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Abstract. We present evidence for the flavor-changing neutral current decay B → K∗�+�− and a mea-
surement of the B → K�+�− branching fraction, where �+�− is either an e+e− or µ+µ− pair. The data
sample analyzed comprises 88.5 × 106 Υ (4S) → BB̄ decays collected with the BABAR detector at the
PEP-II e+e− storage ring. Averaging over K(∗) isospin and lepton flavor, we obtain B(B → K∗�+�−) =
(1.40+0.57

−0.49 ± 0.21) × 10−6 and B(B → K�+�−) = (0.68+0.17
−0.15 ± 0.04) × 10−6, where the uncertainties are

statistical and systematic. The significance for the B → K∗�+�− signal is 3.0σ and for B → K�+�− the
signal significance is over 7σ.

PACS. 13.25.Hw – 13.20.He

1 Introduction

The decays B → K�+�− and B → K∗�+�− are examples
of flavor-changing neutral current decays that at the quark
level are mediated with a b → s transition. In the standard
model (SM) there are no tree level b → s transitions. How-
ever, at one-loop order these decays proceed via diagrams
containing a top quark and a W , as shown in Fig. 1. Be-
cause these decays only take place at higher order in the
SM these decays are highly suppressed and new physics,
e.g., supersymmetric particles, can contribute at the same
order as the SM contributions. This makes these decays
an interesting place to look for new physics [1]. In the SM
the predictions [1,2] for the B → K�+�− branching frac-
tion is in the range (3 to 6) × 10−7 and the B → K∗�+�−
branching fraction is in the range (1 to 2)×10−6. The un-
certainty on these predictions are dominated by the form
factor uncertainties for the production of the K and K∗
final states. The theoretical uncertainties on the inclusive
branching fraction B → Xs�

+�− is smaller [1], about 10%.
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Fig. 1. Quark-level diagrams that contribute to B →
K(∗)�+�− in the SM
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This talk describes an analysis of the BABAR data
sample of 81 fb−1, corresponding to 88.5 × 106 BB̄ pairs,
collected at the Υ (4S) resonance. In this analysis we have
used both electrons and muons in the final states, and
for the hadronic system in the final state we have used
K0

S , K+, K∗0 → K+π−, and K∗+ → K0
Sπ

+ with K0
S →

π+π−. Charge conjugate modes are implied everywhere.
We fully reconstruct the B candidates and apply strict

particle identification criteria to all particles. The signal
is identified using two kinematic variables,

mES =
√
E2

beam − p2
B ,

the energy substituted mass, that will peak at the B mass
for signal candidates and ∆E, the energy difference be-
tween the reconstructed B energy and the knownB energy
from the beam energy. ∆E will peak at zero for signal can-
didates. The signal yield is extracted using an unbinned
maximum likelihood fit in the mES and ∆E plane. In the
K∗ modes we in addition use the mKπ mass distribution
in the likelihood fit.

2 Event selection

In this analysis we make use of the charged particle track-
ing and particle identification capabilities of the BABAR
detector. The BABAR detector is described in detail in [3].
We select events that contain at least four charged tracks.
Two of these tracks are required to be identified as a
pair of oppositely charged leptons. We require electron
and muon candidates to have a momentum greater than
0.5 GeV and 1.0 GeV, respectively. Charged kaon can-
didates are required to be positively identified, primarily
using information from the detector of internally reflected
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Cherenkov radiation. The pion candidates in K∗ candi-
dates are required not to pass the kaon selection crite-
ria. KS candidates are reconstructed from two oppositely
charged tracks that form a good vertex. The KS vertex is
required to be separated by at least 1 mm from the inter-
action point and have a momentum vector that is pointing
back to the interaction point.

2.1 Backgrounds

As the branching fractions we are aiming to measure are
very small we have to be very careful about backgrounds.
We classify the backgrounds in the following way

– Combinatorial backgrounds that don’t peak in the sig-
nal region.
– From continuum production of u, d, s, and c

quark– anti-quark pairs in the e+e− annihilation.
– Combinatorics from BB̄ events, where tracks from

both B mesons are used.
– Backgrounds that peak in the signal region. This back-

ground comes from events where all candidates are
coming from one B meson.
– B → J/ψK(∗) and B → ψ(2S)K(∗) decays where

the J/ψ or ψ(2S) decays to a pair of leptons.
– Hadronic B meson decays where two of the hadrons

are misidentified as leptons. This is a non-negligible
background in the muon modes where the proba-
bility that a hadron is identified as a muon is higher
than for an electron.

The combinatorial backgrounds in continuum events
are suppressed using a Fisher discriminant [4] that pro-
vides separation between the signal and the continuum
background. The Fisher discriminant is a linear combina-
tion of variables such as the events shapes [5], the recon-
structed B production angle in the center-of-mass frame,
and the invariant mass of the K� system.

To suppress the combinatorial background in BB̄
events we form a likelihood to separate the signal from
the background. The likelihood includes the missing en-
ergy in the event and vertex probabilities. The missing
energy is the most powerful variable as the background in
BB̄ events is largely due to the real leptons from semilep-
tonic decays that have a large missing energy due to the
undetected neutrinos.

Peaking backgrounds are suppressed using specialized
vetoes. The most serious background is from the charmo-
nium decays of the B. We apply a cut on the dilepton
mass, m��, to veto events that have a dilepton mass con-
sistent with the either the J/ψ or ψ(2S). In addition we
veto, in the muon modes, certain hadronic decays such as
B− → D0π−, with D0 → K−π+ by requiring that the
kaon candidate and the oppositely charge lepton candi-
date has a mass that is not consistent with a D0.

In the electron channels we also veto electron candi-
dates that are consistent with coming from photon con-
versions. In the B → Ke+e− modes we reject any electron
that forms a good vertex with another track that has an
invariant mass less than 50 MeV. In the B → K∗e+e−
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Fig. 2. Projections of the likelihood fit on mES and ∆E in
the combined B → K�+�− fit
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Fig. 3. Projections of the likelihood fit on mES and ∆E and
mKπ in the combined B → K∗�+�− fit

modes we require that the vertex is separated from the
interaction point by 1.5 cm. To preserve efficiency at low
q2 where we have a pole in theK∗ modes we do not require
the vertex separation.

With these selection criteria we find an average of
0.12 ± 0.05 events in the B → K∗�+�− modes and an
almost negligible peaking background in the B → K�+�−
modes.

3 Results

To extract the signal yield we perform an unbinned max-
imum likelihood fit in the mES-∆E plane. In the modes
containing a K∗ we also include the Kπ mass in the fit.
The fit contains several different components. The sig-
nal shape is determined from signal Monte Carlo samples,
though the mean mES and ∆E are taken from fits to the
charmonium control samples in the data. The combina-
torial background component is modeled as an ARGUS
function [6] in mES and an exponential in ∆E. We also
include a component for the peaking background where
the yield is fixed from Monte Carlo simulation and con-
trol samples in the data. The results of the fits are sum-
marized in Table 1. The top portion of the table contains
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Table 1. Results from the fits to B → K(∗)�+�− modes. The columns are, from left to right: fitted signal yield; the signal
efficiency, ε (not including the branching fractions for K∗ and K0 decays); the systematic error on the selection efficiency,
∆Bε/Bε; the systematic error from the fit, ∆Bfit; and the branching fraction central value (B). For the combined channels, the
signal yields are efficiency-corrected
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the results of the fits in the eight individual modes. The
lower part of the table contains the results of combined
fits where we have averaged over lepton flavor and isospin.
For the B → K∗�+�− average we have used the constraint
B(B → K ∗ e+e−) = 1.33 × B(B → K ∗ µ+µ−) by Ali et
al. in [1]. The combined branching fraction is quoted as
a branching fraction for the B → K∗e+e− process. The
projection of these fits are shown in Fig. 2 and 3.

Systematic uncertainties have been evaluated for the
effects of detector efficiency simulation, model depen-
dence, and background estimation. The signal signifi-
cances for the combined B → K∗�+�− and B → K�+�−
modes have been evaluated to be 3.0σ and over 7σ respec-
tively.

4 Summary

In summary we have measured the branching fraction for
B → K�+�− with a significance of over 7σ and obtained
the first evidence for the decay B → K∗�+�− with a signif-
icance of 3.0σ. We find the following branching fractions

B(B → K�+�−) = (0.68+0.17
−0.15 ± 0.04) × 10−6, (1)

B(B → K∗�+�−) = (1.40+0.57
−0.49 ± 0.21) × 10−6 (2)

where the B → K∗�+�− branching fraction is quoted as
a branching fraction for B → K∗e+e−. These branching
fractions are in agreement with the standard model pre-
dictions.

Since the presentation of this result we have updated
the analysis to include a sample of 113 fb−1, corresponding
to (122.9±1.4)×106 BB̄ pairs [7]. The results obtained [7],

B(B → K�+�−) = (0.65+0.14
−0.13 ± 0.04) × 10−6, (3)

B(B → K∗�+�−) = (1.17+0.44
−0.26 ± 0.13) × 10−6 (4)

are consistent with the results presented here. The sig-
nificance of the B → K∗�+�− signal is 3.3σ, including
systematic uncertainties.
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