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Abstract

We present a direct measurements of the Z°-lepton coupling asymmetries,
A., A,, and A,. It is based on a data sample selected from 170k Z° decays
collected by the SLD detector. The Z’s are produced by collisions of polarized
e~ with unpolarized et bunches at SLC. The couplings are extracted from the
measurement of the left-right forward-backward asymmetry for each lepton
species. The preliminary results (using information from all leptonic data for

A.) are: A, = 0.148 £ 0.016, A, = 0.102 £ 0.033 and A, = 0.190 £ 0.034.
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1 Introduction

Production of the vector 7Z boson in electron-positron collisions requires the lon-
gitudinal spin projections of the electron and positron to be parallel. The two
configurations with non-zero 7 production cross section are shown in figure 1). The
couplings of the 7 boson to the fermions are parity violating, so the Z production
cross sections for figures la) and 1b) are not equal. By convention figure la) is
referred to as the ‘Left handed’ cross section since it contains a left handed electron;
figure 1b) is called ‘Right handed’. In addition to the asymmetry in 7 production
cross section (called Apg, the Left-Right Asymmetry) the parity-violating 7 cou-
plings to fermions also produce asymmetries in the angular distributions of the Z
decay products with respect to the production axis.

In this paper we report on measurements of production and decay asymmetries
of 7% — p*p~, 77~ made by the SLD collaboration at the Stanford Linear Accel-
erator Center. The SLAC Linear Collider (SLC) produces Z bosons at the center of
the SLD detector in ete™ collisions with a polarized electron beam. The data were
collected during the 1993 (63% polarization, 5 - 10*Z’s analyzed) and 1994-5 (77%
polarization, 1 -10°7’s analyzed) runs of the SLC.
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Figure 1: Electron helicities in Z production. a) shows the Left cross section and b)
the Right cross section. Long arrows represent the lepton momentum; short arrows
indicate the longitudinal spin projections.

The SLC collides unpolarized positron bunches with polarized electron bunches
at center of mass energy at the peak of the Z resonance. The SLD detector [1] and
the SLC machine [2] have been described elsewhere.



2 Extracting Asymmetry Parameters

The main terms in the cross section for polarized production of a pair of leptons at
the Z resonance are

Z—Z x (1+PA)(1+ :1;2) + (P + A)A2x (2 = cos?) (1)
where A; is the Z coupling parameter for lepton [ (itself a function of the vector and
axial-vector couplings of lepton [ to the Z), P is the electron beam polarization,
and x =cos 0, where 6 is the angle of 7 decay axis with respect to the beam elec-
tron direction. The relevant information for extracting the 7 coupling parameters
from the SLD polarized asymmetries is contained in equation( 1). For the forward-
backward asymmetries we must measure cos . Events with cos # < 0 will be called
‘backward’ events, ‘forward’ events have cos § > 0. The sign of the polarization is

switched randomly on each beam pulse; during 1994-5 running half the data were

taken with P = —0.77 and half with P = 0.77.

2.1 The Left-Right Asymmetry

The left-right asymmetry measures the difference in Z production for the right and
left polarized electron beams. Using a symmetric range in polar angle the asymmetry
is

Ny, — Ng
:*:P-Ae
Nr + Ngr

where Np,(Ng) is the number of Z’s produced using the left (right) handed electron
beam. SLD’s main Arpp analysis that accepts mostly hadronic Z decays is described
elsewere [3]. This analysis uses Apg in the tau and muon final state sample to
measure A,.

ALR

To extract A, from Ay it is necessary to measure the e~ beam polarization This
is done with the Compton polarimeter [4] which (consisting basically of a bending
magnet and a Cerenkov electron detector) measures beam electrons scattered from
photons from a YAG laser which collide head-on with the polarized electron beam
after it passes through the SLD detector. The Compton scattering cross section
(and thus the scattered electron energy) depends on the relative spin directions of
the electron and photon and this effect is exploited to extract the electron beam po-
larization given a measured laser polarization. Polarization measurements are made
continually during running; accurate beam polarization measurements are available
about every 10 minutes. The uncertainty in the polarization is thus virtually all
systematic. Major contributions to the systematic error in the polarization mea-
surement for the 1994-5 run were from detector linearity, internal cross checks, and



the analyzing power of the Cerenkov detector. The preliminary polarization mea-

surement for the 1994-5 run is P = 77.23 4+ 0.52%.

2.2 Polarized Forward-Backward Asymmetries

The polarized forward-backward asymmetry is a double asymmetry which can be
formed by taking the difference in the number of forward and backward events for
left and right beam polarization data samples. The asymmetry can be written, with
obvious subscripts,

A (Nprp — Nig) — (Npr — NgB)
B (Npg + Nig) + (Npr + Nig)

Using the full range in cos 6, equations 1 and 2 give

(2)

Ay = 214 3)
illustrating how the final state lepton coupling can be extracted from the data.
The Left-Right Asymmetry of these same events is also used to extract the initial
electron-Z coupling parameter. In practice for the muon and tau final states events
are reconstructed and accepted for analysis only within |cos | < 0.7 since SLD
trigger and reconstruction efficiencies drop quickly outside that range (A geometric
factor also appears in equation (3)). Additionally, instead of counting events as sug-
gested by equation (2), a maximum likelihood fit is performed, event by event using
equation (1), to determine simultaneously A, and A, with the mu-pair events (or
A, and A; using the tau- pair events). The maximum likelihood fit is less sensitive
to detector acceptance as a function of polar angle than the counting method, and
it is a bit more powerful statistically. The preliminary results for A., A, and A, are

A. =0.148 £ 0.016

A, =0.102 +0.033
A, = 0.190 + 0.034



3 Event Selection

Leptonic decays of the Z are characterized by low charged multiplicity and two back-
to-back jets containing the leptons (or in the case of the tau pair events, the tau decay
products). This analysis relies entirely on the charged track reconstruction and the
measurement of the energies in the liquid argon calorimeter (LAC) associated with
the tracks. A pre-selection for muons and taus requires events to have between 2 and
8 (inclusive) charged tracks, each of which must pass within 1 cm of the nominal ete™
interaction point. This excludes most hadronic Z decays, which have an average
charged multiplicity around 20. Since the leptons have about 45 GeV energy, there
is little problem assigning reconstructed tracks to one of two event hemispheres,
corresponding to the two leptons. The product of the sum of the charges of the
tracks in each hemisphere is required to be -1 to ensure proper measurement of the
sign of the scattering angle. Each event is assigned a polar production angle based
on the thrust axis defined by the charged tracks.

_|_

Additional requirements are imposed to select Z — putu~ and Z — 717~ events

and further reduce backgrounds.

3.1 Muon event selection

Events of the type Z — utu~ are very distinctive and relatively easy to select at
SLD. In addition to the preselection, we require the invariant mass of the measured
charged tracks to be above 70 GeV. This removes most Z — 7+
virtually all two-photon events and any remaining hadronic 7 decays. The majority

77 events and

of events remaining are 7 — ptp~ and ete™ — ete™. We remove the ete™ final
state by requiring that the energy deposited in the LAC by the highest momentum
track in each hemisphere be less than 10 GeV (but more than 0 GeV to eliminate
events with both tracks entering spaces between calorimeter modules). Table (1)
summarizes the muon and tau event selections.

3.2 Tau event selection

The tau selection takes the complement of the muon sample and requires the event
mass to be less than 70 GeV. Bhabhas are removed by requiring maximum of the
energies in the LAC associated to the highest momentum track in each hemisphere
be non-zero but below 27.5 GeV. Two-photon events are suppressed by requiring
the angle between the momenta of the two hemispheres (as measured by the sum of
the charged track momenta in each hemisphere) to be greater than 160°. Requiring
one charged track to have momentum greater than 3 GeV also reduces two-photon
background. Remaining background from hadronic 7 decays is suppressed by re-



quiring each hemisphere invariant mass (as measured using the charged tracks) to

be less than 1.8 GeV.

event sample | backgr. as % of sel. events | eff. in |cos 0| < 0.7 | # of selected events
4 — T 04% Z — 7tr~ 1993 run: 1185
95% 1994-5 run: 2603
Z —TrrT 1% ete~
2% Z — ptpT 1993 run: 1211
0.5% two-photon 89% 1994-5 run: 2537
0.5% hadrons

Table 1: Summary of event selections for 7 — ptu~ and 7 — 7777,

4 Systematic Effects

The uncertainty on the beam polarization is correlated among all the measurements
and corresponds to an uncertainty on A; of £0.001.

Uncertainties in the amount of background and its effect on the fitted parameters
must also be taken into account. For the Z — ptu~ sample background actually has
a negligible effect. For the tau sample we have studied specially selected samples of
background-rich events from the data. These events were used to approximate the
polar angle distribution of the background events which slip into the final samples.
Those polar angle distributions were used in toy Monte Carlo to measure the effect
of the background on the extraction of the lepton coupling parameters. Background
is the dominant systematic in the tau final state.

Another large systematic effect for the tau analysis comes about because we
measure not the taus themselves, but their decay products. The longitudinal spin
projections of the two taus from 7 decay are 100% anti-correlated: one will be left-
handed and the other right-handed. So, given the V-A structure of tau decay, the
decay products from the 77 and the 7~ from a particular Z decay will take their
energies from the same set of spectra. For example, if both taus decay to 7wv, then
both pions will generally be low in energy (in the case of a left handed 7~ and right
handed 7F) or both will be generally higher in energy. The effect is strong at SLD
because the high beam polarization induces very high tau polarization as a function
of polar production angle. And, most importantly, the sign of the polarization is
basically opposite for left and right beam events. So a cut on event mass, say,
may cause polar angle dependence in selection efficiency for taus which has opposite
effect for taus from events produced with the left and right polarized electron beam.
Taking all tau decay modes into account, using Monte Carlo simulation, we find
an overall shift of +0.0079 + 0.0025 on A, (the value extracted from the fit must

be reduced by this amount). A, is not affected since the overall relative efficiencies




for left-beam and right-beam events are not changed much (only the polar angle
dependence of the efficiencies are changed).

We have also studied the effect of the uncertainty in the thrust axis determination
and the effect of higher order terms in equation( 1) that are associated with the
photon propagator. We find that their contribution is negligible.

statistical | polarization | backgr. | 7 accept. bias | «v propagator | total
A. | 0.016 0.001 0.002 negl. 0.0005 0.016
A, | 0.033 0.001 negl. n.a. 0.0005 0.033
A, | 0.034 0.001 0.004 0.0025 0.0005 0.034

Table 2: Uncertainties on A., A, and A, in the polarized forward backward asym-
metry analysis of Z decays to muons and taus. The first column shows the statistical
uncertainties from the fit. The other columns show systematics and the total un-
certainties. A, is measured using both the muon and tau event samples.

Figure (2) shows the cos 6 distributions for muon and tau final states for the
1994-5 data. The solid line represents the fit, while the points with error bars show
the data in bins of 0.1 in cos §. The maximum likelihood fit to extract the lepton
coupling parameters is performed event-by-event using equation (1).

5 Summary and Combined Preliminary 1993-95
SLD Results on Z-Lepton Couplings

We have presented a measurement of the Z-lepton coupling asymmetries A., A,,

_|_

and A, using ete™ — putpu~, 7777 events. The preliminary results are

A. =0.148 £ 0.016

A, =0.102 +0.033
A, = 0.190 + 0.034

SLD had performed a measurement of A, using three other techniques [3] [5] [6]. The
results are summarized in table (3). The hadronic Apr measurement [3] alone gives
the final result sinzef}{,{f = 0.23060 £ 0.00050. The electron, muon, and tau coupling
measurements are consistent with lepton universality and the combined preliminary
SLD result yields a weak mixing angle measurement of sinzeaj,cf = 0.23061+0.00047.
Table (3) summarizes the SLD measurements of lepton-Z couplings, including three
results not discussed in this report.
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Figure 2: Polar angle distribution for Z decays to muons and taus for the 1994-5
SLD run. The left column shows the distributions for left beam polarization; events
produced with the right beam polarization are on the right. The excess of events in
the left plots illustrates Apgr. The difference in forward backward asymmetries for
the left and right plots allows extraction of the final state lepton coupling parameter.

Method Result
Polarized Muon and Tau A. =0.148 £ 0.016
Forward-backward Asymmetries A, =0.102 £0.033
A =0.190 £ 0.034

Left-Right Asymmetry

Hadronic Arr A, = 0.1543 £ 0.0039
Charge Flow Asymmetry
in Hadr. 7 decays Qrr [9] A, =0.162 £ 0.043
Polarized Bhabha Scattering
(1992-93 data only) [6] A, = 0.202 £ 0.038

Combined SLD Preliminary Ae_ymr = 0.1542 £ 0.0037

Table 3: Summary of SLD results on Z-lepton coupling measurements.
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