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The branching fractions for 7 — evevy, T = pvyw, and 7 mvr have been measured to be Be = (17.0£ 0.7 0.9)%, B, =
(18.8 £ 0.8 £ 0.7)% and B, = (11.8 + 0.6 ¢ 1.1)%. The ratio of the leptonic branching fractions is B”/Be =1.10+ 0.07 +
0.06, which is consistent with e—u universality. Using e—u universality as a constraint the measured leptonic branching
ratios were combined to obtain B = (18.2 £ 0.8)% and BM =(17.7 * 0.7)%. The ratio of B,/Be was determined to be 0.647

+0.039 + 0.061.

The study of the decay of the 7 lepton, which pro-
ceeds via the charged-current interaction, is of partic-
ular interest as the 7 is the only known lepton which
can decay into hadrons. All measurements [1—4] in-
dicate that the 7 is a sequential lepton within the
standard model of electroweak interactions. Recently,
however, there has been some concern [2,5,6] about
the discrepancy of about 6% between the sum of the
experimentally measured exclusive decay modes and
the measurements of the inclusive branching fraction
to final states containing one charged particle. The
inclusive branching ratios have already been precisely
measured by several experiments [2—4] including
JADE. It is therefore important to determine the
exclusive branching ratios with improved precision.

In this paper we report on a measurement of the
branching fractions for the decays r > ey v, 7~
M v, and 7> 7mv_. The data were accumulated with
the JADE detector at the e*e™ storage ring PETRA.
A total integrated luminosity of 62.4 pb~1 was col-
lected at an average centre-of-mass energy of 34.6
GeV.

A detailed description of the detector has been
given elsewhere [7]. The detector components which
are important for the particle identification used in
this analysis are the central drift chamber (jet-chamber),
the lead-glass shower counters and the muon-filter.
The jet-chamber [8], which is located in a solenoidal
field of 048 T, measures up to 48 space points on
each track. The momentum resolution determined
from u pair production is Ap/p? = 1.5% (p in GeV),
using the beam interaction point as a constraint to
the fit. The electromagnetic shower detector, consist-
ing of lead-glass blocks arranged in three parts (barrel
and two end-caps), is located outside the coil. The
barrel part covers polar angles of |cos6|< 0.82, and
has an energy resolution of o5 /E = 4%/\E + 1.5%

(F in GeV) [9]. The outermost part of the detector is
a rectangular muon filter [10] consisting of 5 layers
of planar drift chambers interspersed with absorber.
In the central part of the muon filter a particle at

normal incidence has to penetrate a minimum of 6 .4
nuclear interaction lengths in order to be registered
by all five layers of drift chambers.

A sample of ete™ - 7¥77 events was selected in-
cluding all decay modes of the 7 except those where
both 7’s decayed into electrons or both into muons.
The e—e and u—u events were rejected because of
high background from Bhabha scattering, u-pair events
and 2 processes. 2177 77 candidates were found.
The background was estimated to be (5.7 + 0.8)%,
and resulted mainly from ete” = e*te 77 and mul-
tihadronic events. A detailed description of the selec-
tion criteria is given in ref. [11].

The present analysis was restricted to 777~ events
with at least one isolated track, which was separated
from the other track(s) by an angle of at least 100°.
A lower momentum cut of 1 GeV was applied on the
isolated track, and the polar angle was restricted to
jcos @< 0.76 to avoid inefficiencies at the edges of
the barrel part of the shower counters. It was further
required that there be no photon within 30° of the
isolated track, where a photon was defined as a cluster
in the shower counters with no associated track and
an energy of more than 300 MeV.

Electrons were selected by requiring that the dif-
ference |A¢| between the azimuth of the track meas-
ured in the jet-chamber and the energy-weighted posi-
tion of the lead-glass cluster be less than 1.5° and that
the difference |A6| between the polar angles of the
track and the lead-glass cluster be less than 5°. The
requirements that there be no photons close to the
track, and that the track and the cluster match well,
were applied to suppress the background from 7 de-
cays into a single charged 7 and one or more 70’s, In
addition, a cut on the ratio of the deposited shower
energy (F) and the track momentum (p) of E/p >
0.8 was applied to reject w and u background. The
E/p distribution after applying all cuts except the £/p
cut is shown in fig. 1. A total of 523 electrons were
found. The probability of identifying 7 decays into
electrons was estimated to be 90.1%. The electron
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Fig. 1. Ratio of lead-glass shower energy E over track momen-
tum p for data (dots) and Monte Carlo (histogram). The shaded
histogram shows the background from pions (with and without
70°s) and muons calculated with Monte Carlo. For electrons a
cut of E/p > 0.8 was applied.

identification efficiency including the efficiency of
the 7 pair selection that was used for determining the
branching ratios is discussed below. The probability
of misidentification is 7.6%, which is mainly due to
semileptonic decays with single or multiple 79,
where the shower counter cluster of the charged ha-
dron overlaps with that of a photon from a 70 decay.

The muon identification relied mainly on the in-
formation provided by the muon filter. A particle was
identified as a muon candidate if at least two out of
the possible four muon chamber layers outside the
magnet yoke had registered a hit consistent with the
particle trajectory extrapolated from the track meas-
urement in the jet-chamber. It was further required
that the muon chamber transversed last had fired. A
cut on the track momentum of greater than 1.8 GeV
was applied in order to ensure good muon identifica-
tion, and the energy deposited in the lead glass was
required to be less than 1 GeV to suppress background
from particles interacting in the lead glass. The num-
ber of observed muons was 544, which includes a
very small background from other 7 decays (mainly
into single charged pions) of 1.7%. The probability of
muon identification is 77.7%.

Events with the decay 7 nv_ were selected by
the following criteria: good spatial matching of the
track and the associated lead-glass cluster (|Agl < 2°,
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|AB| < 5°) and a ratio of cluster energy to track mo-
mentum £/p < 0.7. A momentum cut of p > 1.8 GeV
was applied. In addition, the muon filter was used as
a veto to reject muons, i.e. it was required that the
track hit an active region of the muon filter and that
at most one chamber along the projected track path
has registered a hit. After these cuts 372 candidates
for the decay 7  nv_ were found. We determined the
probability of 7 identification to be 61.7% with a
misidentification probability of 14.4%, mainly from
the decay 7 - pv_, and with a small contribution
from muons.

The branching fractions were calculated according
to

B; =(NFIN{) (e /€)By ,

where Ny is the corrected number of 7 decays into a
particle of type i (i = e, u, m), VY is the corrected
number of decays into one charged particle, ¢; and €,
are the corresponding efficiencies of identifying the
decay mode including the efficiency of the selection
of 7 pair events and B, is the branching ratio for the 7
decay into one charged particle. The use of the one
charged particle decay, rather than the integrated
luminosity and the total cross section, for normaliza-
tion has the advantage that the systematic error is
reduced. The uncertainty in the luminosity measure- .
ment does not enter the branching ratio determina-
tions and the effect of the errors on the efficiency
and background calculation are smaller as only the
relative errors are of significance. The effect of the
major background contribution, e*e” >ete 7777,
is also reduced since the ratio of exclusive decays to
one-prongs is the same as in annihilation 7 pair pro-
duction, neglecting slightly different efficiencies.
The number of corrected decays NV was obtain-
ed from the number of observed electrons, muons
and pions by subtracting the background due to mis-
identification of other 7 decay modes and the back-
ground from other reactions, and by applying a cor-
rection for event losses which were not included in
the Monte Carlo calculation of the efficiency. The
corrections for background from other processes
(ete” >ete rtr ,ete utu ,eteTete ,efe T qq
and e*e” - qq, ete™, utu") were determined using
Monte Carlo simulations [12—14] and amount to
(50£2.0%,(3.5+0.8)% and (7.8 +2.2)% fore,u
and 7, respectively. The corrections for event losses
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are (11.1 +2.8)%, (7.8 = 2.8)% and (10.3 * 3.3)% for
e, u and , respectively. The largest correction arises
as a result of nuclear interactions of hadrons in the
beam pipe and the jet-chamber pressure vessel, which
was also applied for electrons and muons, because
the event could have been lost in the selection of 7
pair events if the other 7 decayed into a hadron that
underwent a nuclear interaction. Smaller contribu-
tions arise from events rejected in the visual scan of
the data. For electrons a loss due to a Bhabha rejec-
tion algorithm in an event filter used for part of the
data was corrected for. The final numbers of elec-
trons, muons and pions are 515, 558 and 328, after
applying all corrections.

The number of observed one-prong decays is 3024.
Applying corrections similar to those for the exclu-
sive decays, the corrected number of one-prongs ob-
tained was 3192, this figure was used for the normali-
zation. For the determination of B, and B, it was
required that the number of active muon chambers
along the projected path of the one-prong track was
at least two in order to have an efficient veto.

The efficiencies for the various decay channels
were calculated using Monte Carlo techniques. 777~
Monte Carlo events were generated including O ()
radiative corrections [14] Tthe decay was then simu-
lated according to the measured branching fractions
[15] and all decay products were subjected to a full
computer simulation of the detector. The efficiencies
with which a track was identified as a lepton or pion
are, including the efficiency for'the selection of 7 pair
events, (28.0+ 1.3)%, (28.8£0.9)% and (25.6 £2.2)%
for e, u and 7, respectively. They are about the same
for the three decay channels, although the probability
of identifying electrons or muons is higher than that
of identifying pions. The efficiency for e and u identi-
fication including the 7 pair selection is, however, re-
duced because e—e and u—u events were rejected.

The one-prong branching fraction B was deter-
mined by the JADE collaboration to be (86.1+0.5 £
0.9)% [11]. Using the more precise world average of
B =(86.6%0.3)% [4], the results for the branching
fractions are

B, =(170+0.7£09)%,
B,=(188+08£0.7)%,
B, =(118+06%1.1)%,
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where the first error in each case is statistical and the
second systematic. The result for B, was corrected
for background from 7 decay intoKv_, using B(r >
Kv,)=(0.59 £ 0.18)% [16]. The systematic error re-
sults mainly from uncertainties in the efficiency cal-
culation and the Monte Carlo simulation of the detec-
tor, and was estimated by varying the appropriate
cuts. Other sources of error are the background deter-
mination, the visual scan of the data, nuclear interac-
tions in the material in front of the jet-chamber, the
performance of the muon filter and the statistical and
systematic errors of the normalization. The measured
branching ratios agree, within the errors, with the
values of B, = (16.1 £ 0.7 £ 1.0)%, B,=(178+08+%
0.8)% and B, =(11.2 £ 0.6 + 1.2)% calculated using
the luminosity and the measured total cross section
[11] for the normalization. Our results are also
agreement with previous measurements performed by
other experiments [15,17].

The measurement of the leptonic branching frac-
tions can be used to test e —u universality. The ratio,
B#/Be =1.10 £ 0.07 + 0.06, agrees within about one
standard deviation with the theoretical expectation
based on e—u universality, (B, /B, ), =0.973 [18].
We can therefore use e—u universality as a constraint
to combine the measurements of the leptonic branch-
ing fractions. This gives

B,=(182%08)%, B,=(17.7+0.7)%.

Both results are in good agreement with the previous
world averages of B, = (17.5* 0.7)% and B,, = (18.1
+0.6)% [4].

The charged-current coupling can be tested by
comparing the measured electronic branching fraction
with the one calculated using the measured 7 lifetime.
The decay width I'(r = ev v_) is related to the
branching fraction according to

B,=7,T(r>evyw.),
with
T(r>evep,)= Glz:mf,/l93 n,

assuming the mass of the 7 neutrino to be zero., The
value of B, = (18.2 + 0.8)% determined in this experi-
ment implies a 7 lifetime of (2.90 + 0.13) X 1013 5,
This is in good agreement with the world average life-
time measurement of (2.80 + 0.20) X 10~13 5 [2].
The decay 7~ mv_ involves the coupling of the
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weak axial-vector current to the pion, which has been
accurately determined in pion decay measurements.
Using the measured pion decay rate [15], the theoret-
ical prediction for the ratio of the branching fractions
of taus decaying into pions and into electrons is
(B,/B.)n =0.607. The value of B /B, = 0.647 £
0.039 £ 0.061 derived from our results is in good
agreement with the prediction. The direct measure-
ment of B, =(11.8 £ 0.6 * 1.1)% can also be com-
pared with the theoretical expectation of B_ = (10.7
+ 0.8)%, which was obtained using the measured 7
lifetime 2] as additional input.

In summary, we have presented a precise measure-
ment of the 7 decay branching fractions 7 = ey v_,
7=y, v, and 7 - v, made using the JADE detector
at PETRA. The results are: B, =(17.0 £ 0.7 + 0.9)%,
B, =(188%08%0.7)%and B, =(11.8+0.6¢
1.1)%. The resulting ratio of the leptonic branching
fractions is B, /B, = 1.10 + 0.07 + 0.06, which is con-
sistent with the theoretical prediction of 0.973 deriv-
ed from e—u universality. Using e—u universality as a
constraint we combine the measured leptonic branch-
ing ratios to obtain B, = (18.2 £ 0.8)% and B, =
(17.7 £ 0.7)%. This implies a 7 lifetime of (2.90
0.13) X 10~13 5. The ratio of the branching fractions
of 7 decays into pions and into electrons has been de-
termined to be B, /B, =0.647 + 0.039 £ 0.061, in
good agreement with the theoretical expectation of
0.607. These results support the universality of the
weak coupling. We confirm previous measurements
by other experiments [17]. This decreases the likeli-
hood that the discrepancy between the sum of the ex-
perimentally measured exclusive decay modes and the
measurements of the inclusive one-prong branching
ratios, as mentioned earlier, is due to an underestima-
tion of the branching fractions presented in this paper.
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