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From three-prong decays of z leptons produced in the MAC detector at PEP, the life-
time of the 7 is determined to be (4.9+2.0) && 10 ' sec.

PACS numbers: 14.60.Jj, 13.35.+s

Determination of the T lepton lifetime permits
a straightforward test of the weak charged-cur-
rent coupling of the 7 system. In the present ex-
periment three-prong decays in flight of monoen-
ergetic taus, produced by electron-positron an-
nihilations at PEP, were used to measure the 7

lifetime.
The MAC detector has been described else-

where. ' The analysis presented here depends
most directly upon the central tracking chamber,
which consists of ten layers of drift wires in a
solenoidal magnetic field of 5.7 kG. The radii of
the innermost and outermost layers are 12 and
45 cm, respectively. The range of angles sub-
tended by all ten layers is 23' ~ 0 ~157'. Each
cell contains a double sense-wire pair connected
to differential electronics so that drift distance is
determined without right-left ambiguity. The
wires in four of the layers are axial; these are
interspersed with six stereo layers at plus and
minus three degrees to determine axial positions.
The point measurement accuracy is about 200
p, m. Between the interaction point (IP) and the
first drift layer are the vacuum pipe and the drift-
chamber wall which total 0.036 radiation lengths
at an average radius of 9.4 cm.

The central drift chamber is surrounded by
electromagnetic and hadronie calorimeters,
scintillation counters, and muon tracking cham-
bers, which were used in the present experiment

for triggering and event selection. The accep-
tance of these detector elements is greater than
95% of the solid angle.

Data for this measurement came from an expo-
sure of 16 900 inverse nanobarns, of which 15 000
were taken at a center-of-mass energy of 29 GeV,
the rest at 28 GeV. Events having at least four
reconstructed prongs and sphericity' less than 0.1
were divided into two jets by the plane perpendic-
ular to the sphericity axis. Selected events had

at least one three-prong jet, accompanied by a
jet of one, two, or three prongs, in both cases
excluding any tracks which had been fitted as pho-
ton conversions in the vacuum pipe or chamber
wall. The sum of charges of the tracks was re-
quired to be zero, except for those events having
two reconstructed tracks opposite a three-prong
decay candidate with evidence, upon visual inspec-
tion, of a third track which failed the reconstruc-
tion.

Each three-prong decay candidate was subject
to the following track quality conditions: an aver-
age of at least seven hits per track, y for the
vertex fit less than 15 for three degrees of free-
dom, and net charge equal + 1. Events passing
these criteria were examined visually; about half
were rejected as obvious background, mostly
single-photon or two-photon multihadrons, often
containing extra unreconstructed tracks.

Remaining backgrounds were (I) Bhabha, elec-

106 1982 The American Physical Society



VOLUME 49, NUMBER 2 P HYSI GAL REVIEW LETTERS 12 Jvr, v 1982

tron pairs with an additional pair from conver-
sion of a radiated photon that failed to be recon-
structed as such, (2) eevT and ee (hadron) events
with undetected electrons, (3) beam-gas interac-
tions, and (4) four- and six-prong multihadron
events.

To remove these backgrounds the following ad-
ditional requirements were imposed: (1) the total
energy computed from the calorimeter pulse
heights less than the pure-electromagnetic equiva-
lent of 24 GeV, to eliminate converting radiative
electron pairs; (2) charged-track sphericity less
than 0.03, which Monte Carlo calculations showed
would retain almost all T pairs while removing a
large fraction of beam-gas, eeTT, and ee (hadron)
events; (3) the net momentum of each triplet
greater than 4 GeV/& to discriminate further
against ee7T events; and (4) the larger of the two
jet invariant masses, determined from energy
flow in the calorimeters, less than 4.5 GeV/c'
(the invariant-mass distribution of the visible T

decay products is bounded by m, =1.8 GeV, broad-
ened by the hadron cascade in the calorimeter;
from the corresponding distribution for detected
multihadron events we found that about 90/o were
excluded by this cut, independent of their charged
multip lie ity) .

There are 135 events, containing 139 recon-
structed three-prong decays, which pass the se-
lection criteria. To gain confidence that nearly
all of these are 7 pairs we have compared with
calculation the distributions in the relevant
kinematic variables, such as total energy and its
charged-particle component, momenta of the sin-
gle- and three-prong decay products, three-prong
mass, production angle, and branching ratios for
the decay opposite each three-prong decay. In
each case we find good agreement. From Monte
Carlo calculations we estimate that seven multi-
hadron and one ee7T events remain as background
in the sample.

By X minimization, the fitting procedure for
the decay vertices produced values for the co-
ordinates of the decay point and their correlated
errors. The production point was taken to be the
center of the beam intersection volume. The co-
ordinates of this point were determined by re-
constructing the Bhabha scattering events record-
ed simultaneously with the T pairs, and averaging
the fitted vertex coordinates over the events in
each data run. The beam position stability over
extended data-taking periods was found to be such
that the effective measured beam size was about
0.5 mm (rms) in the vertical dimension and 0.7
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FIG. 1. Distribution of the decay path length error
from vertex fits to three-prong T decays.

mm in the horizontal. Since the longitudinal beam
bunch length was much larger (about 1.5 cm), the
decay path was determined from its projection on
the plane perpendicular to the beam. In this
plane the distance between the vertex and the IP
and its error were projected onto the momentum
vector of the triplet, which is approximately that
of the parent T. Figure 1 shows the distribution
in flight path error. Decays having an error
larger than 8 mm were excluded from the subse-
quent analysis.

The decay path distribution is shown in Figs.
2(a) and 2(b). Each event has been entered into
the histogram of Fig. 2(a) with unit weight, and
into that of Fig. 2(b) weighted by the reciprocal
squared error. The weighting procedure opti-
mizes the information extracted from the data on
the sample mean, but tends to create bias, since
the error is a function of distance from the meas-
urements. We have retained both distributions
as a check on this effect.

In both distributions of Fig. 2 there is a clear
indication of a nonzero decay length. Although the
measurement error is larger than the decay length,
~, the value of ~ can be deduced from the sample
mean. If we assume that the observed distribution
is the convolution of an exponential decay curve
with the experimental resolution function, which
itself may have a nonzexo mean value or bias x„
then the value of ~ and its error, 0 z, are unfolded
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FIG 3 Decay length distribution for control events-
(a) unweighted, (b) weighted by the reciprocal squared
error.

FIG. 2. Decay length distribution for 7- decays:
(a) unweighted, (b) weighted by the reciprocal squared
error.

according to

X =(x) -x„
o„'=(o„'-~')/V,

where Q) and v„are the mean and standard devia-
tion of the observed distribution, and N is the
number of events.

From a Monte Carlo calculation of the distribu-
tion in vertex position expected for taus of zero
lifetime we determined the resolution function for
the flight path measurement. A nonzero bias was
found, as given in Table I for both unweighted and
weighted distributions. We attribute this result
to the X' fitting procedure which, in effect, com-
putes a weighted average of the intersection
points formed by three pairs of tracks in each
triplet. The weight given to each intersection
tends to decrease with its distance from the

TABLE I. Summary of decay path and bias values,
in millimeters. See text for definition of the weights
referred to in the column headings;

Unweighted Weighted

y sample
y raw (x) Ia„)
Monte Carlo (x) =x~
T corrected A,

Control sample
raw (xl (a„)
XQ

jeff
A, ff (calc)

1.57 (5.48)
0.50+ 0.01
1.07 + 0.49

1.75 (4.43)
0.55+ 0.01
1.20+ 0.39

0.68 (4.03)
0.30+ 0.08
0.38 + 0.17

0.31 (4.86)
0.30+ 0.10
0.01+ 0.21
0.18+ 0.08
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measured track points, resulting in a bias of the
triplet vertex toward these points. Variation in
the Monte Carlo process of the efficiency and
noise rate of the tracking chamber has been
shown to produce no significant change in the mag-
nitude of the bias.

From the data of the first two lines of Table I
together with Eq. (1) we find the corrected flight
path values entered in the third line. The results
for unweighted and weighted averages are in good
agreement. Analysis of Monte Carlo events gen-
erated with the observed decay length gave the
same decay path distribution as the data.

As a check on the calculated resolution function,
we have constructed a sample of taulike events
from multihadron events observed in the detector.
Random triplets were chosen from within the
hadron jets which met requirements adjusted to
simulate T decays as nearly as possible. In par-
ticular, the decay-path error distribution for the
events was made to agree with the one for taus
(Fig. 1). The decay-path distributions for these
events are given in Figs. 3(a) and 3(b) and the
mean values are entered in Table I under the
heading "control sample, " along with Monte Carlo
results for the bias (determined by suppressing
decays in the multihadron Monte Carlo simula-
tion), and the effective decay length after sub-
traction of the bias, ~,ff. The results are to be
compared with the contribution expected from
hadronic decays, calculated by setting the drift-
chamber resolution equal to zero in the Monte
Carlo calculation, which appears in the last line
of Table I. It can be seen that the measured and
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calculated effective decay lengths agree within
about 0.2 mm. Variations of the above control
sample were also studied. Considering the con-
sistency of all the data for both T and control
events we have assigned a systematic uncertainty
of 0.3 mm to the decay path measurement.

Taking the T mass to be' 1.782 GeV, and the
average beam energy for this experiment of 14.5
GeV, we find for the lifetime

w, =(4.9+ 2.0)X10 " sec.

Here we have used the weighted mean decay path
from Table I, and have added the 0.3-mm sys-
tematic uncertainty in quadrature with the statis-
tical error given there. The prediction from 7-p
universality is given by

v, =(m&/m, )'w&b, =(2.8+0.2)&&10 " sec,

where b, is the branching fraction for 7 -evv,
0.176+ 0.016.' Previous published measurements
include values of' (4.6+ 1.9) &10 " and' (-0.25
+ 3.5) &&10 " sec, consistent with the result re-
ported here.
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A new high-precision measurement of the asymmetry coefficient, Ae, for the positron
decey of polarized '6Co is reported: A& =+ 0.359+ 0.009. If one assumes the V-A f«m
of the weak interaction and time-reversal invariance, the Fermi-Gamow- Teller mixing
ratio, y = CzMF/CzM(-, T, is then —0.091+ 0.005. Since y is nonzero and isospin is not
conserved, '6Co P+ decay is a good candidate for sensitive time-reversal invariance tests
of the weak interaction.

PACS numbers: 23.40.Hc, 27.40.+k

The allowed isospin-hindered (&"-&", & -& + 1)
P transitions in nuclei' are of particular interest
for studies of isospin conservation of nuclear
forces2 and for time-reversal invariance (TRI)
tests of the weak interaction. ' Fermi transitions
require &T =0, and consequently, a nonzero value
of the Fermi to Gamow-Teller mixing ratio, '

y
=CvM~/C„MGr, violates isospin conservation.

In TRI tests in nuclear p decay, the magnitudes
of T-odd correlations are proportional toy. Fur-
thermore, Barroso and Blin-Stoyle' have suggest-
ed that possible T-nonconserving effects in al-
lowed isospin-hindered I3 transitions may be am-
plified by a factor of 10'. Consequently, precise
measurements of y for these P transitions are of
fundamental importanc e.
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