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ABSTRACT 

A sample of events from the process e+e- --) T+T- observed with the MAC 

detector operating at the SLAC storage ring PEP is used for a precise mea- 

surement of B,, the branching fraction for the decay 7 + v,~. The result 

B, = 0.107 f 0.004 f 0.008 is obtained from a sample of events with 798 identi- 

fied pions. 
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A measurement of the ratio of branching fractions (relative to all tau decays) 

for the decays r + Y,K (B,) and r + v,eii, (Be) can be used to determine 

the coupling of the r lepton to the pion. The ratio IQ/B, is calculable from 

well measured quantities, if the assumption is made that the same weak charged 

current participates in the decays K -+ JLD~ and r -+ v~~F. In addition, recent 

theoretical progress in the understanding of tau decays”’ has motivated precise 

measurements of tau branching fractions. Two measurements of the pion branch- 

ing fraction from the reaction e+e- + r+r- are presented, where one tau decays 

into v,rrr and the other into one or three charged particles. The data for these 

measurements were obtained with the MAC detector operating at the SLAC stor- 

age ring PEP at + = 29 GeV. The integrated luminosity for the data sample 

is 212.7 f 3.3 pb-‘, corresponding to approximately 27 000 produced tau-pair 

events. 

The central element of the MAC detector”’ is a ten layer cylindrical drift 

chamber (CD) inside a solenoid with a magnetic field strength of 0.57 T, provid- 

ing a momentum resolution 6p/p = 0.065 p sin e(GeV/c)-l for polar angles 8 such 

that 1 cos 61 < 0.9. Surrounding the solenoid is a hexagonal barrel calorimeter of 

lead sheets interspersed with proportional wire chambers (PWC’s) for measuring 

electromagnetic showers with 1 cos 01 < 0.8. Surrounding this electromagnetic 

calorimeter is a hadronic calorimeter of 5.5 nuclear interaction lengths of iron 

instrumented with PWC’s. The ends of the detector are closed by endcaps con- 

sisting entirely of iron plates interspersed with PWC’s. The energy resolutions for 

electromagnetic showers are OE/E = 2O%/dm in the central section and 

45%/a in the endcaps. The hadronic calorimeters have energy resolutions of 
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about 75%/a. The electromagnetic calorimeters have azimuthal and polar an- 

gular resolutions of a# = 0.6’ and a8 = 1.2' in the central section, and a# = 1.2' 

and a@ = 1.5’ in the endcaps. The calorimeters are enclosed by a hexagonal 

barrel of four layers of cylindrical drift tubes oriented transverse to the beam, 

except for the plane under the detector which consists of three layers of planar 

drift chambers. The ends of the detector are covered with six planes of drift 

tubes, covering the angular range 0.80 < I cos 81 < 0.97. The iron calorimeters 

are toroidally magnetized and the outer drift system (OD) measures the polar 

bend angle of a charged particle emerging from the iron. Scintillators, placed im- 

mediately inside the central hadron calorimeter and near electromagnetic shower 

maximum in the endcaps, provide triggering and time of flight information. 

The trigger for the experiment consists of the logical OR of (1) scintillator 

hits in opposite sextants or endcap quadrants; (2) scintillator hits on three or 

more of the eight faces of the detector (six hexagon faces and two endcap planes); 

(3) showers of at least 2 GeV in any two of six shower chamber sextants, two 

endcaps, or the central hadron calorimeter; (4) one or more penetrating tracks, 

defined by a cluster of CD hits in azimuthal coincidence with energy deposition 

of more than 400 MeV in the matching calorimeter sextant and a signal in one of 

the corresponding scintillators. Events satisfying this hardware trigger must also 

pass a simple software filter. The data were written to magnetic tapes and then 

processed by a loose first-pass analysis that rejected 90% of the original triggers 

leaving about 4 x lo6 events (mostly due to Bhabha scattering) for subsequent 

analysis. 

The selection of events with one r decaying to v,rrr and the other to one or 
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three charged particles, starts from a sample of tau-pair events whose selection 

is described in detail elsewhere.“’ These events have either two or four recon- 

structed tracks in the central drift chamber, one of which is separated from the 

others by at least 120’. The requirements that are most important for reducing 

the background are the following: (1) The total energy must be greater than 

6 GeV; (2) the total energy of the electromagnetic showers must be less than 

23 GeV; (3) the charged particle sphericity must be less than 0.05; (4) the net 

transverse momentum relative to the thrust axis measured with the calorimeters 

must be less than 1.5 GeV/c; (5) identified electrons must have an energy less 

than 5 GeV or a large angle from the beam axis; (6) events with two charged 

tracks (l-l events) and neutrals must not be consistent with a kinematic fit to an 

ee7 or pp7 hypothesis. These cuts reduce the background from sources without 

a 7 in the final state to about 4%. In order to restrict the sample to the part 

of the CD with the best performance, both tracks in l-l events and the isolated 

track in four track events (l-3 events) are required to have I cos 01 < 0.9. The 

l-3 events must meet the further requirement that at least two of the 3-prong 

CD tracks are fitted to the primary vertex with a satisfactory x2. This reduces 

the background from r-pair events with an e+e- pair from a photon conversion 

in the 0.036 radiation lengths of material inside the CD. 

For a track to be identified as a pion, it is required that: (1) the CD momen- 

tum be greater than 2 GeV/c; (2) the extrapolation of the CD track penetrate 

active areas of the both the calorimeters and the OD; (3) there be no match be- 

tween the CD track and an OD track; (4) more than 25% of the track calorimeter 

energy be in the hadron calorimeters; (5) there be a single shower in the vicin- 
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ity of the CD track with a total energy in the first layer of the electromagnetic 

calorimeters (0.1 and 0.5 nuclear interaction lengths in the central section and 

endcaps respectively) that does not exceed the expectation for a minimum ion- 

izing particle. These requirements reduce the particle identification backgrounds 

from all decays except r + u7p and r -+ v,K to negligible levels. The former is 

significant because the z* from p decay sometimes escapes detection. The latter 

cannot be eliminated since the MAC detector has no r/K separation capabili- 

ties, but this is not a serious problem since the branching fraction BK has been 

measured to be only about 6% of Br.14’ 

Estimates of the background and efficiencies for selection of the various data 

samples are made with Monte Carlo techniques. A Monte Carlo calculation 

provides the only estimate of the pion identification efficiency since there is no 

pure source of pions in the data with which to measure the efficiency. Cross 

section calculations and event generation are done with the computer programs of 

Smith and co-workers”’ for all two-photon processes, Sjiistrand”’ for e+e- + qq, 

and Berends et aLL7’ for e+e- + r+Z-(q), (1 = e, /L, 7). Events thus generated are 

run through a Monte Carlo simulation of the MAC detector.‘*’ The simulation 

includes all the physical and electronic properties of the detector and describes 

the data well. Monte Carlo events are required to pass a simulation of the trigger 

requirements and are analyzed by the same computer programs used for the data. 

The branching fraction B, is extracted from the l-3 sample by measurement 

of the fraction of the events with an identified pion on the l-prong side of the 

event, namely 

& = Bl (i’L3/~,-3)/(N-3/~1-3), 
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where Nr--3 and NT--3 are the background-subtracted numbers of observed l-3 

and 7r-3 events, ~1-3 and ~~~-3 are efficiencies for observing these types of events, 

and B1 is the branching fraction for r decaying to one charged particle and any 

numberofneutrals, B1 = 0.865f0.003."' This has several advantages compared 

with the method in which the number of 7r-3 events is measured and then the 

branching fraction is calculated from the integrated luminosity. The integrated 

luminosity and its error do not enter in the above method, and many other 

systematic errors tend to cancel, including those for the l-3 selection efficiency 

(the ratio cr--3/er--3 is just the pion identification efficiency for l-3 events) and 

the background due to unidentified photon conversion pairs. 

The pion branching fraction is measured from the l-l sample by observation 

of the fraction of tracks in the l-l sample that are identified pions, that is, 

where NT is the number of tracks identified as pions, cr is the efficiency for 

detecting a pion in the l-l sample, Nr-1 is the number of l-l events, and q-1 

is the efficiency for detecting l-l events. As in the l-3 case, this method tends 

to reduce systematic effects common to all l-l events such as uncertainties in 

the trigger efficiency, the background rejection cuts, and the measurement of 

the integrated luminosity. A total of 798 identified pions are found in the two 

samples. Table I shows the numbers relevant to the calculation of B, for both 

samples. The branching fraction is computed with an iterative procedure in 

which the backgrounds which are dependent on B, are adjusted. 
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Since the most significant background is from the decay r + z+p, the study 

of systematic errors focuses on how well these decays can be rejected from the 

sample. By variation of the criteria that define a detected neutral particle (an 

electromagnetic shower which is not aligned with a CD track), it is estimated 

that the uncertainties in the number of false showers and the detection efficiency 

for neutrals contribute 0.004 to the systematic error in B,. Uncertainty in the 

efficiency of the other pion identification criteria contributes 0.005 to the sys- 

tematic error, as determined by variation of the minimum allowed momentum, 

the maximum allowed I cos 81, and the minimum allowed fraction of the track 

energy in the hadron calorimeters. Uncertainties in the branching fractions of 

decay modes which are significant sources of particle identification background, 

25% uncertainty in BK[" and 5.4% in Bp'o-111 , contribute 0.0017 and 0.001 

respectively to the systematic error. A comparison of results from the method 

described above and those from the luminosity method is used to estimate that 

the systematic errors due to the selection efficiencies for the l-l and l-3 samples 

are .OOl and .003 respectively. 

The final pion branching fraction results are 

0.108 f 0.005 f 0.008 
BIF= 

(l-l sample) 

0.106 f 0.010 f 0.007 (l-3 sample) ’ 

where the first errors are statistical and the second are systematic (all the sys- 

tematic errors discussed above were added in quadrature). These two results are 

combined to yield 

B, = 0.107 f 0.004 f 0.008, 

where the statistical and systematic errors have been combined in a way which 
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reflects the fact that most of the systematic uncertainty is common to the two 

measurements. This result is consistent with previous measurements made by 

Blocker et al.,‘1a1 0.117f0.004f0.018, and Behrend et aZ.,‘1s1 0.099f0.017f0.013. 

Assuming universality of the weak charged current, the ratio of the pion and 

electron branching fractions of the tau is given by’14’ 

& (f7r cos Q2 12T2 
B,= ml 

= 0.607, 

where the quantity fir cos 8,, the form factor at the W-r vertex, is precisely 

determined in the decay x + PDF. The ratio of the present result for B, to the 

world average value of B, = 0.176 f 0.006"' is B,/B, = 0.61 f 0.05, where the 

errors, including the contribution due to the total error in the average value of 

B,, have been added in quadrature. This result is in good agreement with the 

theoretical prediction given above. 

The support of the SLAC staff, and in particular the PEP operators, is 

gratefully acknowledged. 
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Table I. Numbers relevant to the calculation of B, for the l-l and l-3 samples 

(errors are statistical only). A l-l event with two identified pions was counted 

twice in the x1-1 column. 

l-l Tl-1 l-3 K-3 

No. of observed events 

Efficiency (%) 

Backgrounds: 

l-l 

l-3 

3-3 

other tau decays 

eerr 

eeqG + qQ 

eeee -I- eepp 

pp + cosmic rays 

5432 f 74 

25.2 f 0.1 

. . . 

28 f 2 

If1 

. . . 

. . . 

. . . 

77 f 8 

33 f 9 

73f 11 

45 f 15 

646 f 25 

9.6 f 0.2 

. . . 

14 f 2 

<< 1 

76 f 4 

32 f 3 

7fl 

10 f 3 

12 f 6 

<< 1 

<<l 

3337 f 58 

47.4 f 0.3 

144 f 6 

. . . 

5fl 

. . . 

. . . 

. . . 

52f6 

140 f 13 

<<l 

<< 1 

152 f 12 

14.0 f 0.5 

8fl 

. . . 

<< 1 

20f2 

7f2 

2fl 

3fl 

4f2 

cc 1 

<< 1 
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