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Using 216 pb"1 of data collected at </a = 58GeV, we have measured momentum distributions of r decay
particles in the decay modes, r —» eui>, r —• \wu, r —• w and r —• pv. The average r polarization, which is derived
from these momentum distributions, and its forward-backward asymmetry are obtained to be —0.012 ±0.052 and
-0.018 ± 0.088, respectively.

1. Introduction

It has long been pointed[l] out that the polar-
ization of T leptons provides us with information
concerning the neutral current properties of reac-
tion

e + e - _> T+T- (1)

as well as RTT and ATT.
If we can distinguish the helicity of r leptons,

the differential cross section of reaction (1) for
unpolarized electron and positron beams can be
expressed as

+2F3{s)cos9)), (2)

where h(= ±1) is the helicity of T~ and 9 is the
scattering angle between e~ and r~. The factors
F0,Fi,F2, F3 are given as

F0(s) = I-

= ^9V9A^X(S)
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in the standard model.
Here the function x{s) c a n be written as

t x
X[S) ~ 4 sin2 9W cos2 0w s - M\ + isTz/Mz'

and the vector and axial-vector couplings to Z°
are gl

v = -1 /2 + 2 sin2 0w and gl
A = - l / 2 ( / = e

or T) , respectively in the framework of the stan-
dard model.

The first term of Fo is the QED contribution
and the terms proportional to |x(s)|2 are the re-
sult of the Z° exchange; those proportional to
Rex(s) concern the interference.

The average polarization of r leptons, defined

as

(3)

is experimentally measurable in the spectra of de-
cay products[2]. Another possible observable is
the forward-backward asymmetry of the polariza-
tion which is defined as

(4)

where VF and VB are the average polarizations
measured in the forward and backward regions,
respectively.

For the full solid angle they can be expressed

as

r T -"
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Therefore, if we naively consider tha t the |x | 2

terms are small in our energy region, VT is sen-
sitive to gy9TA a n d A-p to gAgy. On the other
hand, at Z° pole VT and A-p are sensitive to
AT and Ae respectively. Here, At is defined as
Ai = 2glvgA/{9v + Q1A)- S° it can be consid-
ered that the complementaty study is available
by measuring VT and A-p a t TRSITAN and LEP.
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/•g) Due to the short decay length of T leptons and
the parity violating V — / structure of the weak
charged current decay, VT can be deduced from
an analysis of the kinematics of r decays[2]. r
leptons of opposite helicity have different decay
angular distributions in the r rest frame, which
leads to different energy distributions in the lab-
oratory frame.

Here, we study the kinematics of the two body
decays T~ —* •K~vr,p~vr and the three body de-
cays T~ —* t~vtyr^~viivr which includes 75%
of all r decays.

In the case of two body decays, the momentum
spectra of decay particles are expressed[l] as

(6)
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Figure 1. Results from other experiments below
Z° pole and the theoretical expectations. Solid
line shows a standard model prediction for aver-
age T polarization and dotted line for forward-
backward asymmetry of r polarization.

So far there are a few measurements of Vr and
A-p below Z° pole as shown in figure 1. Below
Z° pole, as shown in this figure, Vr and A-p
are expected to be very small in the standard
model since the vector coupling of Z° is small:
VT = +2.8% and Av = +2.1% at yfs = 58GeV.
In addition, measured values of VT a-nd A-p below
Z° have relatively large error because of small
cross section of reaction(l). However, we have
already collected about 200 pb"1 of data ,which
corresponds to about 8000 r pairs generated in
full solid angle and it is valuable to measure the
average polarization and its forward-backward
asymmetry of r leptons.

and in the case of three body decays[l]

df

dx
= a(x) + VTb(x), (7)

where a is analyzing power related to the spin
properties of the decay particle(a = 0.46 for p
mode and a = 1 for n mode), x is the laboratory
momentum of decay product normalized by beam
energy, and a(x) = (5 - 9z2 + 4a;3)/3,6(s) = (1 -
9x2 + 8 i 3 ) /3 .

2. Analysis

This analysis employs data taken at center-
of-mass energy at y/s = 58GeV recorded by
the VENUS detector, representing a total inte-
grated luminosity of 216 pb"1 which corresponds
to about 8000 tau pair events in full solid angle,

2.1. Event selection
Selection of a sample of tau decays proceeds in

two stages. First, the preselection rejects non-tau
events such as 2-y events, multihadronic events
etc. In the second step, the individual tau decays
are classified.

A T pair event is characterized with its decay
topology which is so called '1 vs n' topology. This
means that one tau decays to 1-prong mode and
the other to n-prong( n=l,3,5... ) mode.

Followings are the criteria of preselection: i)
The number of good tracks must be larger than
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1 and must be less than 9; ii) Evi3(totsl visible
energy) must be larger than Q.2ECM• This rejects
2-7 events; iii) i£^{a'(total energy deposited in
calorimeter) must be less than O.BECM to reject
Bhabha events, iv) Jet mass in two hemispheres,
separated by a plane perpendicular to the thrust
axis of the event, must be less than 4.0 GeV to
rejects multihadronic events and the acollinearity
angle of the two jets must be less than 40° to
reject 2-7 events.

Followings are the individual classification for
each tau decays.

r ± —• e±uTue : To identify electron, some cuts
based on the LG information are applied,
fij/p must be greater than 0.8, where E\
is the maximum sum of energy deposit in 4
LG blocks including the block which is hit-
ted by the track and p is the momentum of
the track, The energy deposit of the track in
the TRD must be greater than 10 keV. The
track which satisfy these selection criteria
is considered as electron. Events with two
identified electrons are rejected to remove
(radiative) Bhabha events and 2-7 events.

r * -> •n±vT,pL±vTi>^ : The track which satisfys
Ei/p < 0.8 and E^RD <10 keV is consid-
ered as charged w or p. To separate charged
•K and n, the track must be associated with
at least four hit layers in muon chamber for
fi identification and at most one hit layer in
muon chamber for charged IT identification.
Events with two identified muons are re-
jected to remove (radiative) mu pair events
and 2-7 events.

r * -> p±ur : Since p± immediately decays to
TT^TT0 and IT0 decays to 27, we require the
number of neutral clusters in a cone of 30°
around the track must be one or two. Two
neutral clusters are considered to form a TT°
candidate if their invariant mass is within
35 MeV of the ir° mass. Figure 2 shows this
invariant mass distribution. On t! e other
hand, any single neutral cluster is consid-
ered as a 7T° candidate. To select the final
sample of r * —> p±ur decays, the invariant
mass of the charged track and the 7r° can-

didate is required to be within 230 MeV of
the p^ mass. Figure 3 shows the invariant
mass distribution of the TT^ candidate and
the n° candidate.
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Figure 2, Invariant mass distribution of 2 neu-
tral clusters. The solid line histogram shows the
Monte Carlo events normalized by luminosity and
the dotted line histogram is the contribution from
other tau decays.

Figure 3. Invariant mass distribution of one
charged particle and 7r° candidate. The solid line
histogram shows the Monte Carlo events normal-
ized by luminosity and the dotted line histogram
is the contribution from other tau decays.
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Table 1
Observed number of each decay modes and background contributions from other r decays and other
processes. Also shown are calculated branching ratios from measured luminosity and PDG94 values.

# observed
# background
BR(%)
PDG94(%)

pv
602
86

23.7 ±1.0
25.2 ±0.4

7TJ/

205
20

12.5 ±0.9
11.7±0.4

euu
452
11

19.2 ±0.9
18.01 ±0.18

501
76

16.8 ±0.8
17.65 ±0.24

The number of observed decay modes and the
estimated backgrounds are summarized in ta-
ble 1. Background contributions from other T
decays are estimated using unpolarized r Monte
Carlo and those from other processes using real
data or various Monte Carlo. Calculated branch-
ing ratios using measured luminosity and PDG
values are also shown in this table. Measured
branching rations have good agreement with
PDG values.

2.2. Measurement of VT

In principle, VT can be derived by fitting the
measured laboratory momentum spectrum with
equation (6) or (7) but actually there are radia-
tive corrections and these theoretical momentum
spectra are distorted because the center of mass
energy of r pair system is changed. For example,
ifr is not polarized, theoretical expectation of the
momentum spectrum of charged n is flat for in/
mode, but this spectrum is distorted as shown in
figure 4.

To take into account the effect of radiative cor-
rections, Vr is measured by obtaining the linear
combination of the h = +1, h = - 1 Monte Carlo
which best fits the data after background subtrac-
tion. Fitting is done for four decay modes simul-
taneously and figure 5 shows the result of fitting.
Here, Monte Carlo data of two helicity states are
created by using KORALZ4.0[3] for event genera-
tion, TAUOLA2.5[4] for tau decay simulation and
VMONT which is our detector simulator.

The obtained average r polarization is

Vr = -0.012 ±0.052

Applying same procedure to forward and back-
ward region, we get forward r polarization^^1)

.5
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Figure 4. Momentum spectrum of charged 7r for
r —»irv mode. Solid line histogram shows the dis-
tortion of a th l-ical expectation(dotted line)
by radiativ .

and backward r polarization{V?) as follows,

V? = 0.013 ± 0.077

V? =0.032 ±0.075.

Here forward and backward regions are defined
as 0 < cos0 < 0.5 and -0.5 < cos0 <
0, respectively. Using these values, we obtain
forward-backward asymmetry of T polarization
from equation(4),

Av(pbs) = -0.011 ±0.055

Here, since Ap depends on acceptance as

3cos0
A-p(cos0) « -

3 + cos2 0
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Figure 5. Momentum spectra of T decay products
for four decay modes. Also shown are the Monte
Carlo best fits(solid histogram), the contribution
from each helicity(dotted for h = - 1 and dashed
for h = +1)

Now, we are studying such systematic uncer-
tainties.

3. Summary

From the measurements of momentum spec-
tra of r decay products, we have obtained the
average T polarization and its forward-backward
asymmetry of VT = -0.012 ± 0.052 and Av =
-0.018 ±0.088 respectively, which have an agree-
ment with standard model predictions.

These results are preliminary i.e. errors are sta-
tistical only and systematic uncertainties, which
are considered to come from the estimation of ra-
diative corrections, background and selection ef-
ficiency and so on, are now under study.
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, correcting this effect we obtain the A-p for full
solid angle,

AP = -0.018 ± 0.088

Here, errors are representing statistical only.
Systematic uncertainties are considered to arise
from the selection procedure, background esti-
mation, calibration and theoretical uncertainties
which include the estimation of radiative cor-
rections. At TRISTAN theoretical uncertainties
seem to be large because radiative corrections are
very large at such energy.
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