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ABSTRACT 

Data accumulated with a high-precision vertex drift chamber operating in 

the PEP detector MAC are used for a precise measurement of the lifetime of the 

T lepton. Results from a decay-length analysis of a sample in which one T decays 

into one charged particle and the other to three charged particles are combined 

with those from an impact-parameter analysis of an independent sample of events 

that includes both one- and three-prong tau decays. We find rT =0.309 f 0.019 

ps, in agreement with the prediction from the measured leptonic branching ratio 

and r-p universality. 

PACS numbers: 14.6O.Jj, 13.35.+s 
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Measurements of the tau-lepton lifetime and leptonic branching fractions test 

lepton universality, the prediction of the standard electroweak theory that all 

leptons have the same coupling to the charged weak current. Certain grand 

unified theory models ’ predict the existence of massive neutral leptons which 

can mix with the known neutrinos. An observable conseqence of mixing with 

z+ would be a larger tau lifetime than that predicted by universality. Recent 

measurements of tau leptonic branching ratios’ with a precision of - 3% permit 

more accurate tests if the r lifetime can be measured with similar precision. The 

best published r lifetime measurements3’4 have an uncertainty of 15-20%. In 

this Letter we present a measurement of the r lifetime with an uncertainty of 

6%, obtained with the MAC detector operating at a center-of-mass energy of 29 

GeV at the PEP storage ring of the Stanford Linear Accelerator Center. The 

data sample used in this measurement corresponds to an integrated luminosity of 

94 pb-l with a high-precision vertex drift chamber installed near the interaction 

point of the MAC detector. 

Since a complete description of the MAC detector can be found elsewhere,’ 

we describe in detail only the components crucial to the present measurement. 

The central drift chamber (CD) has ten cylindrical layers of wires, six of which 

are oriented at f3” to the beam axis, embedded in a 0.57-T, axial magnetic 

field. The radii of the first and last layers are 12 and 45 cm, respectively. A 

high-precision vertex drift chambers (VC) with an inner radius of 4.6 cm, was 

installed within the CD by considerably reducing the beam-pipe radius and aug- 

menting the radiation shielding. The VC consists of 324 thin-walled drift tubes 

arranged axially in three double layers. Typical spatial resolutions of 160 pm 
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(CD) and 50 pm (VC) p rovide an impact parameter resolution of 90 pm in the 

plane perpendicular to the beam, as measured with Bhabha scattering events. 

Multiple scattering in the beam pipe and VC walls (a total of 0.008 radiation 

lengths) typically adds 65 pm/p(GeV/c) to th e impact parameter resolution. 

Hexagonal barrel and planar end-cap electromagnetic and hadronic calorime- 

ters surround the inner detectors, covering 98% of the full solid angle. The 

calorimeters are surrounded by drift chambers to detect muons. Scintillators, 

placed immediately inside the barrel hadron calorimeter and in the end caps, 

provide trigger and time-of-flight information. 

The trigger for the experiment and the tau sample selection criteria have 

been described previously. The selection of events from the process e+e- + r+r- 

begins by dividing an event into two hemispheres with respect to the charged- 

particle thrust axis. Events are rejected if they do not satisfy IcosB~[ < 0.9, 

where flT is the angle of the thrust axis with respect to the beam. Events are 

required to have a single charged track in one hemisphere and no more than 

three in the other, all of which must be separated from the isolated track by 

an angle of more than 120’. Two-track (l-l) events are rejected if both tracks 

are identified as muons or both as electrons. The total calorimetric energy is 

required to be greater than 6 GeV and the electromagnetic shower energy to 

be less than 23 GeV. The sphericity of the event is required to be greater than 

0.05 and in four-track (l-3) events the charged-track (calorimetric) mass of the 

S-prong hemisphere must be less than 2.0 (5.1) GeV/c2. A variety of other cuts 

effectively reduce the background from all processes except e+e- -+ e+e-r+r- 

and e+e- --+ hadrons to negligible levels. Poorly measured events are removed 
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by requiring at least two “quality” tracks which have: 2 3 VC hits, > 7 CD 

hits, p > 0.5 GeV/c, and a satisfactory x2 for a fit to a vertex originating at the 

interaction point (primary vertex).g The selected sample contains 3788 events, 

of which 2409 have l-l topology. 

The dominant backgrounds are estimated with the Monte Carlo programs of 

the Lund group lo (hadronic) and Vermaseren et al.” (eerr), processed through 

a detailed detector simulation. 5 The hadronic background is also estimated from 

a sample of hadronic data for which one hemisphere has three tracks and the 

other more than three. The amount of background in the samples is discussed 

below. 

We form two subsamples to measure the tau lifetime. A sample of events with 

l-3 topology is selected for a measurement of the decay length (DL) between the 

production point and the vertex of the 3-prong tau decay. In a second method, 

applicable also to events with l-l topology, we determine the lifetime from the 

impact parameters of the individual tracks. 

The 590 events selected for the decay-length measurement satisfy the addi- 

tional requirements that all four tracks are compatible with the primary vertex9 

and the 3-prong has at least two tracks with four or more VC hits (hits cannot be 

shared between tracks) and a net charge of fl. The 3-prong vertex is refit (omit- 

ting the opposing track and the beam constraint) to establish the decay point 

and its error ellipse. The decay length is the distance parallel to the 3-prong 

momentum vector that maximizes the likelihood for the production and decay 

points to lie within their respective error ellipses.r2 Projections of the vectors 

onto a plane perpendicular to the beam are used to exploit the precise tracking 
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information in this view. The full decay length is then computed by dividing the 

projected length by sin8, where 0 is the polar angle of the 3-prong momentum 

vector. 

The distribution of decay lengths is shown in Fig. 1 (in the figure and in the 

fit, we include only the 532 events having assigned DL error less than 3 mm and 

DL between -2 mm and +4 mm). The mean decay length is obtained from a 

maximum-likelihood fit to the data of a convolution of the decay exponential with 

a sum of Gaussian resolution functions having width parameters that come from 

the individual track reconstruction error matrices. Additional terms are included 

to account for backgrounds, which are estimated to be (2.7&1.0)%, nearly equally 

divided between hadronic and eerr events. The result is (DL) = 777 f 61 pm. A 

similar fit to Monte Carlo samples with a range of assumed lifetimes serves to cal- 

ibrate the decay length to the lifetime. We estimate the systematic uncertainties 

in the lifetime from uncertainties in this calibration and the tracking resolution to 

be 3% and in the number and decay lengths of background events in the sample 

to be 1%. From the decay length-measurement we find rr =0.316 f 0.026 f 0.010 

ps, where the first error is statistical and the second is systematic. 

In the second method, all events in the sample can be used to determine 

the impact parameter (IP), in the plane perpendicular to the beam, of each 

track with respect to the estimated r production point. This production point 

is calculated by taking the weighted average of the beam centroid, determined 

from Bhabha scattering events at frequent intervals, and information from the 

other tracks in the event. l3 In order not to dilute the result with tracks having 

little sensitivity, only “quality” tracks (see above) with an angle with respect to 

6 



FIGURE 1. 
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Distribution of measured 3-prong decay lengths for the 532 l-3 
events in the decay-length sample. The curve is the result of the maximum- 
likelihood fit described in the text. 

the thrust axis of more than 2.6’ are included in the analysis. The sign of the 

impact parameter is taken to be positive (negative) when the track appears to 

travel forward (backward) relative to the apparent r direction as estimated by 

the thrust axis. The average uncertainty in the impact parameter is 155 pm 

(270 pm) with (without) the improvement of the beam position from the other 

tracks in the event. Fig. 2a shows the impact parameter distributions for the 4065 

tracks which remain after the events used in the DL analysis, discussed above, are 

excluded. We estimate that (5.1 f 1.6)% of th ese tracks are due to backgrounds, 

half from hadronic events and the rest from eerr and other events.’ 

The DL measurement described above makes no use of the lifetime infor- 

mation contained in the impact parameter of the isolated track opposite the 

3-prong vertex. To exploit this information, for each event in the DL sample, we 
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FIGURE 2. Impact parameter distributions for: a) the 4065 tracks from the 
IP sample with the events used in the decay-length method removed, and b) the 
isolated tracks from the 590 events in the DL sample. 
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project the fitted S-prong momentum vector to the beam ellipse to find the most 

probable production point and its uncertainty.14 The impact parameter of the 

isolated track is then measured with respect to this point. The IP so defined is 

independent of the decay length measured above since the 3-prong vertex fit con- 

tributes here through the projection component transverse to the line of flight. 

The resulting distribution is shown in Fig. 2b. 

The trimmed-mean technique15 is used to determine the r lifetime from the 

impact-parameter distributions. A fraction of the tracks are removed symmetri- 

cally from the tails of the distributions. The best statistical precision is achieved 

when 10% of the tracks are removed. We find the trimmed means of the full IP 

sample and the samples shown in Figs. 2a and 2b to be 51.0 f 2.9 pm, 39.6 f 3.3 

pm, and 58.5 f 8.3 pm, respectively. The second result is smaller since about one- 

half of the l-3 events have been removed (l-3 events have a considerably larger 

mean impact parameter than l-l events). We extract a value of the r lifetime by 

comparing these results with results from complete detector Monte Carlo (MC) 

simulations for a range of r lifetimes. Corrections are made for the number of 

l-l, l-2, and l-3 events actually observed in the data and the expected amount 

of backgrounds. The systematic error for the impact parameter measurement, 

estimated to be 4.8%, is composed of the following uncertainties: calibration 

of lifetime us IP (3.5%), b’ lases not modeled by the MC (2.0%), backgrounds 

(1.6%)) relative amounts of various event topologies (1.7%), rejection of tracks 

at a small angle to the thrust axis (l.O%), and triming procedure (0.6%). From 

the trimmed mean results given above, we find rr =0.297 f 0.026 f 0.014 ps and 

0.323 f 0.053 f 0.018 ps for the DL excluded and l-prong DL samples, respec- 
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tively. All tau lifetime results are summarized in Table 1. As checks, especially 

of systematic errors not common to the two analysis methods, we also include in 

Table 1 results of the IP method applied to the full and the DL samples. 

TABLE 1. Summary of tau lifetime measurements from the various samples 
and techniques discussed in the text. Both statistical and systematic errors are 
included except as noted. The two lines below the combined result represent 
checks which are not included in the final measurement. 

Sample Method 77 (PS) 

DL S-prong DL 0.316 f 0.026 f 0.010 

DL l-prong IP 0.323 f 0.053 f 0.018 

DL excluded IP 0.297 f 0.026 f 0.014 
-------------------------------- 

Combined 0.309 f 0.019 

Full IP 0.307 f 0.019 (stat. only) 

DL IP 0.327 f 0.022 (stat. only) 

The results of the two methods used to determine the lifetime of the r lepton 

are in good agreement with each other. When the values for the DL sample 

are combined with those of the IP sample from which the DL events have been 

removed, and all statistical and systematic errors combined in quadrature, we 

find r7 =0.309 f 0.019 ps. This result is in agreement with our previous result 

from an independent sample4 and with the world-averagevalue, rr =0.330&0.035 
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PS. l6 From 7-p universality as expected in the standard electroweak theory, the 

r and ,Q lifetimes are related by 

where B, is- the branching fraction for the decay r + v,eDe. With B, = 0.179 f 

o.oo4,17 the above formula predicts r7 =0.286&0.006 ps. Thus our results are in 

agreement with the universality predictions of the standard electroweak theory. 

From the ratio of the measured and predicted r lifetimes, 1.08 f 0.065, mixing of 

the tau neutrino with a massive neutral lepton’ must be less than 21% at the 

98% confidence level (20). 

We wish to acknowledge the assistance of N. Palmer and D. Wright for their 

work on the beam pipe and E. Askeland, J. Broeder, N. Erickson, J. Escalera, 

J. Schroeder, and the late C. T. Pulliam for their essential contributions to the 

construction and installation of the vertex detector. 
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