
compatible with the expectation of radiative Bhabha Monte Carlos. More
detailed comparisons of data and Monte Carlo at LEP2 are not yet available.
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Fig. 1. Energy distribution of electron {a) and photon (b) in ete~
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Fig. 2. e — v mass distribution in the search for single production of e*. (a) is
for et e~ topology and (b) for ey topology. Solid histograms are Standard Model
Monte Carlos and points are data. Dashed histograms indicate predictions for e*
production with masses of 80 and 155 GeV, respectively.
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4. Outlook

Comparisons at LEP2 of data and Monte Carlo programs for radiative
Bhabha event showed reasonable agreements, though with limited statistics.
With coming larger data sample, more precise test of the Monte Carlo gener-
ators will hecome possible. It is important to understand the quality of the
generators for large angle Bhabha events, which is a {background) process
of large cross-section at LEP2, where some new particle/phenomena might
eventually show up. Systematic comparisons among different programs and
with the existing large data sample at Z° should also be useful (was not
included in the presentation at this workshop).
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