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The ete~ = u*u~ and ete™ — 777~ reactions pro-
vide a clean test of the Glashow —Weinberg—Salam
theory [1] of the electroweak interaction. A forward
—backward asymmetry has been measured in the y*u—
final state [2] ; however, because of the lower detec-
tion efficiency, the electroweak interference in ete—
— 777~ is still not well measured. In this letter we pre-
sent new data on the reaction e*te~ - 77~ at v/s = 29
GeV using the high resolution spectrometer (HRS) at
PEP. The results are based on an integrated luminosity
of 106 pb—1.

The HRS detector has been described in detail else-
where [3]. Features of the detector relevant for this
analysis include charged-particle tracking over 90% of
the solid angle in a solenoidal magnetic field of 16.2
kG, and measurement of electromagnetic shower ener-
gy with lead-scintillator calorimeters covering the an-
gular intervals |cos 8] < 0.60 (barrel) and 0.70
<|cos 0] < 0.96 (endcap), where 8 is the angle with
respect to the beam direction. The momentum resolu-
tion for high momentum tracks at large angles is op/p
~2 X 1073-p (p in GeV/c). The charge is unambigu-
ously identified for {cos 6| < 0.90. The 40 module bar-
rel shower counter system has an energy resolution of
oy/E = 16%/\/E (E in GeV) and a time of flight resolu-
tion of o = 360 ps. The energy resolution for the 40
module endcap system is 0,/E = 20%//E.

The 7-pair production of \/s = 29 GeV yields a final
state with a clear back to back topology, allowing the
events to be selected with little background. We re-
strict this analysis to cases in which the 7 decays to
one or three charged particles. In order to select the
events with good efficiency, to limit detector biases,
and to discriminate against backgrounds, all of the
events were required to satisfy the following selection
criteria: Each event had zero net charge and contained
2,4 or 6 tracks, with 1 or 3 tracks in each hemisphere.
The distance of closest approach of a track to the inter-
action point was less than 1 c¢m radially and less than
9 cm along the beam direction. The scalar sum of the
charged momenta was between 7.25 GeV/c and 23.2
GeV/c. The background from Bhabha scattering was
reduced by requiring that the total momentum of any
jet to be less than 13 GeV/c. Two photon contamina-
tion was minimized by requiring that the acollinearity
angle between the two jets to be less than 45°,

Additional selection criteria were applied separate-
ly to the two-prong, and to the four- and six-prong
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events, For two-prongs, the momentum of each track
was required to be greater than 1 GeV/c. Non-instru-
mented regions of the detector were avoided by re-
quiring that each track be at least 2 cm from the edge
of the shower counter modules and lie in the angular
region |cos 8] < 0.55. Cosmic rays were rejected by re-
quiring that the time of flight of each track be within
3 ns of the expected time. To reject e*e ™ >e*e e'e™
and e*e” > e*e” events, no more than one track was
allowed to deposit a shower energy larger than 3 GeV
or greater than one half of its momentum and the
total shower energy was required to be less than 14.5
GeV. The backgrounds from e*e™ »e*e "y~ and
eTe” > utu~ were rejected by requiring that if both
tracks were consistent with being minimum ionizing
particles, as seen in the shower counters, then the
momentum of at least one track had to be greater than
5 GeV/c, and the momentum of each track had to be
less than 11 GeV/ec.

The additional selection criteria for four- and six-
prong events were as follows: The thrust axis of the
events was required to be in the angular region |cos 0|
< 0.85. A source of background in the four-prong
events is radiative Bhabha scattering with the photon
converting in the beam pipe. These events were re-
jected by requiring that no more than one track de-
posit a shower energy greater than 90% of its momen-
tum. Low multiplicity hadronic events were reduced
by requiring that the invariant mass of the three-prong
jets be less than 1.6 GeV/c2 and, for six-prong events,
that the scalar sum of the charged momenta be greater
than 12 GeV/c.

These selection criteria yield 1380 two-prong, 1699
four-prong and 164 six-prong events, for a total of
3243 events.

The detection efficiencies for the three different
topological final states have been estimated using a
Monte Carlo simulation. The simulation produces 7-
pair events according to the standard electroweak
theory, including the o3 QED corrections [4]. Each 7
is allowed to decay according to the branching ratios
in the Particle Data Book [5] *!. The simulation re-
produces the data well. For example, the measured
scalar sum of the charged momenta for two-, four- and
six-prong events is compared with the Monte Carlo
simulation (shown as the histograms) in fig. 1. The

*1 In addition to the measured tau decay modes, we use a
phase space model for the 4 pion final states.
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Fig. 1. The distributions in the scalar sum of the charged mo-
menta for (a) two-prong events, (b) four-prong events, and
(c) six-prong events, The histograms show the results of the
Monte Carlo simulations.

overall detection efficiencies, including geometrical
and kinematical cuts are summarized in table 1.

The background contributions have also been esti-
mated by Monte Carlo techniques. Bhabha scattering
has both a large cross section and is strongly forward
peaked and so is potentially a dangerous background
in the two-prong topology. The cuts reduce this con-

Table 1
Data and background summary.

Event topology

two-prong four-prong six-prong
number of events 1380 1699 164
detection efficiency (%) 11 50 41
final state background fraction (%)
ete” <0.1 - -
N 0.2 - -
ete utu” 5.4 - -
ete 0.3 0.9 0.0
qq - 4.2 30.8

118

PHYSICS LETTERS

21 March 1985

tribution to less than 0.1%. The largest background
comes from low multiplicity, multi-hadron final states;
a comparable background comes from the two-photon
process ete~ > ete~u*u—. The remaining back-
grounds from the reactions e*e— — ete~ 77— and
ete~ - utu~ are small. Beam—gas and cosmic ray
backgrounds are negligible. The total background is
6.7%, distributed as shown in table 1.

The 2518 events in the central angular region,
jcos 8] < 0.55, were used to measure the absolute
cross section. The total integrated luminosity has been
measured from the Bhabha events in the same angular
region [6]. Our measured cross section divided by the
a3 QED prediction is RTT =1.10+0.03 £ 0.04. The
systematic error of 0.04 comes from a 3% uncertainty
in the luminosity measurement and an overall 2% er-
ror in the calculated detection efficiency, resulting
from the uncertainties in the 7 decay branching ra-
tios ¥2,

The differential cross section corrected for accep-
tance, background contamination and the a3 QED ra-
diative effects is shown in fig. 2. A forward—backward

*2 The errors in the branching ratios used in the calculation
of the detection efficiency error are taken from ref. [5].
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Fig. 2. The differential cross section for the reaction e*e”
— r¥r7 at </ = 29 GeV. The curve is the best fit to the data
including electroweak interference.
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Table 2

Charge asymmetries and axial-vector coupling constants measured by PEP and PETRA experiments,
Detector Ref. Aqgr (%) ghes VS (GeV)
HRS -6.1+23x0.5 0.28 £ 0.11 £ 0.03 29
Mark 11 [10] -4.2+2.0 0.19+0.09 + 0.02 29
Cello [11] -10.3x5.2 0.28 + 0.14 32.0-36.8
Mark J [12] 0.21 £+ 0.18 12.0-36.7
Pluto {13] 0.19 +0.24 + 0.02 27.5-31.6
Tasso [14] -49+53+1.3 0.13£0.18 13.9-43.1

asymmetry is evident. The full solid angle charge asym-
metry, 4, is defined as 4__ = (Ny — N, )/[(Ng + Vy),
where Ny (V) is the number of events with the 7% in
the forward (backward) hemisphere with respect to
the e* beam direction. In the uncorrected data sample,
there are 1576 events in the forward hemisphere and
1667 events in the backward hemisphere, The result
of fitting the angular distributionis 4, = —(6.1£2.3
* 0.5)%, including the a3 QED contribution of +0.7%.
The x2 of the fit is 11.6 for 10 degrees of freedom.
The systematic error of 0.5% includes the error in the
background subtraction as well as an estimate of possi-
ble detector bias [6]. The weak radiative corrections
[4,7.8] are not included in the above number; they
could change the predicted asymmetry by about 0.3%.

The standard model [1] predicts the differential
cross section to be:

do/d cos 6 = (ne2/25)[R,(1+cos20) + A cos 6],
where

R, =1+2glgiRex, A=4g g Rey,

,
x=(4 sin20W coszf)w)_1 [s/(s —M% +iM,I',)]-

with the interference terms included. The charge asym-
metry is then A__=34/8R__ . The standard model
values for the vector and axial-vector coupling con-
stants are g7g% = 0.25 (1 — 4 sin26y,)? = 0.0036 and
g7gs =0.25, for sin26y = 0.22, where 6y is the
Weinberg angle. Assuming a Z mass of 93 + 2 GeV
[9], the predicted values of A, _and R,_at+/s =29
GeVare A = -59%and R__ = 1.00. Our measure-
ments are therefore consistent with these predictions.
With the above values of sin26y, and M, and our
measurement of 4__ and R__, the axial-vector cou-
pling constant is computed to be g7g5 =0.28 £ 0.11

+ 0.03, in good agreement with the standard model

prediction and the published results of other experi-
ments at PEP and PETRA, as shown in table 2.

We have reported elsewhere [6] values of R
=0.99020.017+£0.030 and 4, = (49 1.5
+0.5)%. Our u and 7 results are consistent with u—7
universality. Assuming e—u—7 universality and com-
bining these results, we measure a lepton axial-vector
coupling constant ofgg =0.231£0.06 £0.03.

Since the effect of the weak interaction on R is
expected to be small, we can use our measurement of
R__ to test QED. With the QED cutoff parameters de-
fined by

= T 2412
Omeasured ~ PQED [1Fs/(s = ADI”,

our data give A, >92 GeV and A_ > 246 GeV at 95%
CL. These limits are comparable with the results from
other PEP and PETRA experiments [11,13,14].
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