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A search for the lepton-family-number-violating decays-ey and 7— uy has been performed using
CLEO 1l data. No evidence of a signal has been found and the corresponding upper limits are
B(r—ey)<2.7x10° % andB(7— uy)<3.0x 107® at 90% C.L.[S0556-282(97)50207-4

PACS numbds): 13.35.Dx, 11.30.Fs, 14.60.Fg

Nonconservation of the leptonic quantum number is ex-about 4.2& 10° "7~ pairs. We search for events with a
pected in many extensions of the standard model and-vs-1 topology, where the signal candidatedecays into
searches for lepton-number-violating decays provide strongy or wy and the tag side includes all standardecays into
constraints on possible new physics processes. The moshe charged particle, any number of photons and at least one
stringent limits so far have been obtained in the studies oheutrino. The selection criteria are based on the studies of
wu decays[1]: B(u—ey)<4.9x10 ! and B(u—eed  two Monte Carlo samples of 10 006pair events each. The
<1.0x10 2 Even though we cannot reach a similar level Monte Carlo sample uses theRALB [8] generator with
of sensitivity for 7’s, the search for lepton-number-violating two-body phase space for tleer and xy decay modes and a
7 decays becomes competitive with theresults in theoret- detector simulation based on theANT packagd 9].
ical models with mass-dependent couplings. There have been We select 7" 7~ pair events with exactly two good
several recent theoretical calculations based on specific sigharged tracks, with total charge equal to zero, and with the
persymmetric, grand unified theofsUT) and superstring angle between the charged tracks greater than 90°. Since
models[2—4]. For example, a superstring modé] gives an  radiative Bhabha scattering ang-pair production provide
enhancement of decays over the correspondipgdecays high background rates, we allow only one identified electron
of B(7— uy)=2X10°B(u—evy). or one identified muon per event. Thus in @ search, one

Lepton-number-violating neutrinolessdecays have been of the tracks has to be positively identified as an electron
studied extensively. Upper limits have been set by CLLED  while the other should be inconsistent with the electron hy-
on branching fractions for 22 channels with three chargegothesis, and in thg.y search one of the tracks has to be
particles in the final state at the level of few times §0and  identified as a muon while the other has to be inconsistent
the limit [6] B(7— uy)<4.2X10 ® has also been pub- with the muon hypothesis. After these criteria are applied,
lished. This paper describes CLEO'’s first search for the neut9.3% ofey and 36.2% ofuy Monte Carlo events remain in
trinoless decayr—ey. The upper limit of B(r—evy) the signal region.
<1.2x10°* at 90% C.L. was previously obtained by In addition, each candidate event must have exactly one
ARGUS[7]. A new analysis searching for they final state  photon separated by more than 20° from the closest charged
is also presented. track in the lepton hemisphere. This photon must lie in a

In this analysis we use data from the reactiongood section of the calorimeter barréle., |cos|<0.71,
ete”— 771 collected at the Cornell Electron Storage Ring whered is an angle between the photon and beam directions
(CESR at or near the energy a&f(4S). The data correspond and have energy deposition in the calorimeter greater than
to a total integrated luminosity of 4.68 T and contain 300 MeV. This minimum energy cut is dictated by the kine-

matics of two-bodyr decay. The angle between the direction
of the photon and the momentum of the electron or the muon
*Permanent address: BINP, RU-630090 Novosibirsk, Russia. track must satisfy 0.4 cosf},<0.8, where the upper limit is
"Permanent address: Lawrence Livermore National Laboratoryagain dictated by kinematics, and the lower limit by selection
Livermore, CA 94551. efficiency. The Monte Carlo expectation of the agsdistri-
*permanent address: University of Texas, Austin, TX 78712.  bution for ther— ey channel is compared in Fig. 1 with the
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FIG. 1. The co8,, distribution for 7— ey analysis in data and 400

signal Monte Carlo.

data. The corresponding distributions for w7y are similar.
14.6% of theey and 20.9% of thewy original Monte Carlo
sample survive these initial selection criteria.

For electron identification we use both drift chamber
dE/dx and calorimeter information. In they analysis we
require that an electron candidate’s specific ionization be
within three standard deviations of the expected value, and
the energyE, deposited in the calorimeter match the track
momentum, p, measured in the drift chamber: 0.8
<E/|p|<1.1. After these cuts are applied, a large fraction of
low momentum electrons, mostly from two photon pro-
cesses, still survive on the tag side. Therefore, unless the
tagging track is identified as a muon, we impose additional
requirements to reject soft electrons while keeping hadrons
on the tag side: the tagging track’s transverse momentum
must be greater than 300 May//its momentum must point FIG. 2. The cosine of the angle between the missing momentum
to the good portion of the calorimeter barr¢t@sf|<0.71), and the momentum of the tagging track in data and signal
and theE/|p| ratio must be less than 0.6. Monte Carlo events for(@ r—ey and (b) 7—puy. Region

In the uy analysis a particle is identified as a muon if it cost(pys,Prag <0.4 is rejected.
traverses at least three absorption lengths of the material, has
correlated drift and muon chamber hits, and has a calorimetex large total transverse momentum with respect to the beam
response consistent with that of a minimum ionizing particle direction. The data, however, show a pronounced peak near

The main sources of background in the selected samplezero transverse momentum that comes mostly from copious
are due to Bhabha scattering-pair production, radiative two-photon and radiative QED processes. This background
r—eyvv and 7— uyvv decays, and two photon processes.is eliminated by requiring the total transverse momentum of

A large fraction of these backgrounds can be rejected byhe event to be greater than 300 MeMkee Fig. 3. After
imposing a cut on the angle between the momentum of thall the previous requirements are applied, 13.2%9fand
tagging particle and the missing momentum of the event. Wd7.9% of uy Monte Carlo sample remain in the signal re-
calculate the missing momentum as a negative of the sum gion.
momenta of the two charged tracks and all showers detected The final signal selection criteria are based on kinematic
in the calorimeter with energies above 30 MeV. Since thereonstraints since a neutrinolessdecay should have a total
must be at least one undetected neutrino on the tag side, tiemergy and an effective mass of #re or u y consistent with
missing momentum in & event is expected to fall into the the beam energy andmass, respectively. To define a signal
tagging track hemisphere, while for all radiative processesegion in the mass vs energy plane we studied the corre-
the missing momentum should be uncorrelated with thesponding Monte Carlo distributions. We fitted the mass and
charged track on the tag sideee Fig. 2 To reduce this energy distributions separately to a Gaussian function plus a
background, we require that the cosine of the angle betweegpolynomial. The order of the polynomial was increased until
the total missing momentum of the event and the momentura fit with a confidence level above 20% was obtained. The
of the tagging particle be greater than 0.4. signal region was then defined to be within3 standard

The neutrino emission on the tag side should also result ideviations of the fitted Gaussian component of the distribu-

Events / 0.02
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FIG. 3. Total transverse momentum of the event in data and FIG. 4. AE vs (my,—m,) distributions for(a) 7—ey and (b)
signal Monte Carlo for(a r—ey and (b) 7—uy. Region 7 uy. Solid squares represent the data; open circles represent the
pr<0.3 GeVk is rejected. signal Monte Carlo distributions. The diameter of the circles is

proportional to the number of entries. The box at the center repre-
tion. In Table | we show mean values of themass and Sents the signal region, and the four other boxes represent the side-
beam energy and their corresponding resolutions obtaine@gnd regions defined in the text.
with this fitting technique. Thet 3¢ energy cut was im-
posed on the differencAE=E,—E, between the total We estimate the amount of the expected background in
energy of lepton and photon and the beam energy of a paeach signal region directly from the data by extrapolating it
ticular run. The input- mass and beam energy in the Monte from a sideband region. We assume that the background dis-
Carlo samples were 1.777 Gea¥/and 5.29 GeV, respec- tributions are linear in the vicinity ofn. and AE=0 and
tively. After these cuts were applied, iy and threewy  define the sideband regions between five and eight standard
events remained in the signal region. deviations as shown in Fig. 4. The regidm,,—m,|
>501, |AE|>50¢, wherem,, is an effective mass of lep-

TABLE I. Mean values of effective mass, energy and corre-t0n @nd photon, captures only 4.3% of tag and 1.8% of

sponding resolutions obtained from the fits to Monte Carlo event

sample. TABLE Il. Summary of the results.

Channel T—ey ToMY Channel T—ey ToMY
m, (GeV/c?) 1.772 1.774 MC efficiency, % 10.1 14.4
om (Gevic?) 0.024 0.025 No 0 3
Ei,—Emun (GeV) —0.013 —0.010 “B 2.0 55
oe (GeV) 0.060 0.053 N 2.3 3.6

MC efficiency (%) 10.1 14.4 Upper limit at 90% C.L. 2.%10°°® 3.0x10°®
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the uy Monte Carlo samples, so we can neglect the small For theey analysis,n,=0 gives us\=2.3 events, and
bias introduced by this extrapolation back into the signalthe corresponding upper limit iB(7—ey)<2.7x10 © at
region. The extrapolation from the sidebands allows us t®0% C.L. For theuy analysis,np=3 andug=>5.5 give us
estimate the expected background as 2.0 events foethe the value ofA=3.6 events, and the corresponding upper
sample and 5.5 events for they analysis. To check that the limit of B(7— xy)<2.9X10 ® at 90% C.L.

background value is stable with respect to the sideband re- The systematic uncertainty in detector sensitivity
gion geometry, we varied the sideband definition. The backS=2€N.. is estimated as 9% for boty and wy channels.
ground estimates were the same withid.5 events for the ThiS uncertainty is obtained by adding in quadrature uncer-
ey and = 1.0 event for theey channel. Finally, we estimate (@inties in track reconstruction efficiend%), photon re-
the background values as 2:0.5 in theey and 5.5:1.0 in  construction efficiency5%), cut selection5%), luminosity
the uy analysis. The background rate is higher for fhg (1.4%, lepton |de.nt|_f|ca'f)|or(1.5% fore ando4% foru), and
analysis because the selection criteria for the tagging traciyIonte Carlo statistic3% for ey and 2.5% foruy). The

. . upper limit for thewy channel is also affected by uncertainty
are loose, and a large fraction of soft muons that failed the) background estimate. To incorporate systematic uncertain-

standard |de_nt|f|cat|on procgdure, mostly_fro;my pro- c}ies into the upper limits, we assume that the errors related to
cesses, survive on the tag side. These estimates strongly dgq ~anq to the background estimates have Gaussian distri-
pend on the_ assumption of the linearity of the background, tions and apply a technique described in R&L]. This
across the signal region. o technique reweights the Poisson probability of observing

~ To understand the origin of the events remaining in the\ — Rx'S or a larger number of events by a Gaussian prob-
signal region, we applied our selection criteria to aboutapility density of the detector sensitivitg and a Gaussian
27x10° continuum hadronic Monte Carlo events and probability density of the number of background events
17x10° genericT Monte Carlo events. No hadronic Monte ;. It gives a new value of the upper limit at 90% C.L.:
Carlo events satisfied the selection requirements. There are 2 N N .
ey and 4y events from generic Monte Carlo that sur- J“J“’ RS E(i (ng+R9" E(i HB 1
vived all the cuts. After normalization to the same luminosity |, |, € e n! “n V27mag
as the data, these correspond to 0.5 and 1.0 event, respec-
tively, and are in reasonable agreement with the numbers of 1
events found in the signal regions. Since the Monte Carlo X exf —(S—Sy)%/20]
simulation is uncertain at the level of precision of our mea- \/ZUB
surement, we choose to use background extrapolated from xexf] — (ug— ppo)4202]1dSdug=0.1 , 3
the data for the estimate of upper limits.

Before discussing effects caused by systematic uncertaiwhereR is a new upper limitS, is an unbiased estimate of

ties, we estimate the upper limits on the branching fractionss, wgo is an estimated value of background, ang/ S, and
for the 7—evy and 7— wy channels using the statistics of a og/ugg are relative uncertainties in detector sensitivity and

Poisson process with backgrouftD]: background estimate, respectively. The efficiencies, numbers
no ] - of even_ts{ expected background \_/alues, a_nd the recalcu]ated

RN (mgtN) / up Y @:O 1 1 upper I|m|ts for the decay branchlng fractions incorporating
=, In! “o n! S systematic errors are summarized in Table Il. These results

are limited by the total integrated luminosity and represent a
where\ is the number of events for the upper limit at 90% significant improvement over previous analyses.
confidence levelug is the expected background, angl is
the number of observed events. The upper lilmit for a
branching fraction is:
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