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The decayr™ — 27~ 7"37%,. has been studied with the CLEO Il detector at the Cornell
Electron Storage Ring. The branching fraction is measured t@.88 + 0.56 + 0.51) X 107*. The
result is in good agreement with the isospin expectation but somewhat below the conserved-vector-
current prediction. We have searched for resonance substructure in the decay. Within the statistical
precision, the decay is saturated by the channels—» 7 27°%wv,, 27 7t nv,, and 7 27y v,.
This is the first observation of thi® decay mode and the branching fraction is measured to be
(1.8970¢3 + 0.40) X 107*. [S0031-9007(97)04514-6]

PACS numbers: 13.35.Dx

The decay of ther lepton provides a test of the A photon candidate is defined as a crystal cluster
standard model prediction of the hadronic weak currentwith a minimum energy of 40 MeV in the barrel re-
The decayr™ — 27~ 7 *37%, [1] is related tor~ —  gion (| cosA| < 0.80) or 150 MeV in the endcap region
37 27t 7v, andr™ — 7757, by isospin symmetry  (0.80 < |cosf| < 0.95). The cluster must be isolated by
and to the cross section fef e~ — 67 by the conserved- at least 30 cm from the projection of any charged track on
vector-current (CVC) hypothesis. The decay can thereforéhe surface of the calorimeter unless its energy is greater
be used to test the isospin and CVC predictions. Howthan 250 MeV. In addition, the cluster must have a lateral
ever, these predictions are for the= 1 component of the profile of energy deposition consistent with that expected
hadronic weak vector current so afy= 0 contribution for a photon. A subclass of “high-quality” photons is de-
to thee™ e~ cross section or any axial-vector contribution fined to further discriminate against fake photons; these
to the 7 decay through am intermediate state must be photons must have a minimum energy of 150 MeV and
removed before the comparison. The isospin symmetrpass the isolation requirement unless their energy exceeds
also relates the relative branching fractions among th@50 MeV. All high-quality photons must be included in
four possible isospin states [2510 (47p), 330 3p), the #° reconstruction. Ther candidates are selected
411 37 w), and 321 (mpw), which we denote accord- based on a requirement oy, = (my,, — mm)/0,,,
ing to the lowest mass states. The search for possibMhere o, is the mass resolution calculated from the
n and o substructures will therefore be of particular energy and angular resolution of each photon. We re-
interest. Any substructure will also be powerful in quire all #° candidates to have-3.5 < §,, < 2.5 and
suppressing hadronic background in the measuremebk in the barrel; endcap photons are used primarily to veto
of the v, mass using the six-pion decay. Recently, thebackground events.

ALEPH Collaboration [3] reported substantial branching Each event is divided into two hemispheres using the
fractions for the decaysr™ — 27 #'n#v,(n = 3)  plane perpendicular to the thrust axis [5], calculated using
and 27~ 7 37%, of (1.1 =04 *=0.5) X 1073 and both charged tracks and photons. There must be one
(2.0 = 0.6 = 0.6) X 1073, respectively. In this Let- charged track in one hemisphere recoiling against three
ter, we present a new result for the branching fractiorcharged tracks in the other (1 vs 3 topology). In the
of 7= =27 7"37%, and the first observation of one-prong hemisphere, the total invariant mass of charged
T~ — 7 27%0v,. We assume that all three chargedtracks and photons must satishy; < 1.0 GeV/c>. We
particles in the decay are pions. allow up to two high-quality photons in this hemisphere;

The data used in this analysis have been collectetbr the case of multiple photons, there must be at least
from e*e™ collisions at a center-of-mass ener@ys) of  one 7 candidate. For the three-prong hemisphere, the
10.6 GeV with the CLEO Il detector at the Cornell Elec- total invariant mass of charged tracks and photons must
tron Storage Ring (CESR). The total integrated luminositysatisfy M3 < M, = 1.777 GeV/c? [6]. The magnitude
of the data sample .68 fo~!, corresponding to the pro- of the total momentum of the particles in the rest
duction 0f4.27 X 10° 777~ events. The CLEO |l detec- frame, P*, must be less thaf.2 GeV/c2. In calculating
tor has been described in detail elsewhere [4]. P*, we ignore initial state radiation and assume that

We select events with four charged tracks and zero neghe 7 direction is the same as the total momentum
charge. The distance of closest approach of each trackector of the charged tracks and photons in the three-
to the interaction point must be within 0.5 cm transversegprong hemisphere. This requirement selects events with
to the beam and 5 cm along the beam direction. Theaulike kinematics, suppressing hadronic background and
momentum of each track must be greater thd2E .., 7 migration background for which the momentum vector
(Eveam = +/s/2) and the polar angle of each track mustis not a good approximation of the direction. The
satisfy | cosf#| < 0.90, where @ is the polar angle with migration background due to photon conversion is further
respect to the beam. reduced by a cut on the mass of oppositely charged track
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pairs (M,,), calculated assuming the electron mass. Iresonance [11]. Th&7w system is modeled using phase
the mass calculation, one of the charged particles must tepace. The detector response is simulated using the
identified as an electron, a particle with a shower energEANT program [12]. Since the absolute prediction for
to momentum ratio in the rangé.85 < E/P < 1.10, low-multiplicity hadronic events may be unreliable, the
and, if available, a measured specific ionization loss that ifund Monte Carlo is used only to predict the shape of the
consistent with that expected for an electron. Any eventhree-prong mass spectrum. The hadronic background is
with M,, < 120 MeV/c? is rejected. calculated by normalizing to the number of data events in
There must be at least six photons in the three-pronthe three-prong hemisphere witff; > 2.0 GeV before
hemisphere, forming three exclusive’ candidates. If the P* cut is imposed. The simulation reproduces the
there is more than one combination that satisfies th@z~ 737 invariant mass spectrum quite well as shown
requirement, the one with lowest totgf = Z?zl[siy]i in Fig. 2. An enhancement of events beldfy is evident.
is selected. TheS,, distributions of the threez®  The signal, background, and detection efficiency are sum-
candidates, classified according to the€ energy, are marized in Table I. Also listed is the branching fraction
shown in Fig. 1. For each distribution, ti,, of the  extracted after correcting for the branching fraction of the
other two photon pairs must be in their respective signabne-prong tag 0f73.0 = 0.3)% [6].
regions. An enhancement at zero is evident in all three The decayr~ — 27~ 737 v, can proceed through
distributions, corresponding to the observation of thedifferent intermediate resonances. We have recently ob-
decayr™ — 27~ 7 3700,. served the decays™ — 27 7' nv, via n — yy and
The detection efficiency and background frermigra-  37° and 7~ — 7 2#%nv, via n — yy [10]. For the
tion [7] and hadronic events are calculated with a Montdatter decay, we also expect ansignal in therr* 7~ 7°
Carlo (MC) technique. We use th@®RALB/TAUOLA pro-  mass spectrum. Figure 3 shows thé 7~ 7% mass spec-
gram [8] for ther event simulation and the Lund program trum (six entriegevent), for which thew* candidates
[9] for hadronic events. The signal decay is modelechave been kinematically constrained to the nomindl
using a mixture ofr~ — 27 7wt nv, —» 27 7w 37%, mass. To reduce the combinatoric background, we ex-
(39%), 7~ — 7 27nv, — 27 7 37, (11%), and clude events with 87° mass consistent with that of the
77 = 7 21%0 v, = 20 7 37%, (50%). The rela- m meson. There is an enhancement in themass re-
tive mixtures are determined from the measured branctgion corresponding to the first observation of the decay
ing fractions for the first two decays [10]. We assumer~ — 7 27’wv,. There is also an indication of a sig-
that the3wn decays proceed throughf, with a spec- nal for n — 77~ 7, although not statistically signifi-
tral function dominated by the form factor of the(1260)  cant. To extract the branching fractions, the spectrum
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FIG. 1. TheS,, distribution for the (a) highest, (b) inter- FIG. 2. The invariant mass spectrum of the three-prong
mediate, and (c) lowest energy’ (see text). The solid his- hemisphere (a) before and (b) after tié cut is imposed.
togram is the sum of the signal Monte Carlo and backgroundrhe solid histogram is the sum of the signal Monte Carlo
(dashed), which includes themigration and hadronic (shaded) and background (dashed), which includes thenigration and
background. hadronic (shaded) background.
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TABLE I. Summary of signal, background, detection effi- final results are
ciency, and branching fraction. B(r~ — 277’77*3770117) — (285 = 0.56 = 0.51)

Decay mode 27 w370 727 % 10-4
Data 57 19.4*5% . 074 A
= Migration 102 + 2.0 23+ 02 B(r~ = 7 27%0wv,) = (1.897073 + 0.40) X 1074,
¢q Background 8.6 £2.7 0.0543 . . - .
Efficiency (%) 216 + 0.07 165 % 0.00 where th_e first error is statistical and the second is
, N o systematic. ' _ '
B(X107%) 2.85 = 0.56 1.892067 We can test isospin symmetry [2] by comparing the
fractions of thel = 1 component of the six-pion decay
into 277~ 7370 and37 27" 70 states,
is fitted using a binned maximum likelihood technique _ B(r™ = 27 7 37%,)
with Gaussians for thew and n signals and a second- fom w30 = B[~ — (67) v,]

order polynomial background. The andn masses and
widths have been constrained to the Monte Carlo expe
tations. The result for~ — 7 27%w v, is summarized
in Table I. If we interpret the smalj excess as signal,
the branching fraction extracted for — 7 27%qv, is
consistent with the expectation [10].

d':_md similarly for f3,-2,+70, Where B[t~ — (67) v,]

is the sum of the three branching fraction®(r— —
27w 37%,), B(r~ — 37 27 7w ,), and B(r~ —

7 57,). The latter branching fraction has not yet
been measured. However, we expect the branching

There are several sources of systematic errors a{éactlon o be snlaIL from EVC, using Fhe measured
cross section ofe"e”™ — 37737~ . Sobie [13] and

summarized in Table Il. The uncertainty in the photonR 141 h ‘ q . . si f
detection efficiency is estimated by varying the photon ouge [14] have performed an ISOSpIn - analysis 0
hese decays and concluded that there is a discrepancy

selection criteria. The systematic error in the deca)} " ih d d b hina fracti q
modeling includes the uncertainties in the branchin etween the measured decay branching fractions an
; - — 1 —n_0 he isospin expectation. However, the authors did not
fractions of 7~ — 27 7w v, and 7 27 nv, [10] ¢ for th ial ¢ tributi f the d
and the modeling of therf, and 37w systems. The correct for the a>i|a-vec or con rlou ions Irom the de-
cayst — 2w o nv, and 7 27’nv,. We correct

latter uncertainty is estimated from the difference in th tributi ; ¢ N
the detection efficiency between the default models anI]Or €se contributions using our+[)e;cen measuri[nen S
of the branching fractions, (3.5 p = 0.7) X 10

the models based on a&f; phase space and @&pw _ .

resonance with a mass ];6(?0 MeV/Fc)2 and Widﬂf of and (1.4 = 0.6 = 0.3) X 1.0 * [10]. Figure 4 shows
235 MeV/c?. The uncertainty in the background s,h(;\pefzﬁ”f_*%0 Vs_f%;”*ofo with our new measurtiznent of
in the 7" 7~ #° mass spectrum is estimated by usingBV(T — 27 7 3w v;) = (1.41 = 0.76) X 10°* and
different orders of polynomial. As a check of the hadronict"® wo+rld0 average measurement74[6] By (7 —
background estimate, the branching fraction for the decay™ 27 7 ¥-) = (1.39 * 0.55) X 10, where the

7~ — 27~ 737, has been measured using a lepton ubscript |r_1d|cates _that this is the vector component of
tag and the result is consistent with that for the nonleptorlihe branching fraction. The measurement is presented

: S
tag. Including the systematic errors in quadrature, th&@S @ line becauss(r™ — 7~ 5a"»;) has not yet been
measured. The result is in good agreement with the

isospin expectation.
1160697-000 Since then andw intermediate states saturate the decay

L b L 7~ — 27~ 7" 37%, we can also test the isospin predic-
181 l 7 tion using our measurement &(r~ — 27~ 7 37 ;)
(2] .
%12 N TABLE Il. Summary of systematic errors (%).
g_ [ Mode 27 w30 7 270
3 o Luminosity 1 1
E | Cross section 1 1
W 7 Migration 5 4
i ¢q Background 5 9
3 Tracking 4 4
ol Photon efficiency 15 15
0.4 0.5 0.6 0.7 0.8 0.9 1.0 Decay model 4 8
M_y — o(GeV 1c3) ~ Fitting 5
Efficiency (MC stat.) 3 6
FIG.3. w77 #° invariant mass  spectrum (six Total 18 21

entriegevent). The curve shows a fit to the data.
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1.0 1160697-010 7 =27 7w nv, and 7 27°nv, saturate the decay
~ T o = =27 7 370%,.
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