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Abstract. Areview of the most recerBABAR results on electroweak pengBrdecays is presented.
The focus of this paper is on the measurement of observables in the deeaygy, B — K*)1 1~
B — K9Py (time—dependent analysis) aBd— (p/w) y.
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INTRODUCTION

Rare decays are an excellent window for physics beyond the standard model (PBSM) to
enter. The Feynman loop diagrams through which these decays proceed in the standard
model (SM) could host additional particles from PBSM in the loop. Thus, the predic-
tions from the SM of some of the observables (like branching fractions, CP-violating
asymmetries and others) could differ from the measurements. This would indicate con-
tributions from PBSM processes.

B—>Xsy

The branching fraction is well known from experiment and agrees well with SM based
calculations [1, 2]. Besides the measurement of the branching fraction, there are two
major observables in this decay mode. The photon energy spectrum and the CP-violating
charge asymmetry. The measurement of the photon energy spectrum can be used to
obtain information about thb—quark mass and its kinetic energy inside Bixaneson.
The two decay products of a hypothetical fieequark, thes—quark and the photon,
would have a fixed momentum, /2. Due to the confinement of the-quark inside the
B—meson, the energy of the photon is not monoenergetic but instead has a distribution.
The first moment (mean) of this distribution is expected toni¢2 and the second
moment is a measurement of the kinetic energy ottlggiark inside thé&—meson. The
CP-violating charge asymmetry is expected to be lessiBam the SM. A large non—
zero measurement would therefore indicate PBSM.

BaBAR has performed two independent analysis of this decay mode, a fully inclusive
analysis and a sum—of—exclusive—modes analysis.

The fully inclusive analysis [3] uses a high—energy lepton (electron or muon) to
identify the otherB in the event. This analysis is based 885 million BB pairs
and the preliminary result for the branching fractiord$B — Xsy) [Ey > 1.96ev} =
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(3.6740.29+0.3440.29) x 10~* where the first error is statistical, the second system-
atic and the third is the uncertainty due to model dependencies. The preliminary result
for the first moment is(E,) [E, > 1.9GeV| = (2.288+0.025+0.017+0.012) GeV.

For the CP-violating asymmetry, this analysis obtahas (B — X(std) y) =—-0.110+
0.115+0.017 (preliminary).

The sum-of-exclusive—modes analysis [4] reconstructs<¢(ieadronic system ex-
plicitly in 38 final states. However, an additional uncertainty related to the hadroniza-
tion of the Xs—system appears in this approach. This analysis is base’8.6rmil-
lion BB pairs and yields for the branching fraction (extrapolated figm> 1.9GeV)

% (B — Xsy) [E, > 1.6GeV| = <3.25j: 0-19f8145£f8283> x 10~%. The first moment is de-
termined as(E,) [E, > 1.897GeV| = (2.321+0.038"3035) GeV and the second mo-
ment is( (Ey — (E,))*) [Ey > 1.897GeV] = (0.0253+0.0101'35%43) GeV2. The CP-

violating charge asymmetricp (B — Xsy) = 0.0254 0.050+ 0.015 [5] is consistent
with zero.

B— K&+~

In addition to the photon penguin diagram, two more Feynman diagrams contribute to
this decay at leading order. TM#—box diagram and th&°—penguin diagram. Thus,
PBSM can manifest itself through different mechanisms in this decay. For example
supersymmetric neutral Higgs bosons in models with &g could enhance the ratio

of muon modes to electron modBg ., = % (B — K(*)u+u_> /P (B — K(*)e+e—)

[6]. Also, the CP-violating charge asymmetry is expected to be lessli#an the SM

[7]. On the other hand, PBSM could enhance this to order one [8].

The most recenBaBAR analysis [9] is based 0829 million BB pairs and recon-
structs only charged particles in the final state. For the charged leptons only muons
and electrons are considered. The measured branching fracigBs— KI*17) =
(0.34:£0.07+£0.03) x 1076 and Z (B — K*I*17) = (0.78319+£0.12) x 10°5 agree
well with theoretical predictions [10, 11]. Also the measured CP-violating charge asym-
metriesAcp (BT — K*1717) = 0.08+0.22+ 0.11 andAcp (B — K*IT17) = —0.03+
0.2340.12 as well as the muon—to—electron ratles = 1.06+ 0.484+0.05andRx+ =
0.93+ 0.46+ 0.06 agree well with SM expectations.

B— Kgnoy

In this final state, th&? and theri®~mesons are_CP-eigenstates. The photon is pre-
dominantly left (right) handed in the dechy— sy (b — sy). Thus, the time—dependent
CP-violation due to interference between direct decays and decaB8 vi&8° mixing
is expected to be suppressed to less th@¥bin the SM [12, 13]. Any measurement of
a larger CP-violation would indicate PBSM.

Based on a data sample 882 million BB pairs, the most recer8aBAR analysis
[14] searches for CP-violation in two meson—mass ranges. This analysis obtains in



the K* region 0.8 < myom0 < 1.0GeV/c?) 0y = —0.21+£0.40+ 0.05 and Cy.0), =
—0.40+0.23+0.03. The corresponding results for the néti—region (.1 < Mmoo <

1.8GeV/c?) areScop, = 0.9+ 1.0+ 0.2 andCyopo, = ~1.0£0.5£0.2.

B— (p/w)y

Besides the interests mentioned in the introduction, this rare decay is also interesting
in constraining Cabibbo-Kobayashi-Maskawa (CKM) matrix elements. The ratio of
branching fractions”Z (B — (p/w)y) /% (B — K*y) is in the SM related to the ratio
of the CKM—matrix element$/q| / [Mis| and thus to the poorly known far side of the
unitarity triangle [15, 16]. B

The most recenBABAR analysis [17] is based on a data se®@fl million BB pairs.
No significant signal is seen and an upper limit at 8@86 C.L. could be set for the
p/w combined branching fraction a& (B — (p/w)y) < 1.2 x 1078, The SM based
range of(0.8 — 1.8) x 107° [15, 18] is already restricted by this measurement. A limit
Vid| / Ms| < 0.19at90%C.L. is obtained, ignoring theoretical uncertainties.

CONCLUSION

So far, no significant deviations from the SM have been seen. BdBAR continuing to
take data, future updates of these measurements will significantly increase the precision
of these measurements and further restrict the possible PBSM scenarios.
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