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Abstract

We report on high statistics Bhabha scaticring data taken with the TASSO experiment at
PETRA at center of mass energies from 12 GeV to 46.8 GeV. We present an analysis in terms of
electzoweak paramelers of the standard model, give limits on QED cut-ofl parameters and look for
possible signs of compositeness.

1 Introduction

Bhabha scattering ¢te~ — e*e is the most simple purely leptonic reaction to be studied at ete
colliders. It has been used in the past by the TASSO collaboration [1] as well as by other experiments
at PETRA and PEP {2] to test QED, its extension to the standard model of electroweak interactions
[3], to search for compesiteness, and to set limits on the pointlike structure of electrons. This paper
reviews all our results obtained at center of mass energies ranging from /s = 12 GeV up to the highest
values of /s = 46.8 GeV at the PETRA storage ring.

The paper is organized as follows. We first present the relevant cross section formula. Then we
briefly discuss the experimental conditions of data taking and analysis. Then follows the determination
of electroweak coupling constants. Finally we present limits on QED cut-off parameters and mass scale
parameters in composite models. A sunumary concludes our investigations.

2 Cross section formula

The cross sections were evaluated using the formula of ref. [4] for the electroweak interaction
and extended by the authors of [5] for composite models. For unpolarized beams the differential cross
section can'be written in the following form
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Here a is the fine structure constant, s is the center of mass energy squared, # is the polar scattering
angle measured between the incoming and the outgoing electron, and { = — ${1—cos 8). In the standard
SU(2)zxU(1) model the weak contributions are described hy the vector coupling gy = —5+2 sin® O,
the axial vector coupling g4 = 7%, the weak mixing angle sin® 8y and propagator terms given by the
Fermi constant Gp, the Z° mass Mz and the Z° width I'. For calculations within the standard model

we use sin? My — 0.23 and Mz - 920V i6;. Note that the chosen parametrization is not sensitive to
the exact valne of Mz,

Composite models are tested by allowing some of the coefficients 5 to be different from zero and
the mass scale A® to be finite. The indices R and L denote right handed and left handed currents,
respectively.

The pure QED case can be derived hy setiing gv. ga and all 7's to zero. Traditionally any
departure from QED has been paramatrized by inserting time-like and space-like form factors at the
respective vertices with cut-off parameters AQED
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This assumes, however, that any new current couples to the electron with the same strength and
transformation properiies as the photon field.

3 Event selection

The data were taken from 1979 Lo 1986 with the TASS0 detector at the et ¢~ storage ring PETRA.
The energy span reaches from /5 = 12GeV 1o /5 = 46.8Gcl. Since large parts of the luminosity
have been taken during energy scans the data have been grouped at certain average energies, as listed
in Table 1.

The TASSO detector, the trigger conditions and the event selection critetia have heen described
elsewhere [1] and will be only briefly recalled. The trigger required two charged track -candidates
having an acoplanarity angle measured in the plane perpendicular to the heam direction of less than
25% A charged track candidate at the trigger level was required 1o have hits in the central proportional
chawber, the central drift chamber, the corresponding time-of-flight counter, and for part of the data
also in the vertex detector. The trigger and reconstruction efficiencies were checked with data taken
concurrently with other independent triggers, e.g. two track triggers with no acoplanarity condition
and shower counter triggers. The efficiencies were determined with a typical accuracy of 11% and,
most important, did not show any significant polar angle dependence (the maximum deviation observed
for & small fraction of the data was 3% over cos# = 0 to jeosé| = 0.8).

The Bhabhha event analysis is solely based on event topologies, no electron identification was
attempied. The selection of two prong events required:

- two opppositely charged tracks,

— an acollinearity angle hetween the two tracks of { < 107

- a polar angle acceptance of | cos#) < 0.80 for each track.

— amementum p > 0.2 - Pyeam for each track and Y p > 0.7 - Pream for the sum of hoth tracks,

~ the vertex of both tracks to match the nominal interaction point within 0.6 ¢m perpendicular
to the beam and 7.5 cm along the heam,

— the time-of-flight for each track o be within —3.0 -« fmeus . gpredicted 3 g ng,

The background in the thus selected two prong event sample from two photon processes ete” —
e e~ 1*1° and cosmic rays was negligible. The contributions from p pairs (5% overall and 20% in the
backward hemisphere) and 7 pairs (1% ) were subtracted bin by hin taking the standard model produc-

" tion cross section with our measured charge asymmetries into account [1,7,8]. The charge identification



was ensured by our high precision central tracking devices. By studying the correlations of the charge
weighted reciprocal momenta of forward versus hackward going tracks we found a charge confusion
probability per track of 0.33 0.1 %(0.5+ 0.1 %) at /s = 35 GeV (44 GeV'} and a correlated probability
that both tracks flip the charge simultaneously of less than 10-% (2. 10~%) at /s = 35 GeV (44 GeV).
This is consistent with the assumption that both curvature measurements are independent of each
other as can be derived from the achieved transverse momentum resolution for high energy tracks of
a{1/p1)/(1/p1} = 0.016.

4 Experimental results

The aceeptance functions to currect the measured angular distributions were calculated using
a Monte Carle program [9]. The showering of electrons and radiating photons was simulated with
the EGS code[10]. The simulations were checked with Bhabha events identified by the liquid argon
calorineters and good agreement with the data was found. The overall uncertainty in the bin-to-hin
polar acceptance due te shower corrections, trigger and reconstruction efficiencies was estimated to
be less than 1% and was added in guadrature to the statistical errors.

The data have also been corrected for QED radiative effects up to order a? [9]. Weak radiative
corrections have not yet been provided in a form of a Monte Carlo generator program, but are estimated
to he negligible at PETRA energies [11].

The overall systematic uncertainty for the luminosity determination from wide angle Bhabha scat-
tering amounted typically to (3.0 — 3.5)%. The luminosity measurement as derived from smali angle
Bhabha scattering had a typical uncertainty of (3.5 —~ 4.5)%. Since both luminosity determinations
from wide angle and small angle measurements agree very well and wide angle Bhabha scattering
deviates only marginally from QED (sce later) we assumed for the extraction of physises parame-
ters a conservative systematic overall uncertainty of £3%. This overall systematic uncertainty is not
included in the cross section data points shown in the figures or tables.

The differential cross sections for five average energies at /s = 14, 22, 34.8, 38.3 and 43.6 GeV are
shown in Fig. 1 and listed in Table 2. A more detailed presentation of the ratic of the measured cross
section to the QED expectation on a linear scale is given in Fig. 2. The total cross section integrated
over | cosf| < 0.80 as function of the energy is displayed in Fig, 3.

5 Determination of electroweak coupling constants

The daa shown in Figs. 1 and 2 can be well described either by the QED prediction or by its
electroweak extension. In fact a fit of our highest statistics data at /s = 34.8 GeV lo the QED cross
section yields a x?=21.8 for 19 d.o.f., while the standard model prediction yields a slightly better
description with y?=20.6. In all fits an overall normalization factor is considered as a free parameter.

The data can he used to determine the Weinberg angle sin® 8y . A fit of our high energy data (i.e.
above 34 GeV) to the standard model yields sin?8y = 0.24 % 0.04 to be compared with the value
0.28 + 0.12 obtained from a previous analysis at /s = 34.6 GeV with less statistics [1]. If the absolute
normalization is held fixed then the error on the determination of sin® 8y can be reduced by a factor
of two to £0.02,

We have attempted to measure the square of the vector and axial vector coupling constants in
the context of & general SU(2)xU{1} electroweak theory. A fit to our high energy data yields g3 =
—0.08 +0.04 and g% = 0.14 £ 0.09. It should be noted, however, that both coupling constants are
strongly correlated with a correlation coefficient of 0.5, thus making their simultaneous determination
somewhat nnreliable, If the veclor coupling constant is fixed Lo gero, a value required hy QED and
close to the standard model expectation, we obtain for the axial vector coupling g% = 0.26 + 0.07, in
favour of the standard model. :

As discussed in section 2 departures from QED have been traditionally parametrized in terms of
cut-off parameters A?ED introduced in egs. {2) and (3). Investigating possible departures in the
energy dependence of the total cross section data of Fig. 3 we find lower limits (95% confidence level}
of A+E‘D > 370 GeV and A%F? - 190 GeV. These hounds can be improved by fitting the differential
cross sections after having applied corrections due to the electroweak interference. The corresponding
lower limits {95% confidence level) are A?ED > 435 GeV and A95Y » 500 GeV. These results can he
interpreted that electrons are point-like ohjects down to distances of 5. 10717 ¢m.

In Tahle 3 our results concerning the determination of electroweak coupling constants and QED
cut-off parameters are smimmarized.

6 Test of composite models

In models of compositeness the fundamental fermions are supposed to have a substructure. Bhabha
scattering is particularly simple since initial and final state particles are the same and no assump-
tions on the constituents have to he made. A general parametrization of the interaction at the
sub-constituent level can be formulated under the assumption that the standard electroweak theory
is correct and one adds to jts Lagrangian a contact interaction term of the form

2
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The parameter AT characterizes the mass scale of compositeness subject to the condition that
g%/47=1. As usual jp and 7 denote right handed and left handed currents. The interference between
this contact interaciion and the 7 and Z exchange in the standard theory is responsible for the terms
appearing in eq. (1) proportional to the n’s, In the present analysis we assumed for simplicity that
these constants take the values 0 or 1. Thus for the LL coupling nri = 1, 5rr = nrr = 0, for
the RR coupling g = 1, 9L = nre = 0, for the VV coupling 711 = nprr = nrr = 1 and for the
AA couwpling nrp = nr1, = -npr = 1. Fitting the high energy Bhabha data to eq. (1) one obtains
lower limits for the mass scale parameters AC which are summarized in Table 4, They are typically
between 1.4 to 7 TeV, depending on the chiral structure of the currents. LL and RR couplings cannot
be distinguished at present energies. The sensitivity of our highest statistics data at /5 = 34.8 GeV
to various values of AT is iltustrated in Fig. 4.

7 Conclusions

We have presented a high statistics analysis of Bhabha scattering at center of mass energies
hetween 12 and 46.8 GeV. While our data are still consistent with QED, they are hetter described
within the standard electroweak model. Particularly interesting is the determination of sin® 8y =
0.24 £ 0.04 from a purely leptonic reaction. The determination of electroweak coupling constants,
lower limits on QED cut-off paramaters and mass scales of composite models have been considerably
improved over previous experiments.
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machine group and the DESY compuler center. Those of us from outside DESY wish to thank the
DESY directorate for the hospitality extended to us while working at DESY.
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(VY [Ldl Npnawhe
(GeV) (pb7)

14.0 1.7 10730
22.0 2.7 7106
34.8 1745 166348
38.3 8.9 6035
43.6 37,1 22951

Table 1: Data samples used for the analysis-e
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Table 2: The differential Bhabha cross sections at energies of 14, 22,-34.8, 38.3, and 43.6 GeV. The scattering angle is given as central value of the correponding
bin. The data points include statistical and systematic ertors apart from an overall normalization uncgrtainty due to luminosity determination.



Figure captions

Figure 1.

Figure 2.

Figure 3.

Figure 4.

The differential Bhabha cross seclions at energies of 14, 22, 34.8, 383, and 43.6 GeV.
The curves show the QED prediciions. The dala points include statistical and systematic
errors apart from an overall normalization uncertainty due to luminosity determiration.

The differential Bhabha cross section normalized to the QED expeetation for energies of
a) 5 = HGeV ., b} 5 = 226GV, ¢) s o BLRGVd) s = 383GV, and o) /35 -
46.8 G'el’. The curves show the predictions of the standard model using sin 0y = 0,23
and Mz = 92Gel. The data points include statistical and systemaltic errors apart from
an overall normalization uncertainty due 1o luminosity determination,

a} The toial Bhabha cross section integrated over cos@ < 0.8 as function of the cn-
ergy. The curve shows the QED prediction. b} The sane data normalized to the QED
prediction. The dotted curves show the expected deviations froin QED for cut-ofl pa-
rameters of A?ED =370 GeV and AZFP = 190 Ge V. The data points include statistical
and systemaltic errors apart from an overall normalization uncertainty due to luminosity
determination.

The differential Bhabha cross section normalized to the standard model expectation at
/3 = 34.8Gel". The curves show the possible contributions from compositeness for a) left
handed or right handed coupling, b) vector conpling. and «) axial vector coupling. The
data points include statistical and svstematic errors apart from an overall normalization
uncertainty due to lemninasity determination.
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