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We measure an inclusive branching fraction of (13.9+2.0+/29)'/0 for the decay r v, m 7ro

+ nho (n «1), where ho is a 7ro or an g. The data sample, obtained with the time-projection-
chamber detector facility at the SLAC e+e storage ring PEP, corresponds to an integrated lumi-

nosity of 72 pb at 29 GeV center-of-mass energy. The measured branching fraction is somewhat
greater than the theoretical prediction and, with errors taken into account, could resolve the present
difference between thc inclusive and thc sum of the exclusive v — branching fractions into one
charged prong.

PACS numbers: 13.35.+s, 14.60.Jj

Over the past several years, a discrepancy between
the inclusive one-prong branching fraction of the s +-

lepton and the sum of its exclusive one-prong decay
fractions' has sparked interest in further measurement
of the exclusive channels. The measured inclusive
one-prong branching fraction is (86.5 +0.6)%, while

the sum of the measured exclusive decay modes that
have only one charged particle is (68.9+2.0)%.2 3

Decays involving more than one neutral meson have
been excluded from the sum because of the large er-
rors in the measurements. 4 Theory predicts that the

sum of the branching fractions of one-prong decays as-
sociated with multiple neutral mesons is 8.5%,' less
than half of the (17.6 +2.1)% difference between the
inclusive and exclusive fractions. In this Letter we re-
port a measurement of the sum of the sing1e-prong
branching fractions of the r -+ associated with more
than one neutral meson.

The 72 pb ' of data were recorded with the time-

projection chamber (TPC) facility at the SLAC e+e
storage ring PEP operating at Js =29 GeV/c2. The
TPCs tracks charged particles with a momentum reso-
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FIG. 1. The y-y invariant-mass spectrum in the ~+~
event sample.

lution of ~~/p =0.035p/(I GeV/c), while the hexago-
nal calorimeter (HEX)6 measures photons with a typi-
cal energy resolution of aE/E = (0.20 GeV'/2)/E.
The fine segmentation of the HEX (8-mrad projective
strips) permits the reconstruction of electromagnetic
showers separated by as little as 40 mrad. Cuts applied
to the HEX data remove energy clusters due to
charged hadron interactions, electron bremsstrahlung,
and pattern-recognition fakes. Photons that convert in
the 0.2-radiation length beam pipe are reconstructed
geometrically with the TPC and added to the photon
sample. The y-y invariant-mass distribution for all
combinations with center-of-mass momentum P»~ 1.5 GeV/c and center-of-mass decay angle cos&,~ 0.6 is plotted in Fig. 1, showing a clear n peak.

Charged tracks identified by the TPC are used to
select 7+7 events in which each 7

+-decays into a
single charged particle. The selection requires two op-
positely charged tracks (excluding off-vertex tracks,
poorly measured tracks, and tracks from photon
conversions) with acollinearity angle between 3' and
55' and acoplanarity angle (defined using the e+ e
beam direction) between 1' and 55'. Two-photon and
Bhabha events are removed by requiring total charged
energy between 7.25 and 22 GeV, and the ionization
loss dE/dx in the TPC is used to identify tracks that
are not electrons. 5 Radiative Bhabhas are rejected by
demanding that at least one track not be an electron,
and if only one track is identified as a nonelectron,
that its momentum be less than 9.5 GeV/c. Multiha-
dron events are rejected by requiring that the event
sphericity be less than 0.06, while two-photon events
are removed by requiring that the scalar sum of the
charged-track momenta in each event hemisphere be
greater than 0.65 GeV/c. This selection results in a
sample of 1299 events, of which Monte Carlo simula-
tion estimates 97+20 to be background in roughly

equal amounts from radiative Bhabha events, two-
photon events, and r+~ events in which one ~ +-de-
cays into three charged particles.

The predicted decay modes of the v. with more
than one neutral meson and a one-prong branching
fraction greater than 0.1% ' are7

v, m m pro, 7%;

7 v, m' mop, 0 5%.
It is difficult to distinguish among these because of low
neutral-meson reconstruction efficiency ( —6%/mes-
on) and combinatorial background, and so the analysis
is primarily sensitive to the sum, rather than the indi-
vidual branching fractions.

In events with three or more photons in the same
hemisphere the invariant mass of each y-y combina-
tion is fitted (one-constraint) to the mo mass. The
combination is labeled a m candidate if X o~4 and

P» ~ 1 GeV/c. For each n o candidate the energies of
all photons in the same hemisphere (excluding the two
from the 7ro) with E„~0.4 GeV are summed. If this
additional energy is greater than 1 GeV, the decay is
counted as a multiple-neutral-meson decay. Decays
containing more than one no candidate are weighted
by the fraction of the mo candidates that have more
than 1 GeV additional energy. Using this technique,
47.5 multiple-neutral-meson decays are found.

The acceptance and the background are estimated
with a Monte Carlo program that simulates both elec-
tromagnetics and hadronic9 showers in the HEX, then
processes these showers with the same software as the
real data. The Monte Carlo program estimates that
7.6+0.8 of the decays in the multiple-neutral-meson
sample are background, mostly from the decay

v,p v, n n accompanied by final-state ra-
diation. 'o The Monte Carlo estimation of the back-
ground is checked by searching for the multiple-
neutral-meson signal in the 660 three-charged-prong
~ +-decays selected by Aihara, " as the branching ratio
for v -+ v,3m ~+ neo (n ~ 2) decays is predicted to
be less than (0.13 + 0 04) o/o.

Since three decay modes are expected to contribute
to the multiple-neutral-meson signal and the accep-
tance for each decay mode is slightly different, the
47.5 —7.6 = 39.9 multiple-neutral-meson decays are
converted into a weighted sum of three branching frac-
tions'.

8 + 1.68
v n-~0~0 v e-~o~o~o

T

+1.18 „o= (13.9+2.0+1.9)%, (1)
whe« the first error is statistical and the second is sys-
tematic. "fhe main contributions to the systematic er-
ror are the uncertainty in the mo reconstruction effi-
ciency (12%) and the background subtraction (5%).'3
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FIG. 2. Photon multiplicity in multiple-neutral-meson
events. The points with error bars are the observed distribu-

tion, awhile the solid lines are the Monte Carlo predictions
for (a) r v, n mono and (b) r v,n rronomo decay

modes. The predicted distribution for the 7 v, m

decay mode is nearly identical to distribution (b).

In order to convert the weighted sum of branching
fractions [Eq. (1)] into an unweighted sum, it is neces-
sary to know the relative contribution of each candi-
date decay mode. This information is obtained by

counting the number of photons observed in

multiple-neutral-meson decays. The Monte Carlo pro-
gram predicts a significantly smaller number of detect-
ed photons for r v, m mpmp decays than for

v, m approve. p or ~ v, n npq decays (Fig. 2).
When the observed photon multiplicity is fitted to a
linear combination of the distributions predicted for
each decay mode, the maximum likelihood is obtained
if 100% of the multiple-neutral-meson signal is attri-

buted to T v, m npnp decays. However, the sta-

tistical error is large, and so this result is expressed as
a lower limit of

8 o p & 8.3olo (95'lo C.L.), (2)

or, equivalently, as an upper limit on the weighted
sum of the remaining branching fractions of

1.68„„po p+1.18„„„p
( 5.6% (95o/o C.L.). (3)

Using the upper limit given in Eq. (3), the weighted
sum of branching fractions [Eq. (1)] is converted into
an unweighted sum with modestly increased systemat-
ic errors. Since the best fit is obtained when
8 „,o, and 8 p„are 0%, the most probable

value for the unweighted sum is 13.9%. Therefore, we
obtain an unweighted sum of multiple-neutral-meson
branching fractions of

+9 +a
T T

= (13.9 + 2.0+2 29)%, (4)

where the uncertainty in the composition of the
multiple-neutral-meson decay modes is now included
in the systematic error. The systematic errors in Eq.
(4) are asymmetric, as nonzero values for 8
and B„o can lower the unweighted sum but can-

not raise it. The values for the additional systematic
error are given by the extreme values for the un-
weighted sum obtained when the three multiple-
neutral-meson branching fractions are independently
varied within the one-standard-deviation contour de-
fined by Eqs. (1) and (3).

In conclusion, we have measured the sum of the
branching fractions of the single-prong ~ +-decay
modes that include more than one neutral meson to be
(13.9 + 2.0+2.2)%. This value is greater than the
theoretical prediction of 8.5%, and agrees, within er-
rors, with the (17.6+2.1)% difference between the
inclusive branching fraction and the sum of the ex-
clusive one-prong branching fractions with at most one
neutral meson. Although this experiment has limited
power to distinguish between the individual multiple-
neutral-meson decay modes, it places a lower limit on
8 Q p or, equivalently, an upper limit on the

weighted sum of 8 p p p and 8 p .
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