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Abstract

A search for the lepton family number violating decay DO_ — pe is reported.
No signal is observed in a data sample of 9.3 pb~! collected at the (3770)
resonance with the Mark III detector, where 0.18 +0.06 +0.05 background events
are expected. A 90% confidence level upper limit on the branching fraction
B(D® — pe) of 1.5 x 10~* is obtained. This limit can be used to place a lower

bound on the masses of leptoquarks and other new particles that characterize

™ models of family unification and other theories beyond the Standard Model.

Submitted to Phystcal Review Letters

* Work supported by the Department of Energy, contract DE-ACO03-76SF00515.



Interest has recently intensified in searching for lepton family number violat-

ing processes such as 4 — ey, u — eee, Kg — e, D® — pe, and v oscillations.™

The decay mode™ D° — pe could be induced by massive leptoquarks whose

existence is predicted in various extensions of the Standard Model. Within cer-
tain models,™ scalar leptoquarks are expected to couple the “up-type” quarks
(u,c,t) to charged leptons, and the “down-type” quarks (d,s,b) to neutral leptons
( Figure 1 ). Thus, the decay D° — pe can be enhanced with respect to the
experimentally more accessible Kg — upe decay." We present herein the most

sensitive search to date for the decay D° — ue.

The experiment is carried out at the 1(3770) resonance, allowing the estab-
.lishment of a model-independent limit on the D° — pe branching fraction. A
total integrated luminosity of 9.3 pb™1, collected with the Mark III detector at
the ete™ storage ring SPEAR, is employed. The apparatus has been described
in detail elsewhere.'® This luminosity corresponds to 41400*_"3.1788 42700 produced
D%%s." As the (3770) lies below DD* threshold, D°’s are produced monochro-
matically (ppe = 0.27 GeV/c) in the laboratory frame; this provides a unique

kinematic constraint on the ue decay and thus reduces background.

-The da,ta,.‘ are first searched for events containing at least two lepton can-
didates: one muon and one electron. The kinematics of the two-body DO de-
cay require that both leptons have momentum p > 0.75GeV /c in the labora-
tory frame. Leptons are selected on the basis of the energy (E) deposited in
the shower counter, the momentum (p) as determined with the drift chamber,
the time-of-flight (TOF) measured with scintillation counters, and range in the

muon system.
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A loose selection of electron candidates is made by requiring a value of E/p
larger than 0.45, and a TOF within 1.4 ns (ff 60) of that predicted for an
electron. All tracks satisfying these conditions are then passed through a more
restrictive algorithm designed to separate electrons from pions using variables
which parametrize the shape of the shower in the finely segmented barrel shower
counter.'” This procedure rejects 96% of the pions with p > 0.75GeV /¢, while

retaining 89% of the electrons.

.Muon candidates are required to have a TOF within 1.4 ns of that predicted
for a muon. Tracks within the acceptance of the muon system (| cos8 |< 0.65,
0 being the polar angle with respect to the beam axis) must have two (one)
layers hit for muon momentum p, > 1GeV/c (py < 1GeV/c). This provides
; 90% rejection of # and K dec‘a.rys and punch-through ." The muon detection
efficiency rises to 70% for momenta between 0.55 and 0.70 GeV /¢, and exceeds
90% above 0.9 GeV /c. The muon coverage is extended beyond the muon system
to the region 0.65 < | cos# | < 0.78 by accepting as muons those tracks which
deposit less than 0.3 GeV in the shower counter. Within this limited solid angle,
31% of the pions and 34% of the kaons are rejected as determined from data on

the kinematically similar process D° — K~ =+,

This initial selection reduces the data sample to 6517 events containing at

least one electron-muon pair candidate with opposite charges. The two principal

~—gources of background to the decay D° — pe are hadronic charged two-body

e

DO decays, and 77~ pairs. Semileptonic decays of the D° are a negligible
background. Rejection of D°— K~nt, mtn~ decays through the lepton se-

lection described above is augmented by use of the two-body decay kinematics.



The invariant mass Mj,, of each two-body combination is calculated using elec-
tron and muon masses. The K~ 7t decays of the D° contaminating the sample
are kinematically reflected to lower masses ( Figure 2 ). All candidate pairs with
M;,y differing from the D° mass by more than 0.05 GeV/c? are rejected. This
cut does not reject the Cabibbo-suppressed decay D°— ntx~. Thus, although
the absolute rate of D®—s w7~ is small, it remains a significant background.

The second major background source is 7 pair production where the 7’s decay

to evp, yvv, wv, or pv, p — 7m0

. Leptons from the 7 decays or pion punch-
through from the pv and mv decay chains feed into the D° — pue candidate
sample. Since 7 background consists mainly of two-prong events accompanied by
undetected neutrinos, a cut on the missing energy Ep ;e © in two-prong events
éliminates this contamination. Figure 3 shows the expected Ep; distribution
from Monte Carlo simulations of D°D° — (ue + no charged tracks) and 77~

production. By rejecting two-prong events with Ep ;s > 1 GeV, the 7 events are

removed, with a 2% reduction in pe efficiency.

After all particle identification and kinematic cuts have been applied, the
beam-constrained mass My, is calculated for each surviving candidate pair by
constraining its energy to the beam energy. Two events with M. > 1.82GeV /c?
are found. A study of the My, distribution of D° — K~ 7t in the same data
sample shows that 90% of those two-body decays lie within :E0.005$ GeV/c? of

the D° mass ( Figure 4 ). No pe.candidate falls within this range.

The efficiencies for a pe signal and for each background channel are calculated

using a Monte Carlo simulation of the detector. The efficiency for D° — pe is



foﬁnd t6 bé 0.433 4+ 0.004 4 0.029, while that for D° — 7+7~ is 0.0024 +0.0004 +
0.0002. Radiative corrections have a negligible eflect on the efficiency. The
contribution of initial state radiation, expected to be the same (to lowest order)
for the ue and K—#t final states, is accounted for by the method chosen to
determine the range of the cut on My.. Energy loss due to multiple scattering of
the electron in the detector is accounted for in the Monte Carlo simulation. Final
state radiation shifts the tail to the high side of the My, peak, resulting in a loss
of efficiency of < 1.3%;"" this effect has been included in the systematic error.
After all analysis cuts, neither D° — K~#t decays nor 7t7~ pair production
contribute significantly.

The background to a ue signal is estimated to be 0.18 + 0.06 + 0.05 77~

[
events. e}

The observation of no events of the type D° — pue yields a 90%
confidence level (C.L.) upper limit (Ngf’g) of 2.30 on the total number of signal
and background events. When all systematic errors are propagated linearly, this
result leads to an upper limit on B(D® — pe) of 1.5 X 10~%.""" This bound,
which is model-independent, is approximately an order of magnitude lower than

previous model-dependent measurements. '

Both""® Bayesian"* and “classical” (¢} interpretations of the 90% confidence
interval are evaluated. These two techniques yield the results 2.77 and 2.70

events, respectively, after errors are propagated. The -upper limit on the

- ~—branching fraction: B(D° — we) was obtained by dividing by the efficiency and

.

the total number of produced D°’s. Since the expected background is small, both

methods yield the same 90% C.L. upper limit.



Choosing a particular model of family unification,” a lower bound on the
mass of certain scalar leptoquarks with non-SU(5) symmetric couplings may be
calculated:™®

Do m%c ’ flz) ) (Ij‘uef(RL)AcuP + |/_\uuf(RL)Ace|2)
B(D° — pte) - 1287m(my + mc)?

Mig >

where A is the general coupling strength of the leptoquark to quark-lepton pairs
and ¢ denotes the general propagator matrix. Figure 5 shows the C.L. versus
the mass MLg derived from the limit for various values of the D meson decay
constant fp. The calculation of Mg is premised on a constant matrix element

and coupling (both set to unity).
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The following values are used : mpo = 1.8646 GeV/c?, m, = 0.31 GeV/c?,

m; = 1.65 GeV/c?, and 7po:= 4.3 x 10713 s,



FIGURE CAPTIONS

. Diagram for the process D° — pe, induced by a scalar leptoquark (LQ).

. Monte Carlo generated distributions of M;,, for the pe signal and for
the K—nt and ntn~ backgrounds. The invariant mass is required to lie
within £:0.05 GeV /c? of the D° mass. Lepton selection criteria have already

been applied.

. Monte Carlo generated distributions of Ep;,, for two-prong events only
from D°D° — (ue + no charged tracks) and from 7+7~ pair production.
As the former channel constitutes 6% of all D° — ue events, the cut at
Emiss = 1GeV/c? reduces the D° — pe efficiency by only 2%. All lepton

selection criteria have been applied.

. My, distribution for K~ 7% events in the data (used to determine the
40.0055 GeV/c? cut on My,). Superimposed are the two closest D° — e

candidates, that pass all other cuts.

. The solid lines show the confidence level (C.L.) for our result (including
errors), calculated for different values of fp (in MeV),v as a function of
~Mpg. The shaded regions reflect the effect of propagating the errors in the

limit calculation.
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