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We search for the decay of theB0 meson into a pair of leptons in the suppressed channelsB0→e1e2,

B0→m1m2 and in the lepton number violating channelB0→e6m7 in a sample of 9.73106 BB̄ pairs re-
corded by CLEO detector. No signal is found, and the following upper limits on the branching fractions are
established:B(B0→e1e2),8.331027, B(B0→m1m2),6.131027, B(B0→e6m7),1531027 at 90%
confidence level. A new lower limit on the Pati-Salam leptoquark massMLQ.27 TeV is established at 90%
confidence level.
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I. INTRODUCTION

In the standard model the decaysB0→e1e2 and B0

→m1m2 are allowed via the diagrams shown in Fig. 1. T
standard model predictions for the branching fractions
B(B0→e1e2)51.9310215 and B(B0→m1m2)58.0
310211, respectively@1#. These rates put them beyond th
reach of current experiments. Their observation at CL

*Permanent address: University of Cincinnati, Cincinna
OH 45221

†Permanent address: Massachusetts Institute of Technology, C
bridge, MA 02139
09110
e

would provide clear evidence for physics beyond the st
dard model.

In two Higgs doublet models, the corresponding bran
ing fractions can be strongly enhanced due to additional
grams involving Higgs bosons@2#. Supersymmetric~SUSY!
particles can further modify the expectation, but calculatio
of SUSY contributions have not yet been made. In so
models withZ-mediated flavor changing neutral currents@3#
the corresponding branching fraction can be enhanced b
factor of 400@4# compared to standard model predictions

The decayB0→e6m7 is forbidden in the standard mode
by lepton number conservation. However it can occur
Pati-Salam leptoquark models@5#, due to the existence o
particles that couple to both quarks and leptons.

,
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Currently the best 90% confidence level limits on t
branching fractions areB(B0→e1e2),5931027 ~from
CLEO @6#!, B(B0→e6m7),3531027 @from the Collider
Detector at Fermila~CDF! @7## and B(B0→m1m2),6.8
31027 ~from CDF @8#!.

II. DATA SAMPLE

We use data taken with the CLEO II/II.V detector@9#
operating at the Cornell Electron Storage Ring~CESR!. The
sample consists of 9.1 fb21 taken on theY(4S) resonance,
corresponding to approximately 9.73106 BB̄ pairs. An ad-
ditional sample of 4.5 fb21 accumulated approximately 6
MeV below theY(4S) resonance is used to estimate t
nonresonant background. Charge conjugation is imp
throughout this paper and equal production of charged
neutralB mesons at theY(4S) resonance is assumed. Th
CLEO II charged particle tracking system consists of
6-layer straw tube chamber, a 10-layer precision track
chamber and a 51 layer main drift chamber. In the CLE
II.V configuration the straw tube chamber was replaced b
3-layer, double-sided silicon tracker. Beyond the track
chambers, but inside the 1.5 T solenoid magnet, are a ti
of-flight system and an electromagnetic calorimeter cons
ing of 7800 CsI crystals. Electron identification is perform
with a likelihood function combining calorimeter (E/p, the
ratio of energy deposited by particle in calorimeter to
momentum! and specific ionization (dE/dx) information.
Muons are identified using proportional counters placed
various depths in the steel return yoke of the magnet.

Since, at a symmetrice1e2 collider, B mesons at the
Y(4S) resonance are produced nearly at rest, the dec
B0→e1e2, B0→m1m2 and B0→e6m7 will contain two
nearly back-to-back leptons with momentap'2.6 GeV. In
order to selectBB̄ events, we require at least five charg
tracks in the event with two well reconstructed and opp
sitely charged tracks identified as leptons. The lepton pa
required to have a mass within three standard deviat

FIG. 1. Feynman diagrams for the decayB0→ l 1l 2 ( l 5e,m) in
the standard model.
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from the mass of theB0 meson. We use the beam co

strained mass,M (B)5AEbeam
2 2(pW l 11pW l 2)2. The resolu-

tion on M (B) is 2.8 MeV for theB0→e1e2 decay and 2.6
MeV for theB0→m1m2 andB0→e6m7 decays. For signa
events,M (B) is required to be within 3 standard deviation
of the B0 meson mass.

We calculate the energy difference between the candid
B0 meson and the beam energyDE5El 11El 22Ebeam ~cf.
Fig. 2! and require that the difference should beuDEu
,75 MeV for B0→m1m2 decay, and forB0→e1e2 and
B0→e6m7 decays it should satisfy2100 MeV,DE
,75 MeV. The asymmetricDE requirement inB0→e1e2

andB0→e6m7 channels takes into account energy loss d
to final state radiation from the electrons.

The main background comes from the processese1e2

→qq̄(q5u,c,s,d) and e1e2→t1t2. Such events usually
exhibit a two jet structure and produce high momentum,
proximately back-to-back tracks which satisfy the requi
ments imposed on our candidate events. We calculate
angleuT between the thrust axis of theB0 candidate tracks
and the thrust axis of the remaining charged and neu
tracks in the event. The distribution ofucosuTu is flat for
signal events and strongly peaked at 1 for backgrou
events. We requireucosuTu,0.9.

III. SIGNAL SIMULATION

In order to take into account final state radiation~FSR!
from the final state leptons, the matrix element for the de
J/c→e1e2(g) from Ref. @10#, modified in order to simu-
late B0→ l 1l 2(g) with l 1l 25e1e2,m1m2 is included in
the event generator. The detector simulation program
based onGEANT @11#; the simulated events are processed
the data. The overall efficiencies for detecting the dec

FIG. 2. Beam constrained mass of dilepton pair vs energy
ferenceDE5El 11El 22Ebeam for on-resonance data. All selectio
criteria except the requirements on lepton pair mass andDE are
included. The box in the center of each plot shows the signal reg
2-3
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TABLE I. Summary of results and branching fraction upper limits.Nexp is the number of expected
background events,Nobs is the number of events observed,NUL is the number of events corresponding to
90% C.L. limit, ande is the detection efficiency. The first quoted error one is statistical while the second i
systematic.

Mode Nexp Nobs NUL e Upper limit

B0→e1e2 0.1160.07 0 2.30 31.160.462.4% 8.331027

B0→m1m2 0.2260.07 0 2.30 42.460.563.2% 6.131027

B0→e6m7 0.4960.20 2 5.24 43.660.567.1% 14.931027
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B0→e1e2 and B0→m1m2 are 37.3% and 46.2%, respe
tively, without FSR. Including FSR reduces these efficie
cies to 31.1% and 42.4%, respectively. We use the effic
cies obtained with FSR included for the derivation of lim
on branching fractions.

The efficiency for the decayB0→e6m7 is 43.6% without
FSR. There is no matrix element available for the decayB0

→e6m7(g). In this mode we use Monte Carlo simulatio
without FSR. Since final state radiation reduces the effici
cies for B0→e1e2 and B0→m1m2 by 20% and 9%, re-
spectively, we estimate the effect of FSR inB0→e6m7 to
be 15% and include this in the derivation of the upper lim
on the branching fraction as a systematic uncertainty.

IV. RESULTS

The background from the processe1e2→qq̄ results from
misidentification of hadrons as leptons and has been de
mined as follows. First, the analysis is redone without i
posing the lepton identification requirements to determ
the total number of 2-track events passing all other selec
criteria in the signal and sideband regions@5.260 GeV
,M (B),5.270 GeV anduDEu,200 MeV# for both the
on-resonance and off-resonance data samples. These are
to determine the expected number of events in the
resonance signal region.~This is done by multiplying the
number of events seen in the signal region in off-resona
data by the ratio of numbers of events seen in the sideb
region in on- and off-resonance data.! The probabilities for
these tracks to be identified as leptons is determined from
relative abundances of particles (p,K, proton, electron,
muon! and the fake rates. The particle abundances for theB0

candidate tracks inqq̄ events have been determined usi
Monte Carlo simulation and were found to be 0.58 forp6,
0.25 for K6, 0.15 for p,p̄, and 0.004 for electrons an
muons. Forp6 andK6 the fake rates are determined expe
mentally from samples ofD* 1→D0p1→K2p1p1 de-
cays. Proton fake rates are taken from the Monte Carlo p
gram. The expected number of background events fr
e1e2→qq̄ are 0.0160.01, 0.1460.03 and 0.0960.03 for
the ee,mm andem channels, respectively.

Backgrounds frome1e2→t1t2 events are estimated us
ing a Monte Carlo sample analyzed without lepton ident
cation, using the procedure described above to determine
expected rate of events with the two candidate tracks ide
fied as leptons. The particle abundances for theB0 candidate
tracks in simulatedt1t2 events were found to be 0.74 fo
09110
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p6, 0.04 for K6, and 0.11 for electrons and muons. Th
expected numbers of background events are 0.1060.07,
0.0860.06 and 0.4060.20 events for theee, mm and em

channels, respectively. The background fromBB̄ events is
estimated from the Monte Carlo sample and is found to
less than 0.01 events in all modes.

We find no events in the signal regions for thee1e2 and
m1m2 modes and two events in the signal region for t
e6m7 mode. These events are consistent with the expe
background. To conservatively account for the uncertainty
the efficiency determination, we reduce the efficiency by
estimated systematic error of 7.6% in thee1e2 andm1m2

modes and 16.3% in thee6m7 mode when calculating the
upper limits. The latter error is dominated by the uncertai
from final state radiation. A summary of the efficiencie
event yields and limits is given in Table I.

V. LIMITS ON PATI-SALAM LEPTOQUARKS

One of the simplest models that assumes symmetry
tween quarks and leptons is the Pati-Salam model@5#. This
model predicts heavy spin-one gauge bosons, called le
quarks~LQ!, that carry both color and lepton quantum num
bers. While most leptoquark models assume that the le
quarks couple within one generation only, the Pati-Sal
model allows cross-generation couplings. Consequen
Pati-Salam leptoquarks can mediate the decayB0→e6m7

@12,13#. The relationship betweenB(B0→e6m7) and lepto-
quark mass is@13#

G~B0→e6m7!5pas
2~MLQ!

1

MLQ
4

FB0
2 mB0

3 R2

where

R5
mB0

mb
S as~MLQ!

as~mt!
D 24/7S as~mt!

as~mb! D
212/23

.

The first attempt to constrain the Pati-Salam leptoqu
masses by measuring the branching fraction forB0→e6m7

was made by the CDF Collaboration@7#. The result obtained
wasMLQ.21.7 TeV. We follow the CDF procedure by us
ing FB5175630 MeV for B0 decay constant@14#, mB0

55279.160.7 (stat)60.3 (syst) MeV @16#, mt5176.0
66.5 GeV @15# and obtain a new limit on the Pati-Sala
leptoquark mass ofMLQ.27 TeV at 90% confidence leve

In conclusion we find no evidence for the decaysB0

→e1e2,m1m2 and e6m7 and obtain upper limits on the
2-4
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corresponding branching fractions ofB(B0→e1e2),8.3
31027, B(B0→m1m2),6.131027, B(B0→e6m7),15
31027 at 90% confidence level. The limit onB(B0

→e6m7) corresponds to a lower limit of 27 TeV on th
Pati-Salam leptoquark mass at 90% C.L.
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