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A study of 7 decays involving 7 and w mesons
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Abstract

The 132 pb~! of data collected by ALEPH from 1991 to 1994 have been used
to analyze 1 and w production in 7 decays. The following branching fractions
have been measured:

0

B(r™ — v,wh™) = (1.9140.07 £ 0.06) x 1072,
B(r~ - v,wh™7%) = (4.34+0.6+0.5)x 1072,
B(tm —v,pK~) = (2.977340.7) x 107%,
) (

B(r~ = vqh™w 1.84+0.4+0.2) x 1073

and the 95% C.L. limit B(7~ — v,n7~) < 6.2 X 10~* has been obtained. The
wr~ and nx~7° rates and dynamics are found in agreement with the predic-
tions made from eTe~ annihilation data with the help of isospin invariance

(CVQ).

To be submitted to Zeitschrift fiir Physik
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1 Introduction

Using 132 pb™! of data collected by the ALEPH detector from 1991 to 1994, the 7
decay modes with an 1 or w meson and one or two m mesons have been studied. This
allows, for the relevant channels, a refinement of the global determination of the 7
hadronic branching fractions already performed by ALEPH [1].

Decay modes involving 7 have been the subject of many theoretical studies [2, 3, 4, 5]
and it has been pointed out [3] that the n7 and wm decay modes are good places to
look for “second-class” currents [6] for which the correlation between G parity and
J¥ quantum numbers is reversed. From the experimental side, the knowledge of the
production of resonances with electromagnetic decays, like 7 and w, is necessary for a
complete understanding of the 7 decay modes.

In the present study, the w is reconstructed from its three-pion decay and the 5
from both the two-photon and three-pion decays. In order to improve the efficiencies
and to check their evaluation, events in which the two photons from a 7% are merged
in the calorimeter are also retained as well as events in which one of the two photons
is lost. Therefore the following seven topologies' are studied:

nmw — T
N\
wr™ - gt = R 77
rtr ()
nmToTw — T Ty —

Ty (v

/

o wtyyyy
Tt yyy(y)

0 + == 0.0

W T — @' rT T T —

0 o { ’Y’Y’Y’Y
{ ,
which correspond to one charged track and two to four photons and three charged
tracks and one to four photons.
The number of observed Z — ¢§ decays and the Z branching ratios are used for
normalization.

2 The ALEPH detector

A detailed description of the ALEPH detector and its performance can be found in
Ref. [7, 8]. The present analysis uses mainly the tracking subcomponents and the
electromagnetic calorimeter (ECAL). It takes full advantage of the high granularity of
the ECAL.

Charged tracks are measured by a silicon vertex detector (VDET) with two-dimen-
sional readout, a cylindrical multiwire drift chamber (ITC) and a large time projection
chamber (TPC) which also measures the ionization (dE/dx). The three detectors are
immersed in a 1.5 T axial magnetic field and together provide a transverse momentum

resolution o(1/pr) = 0.6 x 1073 (GeV/c)™!

!The charge conjugate configuration is always implied. Except for the nm/K channels, no
distinction is made between 7+ and K%*; in the following sections the letter A will stand for = or

K.



The ECAL is a lead/proportional chamber sandwich of 45 layers, segmented into
13x 13 mrad? projective towers which are read out in three sections of depth of 4,9 and 9
radiation lengths respectively. An energy resolution of o(E)/E = (18/4/E(GeV)$2) %
is achieved.

The hadron calorimeter (HCAL), a 23-layer iron/streamer tubes sandwich, and two
additional double layer muon chambers allow the identification of muons.

3 Particle identification

3.1 Charged particle identification

Specialized algorithms, optimized for 7 physics, have been designed to discriminate
hadrons, electrons and muons [1, 9]. The method used here is described in Ref. [9]
where it is referred to as LM method. Electron-hadron separation uses information
from the dE/dx measurement in the TPC and shower energy and shape in the ECAL.
The muon chambers and HCAL responses are used to distinguish hadrons from muons.
The efliciencies for particle identification have been checked on samples of hadrons,
electrons and muons from data and Monte Carlo.

In the nh~ channel the 7 K separation uses the dE/dx measurement as described

in Ref. [1, 10].

3.2 Photon and w° reconstruction

Photons are detected as showers in the ALEPH electromagnetic calorimeter or by their
materialization as electron pairs [7, 8].
The algorithms used to construct the clusters of ECAL cells associated to a shower

D 20

Figure 1: Distribution in the plane (E,,D,) (arbitrary units) from Monte Carlo samples, for
fake photons in 7= — v, 7 -7~ n " decays (above), and for real photons in 7= — v, 7" 7 7t 7°
decays (below).



and to identify the converted pairs are described in Ref. [8].

Before selection, clusters constructed by the ECAL algorithm include debris of
hadronic interactions in the ECAL and subclusters due to fluctuations of the showers.
To perform the selection of genuine photons and reject fake photons [1, 9], the
characteristics of the clusters are used. The most discriminant variables are the energy
(E.,), the distance to the nearest impact of a charged track (D,) and the fraction of
the energy deposited in each segment in depth. The separation of genuine and fake
photons using these characteristics is illustrated by Fig. 1.

The correct assignment of the ECAL cells to neighbouring clusters and the
elimination of satellites is also important in the case of close photons, particularly
for the hnyn® final state where the background from hzn%n° is large. More detailed
information on clusters is used to reject the satellites. This includes the energy
deposited on the border region between two clusters and the distance of the maximum
energy cell with respect to the nearest cluster. The efficiencies of the selection
procedures have been measured on data and Monte Carlo event samples and the
agreement of data and Monte Carlo in the selected region has been checked.
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Figure 2: 44 mass in 3h* vy final state. The black dots are the data and the histogram the
Monte Carlo expectation. The cut used to select #%’s is indicated by arrows.

Figure 2 displays the 4+ invariant mass for three-prong decays. It shows the width
of the 7° peak due to the ECAL resolution. The 7° energy measurement is improved
by means of a kinematic fit of the 4~ pairs [8] taking into account the angular bias on
high energy 7%’s due to the finite size of ECAL cells and the clustering algorithm. The
x? of the fit is used in multiphoton events to select (or reject when looking for 7) the
~+ combinations.

The systematic errors on the branching ratios due to v and 7° reconstruction are
estimated by varying the selection criteria and adding in quadrature the variations of
the result.
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Figure 3: Distributions used in the selection of three-prong decays; the arrows indicate the
position of the cuts: (a) acollinearity, (b) hadronic (¢g) estimator measured in the recoil
hemisphere. For (a) and (b) the points represent data and the histogram the 77 Monte
Carlo. (c) total mass in the selected hemisphere before (points) and after (histogram) the
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4 Event selection

The first step is a loose preselection which keeps almost all the Z — [T]~ decays in
the angular acceptance of the detector. This preselection, described in Ref. [9], retains
events with charged track multiplicity between two and eight and requires | cos 6| < 0.9
for the thrust angle § computed with charged tracks.

The events are then decomposed into two halves, called hemispheres, according
to the thrust axis and the hemispheres are classified using charged track multiplicity,
particle identification and « multiplicity. A cut on the acollinearity between the two
hemispheres (Fig. 3a) is performed to reject the 4y background. As already mentioned
in the introduction, the hemispheres retained to look for 7 or w must contain one
charged hadron and two to four 74’s or three charged hadrons and one to four +’s since,
in order to get a better global acceptance and check the evaluation of the photon
detection efficiency, 7°’s with only one detected decay ~ are also used.

To further reduce the non-tau background without introducing a bias on the studied
hemisphere, the opposite hemisphere (recoil hemisphere) is used. Likelihood estimators
using only the recoil hemisphere information like charged track and 4 multiplicities,
energy, mass and particle identification are constructed by the method already used
for particle identification [9, 15] in order to distinguish 77 from hadronic (ggq) events
and from Bhabha events. They are normalized to be close to one for 77 events and
close to 0 for the background. An example of the use of these estimators is given in
Fig. 3. A cut on the estimator rejects the background. Reversing the cut one can select
background samples and study their characteristics. From the number of events with
a total hadronic mass in the selected hemisphere greater than m., it is then possible
to estimate directly the ¢g background without relying on a ¢g§ Monte Carlo. Finally
cuts on the total mass of the selected hemisphere are performed.

To evaluate the efficiencies and 7 backgrounds, the KORALZ [11] 77 Monte Carlo
with updated 7 branching ratios [1] has been used. The number of generated Monte
Carlo events is four times the number of real events.

5 The wh~ final state

5.1 The 7~ — v,w h™ branching ratio

Both three-prong one-photon and three-prong two-photon events are used and the two
samples are independently analysed.

1—+ sample 2—~ sample
Number of events 2510 3293
Efficiency (%) 18.07 24.50
7 background (%) 12.85 9.66
Non-7 background (%) 0.70 0.50
B(r~ — v.3h*7%) (%) 4.22 £ 0.10 +£ 0.11 4.24 + 0.08 & 0.08
fo (%) 38.1 + 2.4 £ 1.9 41.1 £ 1.7 £ 1.2

B(r~ — v,wh™) (%)  1.81 + 0.11 £ 0.10 1.96 + 0.08 + 0.07

Table 1: Characteristics of the one- and two-photon samples in the 3h*7° channel.



For two-photon candidates, the selection is made by a cut on the 4y mass
(80 MeV/c? < m.,, <220 MeV/c?) and a kinematic fit of the 7° is performed; for
one-photon decays the v energy is required to be greater than 2.5 GeV. The main
results of the two analyses are given in Table 1.
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Figure 4: n#*7~7° mass distributions (two entries per event) in the 7*7* 7~ 7 final state for
the one-photon sample (a) and the two-photon sample (b). The bin size has been chosen to
display the detailed shape of the w peak. The non-resonant contribution is represented by a
simple polynomial. Non-7 background has been subtracted.

The KORALZ [11] 7 Monte Carlo has been used to evaluate the efficiencies and
T backgrounds. Several matrix elements have been tried, as explained below, to study
the sensitivity to the dynamics of the decay. The non-7 background is measured using
the recoil hemisphere and the total hadronic mass as explained in section 4.

The w fractions (f,) are obtained from fits of the 77~ 7° mass distributions shown
in Fig. 4. Different parametrizations of the non-resonant contribution (polynomials



and Monte Carlo shapes) have been used. All give w mass and resolution in good
agreement with the Monte Carlo expectations. The variation of the fit result with the
parametrization is taken as a systematic error on f,.

The agreement between all the results of the two analyses is excellent as well as the
agreement with the value B(7~ — v,.3h*7°) = (4.30 & 0.09 & 0.09) %, obtained by a
largely independent analysis [1] of a part of the same data.

The details of the systematic errors on the branching ratios and the w fraction are
presented in Tables 2 and 3. The main contributions come from the uncertainties

AB/B (%)

1—+ sample 2—+v sample
Normalization 0.20 0.20
Non-7 background 0.15 0.16
7 background 0.71 0.76
Dynamics and M.C. stat 1.80 1.06
Tracking <0.54 <0.54
Interactions < 0.50 < 0.50
~ reconstruction 1.7 1.0
70 reconstruction - 0.7
Total 2.65 1.88

Table 2: Systematic errors on the branching ratio of the 7= — 1,3h*x° decay channel.

Afolfu (%)

1—+ sample 2—+v sample

Non-1 background 0.3 0.2
w fraction in 7 back. 0.2 0.2
Dynamics and M.C. stat. 3.9 2.7
Fit and parametrization 3.0 1.2
Total 5.0 2.9

Table 3: Systematic errors on the w fraction measurement in the 7= — »,.3h*7° decay
channel.

on the models used to simulate the decay dynamics and the mass spectrum fit. The
contribution from the v and w° reconstruction described in section 3, though relevant,
is less important. The modelling of the dynamics of the non-w events will be discussed
in section 5.3. Its contribution to the systematic errors has been investigated by
generating Monte Carlo events with modified matrix elements. Uncertainties on the
matrix element and Monte Carlo statistical errors contribute to both B(r — v4r) and
fo and to some extent, cancel in B(r — wwh) since the dynamics of the 7 — vwh
decay is well known. For this reason they are put together in the same row in Tables

2 and 3.

The wnr™ branching ratio obtained by the combination of the two analyses is

B(r™ = vywh™) = (1.91 £ 0.07 £ 0.06) %, (1)



where the correlations of the systematic errors between the two samples as well as
between B(r — v4r) and f, have been taken into account. This value is in good
agreement with the measurement by the CLEO collaboration [12]: (1.954+0.0740.11) %.
Both values are consistent with the estimates obtained from e*e™ annihilation data by
isospin considerations (CVC): (1.79 4 0.14) % [13]. The measurements in 7 decay are

_|_

now more accurate than the estimations from ete™ annihilation.

(1/N)dN/dm (GeVR}™

¢tt
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Figure 5: Background-subtracted wn mass spectrum. Black dots are the data presented
here, open circles are the data from the ND experiment and open squares from the DM2
experiment [14].

Isospin invariance predicts not only the branching ratio but also the wm mass (m)
distribution by the relation [13]

1 dN  B(r — evi) 3|Vyq|?
_ g F(m)a’e+e—_>w,r(m), (2)

Ndm ~ B(r — vwr) ra?ms

with F(m) = m*(m2 — m?)*(m2 + 2m?). A comparison of the present data with ete™
annihilation data [14] normalized with respect to the 7 leptonic branching ratio [15]
is shown on Fig. 5 after background subtraction estimated from side bands and good
agreement is found. The mass dependence of the efficiency is found to be almost

constant.

5.2 Spin parity of the wh™ system

In the standard model, the wn™ system is produced by the vector current and must
have spin-parity J¥ = 1~ quantum numbers. Checking this prediction is a way to put
limits on the above-mentioned non-standard second-class currents.



Defining the w decay angle x as the angle, in the w rest frame, between the normal
to the w decay plane and the direction of the fourth pion, the decay distribution is
predicted to be (3/4)sin® x for a J¥ = 17, wh™ system.

2

- 200

150 +

100 -

Events /0

-1 -0.5 0 0.5 1
oS X

Figure 6: Background-subtracted w decay distribution (see text). The curve is the sin® x
predicted for a J¥ = 1~ wn~ system.

To construct the decay distribution, the non-w background is first reduced by a
cut on the three-pion Dalitz plot. Its contribution, estimated from the sidebands
in the three-pion mass distribution, is then subtracted from the cosy distribution
in the w peak. The experimental distribution of cosy, shown in Fig. 6, is clearly
consistent with the standard model prediction. For JF = 0~ or JP = 1% systems
the expected distribution is 3(1 + ccos®x)/2(c + 3) with ¢ > 0. Assuming ¢ = 0
which is the most conservative hypothesis, a fit of the experimental distribution with
1/4[3(1 — €)sin® x + 2¢] gives a limit on the contribution € of second-class currents.

Taking into account the systematic errors due to the uncertainties on the
background and acceptances the limit given by the fit is

e < 0.086 (95% C.L.). (3)

5.3 The non-wm contribution

The model used in TAUOLA [11], the standard tau decay Monte Carlo, is the
implementation of a chiral dynamics inspired model [16] for pm7m production which
predicts no p~ in a 7~ decay and a ratio pT/p° = 2.

The dominant p production is clear from the 77 mass spectra (Fig. 7) for non-w
events. A simultaneous fit to the four (7% *, 7*7~, 7%~ and #~7~) 77 mass spectra

has been performed [17] assuming an incoherent mixture of the three charge states
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Figure 7: =7 mass distributions for events without w, (a) and (d) one entry per event, (b)
and (c) two entries per event. Data are shown as black dots and the result of the fit as a
histogram. For each charge combination, the shaded histogram is the contribution of p’s of
different charge.

of the p, but taking into account kinematical reflections and Bose symmetrization.
It shows that the non-w events are consistent with 100 % pm7 production but not
with the predicted charge ratios. With the constraint W,- + W,+ + W, = 1, the
fractions of p™ and p~ in 7~ decay are found to be W,+ = 0.42 + 0.02(stat.) and
W,- = 0.38 £ 0.02 (stat.) but the oversimplified model and the poor quality of the fit
indicate that systematic errors on the p production measurements are large.

A recent theoretical analysis [18] improving on [16] predicts p fractions in qualitative
agreement with the present findings. Nevertheless a complete understanding of the final
state would require a dedicated study.

Variations of the W values compatible with the fit have been used to estimate the
systematic errors on the wm branching ratio due to the poor knowledge of the dynamics

for non-w events.

6 The wh #° final state

As already mentioned, both three-prong three-photon and three-prong four-photon
events are used to look for the wh®7® decay mode. The association of photons into 7°
candidates is based on the x? of the 7° fit. The relevant numbers for those final states
are summarized in Table 4. The branching ratios are in excellent agreement with the
measurement B(r~ — v,3h*27°%) = (5.0 £ 0.7 £ 0.7) x 1073, obtained by a largely

independent analysis [1] of a part of the same data.
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3 —~ sample 4 —~ sample

Number of events 459 269
Efficiency (%) 15.7 13.3
7 background (%) 43.7 26.0
Non-7 background (%) 1.5 2

B(r~ — v,3h%27°)(107%) 5.7+ 0.5+ 0.7 5.1 + 0.4 + 0.4

Table 4: Characteristics of the three- and four-photon samples in the 3A*27° channel.

Due to the limited statistics, the 3y and 4y samples are used together to construct
the 777~ 7% mass spectrum of Fig. 8. The non-7 background has been measured from
the data as explained in section 4 and subtracted from the spectrum.

200

Events / 35 MeVfc

100

05 0.7 0.9 11 13
T T° mass (GeVA

Figure 8: 7t 7~ n° mass distributions in the 34~ 7%x° final state (four entries per event). The
non-7 background has been subtracted; the hatched histogram is the background from other
7 decay modes.

The w production is clearly visible in Fig. 8. A fit to the spectrum is performed,
where the shape of the non-resonant component is taken to be phase space multiplied
by a low order polynomial and the width of the signal is fixed to the value expected
from Monte Carlo. It yields the value (71.5 + 8.4 + 7.6) % for the w fraction. This
value of the w fraction is combined with the 57 branching ratios, taking into account
the correlations of systematic errors. The result is

B(r7™ — vywh™7%) = (4.3 £ 0.6 £ 0.5) x 107°. (4)
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The value is in good agreement with the CLEO measurement B(7~ — v,wh™n%) =

(3.9 £ 0.4 £0.4) x 10~2 [19].

The details of the systematic errors are given in Table 5. An important source
of uncertainty is related to the contamination by other tau decay channels and the
uncertainty of their w content. The not well known decay channel 37%37° gives a large
contribution to the sytematic error of the 44 sample. Since the w fraction in this final
state is unknown, the isospin inequality w7~ 27° < w 37F [20] and the well measured
7 — v, brt w0 branching ratio are used to limit the w contribution in the background.

AB/B (%)

3ht270 [4y] 3A*27° [3y] wh x°
~ reconstruction 2 10 4
7% reconstruction 4 4 7
7 background 6 4 7
Others 1 1 1
Parametrization of the fit - - 6
Total 7.5 11.7 12.4

Table 5: Systematic errors for the 34*27° channel. Others represents the small contributions
detailed in Table 2.

7 The nw~ and n K~ final states

The clearest signature of an nh (A = m/K) decay mode is a peak in the vy mass
spectrum for the configuration of one charged track and two photons. For an 57 system
of spin J the parity is P = (—1)7 and the G-parity G = —1, so it must be produced
by a second-class current and such a 7 decay is excluded in the standard model to the
extent that isospin is conserved. Since there is no such restriction for the strange final
state K, it is important to distinguish the 7 from the K. For this purpose, the TPC
dE/dx measurement is used to define a K probability Px in the way described in [10].

The selected events have the one-prong two-photon topology. Such events are
dominated by 7= — p~, K*~ v, decays [1] but, for high vy masses, 7= — A 27%v,
decays with two lost photons are the dominant contribution to the background. To
reduce it the cut E,; + E,» > 5GeV is added to the v selection cuts. The overall
efficiency of the selection, including the Pg cuts, is 50.9% for a hypothetical 7 —
agVr/ag — N~ decay and 47.7% for  — K ~nv assuming a resonant K*(1410) — Kn
system.

Figure 9 displays the v+ mass spectra for events with high and low K probability.
There is some evidence of 5 production for high Px and none for low Pg. The fit of
a linear combination of Monte Carlo distributions for signal and background to the
observed distributions gives a branching fraction

B(r™ — v;nK™) = (29773 £0.7) x 107*. (5)
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Figure 9: 47 mass distributions in the hyy final state: (a) low K probability events, (b)
high K probability events (the histograms are the expectations from a Monte Carlo without
n); (c) signal expected from nm Monte Carlo.
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for the n K channel, where the dominant contributions to the systematic error come
from the 7 reconstruction (A B/B = 18 %), the Px normalisation (A B/B = 10%)
and the uncertainty on the background shape (A B/B =10%).

For the 5w final state, a similar procedure gives a 95% C.L. Bayesian upper limit

B(r™ —vmmT) <6.2x107* (95% C.L.) (6)

taking into account the systematic errors. An nh decay mode would also contribute
to the three-prong one-7° channel studied in section 5 but the limit obtained there is
only at the level of 2 x 1073,

The nK branching ratio is compatible with the value obtained by the CLEO
Collaboration [21]: B(r~ — v,nK~) = (2.6 £ 0.5 + 0.4) x 10~*. The nK branching
ratio is of the same order of magnitude as theoretical estimates [4] while limits on 57
are still one order of magnitude above the values deduced from the isospin violation
due to the my — m,, quark mass difference [2, 4].

8 The nh w° final state

As explained in the introduction, the p7r final state can be searched for in four of the
seven studied configurations.

A
o

40

Events/10 MeVfc

30

20

10

05 0.6 0.7
™ T mass (GeVA

Figure 10: 777~ 7° mass distribution in the 3A~7%x° final state (detail of the low mass
region of Fig. 8) with the fit of the » signal.

For the three-prong configurations, the relevant spectrum is that shown in Fig. 8
whose low mass region is enlarged in Fig. 10. The efficiency for the three-prong
configurations is 33%. A fit of this histogram to a linear background plus a
Gaussian signal whose width is taken from the Monte Carlo yields the measurement

B(r™ — v;ph~7°) = (2.4 + 0.8 + 0.2) x 1072,
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Figure 11: v mass distribution in the hyvy+y sample after rejection of candidates consistent
with the #° hypothesis. The solid curve is the result of the fit; the dashed curve the
background given by the fit.

The other configurations are the one-prong three-photon and the one-prong four-
photon. The dominant background here is the combinatorial background from 7= —
h~7%7° events. To reduce it, events compatible with the 7%7° hypothesis in the 4y
channel and with the yw°® hypothesis in the 3y channel are rejected on the basis of the
70 fit x2. The overall selection efficiencies are 26.8 % for the three-photon sample and
17.4 % for the four-photon sample.

The 5 production in the three-photon sample is measured by means of a fit to the
v+ mass spectrum (three entries per decay), shown in Fig. 11, of a linear combination
of the Monte Carlo expectations for signal and background. For the 4y sample,
the same procedure is applied to the two-dimensional spectrum (three entries per
decay) of the quantities (m! — my,)/o, and (m), — m0)/om0 where m! and m”,
are the lower and higher ~+ masses for each of the three combinations. The fits
yield the measurements: B(r~ — vnh~7%) = (1.7 £ 0.7 + 0.2) x 10~ (3-y) and
B(r~ — v;ph %) = (1.3 £ 0.8 £ 0.4) x 1073 (4-7).

The dominant systematic errors come from:

- the cut against 7°7% AB/B = 7% for the three-photon sample and 15 % for the
four-photon sample;

- the uncertainties on the background shape: AB/B = 15 %;

- the Monte Carlo statistics for the signal simulation AB/B = 14 %.

The combination of the three measurements, taking into account the correlation of
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systematic errors, gives the value
B(r~ — v;mh ™ 7°%) = (1.8 £ 0.4 4+ 0.2) x 107°. (7)

This value is in good agreement with the measurement by the CLEO collaboration [22]:
(1.740.240.2) x 1072 and slightly higher but consistent with the estimation obtained
from ete” annihilation data by isospin considerations (CVC): (1.3 +0.18) x 1073 [13].
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Figure 12: The nnn° mass spectrum. (a) The points are the data after background
subtraction, the histogram the expected distribution from Monte Carlo. (b) The points
are computed from e*e” annihilation data [23], the histogram is the distribution generated
in Monte Carlo before experimental effects.

The hadronic mass distribution is also predicted from e*e~ data [23] by Eq. 2. Due
to the poor resolution on the npmm mass a direct comparison of data is not possible.
Figure 12 (a) presents the comparison of 7 decay data, after background subtraction,
with the Monte Carlo distribution taking into account acceptance and resolution and
Fig. 12 (b) the comparison of e*e™ data with the Monte Carlo generated distribution
before experimental effects. Except for the already mentioned slight difference in
normalization, the prediction from CVC is in agreement with the present data.
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9 Conclusion

The following 7 branching fractions have been measured:

B(r~™ = vyw A7) = (1.91 4 0.07 £ 0.06) x 102
B(r~ - v,wh™ 7% = (4.3+£0.6+0.5) x 1073
B(r— —vK~) = (2.9%13+0.7) x 10
B(r~ = v;ph7°%) = (1.8+£0.44+0.2) x 1073

and the limit
Bt —vmrT) < 62x107* (95% C.L.)

has been obtained. They are consistent with previous measurements by the CLEO
Collaboration [12, 19, 21, 22].

For the wn and npmm channels, both the branching ratios and the shapes of the
hadronic mass distribution are in agreement with estimates obtained from ete”
annihilation data by isospin considerations (CVC) [13].

The J¥ quantum numbers of the wm system are 17, as predicted by the standard
model. A 95% C.L. limit on the second-class currents contribution, ¢ < 0.086, is
obtained.
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