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Abstract 

We measure the T lepton lifetime with r+r- pairs in which one or both of the T’S decays to three charged particles. The 
data were. collected with the CLEO II detector operating at the electron-positron collider CESR at energies on and near the 
Y(4.T). We use displacements of the three-track vertices to determine the 7 lifetime. The result is r7 = 289.0f 2.8 f 4.0 fs. 

PACS: 13.1O.+q; 13.35.+s 

1. Introduction 

The decay of the r lepton provides a useful testing 
ground for the Standard Model of electroweak inter- 
actions [ 11. Within the framework of this model the 
T is a sequential lepton, and therefore its properties 

’ Permanent address: BINP, RU-630090 Novosibirsk, Russia. 

such as mass, lifetime, and leptonic decay rate are re- 
lated to each other. In particular, its coupling to the W 
is the same as that of the ,u, and its lifetime is related 
to the muon lifetime: 

rT = ~~(m,/rn,)‘B(~- + e-v,P,)( 1 - 8,). (1) 

The calculated T lifetime 7, depends directly on exper- 
imental measurements of the muon mass mK and life- 
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time rP, and of the r mass rnr and electronic branch- 
ing fraction a( r- 4 e-v,ii,) . The term S, represents 

the radiative correction along with the contribution of 

the electron mass to the phase space factors; it has the 
calculated value 0.0004 [ 21. Using the world average 

values for the measured quantities [ 3,4] we find the 
predicted lifetime to be 

7, = (1.632 + 0.0012) x lo-“B(r- + e-v,fi,) 

= 294 f 3 fs (294 x IO-15s). (2) 

In this paper we present a new measurement of the 

r lifetime based on a high statistics sample of tau pairs 
produced in efe- annihilations. We reconstruct ver- 

tices from decays with three charged tracks to measure 

the decay point, in events with the other tau decaying 

into either one ( 1 vs 3) or three charged tracks (3 vs 

3). With the 3 vs 3 sample we use both decay ver- 
tices without reference to the production point, which 

is uncertain because of the beam size. This is the first 

high statistics measurement by this technique, which 

will be extendible to future experiments having preci- 
sion vertex detection and high event rates. 

2. Instrumentation 

The data were accumulated at the Cornell Electron- 
positron Storage Ring (CESR). The sample corre- 

sponds to a total integrated luminosity of 3 fb’ (3.6 

fb-‘) used for the 1 vs 3 (3 vs 3) analysis, with 

approximately two thirds of the data collected at the 

Y (4s) (center-of-mass energy Ecm = 10.58 GeV), 
and the rest at energies near the resonance. These lu- 
minosities correspond to the production of 2.7 x lo6 

(3.4 x 106) r-pairs, of which 25% are of the 1 vs 3 and 

1% of the 3 vs 3 topologies [ 31. We include events 

with additional neutral pions in the 1 vs 3 subsample, 

but not in the 3 vs 3 subsample. 
The CLEO II detector [5] emphasizes precision 

charged particle tracking and high resolution electro- 

magnetic calorimetry. The detector elements surround 

a 3.5 cm radius beryllium beam pipe which presents 
0.44% of a radiation length of material at normal inci- 
dence. Charged particle tracking is accomplished with 
the use of information from three concentric wire drift 
chambers: a 6 layer straw tube chamber (ET), with 
innermost layer located 4.7 cm from the interaction 

point, a 10 layer vertex drift chamber (VD), and a 
large volume drift chamber (DR) of 5 1 layers (40 ax- 

ial and 11 stereo). The z position (coordinate along 
the beam axis) is determined from the DR stereo lay- 

ers and from cathode strips located on the inner and 

outer walls of both the VD and DR. For charged par- 
ticle momentum analysis a superconducting coil sup- 

plies a 1.5 Tesla magnetic field throughout the tracking 

volume. Surrounding the tracking system inside the 

solenoid is an electromagnetic calorimeter containing 

7800 CsI( Tl) crystals. The calorimeter provides high 

quality photon detection, r” reconstruction, and elec- 
tron identification. 

3. Event selection 

We select 1 vs 3 tau pairs [ 61 by accepting events 

which have 4 charged tracks, with a net charge of 

zero. To ensure that the event is well measured, we 

demand that each track’s point of closest approach 

to the beam axis have perpendicular distance (DCA) 
less than 1 cm and z-displacement from the interac- 

tion point less than 10 cm. We define two hemispheres 

separated by the plane perpendicular to the highest 

momentum charged track. One hemisphere must have 
one charged track, and the other must have 3 charged 

tracks. QED backgrounds such as radiative Bhabha 
and two-photon interactions are suppressed by requir- 

ing that the total energy of the event be greater than 
0.3OE,,, the total shower energy be less than 0.75E,,, 

and at most one track be identified as an electron. The 

invariant mass of charged and neutral particles within 
each hemisphere must be less than 1.6 GeV (assum- 
ing all charged tracks are pions), and the missing mass 

of the event must be between 0.5 and 7.0 GeV, these 

cuts reduce qij and two-photon backgrounds. The total 
momentum vector of the particles in each hemisphere 
is required to point to the barrel region of the detec- 

tor, 1 cos 81 < 0.80, where the polar angle B is defined 
with respect to the beam direction. With Monte Carlo 
events [ 71 we determine the selection efficiency to be 

10.2%. 
The selection of double 3-prong events is discussed 

in detail in Ref. [8]. We require six charged tracks, 

three in each hemisphere bounded by the plane per- 
pendicular to the charged-particle thrust axis. The net 
charge in each hemisphere is required to be & 1 and 
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the total charge of the event must he zero. Each track 
must have ( cos 8) < 0.8 1, and momentum p greater 
than 0.05&, where Et, = h&,,, is the beam energy. To 
eliminate secondary decays such as KS -+ T+IT-, we 
veto events if there are any tracks with DCA greater 
than 1.5 cm. We reject events if an identified electron, 
when paired with another track, is consistent with aris- 
ing from a photon conversion. We suppress qq back- 
ground and feed-across from other r decay modes by 
vetoing events with calorimeter showers which have 
energy greater than 100 MeV, are more than 30 cm 
from the nearest hadronic charged track, and have a 
lateral profile consistent with that of photons. Events 
containing showers with energy greater than 800 MeV 
are rejected regardless of the shower location and 
shape. Background from qq events is reduced further 
by requiring both 3~ invariant masses to be less than 
1.5 GeV. To reject two-photon background, we require 
that the polar angle of the missing momentum satisfy 
1 cos Bhss/ < 0.98 and that the scalar sum of the mo- 
menta of the six tracks be at least 0.45&,. 

An event of either topology must satisfy further re- 
quirements to ensure track quality. Two of the three 
tracks comprising a vertex must have 0.3 < p < 4.0 
GeVlc, at least 39 drift chamber layers contributing to 
the track fit, DCA less than 5 mm, and average track 
residual less than 300 ,wm. For each 3-prong cluster 
in the 1 vs 3 (3 vs 3) events, all three (two of three) 
tracks must have at least 2 PT hits, 4 VD hits, and 10 
DR hits. Events are rejected if the 3-prong vertex re- 
construction code cannot fit the tracks to a common 
vertex, or if the fit x2 exceeds 24 (for 1 degree of 
freedom). Finally, all remaining events must have a 
measured value for cr between -4110 and 4290 ,um 
and a measured cr uncertainty of less than 400 pm. 
The final data sample contains 55320 1 vs 3 and 2159 
3 vs 3 events. 

4. Background estimates 

We model the remaining hadronic background in 
the sample by Monte Carlo generated qq [ 91 and BB 
events processed through a simulation of the detector 
[lOI. 

We estimate the amount of qq background in the 1 
vs 3 sample, using both data and simulations, to be 
1.3f0.3%. We calculate the two-photon background 

to be less than 0.5%. By varying the selection crite- 
ria and studying the data and Monte Carlo we esti- 
mate the remaining background levels from Bhabha 
and ,u-pair events with a photon conversion in the 
beam pipe to be less than 0.2%. We have also investi- 
gated possible contamination from beam gas interac- 
tions and Y (4s) + BB decays and found the contri- 
butions of these sources to be negligible (0.02&O. 1% 
and 0.15f0.15% respectively). 

For the 3 vs 3 analysis, where q4 background is 
more significant, we scale the Monte Carlo estimate 
by 1.2 f 0.2 to agree with data in regions where qq 

background dominates. We estimate the two-photon 
contribution from distributions sensitive to this back- 
ground, and Y (4s) background from Monte Carlo. 
The resulting estimates are 5.5 f 1.3% qq, <O.l% BB 
and < 0.2% two-photon events. 

5. Lifetime determination 

The tau proper flight distance, cr, is calculated from 

L m7 L, cr=-=--, 
rP p7 sine 

(3) 

where L is the decay length, and y, /?, and the magni- 
tude of the r’s momentum p7 are calculated from the 
beam energy. Initial state radiation reduces the r en- 
ergy somewhat; from the simulation we find the cor- 
rection to the average decay distance to be 3.1% from 
this effect for our sample. L,, = L sin 8 is the compo- 
nent of the flight path in the precision measurement 
projection, transverse to the z axis. We determine the 
r polar angle B from the combined vector momentum 
of the three charged tracks. 

5.1. Vertex reconstruction 

For each r we determine the most probable pro- 
jected decay length L,, from the equation 

L 
xt,at + yty(T; - (Xty + Ytx)cr,, 

xy = 1202 + t2a2 - 2t,t,ox,> ’ (4) 
Y x x Y 

with X = X, - Xb, Y = Y, - Yb for the 1 vs 3 events, 
and X = $(Xo2-XL,t),Y=$(&-YUi)forthe3vs3 
events. In these equations, (X,, Y,) are the transverse 
decay coordinates of the r decay point and (Xb, Yb) are 
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the corresponding coordinates of its production point. 
The determination of these quantities is discussed be- 
low. In E!q. (4), ~5, u$, and gxy are elements of the 
error matrix for (X, Y) . Finally, tx and t, are direction 
cosines of the three-prong momentum vector (of the 
momentum-difference vector for 3 vs 3 events). This 
vector is our approximation to the flight direction of 
the tau pair. From the Monte Carlo calculation we find 
that the distribution of angles between the true and ap- 
proximated tau directions caused by omission of the 
undetected neutrino has a mean of zero and an rms 
deviation of 5”. Negative decay distances arise when 
the reconstructed vertex lies in the hemisphere oppo- 
site that of the 3-prong momentum vector. We deter- 
mine (X,, , Y,,) for each vertex with a x2 minimization 
algorithm which constrains the three charged tracks to 
come from a common point. CT Wm) 

5.2. Beam positions 

Fig. 1. Decay length distribution for Monte Carlo and Data for 
1 vs 3 events. The dashed histogram is for the control sample, 
discussed in the text, of two-photon events with four charged 
tracks in the final state. 

Beam positions (Xb, Yb), required for the 1 vs 3 
measurement, are determined with hadronic events for 
each data run. For this purpose we select events that 
have more than four charged tracks to exclude most r 
pairs. The resulting sample for a typical run contains 
about 350 events. Track quality cuts eliminate poorly 
fit and low momentum tracks which might have large 
multiple scattering effects. We fit tracks to a common 
vertex with the same algorithm as that used for find- 
ing the r decay point, iterating with exclusion of any 
outlying tracks. We determine an average position and 
rms deviation for each data run. The uncertainties in 
the average values of (X,, Yb) are typically 35 pm 
and 15 pm, respectively. The full error on the produc- 
tion point also includes a contribution from the finite 

extent of the beams (350 pm in x and 10 pm in y). 

160 I I I I 

- Monte Carlo 
5 120 

:: 
in 
3 
p 60 

B 

P 
140 

5.3. Lifetime calculation 

Distributions of the measured CT calculated accord- 
ing to Eq. (3) for 1 vs 3 and 3 vs 3 events are 

shown in Figs. 1 and 2, respectively. Also displayed 
are Monte Carlo calculations (including contributions 

from the backgrounds), showing good agreement with 
the shape of the data distributions. We determine the 
lifetime from weighted averages CT,,.,~~ of these distri- 
butions, obtaining the weight of each event from the 
vertex fit error matrix. We prefer this averaging proce- 

Fig. 2. Decay length distribution for Monte Carlo and Data for 3 
vs 3 events. Data are indicated by points with error bars, simu- 
lation (signal plus background) by the solid histogram, and qq 
background simulation by the dashed histogram. 

dure to a fitting technique (e.g. maximum likelihood) 
because it is less sensitive to modeling of the resolu- 
tion. The mean value of the distribution is independent 
of the scale of the decay length errors. We describe 
our tests for bias in Section 6 below. 

The mean T lifetime, TV, and the mean lifetime of 
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the event sample, rmeas, are related by 

Tmeas = ( 1 - fbg ) SCOIT~T + fbgTbg$ (5) 

where fbs is the fraction of non-r events in the sample 
and rbg is their mean lifetime. The COITedOn faCtOr 

scorn reflects the effects of initial-state radiation, the 
imperfectly known r flight direction, and any vertex 
reconstruction bias (see below). Effectively scorr is 
calculated as the ratio of reconstructed to generated 
lifetime from the Monte Carlo, and assumes the value 
0.977 f 0.003 ( 1.005 f 0.017) for the 1 vs 3 (3 vs 
3) measurement. 

We compute the lifetime of the background sample 
from a Monte Carlo simulation, confirmed with data. 
For the hadronic background in the 1 vs 3 (3 vs 3) 
sample we find crbs = 12 f 8pm (1.7f7.2pm). 

We measure crmeas to be 83.02f0.85 pm for the 1 
vs 3 sample and 87.8 f 3.1 ,um for the 3 vs 3 sample. 
After correcting for backgrounds, initial state radia- 
tion, and bias (Eq. (5)), we find cr7 to be 86.22 + 
0.88 ,um for the 1 vs 3 sample and 92.5 f 3.2 pm for 
the 3 vs 3 sample. 

6. Consistency checks and systematic errors 

To check for internal consistency we have examined 
the sensitivity of our results to: separation of the data 
into sets for different run periods, delimited for ex- 
ample by a change of the gas mixture (argonJethane 
to DME) in the PT, number of PT hits included on 
the tracks; vertex fit xZ/DoF; and for the 1 vs 3 sam- 
ple, sign of charge of the contributing r and the decay 
mode of the tag T. No significant variations were ob- 
served, indicating no bias within 0.5 ,um. 

We used Monte Carlo calculations to perform de- 
tailed checks for bias, varying inputs such as T,, de- 
tector resolution, simulation of particle interactions in 
the detector, and the vertex fitting algorithm. We esti- 
mate biases from the vertex determination (included 
in scoTT, Eq. (5)) of +0.5 f 0.4 pm for both the 1 vs 
3 and 3 vs 3 sample. 

As a further check for bias, we performed a test 
with a large sample of two-photon events with four 
charged tracks, reconstructed as for 1 vs 3 tau pairs. 
The decay length distribution for these events is in- 
cluded in Fig. 1. For this reaction we expect a mean 
decay length of zero. After correcting for contami- 

Table 1 
Systematic errors on cr for both analyses in pm 

Source 1 vs 3 3 vs 3 

Tracking and Vertexing I.1 1.6 
Lifetime Extraction from Distribution 0.3 1.5 
Beam Position + Size 0.2 0.0 
Background Fraction 0.3 1.3 
Background Lifetime 0.1 0.8 

Total 1.20 2.7 

nation of this sample we measure an average decay 
length of -2.2 f 1.5 pm, confirming that we have no 
large bias. We conservatively assign a systematic error 
of 1.1 ,um to account for effects due to tracking and 
vertexing, and 0.3 pm for the method of extracting 
the mean decay length for the 1 vs 3 analysis. 

We have studied the sensitivity of the 1 vs 3 life- 
time measurement to the beam position and size by 
independently shifting the assumed values of both in 
data and Monte Carlo samples. Variation of the beam 
position or size by 100 ,um does not shift the central 
lifetime value; we assign 0.2 pm as the beam related 
systematic error. 

For the 3 vs 3 analysis, vertex measurement system- 
atic error estimates include the finite statistics of the 
r Monte Carlo sample ( 1.5 pm), biases in the vertex 
reconstruction algorithm (0.6 pm), the track recon- 
struction (0.3 pm), and the technique for extraction 
of the lifetime from the distribution ( 1.5 pm). The 
last was estimated by comparing the weighted mean 
cr with an unweighted trimmed mean for a range of 
trim fractions. The combined systematic error from 
these sources is 2.2 pm. 

The systematic error due to the uncertainty in the 
background fraction is calculated to be 0.3 ( 1.3) pm 
for the 1 vs 3 (3 vs 3) analysis, taking into account 
uncertainties in the modeling of the background com- 
position and the sensitivity of the background fraction 
to the event selection criteria. This error also accounts 
for the change in fbg when we use two independent 
methods to estimate it. Finally, the systematic error 
due to the uncertainty in the lifetime of the background 
is calculated to be 0.1 (0.8) pm for the 1 vs 3 (3 vs 
3) analysis. 

Systematic errors for the two measurements are 
summarized in Table 1. The total systematic error for 
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each analysis is obtained by combining the contribu- 
tions in quadrature. Thus for the 1 vs 3 sample we 
measure cr, = 86.2 f 0.9 * 1.2 pm, with the first er- 
ror statistical and the second systematic. For the 3 vs 
3 sample we measure cr, = 92.5 f 3.2 f 2.7 pm. 

7. Conclusions 

Using a large sample of 1 vs 3 r events we measure 
r, = 287.6 f 2.9 f4.0 fs. With an independent sample 
of 3 vs 3 r events we find r, = 309 f 11 & 9 fs. 
Taking account of the common systematic error of 3.3 
fs, associated mainly with the track reconstruction, we 
find the combined result from both samples 

7, = 289.0 f 2.8 f 4.0 fs. 

This is consistent with our previous measurement [ 111 
T, = 304 f 14 f 7 fs, based on an independent sample 
recorded with a substantially different detector config- 
uration. It is also consistent with other measurements 
of rr, such as recently published results from 2’ de- 
cayr7=297f9f5fs [12],291.4ztI.Ofs [13], 
289.2 f 1.7 & 1.2 fs [ 141, and 293.7 f 2.7 f 1.6 fs 
[ 151. The Standard Model prediction given in Eq. (2) 
is in agreement with the measurements. 
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