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The decay t— pv is studied in 7-pair production by e *e ~ annihilation at Vs =3.77 GeV, 0.20 GeV
about 77 threshold. The branching fraction is measured to be B(z— pv) =(23.0%£ 1.3+ 1.7)%. The
measured distribution of the helicity angle of the charged pion from the p decay agrees with the theoreti-

cal prediction.

PACS numbers: 13.35.+s

7 decays are well described by the standard model.
However, there remains an unexplained discrepancy be-
tween the measured inclusive one-prong branching frac-
tions and the summed branching fractions of the ex-
clusive measurements.’> Most of this difference has
been attributed to channels containing one or more neu-
tral mesons,’ fueling the discussion about possibly yet
undiscovered decay modes. The decay t— pv, p— 7z,
is the largest contribution to the one-prong channel and
thus merits a precise measurement in a detector with ex-
tremely good neutral energy detection capabilities. We
report on the analysis of the decay of the 7 lepton into pv
from the measurement of 7 pairs in the reaction*

ete  — tt—lvy, l=eoryu
L.,

L” 2/

L’ YY.

The data were taken with the MARK III detector at the
SLAC e e ™ storage ring SPEAR. A total integrated
luminosity of 9.4 pb ~! was collected at Vs =3.77 GeV,
which is near the peak of the w(3770) resonance and
0.20 GeV above t7 threshold.

This analysis is similar to our study of the leptonic de-
cays of the 7.°> Details of the detector performance have
been discussed elsewhere.>® Charged particles are iden-
tified by the time-of-flight (TOF) counters, the shower
counters, and the muon detector. Electrons and muons
are identified with use of the selection criteria in the pre-

0

vious analysis.> For optimum particle identification,

electrons and pions are accepted only in the region where
the TOF counters overlap with the shower counters,
| cos@| < 0.76, where 8 is the polar angle with respect to
the beam axis. Pions and electrons are separated with an
algorithm using variables which parametrize the shape of
showers in the finely segmented barrel shower counter.’

The criteria for selecting z-pair events leading to exyy
and unyy final states are chosen to suppress leptonic
backgrounds from QED processes and charm produc-
tion.> Candidate events are required to have the follow-
ing:

(i) Two oppositely charged tracks, each with momen-
tum p <0.75pbeam-

(ii) One track identified as an electron or a muon, the
other as a pion.

(iii) An acollinearity angle 8,, between the two
charged tracks of 2.5° <@, <177.5° and an aco-
planarity angle 6c0p > 6°, where 0, is the angle be-
tween the planes spanned by the beam direction and the
momentum vectors of the lepton and charged pion.

(iv) Exactly two isolated photons. An isolated photon
Yisol is defined as a shower separated from any charged
track by more than 45 cm on the face of the shower
counter (this corresponds to an angle of about 18° with
respect to the charged-track direction).

(v) The energy of the Inyy system > 0.4E peam.

A total of 939 events pass these selection criteria. The
two-photon invariant-mass combinations of these events
are shown in Fig. 1(a). A clear #° signal with little
background is observed. The two photons are con-
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FIG. 1. Invariant- yy-mass distributions for (a) all selected
events before 70 fit, (b) exn® events after #° fit, and (¢) unn®
events after z° fit. The curves show the Monte Carlo predic-
tion.

strained to the 7° mass by a one-constraint kinematic fit.
Events having fitted photon energies above 0.040 GeV
and X2 < 6 are retained, yielding 473 exn® and 226 urnr®
events. Figures 1(b) and 1(c) show the unfitted yy-mass
spectra in the two channels for events that pass the fit.

Sources of background include 7-pair production with
decays into other final states, charm production, and
noncharm continuum events. The background from z-
pair production is caused by feed-down from r decays
with more than one n° and by u/z and e/r misiden-
tification.

We estimate the background from multiple 7° decays
using our data, because of the uncertainty of the t
branching fractions in these modes.® Events with three,
instead of two, isolated photons are selected and one
photon is removed randomly. A Monte Carlo generation
of rz— (Ivv)(a,(1270)v) and tz— (pv)(pv) is used to
determine the ratio of 3y over 2y events accepted
from these channels with two z° The 3yiso1 data are
then used together with this ratio to calculate the expect-
ed backgrounds, 34 +2%85 and 14.5+1.3358 events in
the exn® and unn® classes, respectively.

Other backgrounds from z-pair production arise
through misidentification of particles. Muons with mo-
mentum below the detection threshold are called pions.
High-momentum pions can decay or punch through and
be called muons. Pions are misidentified as electrons
with up to 4% probability. The dominant sources of
misidentification background are the r-pair decay chan-
nels tt— (zv){(pv) and (uvv)(pv). The contamination
from these processes is computed by the generation of
Monte Carlo events including the misidentification prob-
abilities for 7— e,y and y— 7. The t7— (2v)(pv)
channel results in 7.5+ 1.5 and 18.3 £ 2.6 background
events for the exz® and unz® channels, respectively. The
tt— (uvv)(pv) channel produces 3.3 * 1.2 background
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FIG. 2. Invariant-zz%mass distributions for (a) enn®

events and (b) unn® events. The backgrounds are subtracted
from these spectra. The curves show the Monte Carlo predic-
tion.

events for the enz® channel.

The background from charm production is estimated
by the consideration of specific DD production and decay
channels. This background, including channels which
can produce signal events by misidentification of parti-
cles, is found to be negligible. The continuum back-
ground is estimated by use of our J/w data. A total of
105 events of the type J/y— (2 charged+ neutrals) are
subjected to the selection criteria. No events are found
that pass these cuts and we conclude that the contamina-
tion by continuum events is also negligible.

In Figs. 1(b) and 1(c), the background-subtracted m,,
spectra are compared with Monte Carlo spectra for the
tt— (Ilvw)(pv). They agree well for m,, <0.25 GeV/
c? we retain only these events. This cut removes 3.1%
and 1.7% of the events, respectively, and its effects are
included in the systematic errors. In addition, kinematic
cuts are applied that retain only events that are compati-
ble with 77— (Ivv)(pv). These cuts remove six and two
events, respectively, in the signal channels. Figures 2(a)
and 2(b) show the zz%-mass distributions with the above
backgrounds subtracted. Clear p signals on small residu-
al backgrounds are observed. The total signal in the two
channels consists of 396.2+21.5% 15 exn® and 186.2
+15.1%6.6 unr®events.?

Background-subtracted momentum spectra for all
final-state particles are compared with Monte Carlo pre-
dictions for rz— (Ivv)(pv) — Izx® in Fig. 3. The gen-
erated events, including radiative effects,”!? are passed
through the detector simulation and the same analysis
programs as the data. The measured 7z° mass distribu-
tion in Fig. 2 agrees also with the Monte Carlo calcula-
tion.

The detection efficiencies are found to be 0.189
+0.003 £0.008 and 0.102 £0.002 = 0.003. After cor-
recting for radiative effects which increase the cross sec-
tions by 8%, we obtain olete ™ — 77— ep) =0.242
+0.013£0.013 nb and ole*te  — tr— pup) =0.211
+0.016 £0.012 nb, where a systematic error of 4% is
included for the luminosity uncertainty. Using our pre-
viously reported cross sections,® and the QED cross sec-
tion, 2.85 nb, for 7 production, we obtain the branching
fraction B(t— pv) =(23.6 1.6 +1.7)% from the exn®
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FIG. 3. Momentum spectra for (a) e in exn®, (b) u in urx®,
(c) min exn®, (d) min puxn® () z°%in exn® and (f) 7°in punn®
events.

channel, and (21.4+2.4+1.6)% from the uzxz° chan-
nel. The weighted average of the two values is

B(t— pv)=(23.0* 1.3+ 1.7)%.

A comparison of this branching fraction with our mea-
surement of the electronic r decay® yields the ratio
1.26 = 0.08, in agreement with the theoretical prediction
of 1.23."

The helicity angle 8y between the charged pion in the
p rest frame and the p direction of flight in the laborato-
ry is also measured. This angle should reflect the nature
of the decay current.!' Figure 4 compares the prediction
with the acceptance-corrected measured distribution in
which the two signal channels are combined. This pre-
diction contains the angular distribution including the
r-spin-dependent terms,'? as well as the relativistic p
Breit-Wigner parameters, and yields a X% per degree of
freedom of 1.4.

In summary, the decay r— pv has been measured in
the final states exyy and pumryy. Our measurement B(r
— pv) =(23.0 £ 1.3+ 1.7)% agrees with the world aver-
age'? (21.8 =2.0)% and also with the theoretical predic-
tion. The distribution of the helicity angle is in agree-
ment with the expected shape. However, while providing
a precise measurement in a detector with good sensitivity
to 7%, we cannot offer a solution to the branching-ratio
problem. -2
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FIG. 4. The acceptance-corrected distribution of cos(8y).
The curve, proportional to 142.68cos26, is the Monte Carlo
prediction.
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