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We have searched for five decay modes of thkepton that simultaneously violate lepton and baryon
number: 7~ —py, r —pa°, 7 —pn, 7 —p27°, and 7 —p=°y. The data used in the search were
collected with the CLEO Il detector at the Cornell Electron Storage Ring. The integrated luminosity of the data
sample is 4.7 fb', corresponding to the production of 430° 7"~ events. No evidence is found for any
of the decays, resulting in much improved upper limits on the branching fractions for the two-body decays and
first upper limits for the three-body decay$0556-282(99)50209-9

PACS numbegps): 13.35.Dx, 14.60.Fg

Baryon and lepton number conservation are experimentaboratory for the searcpd]. The previous upper limitg5]
tally observed phenomena. In the standard model, both nunon the branching fractions for the decays into an anti-proton
bers are assumed to be conserved. Baryon and lepton numijg]] and a photons° or an 7 meson are in the range of
violations are expected in many extensions of .the _standargo—4_ 102, There are no published results for the decays
model such as supersymmetry and superstring inspired mod- . ~ = 0 =0
els [1]. In some of the models, there is a new symmetrynvoVing two neutral mesons;” —p27~ and 7~ —p77.
associated with the conservation of the baryon minus leptori 1€ CLEO Il experiment, with its large sample ofevents,
number,B— L, even though both baryon and lepton numbergProvides an opportunity to search for decays thqt violate lep-
are not conserved. Decays with this new symmetry hav&®n and baryon numbers, but conse®e L. In this paper,
been searched for in nucleon decg®k The lower limits on we present the result of a search in five decay modes:
the nucleon lifetimes imply that the corresponding decays— P, 7 —pn®, 7 —py, 7 —p27°, andr —p7ay.
involving the 7 lepton are below the current experimental The data used in this analysis were collected with the
sensitivity [3]. Nevertheless, experimenters have searche@LEO Il detector frome*e™ collisions at the Cornell Elec-
for this type of decay because thdepton provides a clean tron Storage RingCESR at a center-of-mass energys

~10.6 GeV. The total integrated luminosity of the data
sample is 4.7 fb', corresponding to the production b,
*Permanent address: University of Cincinnati, Cincinnati, OH=4.3x10° 7"~ events. CLEO Il is a general purpose
45221. spectromete[7] with excellent charged particle and shower
"Permanent address: University of Texas, Austin, TX 78712.  energy detection. The momenta of charged particles are mea-
*permanent address: Yonsei University, Seoul 120-749, Korea. sured with three drift chambers between 5 and 90 cm from
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FIG. 1. AE vs AM distribution of the datda) and signal Monte
Carlo(b) for the decayr— —>Ew°. (c) and(d) show the correspond-
ing distributions forf—»EZwO. The normalization of the signal
Monte Carlo is arbitrary. The ellipses indicate the sigisalid) and
sidebanddashed regions.
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both charged tracks and photons. The charged track in the
tag (signa) hemispheres is assumed to be a pian anti-
proton. The invariant mass of the particles in the tag hemi-
sphere must be less than thenassM ,=1.777 GeV¢? [2].
To suppress the background from radiative Bhabha and
p-pair events, the direction of the missing momentum of the
event is required to satistyzosemissingj<0.9o, wherefyissing
is the angle of the missing momentum defined with respect
to the beam axis. Because there is no neutrino in the signal
hemisphere, while there is at least one neutrino undetected in
the tag hemisphere, the missing momentum of the event
must point toward the tag hemisphere; 60osa<1.0, where
a is the angle between the missing momentum and the total
momentum of the particles in the tag hemisphere.

Several additional selection criteria are imposed on the

decaysr~—py and 7~ —p=° to suppress the background.

For the decayr  —pvy, we further impose the restriction
cosa<<0.99 to reduce the background from radiative Bhabha
and w-pair events. The background is further reduced by
requiring the net transverse momentum of each event with
respect to the beam axis to be greater than 300 kleMie
Bhabha background is further suppressed by rejecting events
with an electron in the tag hemisphere. An electron is defined

as a particle having a shower energy-to-momentum ratio

thee*e™ interaction poin{IP), with a total of 67 layers. The With E/p>0.85 and a specific ionization lossiE/dx)
specific ionization ¢E/dx) of charged particles is also mea- v_wthm 3 standard deviations of the expectation. The migra-
sured in the main drift chamber. These are surrounded by #0n background from other decays is suppressed by re-
scintillation time-of-flight system and a G3l) calorimeter  stricting the angle between the momentum vectors ofpthe
with 7800 crystals. These detector systems are installed inand y, 0.35< €0s6,,<0.92. For the decay ™ _5770, theE
side a superconducting solenoidal magrigtd T), sur-  momentum must be greater than 2.5 Getd/ reduce further
rounded by an iron return yoke instrumented with propor-the background fronr migration.
tional tube chambers for muon identification. We reconstructz® and 5 mesons with photons in the

The 7" 7~ candidate events must contain two chargedbarrel using theyy decay channel. In order to maintain a
tracks with zero net charge. To reject beam-gas events, theigh detection efficiency, while minimizing the dependence
distance of closest approach of each track to the IP must bgn the Monte Carlo simulation of electromagnetic showers,
within 0.5 cm transverse to the beam and 5 cm along thehere is no explicit cut on the maximum number of photons
beam direction. Photons are defined as energy clusters R the signal hemisphere. However, photons that are most
the calorimeter with at least 60 MeV in the barrel jikely to be real must be used in the signal decay reconstruc-
(Jcos#|<0.80) or 100 MeV in the endcap (0.80 tion. These are photons passing the 30 cm isolation cut and
<|cosf|<0.95), whered is the polar angle defined with having either an energy above 300 MeV or a lateral profile of
respect to the beam axis. We further require every photon tenergy deposition consistent with that expected of a photon.
be separated from the projection of any charged track on the The yy invariant mass spectrum is expressed in standard
surface of the calorimeter by at least 30 cm unless its energyeviations from the nominat® or  mass,
is greater than 300 MeV.

We divide each event into twgsignal and tag hemi-
spheres, each containing one charged track, using the plane
perpendicular to the thrust axi8], which is calculated from whereo,, is the mass resolution calculated from the energy

S),=(My,=Mzo )0y,

TABLE I. Summary of detection efficiencies, signal yields, expected backgrounds, and 90% C.L. upper
limits on the signal yields and branching fractions.

Mode T —py T —pm® T —py r—p2m° T —pn'y
€ (%) 10.7£0.2 8.4:0.2 14.0-0.2 4.3-0.1 4.6-0.1
Nop 1 14 2 41 1
Nibg 6.0 13.5 4.0 50.5 0.5
N 2.8 8.8 35 10.0 35
B (1079 35 15 8.9 33 27
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and angular resolution of each photon. The signal region iss from 7 migration. The large backgrounds in the decays
defined as-3<S,,<2; the asymmetric cut is used to ac- r~ —p#° and+~— p2#° originate from the copious decays

count for shower leakage. T —a 7, andr —7 27%_.
To search for the decay candidates, we setendidates The upper limit on the branching fraction is related to the

with invariant mass and total energy consistent with expecupper limitN on the number of signal events by
tations. The following kinematic variables are used to select N
the candidate events: B= —————,

AE—E-Ep... 2eN, BB 0B

AM=M—M where B, is the inclusive 1-prong branching fractid2],

7 B, (B,) is the branching fractiorf2] for #°—yy (7

. _ —y), andm (n) is the number ofr® (7)) mesons in the
WhereEp.apis the beam energy, arfdlandM are the recon final state. The 90% confidence level upper limits on the

structedr candidate energy and mass, respectively. The deéignal are summarized in Table I. We estimate the upper

cay _candldates are required _to haveo bOth. anemaﬂc Va”ablqﬁnits using a Monte Carlo calculation, which incorporates
W'th'n 1.285 of the expegtat|or_1$80A) eff|<:|ency_ for each - poih the Poisson statistics of the signal and the systematic
variablg. For the decays involvingy mesons, which have a grrors The systematic errors include the statistical uncer-
smaller migration background, the requirement is loosenedginty in the background estimate due to limited statistics in
to 1.64r (90% efficiency for each variableThe o’s are  the sideband regions. This statistical uncertainty is incorpo-
estimated from the Monte Carlo simulations of the signalrated using Poisson statistits3]. All other sources of sys-
decays(see below. As an example, we show in Fig. 1 the tematic errors are incorporated using Gaussian statistics.
AE vs AM distributions of the candidate events for the de-These include the uncertainties in thé 7~ cross section
cayst —p#° and 7~ —p27° [9]. (1%), luminosity (1%), track reconstruction efficienci%),

The numbers of events observeld,() in the signal re- photon detection efficienc{2.5%), p/p detection efficiency
gion and the detection efficiencies)(are listed in Table I.  (10%), branching fraction of;— yvy (0.8%) [2], and the sta-
The efficiencies are estimated from a Monte Carlo simuladistical uncertainties in the detection efficiencies due to lim-
tion. In the Monte Carlo program, onelepton decays ac- ited Monte Carlo sample€l-2% for the two-body modes
cording to a two- or three-body phase space distribution foRnd 2—-3% for the three-body modedhese uncertainties
the mode of interest and the otherlepton decays generi- aré added in quadrature in computiNg _
cally according to the&KORALB 7 event generatof10]. The In conclusion, we have searched fodecays that V|_olate
detector response is simulated with tANT program[11]. lepton and baryon numbers, but conserve baryon minus lep-

The backgroundNy) is estimated from the sideband re- ton r;]u_mber. V\(/je find n? e_\/ld(fancehfor a stl)gr(ljal,dresultlng '3
gions in theAE vs AM distribution assuming that the back- much improved upper limits for the two-body decays an
ground shape is linear. Each sideband is separated from tﬁ'éSt upper limits for the three-body decays.
signal region by 6.8 (see Fig. 1 as an examplé'he num- We gratefully acknowledge the effort of the CESR staff in
bers of events observed are consistent with the backgroungtoviding us with excellent luminosity and running condi-
expectations as shown in Table I. There is therefore no evidons. This work was supported by the National Science
dence for a signal. To understand the origin of the backfoundation, the U.S. Department of Energy, Research Cor-
ground, we also estimate themigration background using poration, the Natural Sciences and Engineering Research
the KORALB program and the hadronic background using theCouncil of Canada, the A. P. Sloan Foundation, the Swiss
Lund program[12]. The simulation programs can account National Science Foundation, and the Alexander von Hum-
for the background and indicate that most of the backgrountboldt Stiftung.
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