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Electroweak Effects in e + e = r + r at 29 GeV
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A high-statistics measurement is presented of the cross section for the process e+e ~+~ at
Js =29 GeV from the MAC detector at PEP. A fit to the angular distribution of our sample of
10153 events with ~cosH~ ( 0.9 gives an asymmetry A„= —0.055 +0.012 +0.005 from which we
find the product of electron and tau axial-vector weak neutral couplings g~gJ = 0.22 + 0.05.

PACS numbers: 13.10.+ q, 12.30.Cx, 14.60.Jj

Although a number of experiments have provided
precise measurements of the electron and muon axial-
vector weak couplings, ' the couplings for the tau lep-
ton are less well known. The forward-backward asym-
metry of the reaction

e+e r+r (y)
gives a direct measurement of this axial-vector portion
of the weak neutral current and hence provides anoth-
er important test of lepton universality. A measure-
ment of the cross section for this process is obtained
over 90% of the solid angle, from a large sample of
data acquired with the MAC detector, operating at
PEP at a center-of-mass energy of 29 GeV. The in-
tegrated luminosity for this sample is 210+ 3 pb
where the error quoted is predominantly systematic.

The MAC detector, described in detail by the MAC

collaboration and by Weinstein, includes a calorim-
eterlmuon identifier of ) 95% solid angular accep-
tance. The calorimeter is composed of 91 cm of steel
absorber surrounding the interaction point as a hexag-
onal prism with end caps, with proportional wire
chambers interspersed at 2.5-cm intervals to detect
ionization from traversing particles. The steel is mag-
netized by toroidal coils to about 1.8 T, and is sur-
rounded by 4—6 layers of drift chambers for tracking
muons. Inside the iron calorimeter is a lead-plate
shower chamber for detecting photon and electron
showers in the central region, ~cosH~ «0.8; the inner
portions of the end-cap iron calorimeter serve the
same function in the region 0.7 « ~cosH

~

«0.95. Scin-
tillators placed behind the electromagnetic calorime-
ters provide triggering and timing. Innermost is a
ten-layer drift chamber inside a solenoid with a mag-
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netic field strength of 0.57 T.
The trigger for the experiment consists of the logical

OR of (1) scintillator hits in opposite sextants or end-
cap quadrants; (2) scintillator hits on three or more of
the eight faces of the detector (modeled as a hexagonal
prism); (3) showers of at least 2 GeV in any two of six
shower chamber sextants, two endcaps, or the central
hadron calorimeter; (4) one or more penetrating
tracks, defined by a cluster of central drift-chamber
hits within a 20 azimuthal sector in coincidence with a
pulse of 400 MeV or greater in the matching calorime-
ter sextant and a signal in the corresponding
scintillator (s) .

About 50 million events passing an unrestrictive
on-line filter were logged onto magnetic tape. An ad-
ditional loose first-pass analysis filter rejects approxi-
mately 90% of these, leaving about 4 million (mostly
Bhabha scattering) events for further analysis. A
series of minimal cuts is then used in order to accept
signal events down to small angles from the beam axis
with high efficiency and low background. First, events
are required to have at least two and not more than
four tracks (six in the case of events with reconstruct-
ed photon conversions in the beam pipe) reconstruct-
ed in the central drift chamber (CD); at least two of
these tracks are required to have a statisfactory X2 for a
primary vertex-constrained fit. The magnitude of the
total charge for each event is required to be consistent
with 0. A pair of tracks giving a satisfactory fit to the
hypothesis of photon conversion in the beam pipe is
not counted in the number of tracks for the cuts below
(in order to treat these events like events with uncon-
verted photons). Background from the process

e+e hadrons (2)

is reduced by the requirement that one track be
separated from all others by at least 120 and that the
"jet" side have no more than three charged tracks.
Events with two tracks, both identified as muons or
electrons, are rejected because of large backgrounds
from the processes

(y),
e+e ~ (e e )p, +p,

e+e e+e (y),
e+e ~ (e+e )e+e

(3)

(4)

(5)

as well as cosmic rays. This and the previous cut
(eliminating events which have more than four
charged tracks) reject only about 8% of events from
process (1).

The total calorimetric energy is required to be
greater than 6 GeV and electromagnetic shower energy
to be less than about 23 GeV; the latter effectively re-
jects most Bhabha scattering events. Track quality cuts

are made primarily to reduce the background from
very low-angle Bhabha events. To obtain further re-
jection of reaction (6) and radiative events from the
reactions (3) and (5), we eliminate events having an
identified electron with an energy greater than about 5
GeV and a small angle from the beam axis, and events
with neutrals which are consistent with a kinematic fit
to an eey or p, p, y hypothesis (including those with a
photon conversion in the beam pipe). Further rejec-
tion of process (2) and beam-gas interaction events is
achieved by the requirement that the sphericity be less
than 0.05 and the net transverse momentum relative
to the thrust axis be less than 1.5 GeV/c. Events with
tracks passing near the detector cracks or a single large
spurious hit in the hadron calorimeters are rejected,
mainly eliminating process (5). We veto events with
several struck scintillation counters in each end cap,
efficiently rejecting electrons, even near inactive re-
gions of the calorimeter, since the scintillators are
placed near shower maximum and their cracks do not
coincide with those of the calorimeter. Events with
the majority of tracks identified as electrons or muons
are eliminated to reduce background from reactions
(4) and (6).

To reduce backgrounds further, especially from pro-
cess (5), several additional requirements are made on
events with two charged tracks. They must be acol-
linear by more than 1' and acoplanar (the deviation of
the two tracks from being back-to-back in the plane
transverse to the beam) by more than 1 and less than
40'. Also, to reduce cosmic-ray and beam-gas back-
grounds, the vertex requirement is tightened and the
time difference between opposite struck scintillators is
required to be consistent with tracks originating at the
interaction point. Finally, requirements similar to
those described above are made of events which pass a
track fit designed specifically for cosmic rays which
miss the interaction point (especially along the beam
direction). Only 2'/o of the sample is rejected by these
special fit cuts, most of which are cosmic ray events.

In order to estimate the amount of background from
processes (2)—(6), cosmic rays, and the reactions

e+e (e+e ) ~+a

e+e (e+e )hadrons, (8)
we have altered some of the cuts most sensitive to the
various backgrounds and used Monte Carlo calcula-
tions. The physics input for the latter relied on the
calculation of Smith and co-workers for processes (4)
and (6)—(8), Sjostrand~ for process (2), and Berends,
Kleiss, and Jadach for the others. The detector simu-
lation was performed using the full sos (electromag-
netic) and HETc (hadronic) shower codes and a de-
tailed simulation of the physical and electronic proper-
ties of the various detector components of MAC. Fi-
nally, simulated events were processed by the same
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selection programs discussed above. These checks
result in the following background estimates: (2),
1.2%; (3), O. lo/o', (4), 0.4o/o', (5), & 0.4%; (6), 0.2o/o;

(7), 1.3'/o; (8), 0.4%; cosmic rays, 0.2%. The asym-
metry is small for all of these processes except (5) for
which it is nearly 100'/o; the only other significant
source of an asymmetry bias is process (4), where only
one electron and one muon are detected, for which the
total asymmetry bias is estimated to be O. lo/o. The fi-
nal sample contains 10153 events of which 400+75
are background.

The standard electroweak-theory prediction for pro-
duction of tau pairs with unpolarized beams can be
written, to first order in the Fermi coupling constant
G, as

do
d cos0

2

[(1+a, ) (1+cos20) + 2a 2 cos0],
2s

e r 1 g s
a i, 2 gVAgVA

(9)

where the center-of-mass energy is assumed to be
small compared to the neutral vector-boson mass M„
0 is the angle between the ~+ and the incident posi-
tron, and the weak-coupling constants gq and g& are
predicted to be ——,

' and —,
' (4 sin 0„—1) = —0.04,

respectively. The term proportional to cos0, arising
from the interference of the weak and electromagnetic
amplitudes, results in the forward-backward (charge)
asymmetry to which this experiment is sensitive. In
order to compare this prediction with the data, it is
necessary to correct for higher-order QED processes,
detector efficiency, and backgrounds.

Radiative corrections are calculated with the Monte
Carlo program of Ref. 6, including only diagrams to
order o. . These diagrams give rise to a purely elec-
tromagnetic asymmetry which amounts to + 1.8'/o

after we account for the cuts and acceptance. The
Monte Carlo simulation has been checked thoroughly
with our radiative' and nonradiative' muon-pair pro-
duction data. To determine the overall detector and
analysis efficiency, events simulating process (1) are
produced. Taus are allowed to decay, with reasonably
well-known branching ratios and proper decay matrix
elements. These events are then passed through the
detector simulation program discussed above. The
resulting simulated events are processed by the same
analysis programs as the data and a program simulating
effects of the hardware trigger and on-line software
filter. The inefficiency of this trigger is only 1.5% for
events passing all other requirements. The overall
analysis efficiency is determined by division of the
number of simulated events passing all cuts by the
number of produced events for each bin in cos0; the
efficiency is (42 + 1)% when averaged over the accep-
tance and is nearly constant for all ~cosH~ & 0.7. We
define 0 to be the angle between the thrust axis, taken
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FIG. 1. Differential cross section for tau pair production,
after radiative correction. The curve is the result of the fit
described in the text.

in the direction of the positively charged "jet," and
the direction of the incident positron; this prescription
is unambiguous because of the event neutrality men-
tioned above. The loss of information due to the im-
precise knowledge of the tau direction (o-o= 3.5') has
a negligible effect on the analysis. Since the incorrect
assignment of the charge of both jets happens in & 1%
of the events, there is no significant dilution of the
asymmetry.

The differential cross section shown in Fig. 1 is ob-
tained after correction for the order o. radiative ef-
fects. All backgrounds discussed above are subtracted
from the data bin by bin according to the distribution
of the Monte Carlo background events passing the
cuts. A maximum-likelihood fit to (9) is performed in
which a2 and the normalization are varied (assuming
a, « 1). The statistical and systematic errors in the
background estimates are included in the fit. From
this fit the charge asymmetry extrapolated to full ac-
ceptance is found to be

N+ —N 3 a2

N, +N 4 1+a,
= —0.055 + 0.012 + 0.005,

where the first error is statistical and the second is sys-
tematic. The latter is dominated by the uncertainty in
the background estimates for Bhabha scattering events
(0.004) and uncertainties in radiative corrections
(0.003). Other sources of systematic errors are negli-
gible. The fit gives a X2 of 21.8 for 16 degrees of free-
dom, with a normalization (a-/o-QEo) of 0.98+0.01
+0.034, where the first error is from the statistics of

the tau sample, and the second is the systematic error
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from uncertainties in the luminosity, efficiency, and ~

branching ratios.
This result is considerably more precise than previ-

ous tau charge-asymmetry measurements" and is in
good agreement with the theoretical prediction of
—0.063 at Js = 29 GeV and M, = 90 GeV. From the
asymmetry and normalization given above, we find the
weak-coupling constants gzgJ = 0.22 + 0.05 and
gfg&= 0.06+0.10. When combined with muon asym-
metry results, ' these data provide good evidence for
lepton universality.
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