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We search for the decays B~ — ¢~ 7y in a sample of 2.2 X 10° charged B decays using the CLEO

detector.

We see no evidence for a signal in any channel and set upper limits on the branching

fractions of B(B~ — 77 9,) <22 X 1073, B(B~ — u"9,) <2.1 X 1075, and B(B™ — e 7,) <

1.5 X 1077 at the 90% confidence level.

PACS numbers: 13.20.He, 14.80.Cp

In the standard model, the exclusive decays of charged
mesons to a lepton plus its neutrino proceed primarily
through the annihilation of the constituent quarks in the
meson into a virtual W boson. For the B meson, this
branching fraction is given by

Grmgmj mg
B(B — €p¢) — 4(1 - e

2
. ) F3lVip P75, (1)

mp
where € represents e, w, or 7, G is the Fermi coupling
constant, mg and m, are the meson and lepton masses, 7p
is the B meson lifetime, V,; is the Cabibbo-Kobayashi-
Maskawa quark mixing matrix element, and fp is the
decay constant, which parametrizes the overlap of the
quark wave functions within the meson. (Throughout
this paper B — €py refers to both B~ — € by and
B* — €7vy.) A measurement of this branching fraction
would provide valuable new information on quark mixing
through the product fg|V,,|, since the values of the
other parameters are comparatively well known [1]. The
expected value of B(B — 77,) lies in the range (1 —
10) X 1073, while those of B(B — uv,) and B(B —
eb,) are smaller by factors of 225 and 9.5 X 10,
respectively, because of helicity suppression. The decay
B — {py also probes physics outside the standard model
[2—4]. For example, the decay could proceed through the
annihilation of the b and # quarks into a charged Higgs
particle as predicted by certain supersymmetric models.
Such a mechanism could enhance the B — €7, decay
rates significantly. In this Letter, we describe searches for
the decays B — 79,, B— uv,, and B — ev,. A limit
on B — 77 has recently been reported by the ALEPH
experiment [5]; this is the first search for B — uv, and
B — ev,.

We search for events in which there is a single, well-
identified lepton and the remaining particles are consistent
with the decay of a second B. The latter constraint is en-
forced by requiring that M = (Epeam — | P21?)!/2 is close
to the B meson mass and AE = E; — Epeam i8S consistent
with zero, where | p2| (E3) is the net momentum (energy)
of all detected particles except the lepton. In the case of
the two-body B — u?v, and B — ev, decays, the lepton
energy is approximately mpg/2, where mp is the B meson
mass. In B — 77, decays followed by the leptonic tau
decay 7 — e(u)P.(u)v-, the momentum of the observed
lepton is not fixed. Because the absence of this con-
straint changes the analysis considerably, the B — 77,
and B — u(e)?, () cases are discussed separately below.

The data used in this search were collected with the
CLEO detector operating at the Cornell Electron Stor-

786

age Ring (CESR), and consist of approximately 2.2 X
10° Y (4S) — BB events collected along with 6.8 X 10°
(e"e” — q@g) plus other continuum events at the Y (4S)
resonance at /s = 10.58 GeV (the “on-resonance” sam-
ple). These B mesons have momenta of 320 MeV/c.
We also use a sample of 3.4 X 10° (ete™ — ¢g) plus
other continuum events collected below resonance at
Vs = 10.52 GeV for background subtraction (the “off-
resonance’” sample).

The relevant features of the CLEO detector [6] are
described here. The trajectories of charged particles are
reconstructed using a system of three concentric wire
chambers covering 95% of 47 in an axial magnetic field
of 1.5T. A Csl electromagnetic calorimeter covering
98% of 47 detects photons with energies above 30 MeV.
Electrons are identified using the momentum-energy bal-
ance of tracks matched to showers in the calorimeter and
their specific ionization in the drift chamber. Muons are
identified by their penetration through the steel surround-
ing the magnetic coil. Other charged particles are identi-
fied through their specific ionization (dE/dx) in the main
drift chamber. When calculating the energies of charged
particles, all are assigned the pion mass unless they are
identified as leptons or their dE/dx is inconsistent with
the pion hypothesis (>20) and consistent with either the
kaon or proton mass hypothesis (<2¢). There is no
hadron calorimeter.

Consider first the search for B — 7v,. We select
hadronic events by requiring that there be at least 4 charged
tracks and significant visible energy. Continuum back-
grounds are suppressed by requiring that |cosfpiss| <
0.95, where 6n;ss is the angle between the missing mo-
mentum and the beam line. To further suppress contin-
uum decays, we select events that are spherical in shape
by requiring that the ratio of the second and zeroth Fox-
Wolfram moments [7] (R,) be less than 0.50. We reduce
the contribution from ete™ — 7777 and e Te ™ yy events
by requiring that E¢ + Ey > Epeam. 10 suppress events
in which charged particles were lost we require the sum
of the charges of the tracks, > Q, to be zero. Finally, we
select events with exactly one identified e or u, which we
attribute to the tau decay.

At this stage we calculate M and AE. Our result is de-
termined from a fit by this two-dimensional distribution;
however, quoted yields and efficiencies refer to a sig-
nal region defined as M > 5.27 GeV and —2 = AE <
0 GeV. We find a total of 968 events from the on-
resonance sample in this signal region. After subtracting
continuum events using the scaled off-resonance sample,
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651 *= 40 events remain. The probability that an event
in which B — 77, followed by 7 — e(u)?.(u) v, satis-
fies all selection criteria and lies in the signal region has
been determined using a Monte Carlo simulation with cor-
rections described below and is (4.1 = 0.2)%, where the
error is statistical only.

The lepton in most events in the signal region is the
product of semileptonic B decay (90%), with smaller
contributions from the secondary decay b — Xc — Y€,
(7%) and hadrons misidentified as leptons (1%). These
events enter the signal region only if 3—4 GeV of energy
is undetected, usually because of extra neutrinos (67%
of events) or neutral hadrons, or both. In 83% of the
background events, the energy missed due to neutral
hadrons exceeds 500 MeV. Only 14% of the signal events
have this problem. Usually, neutral hadronic energy is
missed because of K; mesons that shower only partially
or not at all in the Csl calorimeter.

We fit for the normalizations of three event samples:
the B — 7, signal, the BB background in which at
least one B has decayed semileptonically, and the BB
background in which the lepton comes from the secondary
decay (b — Xc¢ — Y¥€p¢) or a missed pair conversion,
or is a hadron that has been mistaken for a lepton. We
take the shapes of these three distributions from a Monte
Carlo simulation. There are 60011 * 364 events in the
fit region after subtraction of the scaled continuum.

Figures 1 and 2 show the AE and M distributions,
respectively. A lego plot of the two-dimensional distri-
bution can be seen in Ref. [8]. The quality of the two-
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FIG. 1. The AE distribution for the B — 77 analysis after

all other cuts including M > 5.27 GeV. The data (filled
circles) are shown after the subtraction of scaled off-resonance
events; the Monte Carlo simulated background is indicated
by the histogram. The 77, Monte Carlo simulated signal
(dashed histogram) is shown with normalization appropriate
for a branching fraction of 5.0 X 1073, The fit is limited to
the region —2.0 = AE < 2.5 GeV, and the signal region is
indicated by the arrows.
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FIG. 2. The beam-constrained mass distribution for the B —
T7v analysis after all other cuts including —2.0 < AE <
0.0 GeV. The data (filled circles) are shown after the subtrac-
tion of scaled off-resonance events; the Monte Carlo simulated
background is indicated by the histogram. The 77, Monte
Carlo simulated signal (dashed histogram) is shown with nor-
malization appropriate for a branching fraction of 5.0 X 1073,
The fit is limited to the region 5.15 = M < 5.3 GeV, and the
signal region is indicated by the arrows.

dimensional fit is very good, with a y2 of 271 for 267
degrees of freedom, and the resulting normalizations of
the background distributions agree well with the absolute
predictions based on luminosity and the BB cross sec-
tion and branching fractions. The number of signal events
found in the signal region is —9 * 36, where the error is
statistical only. Figure 3(a) shows the distribution of p¢,
the lepton momentum in the rest frame of the parent B,
for the data and the Monte Carlo, calculated assuming that
the B direction is given by —p, and that its momentum
is 320 MeV/c. The Monte Carlo simulated background
again agrees well with the data.

The signal efficiency is initially determined using a
Monte Carlo simulation and is then checked with inde-
pendent data samples and corrected where necessary. In
particular, the probability that only one lepton is observed
is extracted from the number distribution of leptons in BB
events, and the requirement that the net charge be zero is
checked using events outside the fit region.

The systematic uncertainty in the signal efficiency is
dominated by uncertainty in the M vs AE distribution. To
evaluate this, we calculate M and AE using the remaining
particles in events in which one of the two B decays
has been fully reconstructed. These distributions are
shown in Fig. 4 for a subsample of these events in which
the reconstructed decay is B — D*€v. The systematic
error is assumed to be bounded by the change in the
yield when we modify the signal distribution by amounts
consistent with these data. The net systematic error due
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FIG. 3. (a) The distribution of p; for the B — 7o, analysis
after all cuts have been applied. The filled circles show the
data after the subtraction of the scaled off-resonance sample,
the histogram shows the Monte Carlo simulated background,
and the dashed histogram shows the 77, Monte Carlo simulated
signal with normalization appropriate for a branching fraction
of 5.0 X 1073, (b) The distribution of p; for the B — Y
analysis after all other cuts have been applied. The w7,
signal Monte Carlo is shown with normalization appropriate
for a branching fraction of 5.0 X 10™*. The accepted region is
indicated by the arrows.

to uncertainty in the signal efficiency is dominated by the
statistics of these studies, and is +=9.0%.

To quantify the systematic uncertainty due to mis-
modeling of the background we measure the change in the
signal yield when we vary parameters of the background
simulation. These studies are summarized in Table 1. Rea-

40 —r———7+——"—7 7"

(a) + |
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FIG. 4. The distributions of (a) AE and (b) M, for the
B — D*€v, sample after all other cuts for the B — 77 analysis
except >, Q = 0 have been applied. The circles are the data,
and the histogram is the Monte Carlo normalized to the data
using the number of reconstructed D*€p, decays.
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TABLE 1. Systematic uncertainties in the simulation of the
B — 77, background.

Change in result

Variation (events)

B(b — Xc — Y{€ve) [9]

around 9.25% *1.39% *17
b — Xc — Y¥€p, lepton energy  £25 MeV *15
Neutral kaon production *5% 12
B(B — X7v,) around 2.5% +0.5% *6
Detected energy per neutral kaon *6.0% *4
Fraction of hadrons mistaken

for leptons *50% *1
Total *27

sonable variation in K;, production is determined using re-
constructed Kg’s while variation in the energy deposited
by K;’s in the calorimeter is determined from studies of
the showers of charged kaons. We add the tabulated re-
sults in quadrature to find a total systematic uncertainty
due to simulation of the background of =27 events.

In addition to the uncertainties mentioned above, there
is an uncertainty of =1.8% in the number of B* B~ events
in our data sample and of 0.9% in B(r — €v,vy) [10].
We find a central value for the branching fraction of
(=03 + 1.4) X 1073, To determine an upper limit on
the branching fraction, we simulate a large number of
experiments with different values of the branching fraction.
For each simulated experiment, we draw a signal efficiency
and background level from Gaussian distributions and use
them to generate a signal yield, which we compare with
our central value of —9 events. The 90% confidence limit
is that value of the true branching fraction which yields
—9 events or fewer 10% as often as does a true branching
fraction of zero. We find

B(B— ,) <22 X 1073 )
at the 90% confidence level. Other approaches for obtain-
ing a limit give similar results.

Now consider the searches for B — wuv, and B —
ev,. We start with the data sample used above for the
B — 7v, search. Because the wv, and e?, channels are
two-body decays, the daughter leptons have fixed momen-
tum in the B rest frame, p;, = 2.645 GeV/c. We there-
fore require 2.545 = p; < 2.745 GeV/c. This constraint
eliminates essentially all b — c€py background, leaving
only continuum and » — ufv, events. Then to increase
the signal yield, we relax the constraints on BB topology
using instead M > 5.23 GeV and —2 = AE < 0.5 GeV,
and we lift the requirement on > Q. These selection cri-
teria are 28% (25%) efficient for B — uv, (ev.) Monte
Carlo simulated signal events.

The next step is to reduce the background from contin-
uum events in which a hadron is mistaken for a u or e.
First we take advantage of the large momentum of the lep-
ton and impose more stringent identification requirements:
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deeper penetration of the steel for muons, closer match be-
tween momentum and energy and to the expected dE/dx
for electrons, and restricting both to the central part of the
detector. For further reduction of the continuum back-
ground we make use of its collimated topology by tighten-
ing the requirement on R; from 0.5 to 0.3 and by rejecting
events in which the lepton trajectory is collinear with the
thrust axis of the rest of the event: | cos@¢—hrust| < 0.7.
The combination of these requirements eliminates approxi-
mately 95% of the remaining continuum background while
reducing the uv, (e?,) signal by only 48% (53%). The
probability that an event with a B — u?, or e?, decay
satisfies all selection criteria is (13 = 1)% in both cases,
where the error is evaluated as for the B — 7, analysis.

After applying all selection criteria we observe 3 (2)
events in the u?, (e?.) sample. The size of the remain-
ing continuum background in the on-resonance data sam-
ple is then estimated using the off-resonance data sample,
which is a factor of 2 smaller. Using the same selec-
tion criteria as for the on-resonance sample except for a
4 times larger p; window, we estimate that the number of
continuum events remaining in the u?, (e?.) sample is
1.5 = 0.9 (2.5 £ 1.1). We estimate that the background
from b — €, processes is negligible; however, assum-
ing that |V,;/V.,|?> = 0.008 we find an estimated back-
ground of 0.4 * 0.2 events from b — ufby processes.
The p¢ distribution for the on-resonance data with the
scaled off-resonance data subtracted is shown in Fig. 3(b)
after all B — uv, selection criteria have been imposed.
The figure also includes curves for the Monte Carlo simu-
lations of the w7, signal and the BB background.

In order to calculate upper limits on the possible
number of signal events that have been observed we
conservatively reduce the combined background estimates
given above by one standard deviation to 1.0 (1.8) event
for uv, (ev.,). Assuming these background estimates
to be fixed parameters and combining them with the
observed number of events in the signal samples we
find upper limits at the 90% confidence level of 5.7
B — uv, and 4.0 B — ev, events. In order to calculate
branching ratio limits we reduce the estimated signal

selection efficiency by one standard deviation to 12% and
obtain

BB — up,) <21 X 1073, 3)
B(B— ep,) < 1.5 X 1075, 4)

The limit on B — 77, implies that the product f3|V,;|
is less than 3.6 MeV with 90% confidence. It also
rules out the existence of a charged Higgs particle with
small mass and large tanB in models with two Higgs
doublets in which the u-type and d-type quarks acquire
their masses from different Higgs particles (model II).
Following Hou [3], we find my > (2.0 GeV)tan8 X
[ £8/(200 MeV)]'/2(V,,/0.003)1/2.  Somewhat weaker
constraints result from the limiton B — uv,,.
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