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Abstract

We present preliminary results on a search for the rare decays B — K/T¢~ and
B — K*¢*¢~ performed with the BABAR experiment at the PEP-II B Factory. The
data set consists of approximately 60 million 7'(4S)—BB decays. We obtain the
results:

B(B — K£07) = (0.8473391019) x 1076
B(B — K*¢*07) < 3.5 x 107% at 90% C.L. (1)

1 Introduction

The flavor-changing neutral current decays B — K{T¢~ and B — K*{*{~ (where { is
understood to be an electron or a muon) proceed primarily via the one-loop diagrams,
known as penguin and box diagrams. The Standard Model branching ratios are
predicted to be quite small, on the order of 10~7 to 107 [1, 2]. However, significant
enhancements to the branching ratios are obtained when considering extensions to
the Standard Model, such as super-symmetry [1, 2|. Indeed, these channels are very
interesting due to their sensitivity to New Physics.

The decay modes considered for this analysis are eight in number: BT — KT/~
B — K¢~ Bt — K**¢*{~ and B® — K*¢"(~, where K** —» K*r—, K** —
K2rt, K3 — ntr~, and £ is either an e or u. Charge-conjugate modes are implied
throughout this paper. The results contained herein are preliminary.

The data set used to in the analysis consists of 56.4 fb~! of on-peak data, cor-
responding to about 60 million BB pairs produced. We do not discuss the BABAR
apparatus here, details can be found in reference [3].

Two primary kinematic variables are used to extract the signal from the back-
ground. The energy substituted mass, mps+/Ei2 — (3, p})? and AE = Y. \/m? + p}2—
Ef, where E; is the beam energy in the eTe™ rest (c.m.) frame, p} is the c.m. momen-
tum of daughter particle 7 in the B meson candidate, and m; is the mass of particle
i. Signal events have mpgg near the B meson mass (resolution is about 2.5 MeV)

257



and AFE near zero (resolution is channel dependent). The analysis was conducted
“blind”, meaning that event selection criteria were optimized on simulated events,
without looking at the data or the sidebands used to measure the background rates.
Only after the all selection criteria were established were the data actually examined.

2 Analysis Strategy

The basic analysis strategy can be summarized rather succinctly. Kaon and lep-
ton candidates are appropriately combined to form K{¢*¢~ or K*/*{~ candidates.
Backgrounds are suppressed by designing explicit vetoes or combined variables that
discriminate signal from background. Extensive use of control samples allows us to
determine our efficiency for the signal directly from the data and to perform general
quality checks of our simulation. Finally, the signal yield is extracted from a two-
dimensional fit in the mgg vs. AFE plane. We now discuss in more detail these various
steps in the analysis.

Candidates are reconstructed selecting pairs of opposite charge leptons and com-
bining them with identified kaons. Electron-positron pairs that are consistent with
v — eTe™ are explicitly vetoed. For K* — K decays, the pion candidate is required
to be inconsistent with the kaon hypothesis. The invariant mass of the reconstructed
K* is required to be within 75 MeV /c? of the mean K*(892) mass. K candidates are
reconstructed from oppositely charge tracks that form a good vertex displaced from
the primary vertex by at least 1 mm.

Obtaining sufficient suppression of the background is essential when search at-
tempting to measure such small branching ratios. We now discuss the different types
of background source and the techniques employed to suppress them.

Continuum backgrounds Backgrounds from the continuum are suppressed using
event shape variables, e.g., ratio of second and zeroth Fox-Wolfram moments. The
variables are optimally combined employing the Fisher Discriminant technique. Fur-
ther details of the continuum suppression may be found in [4].

BB backgrounds Another composite variable, based on likelihood ratios, uses the
lepton and B vertex probabilities and the missing energy in the event to discrimi-
nate against backgrounds coming from BB events. Ep is particularly useful, since
most of this background comes from semileptonic B decays, which usually have large
missing energy.

Decays to charmonium A significant background comes from the decays B —
J/(— £747)K® and B — (2S)(— £+¢~) K™, which have the same topologies as
the signal events. Figure 1 shows the rather complex veto region employed to remove
these events. The veto was designed not only to reject candidates candidates with
My near the J/ip mass, but also candidates where one of the leptons has radiated a
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photon or has otherwise been poorly measured. In such cases, there is a correlation
between My, and AFE, which accounts for the diagonal bands observed in the figure.

Peaking Backgrounds There is a small contribution from backgrounds that peak
in the signal region such as B — D(— Km)m, where both pions are misidentified as
muons. Events compatible with this hypothesis are vetoed and the small contribution
surviving the veto is accounted for in the extraction of the signal.
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Figure 1: Regions in the A FE- My, plane employed to remove decays containing char-
monium, (a) B — K®e*te™ decays and (b) B — K™yt~ decays. Events falling in
the hatched regions are removed from the analysis. The dots are simulated B — K J/i
decays.

An important part of the analysis is the extensive use of control samples to validate
our simulation and to derive our signal efficiency directly from the data. The most
important control sample is comprised of charmonium decays, B — J/1)(— £7£7)K*)
and B — (25)(— ¢T¢7)K™, that have been vetoed with the criteria discussed
above. The J/i) control sample has been used extensively to validate the Monte
Carlo as well as to verify the efficiency for the signal obtained from the simulation.
Combining all channels, the ratio of the efficiency obtained from the control sample
to that obtained from the Monte Carlo is found to be 0.99 + 0.02. Additional control
samples constructed from Kepu combinations as well as combinations that fall far from
the signal region (the Grand Sideband) in the mgs-AFE plane have also been used as
checks on the simulation.

3 Results

The signal and background yields are obtained for each channel by performing a
maximum likelihood fit in the region defined by mpgs > 5.2 GeV/c? and |AE| < 0.25
GeV. The signal shapes, including radiation effects and correlations between AFE and
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mgg, are taken from simulation. The background shape is a 2-dimensional “Argus”
function, with two parameters which are determined directly from the fit. A small
peaking background component is included in the background shape. The fit results
are shown in Figure 2, which shows the projections of the fits onto the mgs and AE
axes. The fit yields for each mode are presented in Table 1.
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Figure 2: Projections of the two-dimensional fit, mgg (left) and AE (right). The fit
results are shown (both total fit and background contribution) are shown overlaid on
the data.

Systematic uncertainties are divided into two categories, uncertainties on the ef-
ficiency, which are multiplicative in nature, and uncertainties on the yields from the
fit procedure. The values are given, for each mode, in Table 1 in the columns labeled
(AB/B). and (AB)g, respectively. The dominant uncertainties on the efficiency
arise from the uncertainty on the charged tracking efficiency and from the theoretical
model dependence of the efficiency. The main contributions to (AB)g come from
uncertainties on the signal and background shapes in the fitting function.

The fit has all been performed combining the K/*¢~ and K*{*¢~ modes together,
with the results:

B(B — KIt07) = (0.8473:30+010) » 1076
B(B — K*47) = (1.8970% +0.31) x 107¢ (2)

The theoretical constraint B(B — K*ete™)/B(B — K*u*tu~) = 1.2 from [1] has
been employed for the combined fit.

260



Signal EfF. € (AB/B) (AB)s B

Mode yield bkgd (%) (%) (1079) (1079)
Bt - Ktete 9.675°% 1.9 171 +6.8  Tohs 0.917035705%
Bt = Ktputu~ 0.8773 1.2 9.9 +6.8 +0.10 0.13793140.10
B® — KO%te~ 1.813% 1.1 18.1  £80 £0.35 0.471053£0.35
BY - KOutpu~ 2.9721 0.4 103  +£7.8 4022 1347715 +0.25
BY — K*0¢te 7.3%%7 3.4 102  £7.7 +0.48 1.667,9% +0.50
BY — KOyt~ 46753 2.3 6.6  +93 +0.39 1.68F]50 +0.42
Bt 5 K*tete~ 15740 4.9 9.8  +9.7  F10¢ Lo73Et0
BT — K*tptu~ 2.8%32 1.5 54 +11.1 +1.82 3.687333 +1.86

Table 1: Results from the fits to individual modes. The columns are, from left to
right: fitted signal yield; the contribution of the background to the error on the
signal yield, expressed as an effective background yield; the signal efficiency, € (not
including the branching fractions for K*, K° and K? decays); the systematic error
on the selection efficiency, (AB/B); the systematic error from the fit, (AB)g; the
branching fraction central value (B); and the 90% C.L. upper limit on the branching
fraction, including systematic uncertainties.

We have investigated the signal significance of the combined fit using a toy Monte
Carlo technique and conclude that the K¢™¢~ signal is statistically significant at
> 50 level. If systematic uncertainties are included, the significance remains above
40. The K*{*¢~ channel has a statistical significance of about 3.5¢ and we choose
to set an upper limit for that mode:

B(B — K*"0™) < 3.5x%x107% at 90% C.L.

4 Conclusions

We have analyzed the decay modes B — K¢*(~ and B — K*(*{~ in the BABAR
experiment, with a data set of approximately 60 million BB events, and obtain the
following results:

B(B — Ktt0™) = (0.8475:337019) x 107°
B(B — K*(*¢") < 3.5 x 107% at 90% C.L. (3)
These results are compatible with BABAR’s previous K¢ ¢~ /K*{*{~ results (up-
per limits for both modes) [4] at the few percent level and is consistent with Belle’s

recently published result [5].
All results presented in this paper are preliminary.
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