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The decayt2 ! 2p2p13p0nt has been studied with the CLEO II detector at the Corne
Electron Storage Ring. The branching fraction is measured to bes2.85 6 0.56 6 0.51d 3 1024. The
result is in good agreement with the isospin expectation but somewhat below the conserved-ve
current prediction. We have searched for resonance substructure in the decay. Within the stati
precision, the decay is saturated by the channelst2 ! p22p0vnt , 2p2p1hnt , and p22p0hnt.
This is the first observation of thisv decay mode and the branching fraction is measured to b
s1.8910.74

20.67 6 0.40d 3 1024. [S0031-9007(97)04514-6]
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The decay of thet lepton provides a test of the
standard model prediction of the hadronic weak curre
The decayt2 ! 2p2p13p0nt [1] is related tot2 !

3p22p1p0nt andt2 ! p25p0nt by isospin symmetry
and to the cross section fore1e2 ! 6p by the conserved-
vector-current (CVC) hypothesis. The decay can therefo
be used to test the isospin and CVC predictions. Ho
ever, these predictions are for theI ­ 1 component of the
hadronic weak vector current so anyI ­ 0 contribution
to thee1e2 cross section or any axial-vector contributio
to the t decay through anh intermediate state must be
removed before the comparison. The isospin symme
also relates the relative branching fractions among t
four possible isospin states [2],510 s4prd, 330 s3rd,
411 s3pvd, and 321 sprvd, which we denote accord-
ing to the lowest mass states. The search for possi
h and v substructures will therefore be of particula
interest. Any substructure will also be powerful in
suppressing hadronic background in the measurem
of the nt mass using the six-pion decay. Recently, th
ALEPH Collaboration [3] reported substantial branchin
fractions for the decayst2 ! 2p2p1np0ntsn $ 3d
and 2p2p13p0nt of s1.1 6 0.4 6 0.5d 3 1023 and
s2.0 6 0.6 6 0.6d 3 1023, respectively. In this Let-
ter, we present a new result for the branching fractio
of t2 ! 2p2p13p0nt and the first observation of
t2 ! p22p0vnt . We assume that all three charge
particles in the decay are pions.

The data used in this analysis have been collect
from e1e2 collisions at a center-of-mass energys

p
s d of

10.6 GeV with the CLEO II detector at the Cornell Elec
tron Storage Ring (CESR). The total integrated luminos
of the data sample is4.68 fb21, corresponding to the pro-
duction of4.27 3 106 t1t2 events. The CLEO II detec-
tor has been described in detail elsewhere [4].

We select events with four charged tracks and zero n
charge. The distance of closest approach of each tr
to the interaction point must be within 0.5 cm transvers
to the beam and 5 cm along the beam direction. T
momentum of each track must be greater than0.02Ebeam

sEbeam ­
p

sy2d and the polar angle of each track mus
satisfy j cosuj , 0.90, where u is the polar angle with
respect to the beam.
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A photon candidate is defined as a crystal cluste
with a minimum energy of 40 MeV in the barrel re-
gion sj cosuj , 0.80d or 150 MeV in the endcap region
s0.80 , j cosuj , 0.95d. The cluster must be isolated by
at least 30 cm from the projection of any charged track o
the surface of the calorimeter unless its energy is great
than 250 MeV. In addition, the cluster must have a latera
profile of energy deposition consistent with that expecte
for a photon. A subclass of “high-quality” photons is de-
fined to further discriminate against fake photons; thes
photons must have a minimum energy of 150 MeV an
pass the isolation requirement unless their energy excee
250 MeV. All high-quality photons must be included in
the p0 reconstruction. Thep0 candidates are selected
based on a requirement onSgg ­ smgg 2 mp0 dysgg ,
where sgg is the mass resolution calculated from the
energy and angular resolution of each photon. We re
quire all p0 candidates to have23.5 , Sgg , 2.5 and
be in the barrel; endcap photons are used primarily to ve
background events.

Each event is divided into two hemispheres using th
plane perpendicular to the thrust axis [5], calculated usin
both charged tracks and photons. There must be o
charged track in one hemisphere recoiling against thre
charged tracks in the other (1 vs 3 topology). In the
one-prong hemisphere, the total invariant mass of charg
tracks and photons must satisfyM1 , 1.0 GeVyc2. We
allow up to two high-quality photons in this hemisphere
for the case of multiple photons, there must be at lea
one p0 candidate. For the three-prong hemisphere, th
total invariant mass of charged tracks and photons mu
satisfy M3 , Mt ­ 1.777 GeVyc2 [6]. The magnitude
of the total momentum of the particles in thet rest
frame,Pp, must be less than0.2 GeVyc2. In calculating
Pp, we ignore initial state radiation and assume tha
the t direction is the same as the total momentum
vector of the charged tracks and photons in the thre
prong hemisphere. This requirement selects events w
taulike kinematics, suppressing hadronic background an
t migration background for which the momentum vecto
is not a good approximation of thet direction. The
migration background due to photon conversion is furthe
reduced by a cut on the mass of oppositely charged tra
3815
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pairs sMeed, calculated assuming the electron mass.
the mass calculation, one of the charged particles mus
identified as an electron, a particle with a shower ener
to momentum ratio in the range,0.85 , EyP , 1.10,
and, if available, a measured specific ionization loss tha
consistent with that expected for an electron. Any eve
with Mee , 120 MeVyc2 is rejected.

There must be at least six photons in the three-pro
hemisphere, forming three exclusivep0 candidates. If
there is more than one combination that satisfies
requirement, the one with lowest totalx2 ­

P3
i­1fS2

gggi

is selected. TheSgg distributions of the threep0

candidates, classified according to thep0 energy, are
shown in Fig. 1. For each distribution, theSgg of the
other two photon pairs must be in their respective sign
regions. An enhancement at zero is evident in all thr
distributions, corresponding to the observation of th
decayt2 ! 2p2p13p0nt .

The detection efficiency and background fromt migra-
tion [7] and hadronic events are calculated with a Mon
Carlo (MC) technique. We use theKORALB/TAUOLA pro-
gram [8] for thet event simulation and the Lund program
[9] for hadronic events. The signal decay is modele
using a mixture oft2 ! 2p2p1hnt ! 2p2p13p0nt

(39%), t2 ! p22p0hnt ! 2p2p13p0nt (11%), and
t2 ! p22p0vnt ! 2p2p13p0nt (50%). The rela-
tive mixtures are determined from the measured bran
ing fractions for the first two decays [10]. We assum
that the3ph decays proceed throughpf1 with a spec-
tral function dominated by the form factor of thea1s1260d

FIG. 1. The Sgg distribution for the (a) highest, (b) inter-
mediate, and (c) lowest energyp0 (see text). The solid his-
togram is the sum of the signal Monte Carlo and backgrou
(dashed), which includes thet migration and hadronic (shaded
background.
3816
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resonance [11]. The3pv system is modeled using phas
space. The detector response is simulated using
GEANT program [12]. Since the absolute prediction fo
low-multiplicity hadronic events may be unreliable, th
Lund Monte Carlo is used only to predict the shape of t
three-prong mass spectrum. The hadronic backgroun
calculated by normalizing to the number of data events
the three-prong hemisphere withM3 . 2.0 GeV before
the Pp cut is imposed. The simulation reproduces t
2p2p13p0 invariant mass spectrum quite well as show
in Fig. 2. An enhancement of events belowMt is evident.
The signal, background, and detection efficiency are su
marized in Table I. Also listed is the branching fractio
extracted after correcting for the branching fraction of t
one-prong tag ofs73.0 6 0.3d% [6].

The decayt2 ! 2p2p13p0nt can proceed through
different intermediate resonances. We have recently
served the decayst2 ! 2p2p1hnt via h ! gg and
3p0 and t2 ! p22p0hnt via h ! gg [10]. For the
latter decay, we also expect anh signal in thep1p2p0

mass spectrum. Figure 3 shows thep1p2p0 mass spec-
trum (six entriesyevent), for which thep0 candidates
have been kinematically constrained to the nominalp0

mass. To reduce the combinatoric background, we
clude events with a3p0 mass consistent with that of the
h meson. There is an enhancement in thev mass re-
gion corresponding to the first observation of the dec
t2 ! p22p0vnt . There is also an indication of a sig
nal for h ! p1p2p0, although not statistically signifi-
cant. To extract the branching fractions, the spectr

FIG. 2. The invariant mass spectrum of the three-pro
hemisphere (a) before and (b) after thePp cut is imposed.
The solid histogram is the sum of the signal Monte Car
and background (dashed), which includes thet migration and
hadronic (shaded) background.
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TABLE I. Summary of signal, background, detection effi
ciency, and branching fraction.

Decay mode 2p2p13p0 p22p0v

Data 57 19.416.8
26.1

t Migration 10.2 6 2.0 2.3 6 0.2
qq Background 8.6 6 2.7 0.011.5

20.0
Efficiency (%) 2.16 6 0.07 1.65 6 0.09

Bs31024d 2.85 6 0.56 1.8910.74
20.67

is fitted using a binned maximum likelihood techniqu
with Gaussians for thev and h signals and a second
order polynomial background. Thev andh masses and
widths have been constrained to the Monte Carlo exp
tations. The result fort2 ! p22p0vnt is summarized
in Table I. If we interpret the smallh excess as signal,
the branching fraction extracted fort2 ! p22p0hnt is
consistent with the expectation [10].

There are several sources of systematic errors
summarized in Table II. The uncertainty in the photo
detection efficiency is estimated by varying the photo
selection criteria. The systematic error in the dec
modeling includes the uncertainties in the branchi
fractions of t2 ! 2p2p1hnt and p22p0hnt [10]
and the modeling of thepf1 and 3pv systems. The
latter uncertainty is estimated from the difference
the detection efficiency between the default models a
the models based on apf1 phase space and aprv

resonance with a mass of1600 MeVyc2 and width of
235 MeVyc2. The uncertainty in the background shap
in the p1p2p0 mass spectrum is estimated by usin
different orders of polynomial. As a check of the hadron
background estimate, the branching fraction for the dec
t2 ! 2p2p13p0nt has been measured using a lepto
tag and the result is consistent with that for the nonlept
tag. Including the systematic errors in quadrature, t

FIG. 3. p1p2p0 invariant mass spectrum (six
entriesyevent). The curve shows a fit to the data.
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final results are

Bst2 ! 2p2p13p0ntd ­ s2.85 6 0.56 6 0.51d

3 1024,

Bst2 ! p22p0vntd ­ s1.8910.74
20.67 6 0.40d 3 1024,

where the first error is statistical and the second
systematic.

We can test isospin symmetry [2] by comparing th
fractions of theI ­ 1 component of the six-pion decay
into 2p2p13p0 and3p22p1p0 states,

f2p2p13p0 ­
Bst2 ! 2p2p13p0ntd

Bft2 ! s6pd2ntg
and similarly for f3p22p1p0 , where Bft2 ! s6pd2ntg
is the sum of the three branching fractions,Bst2 !

2p2p13p0ntd, Bst2 ! 3p22p1p0ntd, and Bst2 !

p25p0ntd. The latter branching fraction has not yet
been measured. However, we expect the branchi
fraction to be small from CVC using the measured
cross section ofe1e2 ! 3p13p2. Sobie [13] and
Rouge [14] have performed an isospin analysis o
these decays and concluded that there is a discrepan
between the measured decay branching fractions a
the isospin expectation. However, the authors did n
correct for the axial-vector contributions from the de
cays t2 ! 2p2p1hnt and p22p0hnt . We correct
for these contributions using our recent measuremen
of the branching fractions, s3.510.7

20.6 6 0.7d 3 1024

and s1.4 6 0.6 6 0.3d 3 1024 [10]. Figure 4 shows
f2p2p13p0 vs f3p22p1p0 with our new measurement of
BV st2 ! 2p2p13p0ntd ­ s1.41 6 0.76d 3 1024 and
the world average measurement [6] ofBV st2 !

3p22p1p0ntd ­ s1.39 6 0.55d 3 1024, where the
subscript indicates that this is the vector component
the branching fraction. The measurement is present
as a line becauseBst2 ! p25p0ntd has not yet been
measured. The result is in good agreement with th
isospin expectation.

Since theh andv intermediate states saturate the deca
t2 ! 2p2p13p0nt, we can also test the isospin predic-
tion using our measurement ofBst2 ! 2p2p13p0ntd

TABLE II. Summary of systematic errors (%).

Mode 2p2p13p0 p22p0v

Luminosity 1 1
Cross section 1 1
t Migration 5 4

qq Background 5 9
Tracking 4 4

Photon efficiency 15 15
Decay model 4 8

Fitting · · · 5
Efficiency (MC stat.) 3 6

Total 18 21
3817
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FIG. 4. f2p2p13p0 vs f3p22p1p0 . The solid line from the ori-
gin uses the CLEO II result onBV st2 ! 2p2p13p0ntd and
the world average measurement ofBV st2 ! 3p22p1p0ntd
(see text). The shaded area indicates the 1 standard de
tion region. The open circle with diagonal error bar us
the CLEO II measurement ofBst2 ! 2p2p13p0ntd from
the decayt2 ! p22p0vnt together with the assumption tha
Bst2 ! p25p0ntd ­ 0. The triangular region indicates the
isospin expectation. Unitarity requires the fractions to be b
low the dashed line.

from the decayt2 ! p22p0vnt . With the assumption
thatBst2 ! p25p0ntd is negligible, our measurement o
Bvst2 ! 2p2p13p0ntd ­ s1.68 6 0.72d 3 1024 is
consistent with the isospin expectation as show
in Fig. 4. The result prefers the dominance of th
f321g sprvd isospin state over thef411g s3pvd state;
we are not able to distinguish the two states from t
pp0 mass spectrum. Our measurement ofBst2 !

2p2p13p0ntd can also be compared with the CVC
predictions by Sobie [13] and Eidelman [15],Bst2 !
2p2p13p0ntd ­ s1.9 2 7.3d 3 1024 and s2.5 6

0.4d 3 1024, respectively. Our result is somewha
below the predictions, indicating that there could be
substantialI ­ 0 contribution frome1e2 ! hp1p2p0

to e1e2 ! 2p12p22p0 that must be removed before
calculating the CVC predictions.

In conclusion, the decayt2 ! 2p2p13p0nt has been
observed. The branching fraction is in good agreeme
with the isospin expectation [13,14], but smaller than t
ALEPH measurement [3]. We have also observed anv

signal in the six-pion system, corresponding to the dec
t2 ! p22p0vnt . Within the statistical precision, the
contribution from this decay together with those [10] from
3818
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t2 ! 2p2p1hnt and p22p0hnt saturate the decay
t2 ! 2p2p13p0nt.
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