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First Observation of the Decayt 2 ! Kppp2hnt
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The decayt2 ! Kp2hnt has been observed with the CLEO II detector. TheKp2 is reconstructed
in two decay channels,Kp2 ! KSp2 ! p2p1p2 and Kp2 ! K2p0. The h is reconstructed
from the decayh ! gg. The measured branching fraction isB st2 ! Kp2hntd  s2.9 6 0.8 6

0.4d 3 1024. We also measure the inclusive branching fractions without requiring theKp resonance,
B st2 ! KSp2hntd  s1.10 6 0.35 6 0.11d 3 1024 and B st2 ! K2p0hntd  s1.77 6 0.56 6

0.71d 3 1024. The results indicate that theKp2 resonance dominates theKSp2 mass spectrum.
[S0031-9007(98)08116-2]
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The study of the hadronic decays of thet lepton is im-
portant for a better understanding of the weak hadron
current and its symmetries. The decays involving a
h meson are associated with the Wess-Zumino-Witte
anomaly [1] and are rare. The first such decay,t2 !
p2p0hnt , was observed by CLEO in 1992 [2] and sub
sequently by ALEPH [3]. More recently, CLEO has
measured the branching fractions of two other deca
[4], B st2 ! K2hntd  s2.6 6 0.5 6 0.5d 3 1024 [5]
and B ft2 ! s3hd2hntg  s3.510.7

20.6 6 0.7d 3 1024 [6],
whereh  p or K. Both measurements are 2 orders o
magnitude higher than the predictions by Pich [7] base
on chiral perturbation theory. However, the recent ca
culation by Li [8] using an effective chiral theory in the
limit of chiral symmetry is in good agreement with thes
results. In the calculation, the former decay procee
through the vector current withKp dominant, and the lat-
ter decay proceeds through the axial-vector current w
a1 dominant. For the decayt2 ! sKpd2hnt, Pich pre-
dicts B st2 ! K2p0hntd , 8.8 3 1026 and B st2 !
p2K

0
hntd , 2.2 3 1025, with Kp enhancement of the

Kp rate. Li predicts that thehKp final state is produced
via the axial-vector current, with the spectral function dom
inated by theK1 resonance, givingB st2 ! Kp2hntd 
1.01 3 1024. In this Letter, we report a first measuremen
of the decayt2 ! Kp2hnt , with Kp2 ! KSp2 and
Kp2 ! K2p0. We also measure the inclusive branchin
fractions without requiring theKp resonance.

The data used in this analysis have been collected fro
e1e2 collisions at a center-of-mass energy ofEcm 
10.6 GeV with the CLEO II detector at the Cornell
Electron Storage Ring (CESR). The total integrate
luminosity of the sample is4.7 fb21, corresponding to the
production of4.3 3 106 t pairs. The CLEO II detector
has been described in detail elsewhere [9].

We selectt1t2 events in which one charged particle
from the tagt decay is recoiling against one or three
charged particles of the signal decay. The candida
events must therefore have two or four charged trac
and zero net charge. To reject beam-gas events,
require that the distance of closest approach to thee1e2

interaction point of the non-KS candidate tracks be within
0.5 cm (5 cm) transverse to (along) the beam directio
Each event is divided into two hemispheres (tag vs sign
using the plane perpendicular to the thrust axis [10
calculated from both charged tracks and photons. Photo
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are defined as energy clusters in the calorimeter of at le
60 MeV in the barrel,j cosuj , 0.80, and 100 MeV in
the end cap,0.80 , j cosuj , 0.95, whereu is the polar
angle with respect to the beam axis. There must be t
or more photons in the barrel for the signal hemisphe
However, if there are more than two (four) photon
with an energy above 100 MeV, including the end ca
the event is rejected in thet2 ! KSp2hnt st2 !
K2p0hntd analysis. The opening angle between the to
momentum vectors of the decay products of the twot

leptons must be greater than 120±. The tag hemisphere
must contain only one charged particle, and its momentu
must be greater than0.5 GeVyc. The hemisphere may
not contain more than three energetic photonssE .

100 MeVd. In the case of two or more photons, ther
must be at least onep0 candidate reconstructed,jMgg 2

Mp0 j , 20 MeVyc2 s,3sd. The hadronic background
is suppressed by a requirement that the total invaria
mass of the particles in each hemisphere be less th
the t mass,M , 1.78 GeVyc2. Two-photon, Bhabha,
and hadronic events are suppressed by the requirem
on the total visible energy,0.25 , EtotyEcm , 0.85, and
on the measured net transverse momentum of the ev
p' . 0.3 GeVyc. All charged particles and photons ar
included in the calculation of these kinematic variables.

Particle identification for thet2 ! K2p0hnt decay
is based on a confidence level ratio which is construct
from the confidence levels forp and K hypotheses
[5], CLp and CLK . The confidence level ratio for
K is RK  CLKysCLp 1 CLK d, and similarly for p

sRp  1 2 RK d. The confidence level is computed from
the x2 probability for a particle hypothesis using a
combination of the time of flight and drift chambe
sdEydxd information.

CandidateKS mesons are reconstructed using pairs
oppositely charged tracks with vertices separated from
primary interaction point by at least 10 mm in the plan
transverse to the beam. Thep1p2 invariant mass is
required to be within15 MeVyc2 s,3sd of theKS mass.

The h mesons are reconstructed with photons in th
barrel using thegg decay channel. Each photon mus
have an energy above 150 MeV and a lateral profi
of energy deposition consistent with that expected of
photon. In addition, we do not use the fragments of
nearby large shower. The photon may not combine w
any other photon to form ap0 candidate.
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For thet2 ! Kp2hnt ! KSp2hnt analysis, events
with three charged particles in the signal hemisphe
were selected. Figure 1 shows the invariant ma
spectra of two photons accompanying theKS candi-
date, with the requirements that theKSp2 mass be in
the Kp2 signal bands0.81 0.97 GeVyc2d or sidebands
s0.70 0.78, 1.00 1.08 GeVyc2d. An h signal is observed
in the Kp2 signal region, and there is no indication of a
signal in the sideband region. The curves show fits to t
data using a Gaussian signal and a linear background. T
width of the Gaussian is constrained to the Monte Car
expectation,s  14 MeVyc2. The fit shown in Fig. 1(a)
yields a signal of13.3 6 3.9 events. Theh yield in
the Kp2 sidebands is1.011.7

21.0 events. We have therefore
observed for the first time the decayt2 ! Kp2hnt.

As a check of the validity of the signal fort2 !

Kp2hnt , we show the invariant mass spectrum of th
KSp2 system for events with anh candidatesjMgg 2

Mhj , 45 MeVyc2d in Fig. 2. A clear Kp2 signal is
observed.

For the t2 ! Kp2hnt ! K2p0hnt analysis, we
select events with the signal hemisphere containing
charged particle, ap0 candidate reconstructed using
barrel photons plus two other barrel photons. Th
RK distributions for the charged particle in the signa
hemisphere is shown in Fig. 3. The invariant mass
the two photons accompanying the charge particle a
p0 candidate is required to be (a) in theh signal band
s0.50 0.59 GeVyc2d, and (b) in theh signal sideband
s0.440 0.485, 0.605 0.650 GeVyc2d. Figures 3(c) and
3(d) show the corresponding distributions for the cas
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FIG. 1. The invariant mass spectrum of the photon pairs
the signal hemisphere containing aKS candidate. TheKSp2

invariant mass is required to be in theKp2 signal band in
(a) and in theKp2 sideband in (b). The curves show fits to
the data.
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in which the K2p0 mass is in theKp2 signal band
with the assumption that the charged particle is a kao
There are enhancements atRK  0 and, in (a) and (c),
1.0, as expected from the decayst2 ! p2p0hnt and
t2 ! K2p0hnt , respectively. The histograms show
fits to the data using the Monte Carlo (MC) expectatio
for RK spectra for these two decays and the migratio
from other t decays. The fit results on the number o
events with a kaon accompanying theh candidate are
summarized in Table I.

The detection efficiencies for the candidate events a
background from hadronic events are calculated with
Monte Carlo simulation. TheKORALB program [11] is
used to generatet1t2 pairs and the Lund program [12]
for hadronic events. The signal decays are modeled
phase space assuming aV 2 A weak interaction. The de-
tector response is simulated using theGEANT program [13].
The identification and misidentification efficiencies of pi
ons and kaons are calibrated as a function of momentum
comparing the efficiencies measured from samples of pio
and kaons from the decaysDp1 ! D0p1 ! K2p1p1

andKS ! p1p2 with the hadronic Monte Carlo expecta-
tions. In the estimation of the hadronic background, theh

multiplicity in the hadronic Monte Carlo program has bee
normalized to produce the observed multiplicity in even
with the invariant mass of one of the hemispheres grea
than Mt. Two-photon interactions are estimated to be
negligible source of background [5].

The signals, backgrounds, and detection efficiencies a
summarized in Tables II and III. In calculating the de
tection efficiencies and backgrounds in theKp2 ! K2p0

analysis, the Monte Carlo predictions have been co
rected for the appropriate momentum-dependent ident
cation and misidentification efficiency scaling factors. Th
branching fraction fort2 ! s3hd2hnt [6] is used to es-
timate the feed down in thet2 ! KSp2hnt analysis.
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FIG. 2. The invariant mass spectrum of theKSp2 system
in the signal hemisphere containing anh candidate. The
histograms show the Monte Carlo expectation, including th
hadronic background (dashed histogram).
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FIG. 3. TheRK spectrum of the charged particle in the signa
hemisphere containing theh candidate. The invariant mass
of the two photons accompanying the charged particle andp0

candidate is required to be in theh signal band in (a) and
in the h sideband in (b). Assuming the charged particle is
kaon, theK2p0 mass is required to be in theKp band in (c)
and (d). The histograms show fits to the data with the pion
contribution indicated by the dashed histograms.

There are several sources of systematic errors as sho
in Table IV. These include the uncertainties in the numb
of t1t2 events produced, branching fractions, backgroun
subtraction, fitting procedure,KS detection efficiency,
acceptance calculation, decay modeling, as well as t
uncertainty due to limited Monte Carlo statistics. The un
certainty in theRK spectrum atRK  1 for pions (tail)
and kaons (peak) is a major source of the systema
error in theRK fitting analysis. TheRK kaon peak de-
pends on the momentum distribution which is differen
for t2 ! Kp2hnt and nonresonantt2 ! K2p0hnt

decays. The differences are taken as the systematic e
estimate. The systematic error in the acceptance cal
lation includes the uncertainties in the simulation of th
tracking, photon detection, and veto efficiencies. Th
acceptance depends also on the decay model; the co

TABLE I. Number of events with a charged kaon from the
fits of Fig. 3 together with thex2 per degree of freedom.

Requirements Fig. 3 NK x2yd.o.f.

h signal band (a) 36.4 6 11.4 23y18
h sideband (b) 0.016.7

20.0 35y18
h signal band,Kp region (c) 11.7 6 5.6 25y18
h sideband,Kp region (d) 1.013.1

21.0 21y15
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TABLE II. Summary of signals, backgrounds, detec
tion efficiencies, and branching fractions for the deca
t2 ! KSp2hnt. All errors are statistical. The efficiencies
are calculated without including the branching fractions of t
KS ! p1p2 andh ! gg.

Kp requirement Yes No

Signal 13.3 6 3.9 15.1 6 4.5
Signal (Kp sideband) 1.011.7

21.0 · · ·
qq 0.011.4

20.0 0.510.7
20.5

3hh 0.4 6 0.2 0.6 6 0.3
3hh (Kp sideband) 0.2 6 0.2 · · ·
Efficiency (%) 4.4 6 0.1 5.5 6 0.1

B s1024d 1.18 6 0.38 1.10 6 0.35

sponding systematic error is estimated by comparing
detection efficiencies for the decayst2 ! KSp2hnt

andt2 ! K2p0hnt with and without theKp resonance.
The branching fractions fort2 ! Kp2hnt , with

Kp2 ! KSp2 and Kp2 ! K2p0, are extracted after
correcting for backgrounds and detection efficiencie
The results are

B st2 ! Kp2hntd 3 B sKp2 ! KSp2d

 s1.18 6 0.38 6 0.12d 3 1024,

B st2 ! Kp2hntd 3 B sKp2 ! K2p0d

 s0.69 6 0.36 6 0.28d 3 1024.

Combining these results with the isospin requireme
B sKp2 ! KSp2d  B sKp2 ! K2p0d  1y3 and the
correlated systematic errors taken into account yields

B st2 ! Kp2hntd  s2.90 6 0.80 6 0.42d 3 1024.

The inclusive measurements without theKp resonance
requirement are

B st2 ! KSp2hntd  s1.10 6 0.35 6 0.11d 3 1024,

B st2 ! K2p0hntd  s1.77 6 0.56 6 0.71d 3 1024,

where the first error is statistical and the second syste
atic. The inclusive results are in reasonable agreem
with the measurements requiring theKp resonance.

TABLE III. Summary of signals, backgrounds, detec
tion efficiencies, and branching fractions for the deca
t2 ! K2p0hnt . All errors are statistical. The efficiencies
are calculated without including the branching fraction of th
h ! gg.

Kp requirement Yes No

h band 11.7 6 5.6 36.4 6 11.4
h sideband 1.013.1

21.0 0.016.7
20.0

qq ,3.5@90%CL 012
20

K2h · · · 0.4 6 0.1
Efficiency (%) 4.6 6 0.1 6.0 6 0.1

B s1024d 0.69 6 0.36 1.77 6 0.56
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TABLE IV. Summary of systematic errors (%).

KSp2hnt K2p0hnt

Ntt 1.4 1.4
B sh ! ggd 0.8 0.8
B ft2 ! s3hd2hntg 2 · · ·
Hadronic background 5 6
h sideband subtraction · · · 29
Fit 5 27
KS detection efficiency [14] 2 · · ·
Acceptance 3 3
Decay model 4 4
MC statistics 3 2

Total 10 40

In summary, we have measured for the first time th
branching fraction oft2 ! Kp2hnt . The result is some-
what higher than the theoretical prediction by Li [8
s1.01 3 1024d. We also measure the inclusive branchin
fractions without requiring theKp resonance. The mea-
surements are significantly higher than the theoretical pr
dictions by Pich [7]. The results for thet2 ! KSp2hnt

mode indicate that theKp2 resonance dominates the
KSp2 mass spectrum.
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