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Abstract

We have determined the T lifetime in e'e” annihilations at an average centre

of mass energy of 42.5 GeV, using a pressurized drift chamber close to the
interaction point. We find the 1ifetime to be (3.18 t 8'32 b 0.56)'10_13 sec.
The charged weak 1 coupling constant relative to that of the u is found to be

GT/GU =0.94 t g'és + 0.09, in good agreement with Tepton universality.
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The T lifetime was determined in two ways:

(a) by measuring the distance between the production point of the T and its
decay vertex. In this case all three track vertices from the "1 + 3" and
"3 + 3" topologies were used.

(b) by measuring the separation of the two decay vertices in a "3 + 3” topology
efe” » 1t event, which is the sum of the flight paths of the two
T particles.

The rationale for using two different methods is that the systematic errors
for (a) and (b) are different: Method (a) requires an estimate of the pro-
duction point of the 1, which lies within the luminous region formed by the
overlap of the electron and positron beams. The position of this region was
determined for individual fillings of PETRA. Method (b) eliminates the uncer-
tainty inherent in this procedure; however, the accuracy obtained is
limited by the smaller number of "3 + 3" topology events. In the following we
first describe the fitting procedure used to deéermine the position of
the t decay vertex, then discuss the steps employed in method (a). We use
method (b) as a consistency check on the result of method (a).

For each track we used the hit information from all three chambers,
vertex detector, proportional chamber and drift chamber. Before constraining
the tracks to a common vertex, the fitting program was allowed to delete up
to three points from each track if the Xz for that track fit was too high.

The vertex fit was carried out by constraining the three tracks to come
from a common point. The XZ formed by comparing the hits associated with each
track with the predicted track position was then minimized by varying the
parameters of the track and the position of the common vertex. Multiple
scattering was taken into account in both track and vertex fit. It was assumed
for the purpose of computation to occur at a radius of 16 cm, between the
vertex detector and the drift chamber, with the average multipie scattering
angle increased by 30 %. This parametrization was checked by Monte Carlo
simulation and comparison with data and found to give a good description of
the error matrix for the vertex fit. The uncertainty in the error matrix
elements given by this model was estimated to be ~20 %. The program first
attempted a fit in three dimensions. If the increase in overall X° compared

= D=

to that without a vertex constraint was significantly higher than would be
statistically expected, a fit in two dimensions was tried. If this too

failed the X2 criterion, then a fit in the vertex detector alone was attempted.
If all three fits failed, the vertex was rejected. From our sample of

59 three track vertices, 4 failed the vertex fit. The above procedure gave

the vertex position and the full error matrix for each successful fit.

The beams have a finite size and the position of the interaction region
with respect to the tracking chambers can also vary due to changes in the
PETRA ¢ptics or mechanical variations in the positions of the tracking cham-
bers. We monitored these changes on a run-to-run basis by using tracks from
beam associated events. At least 50 clean tracks with >4 vertex detector
hits had to be accumulated for each determination of the beam position. The
uncertainty in the beam position was typically 150 um in x and y. No attempt
was made to determine the z position of the interaction region because its
size is several centimeters. The r.m.s. beam size in x and y has been cal-
culated from the machine lattice and optics parameters to be ~500 pm, 10 um
respective1y5). Because the uncertainty of the beam position in y is Targer
than its size, the appropriate quantity for use in our fit in this case is
the uncertainty in the position. In our determination we used oy = 530 um,
oy = 150 um for the dimensions of the luminous region.

Having obtained the centre of the interaction region and the coordinates
of the secondary T vertex it can be shown that the best estimate of the decay
Jength projected in the xy-plane is given by
%y Oyy bty Tax Ty 7 O N T D

2 2
tX Oyy - 20Xy tytX + Oy ty

Sny =

where Oij are the elements of the error matrix formed by adding the error
matrices for the primary and secondary vertices, ty» ty are the direction
cosines of the t found by adding the momenta of three tracks from the secon-
dary vertex (which approximates the direction of flight of the t), X0 Yy
are the coordinates of the secondary vertex relative to the beam position.
The total decay Tength % was then obtained in three dimeﬁsions by using the
z component of the momentum vector of the three tracks from the t decay.
From the above expression for lxy the error, Ogs ON 2 was calculated for
each event. The distribution function for the decay paths was obtained from
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