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ABSTRACT 

Precise results are reported for the T lepton lifetime and several I 
branching ratios obtained with the MAC detector operating at PEP at 
JS = 29 GeV. We find T ~=(3.15?0.36?0.41~10-~~ sec. Results for the 
topological branching ratios Bl, Bs, 8s (7 decaying into 1, 3, 5 charged 
particles) are B+l-8~=0.133~0.003~0.006 and B5<0.0017 at the 95% confi- 
dence level. The fraction of all 3-prong decays unaccompanied by T~O’S 
is found to be 0.61?0.03?0.05. 

PACS numbers: 14.6O.Jj, 13.35.+s 

Insufficient precision in the measurements of the 7 lepton lifetime 

and branching ratios has left open the possibility that not all major 

decay modes of the 7 have been observed. Several authors1*2 have con- 

jectured that unobserved decay modes (possibly decays to previously 

unknown particles) might be responsible for the “missing” T decays. In 

order to resolve this situation, it is necessary to measure, with a pre- 

cision of better than 5%. the T lifetime and branching ratios, espe- 

cially for the leptonic modes and for the modes with three or more 

hadrons. We report here measurements of the I lifetime, topological 

branching ratios Bq, Bs, Bs (T decaying into 1, 3 or 5 charged parti- 

cles), and the first precise measurement of the branching ratios for tau 

decaying into three charged particles plus any number of vO’S. Combined 

with previous measurements these results suggest that either current 

measurements of the I branching ratios are too low or there are indeed 

significan 

The MAC 

been descr 

t unobserved decay modes of the tau. 

detector and event selection for the T asymmetry sample have 

bed in the preceding letter.3 All analyses except that for 
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the 5-prong branching ratio use this sample with few additional require- 

ments. In order to measure Bs, events with a topology of 1-4 or l-5 

are selected, i. e. events which, when divided by a plane perpendicular 

to the charged particle sphericity axis, have a single prong in one hem- 

isphere and four or five in the other. Since the probability of missing 

at least one of five nearby charged tracks in the central drift chamber 

(CD) is about 50% (mainly due to overlap of nearby tracks), allowing the 

l-4 topology increases the efficiency and reduces the systematic error 

due to the modeling of this inefficiency. Events for which the isolated 

track is identified as an electron are rejected to avoid background from 

the 2-photon process ee + ee + hadrons, in which one of the electrons is 

detected. The isolated track is required to have a momentum greater 

than 0.5 GeV/c, make an angle of less than 25O with respect to the 

sphericity axis, and be at least 120° from the nearest track. To reject 

hadronic and various soft backgrounds, the total calorimetric energy is 

required to be between 6 and 25 GeV, the sphericity of the event to be 

less than 0.035, and all calorimeter hit clusters with an energy greater 

than 1 GeV to be within 30° of the sphericity axis. The invariant mass, 

computed from the position and energy of calorimeter hits, must be less 

than 3 (4) GeV in the hemisphere with the smaller (larger) mass. The 

scalar sum of the charged track momenta is required to be at least 4 

GeV/c. To reduce the background from events in which a T decaying to 

three prongs is accompanied by an e’e- pair arising from go Dalitz decay 

or photon conversion in the vacuum pipe or CD inner wall (total of 0.036 

radiation lengths at normal incidence), events are rejected in which the 

topology is l-4 and some track has a momentum less than 0.25 GeV/c, one 
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or more tracks fail a loose vertex fit, or at least one pair of tracks 

gives a satisfactory x2 for a fit to the pair conversion hypothesis. 

The efficiency for l-5 events passing these cuts is (10.5?1)%. 

B1, B3, Bs are determined from the l-l, l-3 and l-5 topology samples 

as described above, where l-2 and l-4 topology events are included in 

the 1-3 and l-5 samples respectively. Table I shows the total number of 

data events and the expected background in the various topologies. 

Since Bs is much smaller than l%, it is found separately. Approximately 

45% of the background in the 1-5 sample is due to photon conversion 

pairs, 20% is from TIO Dalitz decays, 25% is from 1-3 events with spuri- 

ous extra tracks, and 10% is due to multi-hadron events. Since the 

background can account satisfactorily for the observed signal, we find 

B5<0.0017 at the 95% confidence level, where systematic errors estimated 

to be ~25% of the number of background events are included. This result 

is lower than previously published limits by the MKII collaborationV 

(.005), CELLO5 (.009), and TPC6 C.003 at 90% confidence level). It is 

also considerably lower than a theoretical prediction of 0.01.’ 

To measure 87 and Bar Monte Carlo methodse*‘j are used to calculate an 

efficiency matrix for the detection of l-l and l-3 events given the var- 

ious possible actual topologies. This matrix is shown in Table II; the 

efficiencies shown include the restriction that 1cosBl < 0.7, where 8 is 

the polar angle of the thrust axis. The 1-5 and 3-3 topologies are neg- 

lected since their inclusion changes 83 by only 0.0004. Bl and 83 are 

calculated by inverting this matrix. Secondary vertices (primarily 

K~-‘TI’TI’) are included in the assigned topology, but reconstructed e+e- 
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vertices are not; the answer is corrected for Dalitz decays and the ~50% 

of events with e’e’ pairs in which no vertex is found. The result is 

B3~1-B~=0.133~0.003~0.006, where the first error is statistical and the 

second systematic. The primary contribution (0.004) to the systematic 

error arises from the Monte Carlo modeling of the response of the CD; 

the data and the Monte Carlo calculation do not agree well on the number 

of events with l-2 topology. A scan of data and Monte Carlo generated 

l-2 events indicates that ~80% are actually l-3 topology in which one 

track is missed. By varying the relevant cuts and Monte Carlo input, 

other contributions to the systematic error are estimated to be: tau 

branching ratios used in the Monte Carlo calculation (0.003); back- 

grounds (0.002); efficiency other than CD (0.002); acceptance cuts 

(0.0015); and e’e- and K5 uncertainties (0.001). The result for 83 

somewhat smaller than the less precise results of NKII’ (.14?.02?.01 

CELLO5 (. 15+.02), and TPC6 (.152+.009+.015). 

is 

1, 

The measurement of the branching ratio for r-r3 prongs+nn”+Y begins 

with events in the l-3 topology sample just discussed. We use only the 

subsample in which there are exactly four CD tracks which all have a 

good x2 for a primary vertex fit, and 90% of the calorimetric energy is 

in the central calorimeters. This sample is divided according to the 

number of “neutrals” found in the 3-prong hemisphere. A neutral is 

defined to be a cluster of central shower chamber (SC) hits with energy 

greater than 2 GeV which is at least 4.75O from the nearest track in the 

CD, but within 25O of the sphericity axis. The former angular require- 

ment reduces the number of false neutrals due to energy deposition from 

charged tracks in the SC and the latter reduces the background from 
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radiative tau production events. A typical so appears as a single neu- 

tral more than 90% of the time. 

Assuming neutrals originate only from TIO decays and radiative tau 

production, and using the efficiency matrix shown in Table III and the 

number of observed events (Table I), we find Rg, the fraction of all 

3-prong events which have no TIO’S, to be 0.61?0.03?0.05. The second 

error is systematic and is estimated by varying the cuts described 

above. We assume that B(7+3 prongs+,28°+y) is small; the systematic 

error in R3 due to the uncertainty in this assumption is negligible 

unless this branching ratio is 10.01 since the efficiency for detecting 

at least one shower is not very sensitive to the presence of a second go 

in the event. This result combined with our value for B:, gives 

B(r+3 prongs+v)=0.081?0.008 and B(r+3 prongs+Zln”+Y)=0.052t0.008. If 

kaons are neglectedlO, this result is in agreement with the previously 

published measurements of B(7+3a*v) of MKII at SPEARlO (0.07t0.05) and 

CELLO5 (.097+.020+.013), but less so with the measurement by PLUTO at 

BORIS” (B(r+p”~~~)=0.054?0.017). Our result also agrees with the pre- 

diction1*13 B(r*3&r”v)-5% if the contribution of events with L2 1~~‘s is 

small as expected. 

The measurement of the 7 lifetime uses the full event sample dis- 

cussed in ref. 2. The impact parameter technique is used, that is for 

each track we find the distance of closest approach to the interaction 

point (IP) in the plane transverse to the beam direction (6). Since the 

resolution in S is much larger than the expected mean due to the life- 

time of the T (~4Opm1, 6 can be negative nearly as often as positive. 
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gn is taken to be positive (negative) when the track appears to 

forward (backward) relative to the apparent 7 direction. The 

latter is assumed to be along the thrust axis and pointing from the IP 

toward the place where the track intersects the thrust axis; of course 

negative 6’s arise from displacement of the track due to resolution 

effects. All tracks are used for which there is a satisfactory x2 for a 

constrained fit to the primary vertex and an uncertainty in 6 (ae) less 

than 1 mm. The former requirement excludes secondary vertices (KS 

decays and photon conversion pairs) and obviously spurious tracks, and 

the latter rejects poorly fit tracks. Fig. 1 shows the distribution of 

ag for tracks satisfying all but the cut on this quant 

gives the 6 distribution, weighted by l/og2, for the f 

taining 23584 tracks. From the latter distribution we 

<6> = 43.625.0 pm. The median rather than the mean is 

ity and F 

inal samp 

find the 

used in 

9. 2 

e con- 

median, 

rder to 

reduce sensitivity to background and K decays; the median is expected to 

be nearly equal to the mean for an exponential decay distribution with 

decay constant much smaller than the experimental resolution. 

The median is related to the lifetime by 

<s> = UC?. 

where a=0.48tO.Olr0.02 is obtained from the Monte Carlo simulation. 

Using this and the estimate of 3.9% background in the sampler3 we find 

r~=(3.15’0.36’0.4)~10-‘~ set, 

where the first error is statistical and the second is systematic. The 

latter is dominated by the uncertainty in a, given above, and the possi- 

ble presence of a bias in 6. A bias due to decays having large 6 would 

result in a mean larger than the median, contrary to our observation 
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that the mean is about lo smaller than the median. Analysis of a large 

sample of Monte Carlo generated events with full detector simulation and 

T lifetime set to zero gives <6>=3.9?2.2pm, indicating a bias of less 

than 6um. To check for a systematic bias not simulated by the Monte 

Carlo calculation, we study the distribution of be, the raw impact 

parameter from the track fit, which is uncorrelated with the tau’s 

direction of travel. This bias is found to be less than 2pm. Other 

possible causes of systematic errors have been considered: uncertainties 

in a due to inaccurate Monte Carlo modeling including the momentum spec- 

trum, mass distributions, input branching ratios, and angular dependence 

of the efficiency; the effect of TI and K decay in flight; and uncer- 

tainty in the background fraction. All of these effects are negligible 

compared with the dominant systematic uncertainties discussed above. 

With the assumption of r-u universality, the T lifetime is predicted to 

be 

r~=B,(m~/m1)5r~=(2.8’0.2)x10“3 set, 

where Be (the branching ratio for T-*evl) is taken to be” 0.17620.016. 

Thus this result is in good agreement with theoretical expectations, 

previous less precise measurements,15 and a new precise measurement by 

the MKII collaboration,16 (2.86?0.16?0.25)X10-13 sec. 

In conclusion, the tau lifetime result is consistent with the pre- 

dicted result given above. Our values for Ba and Ro are sufficiently 

small and of sufficient precision to make it unlikely that the l-prong 

topology of the T+~ITY and T+~BY modes could account for the missing -6% 

of the decays.’ Either some T branching ratio measurements are in error 

(including the leptonic ones), or there are significant unobserved decay 

modes. 
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Table I. Number of observed events and predicted background in various 

topologies (systematic errors are included). 

Topology No. of events 

l-l 4693 

l-2 489 

l-3 2342 

l-4 9 

l-5 2 

l-3+0 neutrals 1255 

l-3+1,2 neutrals 255 

Background 

105215 

20r10 

104+25 

722 

321 

98r30 

2427 

Table II. Efficiency matrix for B1, Ba determination (errors are 

statistical only). 

Actual topology 

l-l sample 

l-3 sample 

l-l l-3 

.219 2.001 .0024?.0003 

.0092+.0003 . 380 2.003 

Table III. Efficiency matrix for the 3-prong + two measurement (errors 

are statistical only). 

No. of observed neutrals 

0 

1,2 

n=O n)O 

0.229+0.002 0.145r0.002 

O.O1ltO.OO1 0.083+0.002 
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Figure Captions 

Fig. 1. Distribution of the error in impact parameter (6). Only 

events with og < 1 mm are included in the final sample. 

Fig. 2. Impact parameter distribution for the final sample of 23584 

tracks. 



4000 

2 3ooc 

l- 
IL 
0 2ooc . 
z” 

0.5 1.0 1.5 
8 ERROR (mm) 

Fig. 1 



6 

I 
m I 0 

0 0 I 0 
0 I 0 

ma. 0.. I l .O.rr 
2 -2 0 

8 (mm) 

Fig. 2 


