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Abstract. We present measurements of @e-violation parameteiSandC for the radiative decays
B — n°KQy andB® — nKZy; for B — nKywe also measure the branching fractions andfor—
nK*y the time-integrated charge asymme#fign. The data, collected with thBABAR detector
at the SLAC National Accelerator Laboratory, represent 4@0° BB pairs produced ire*e-
annihilation at the PEP-II collider. F&° — mKJy we report results in twen(r°K$) mass regions:
Sk+(go2yy = —0.03+0.29+0.03,Cx+ (gopy = —0.14+0.16+:0.03 for 08 < m(n°KQ) < 1.0 GeV/c?;

andS,,ngy: —0.78+£0.59+ 0.09,Cnngy: —0.364-0.3340.04 for 11 < m(n°K?) < 1.8 GeV/c?.
ForB — nKywe findS, g, = ~0.18038+£0.12,C, 0, = —0.32'035£0.07, B(B° — nK) =
(71753+04)x 1076, Z(B* — nK*y) = (7.7+£1.0£0.4) x 1076, andAgy = (—9.075%*+ 1.4) x
10~2. The first error quoted is statistical and the second systematic.
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INTRODUCTION

RadiativeB meson decays have long been recognized as a sensitive probe to test the
standard model (SM) and to look for new physics (NP) [1]. In the SM, flavor-changing
neutral current processes, suchlas» sy, proceed at leading order through a loop
diagram, making it sensitive to possible virtual contributions from as yet undiscovered
particles. In the SM the photon polarization in radiative decays is dominantly left (right)
handed fob (b) decays, resulting in the suppression of time-depender@isymmetry
due to the interference betwe®i mixing and decay diagrams [2]. The parameSer
which measures such an asymmetry, is expected to be approximaded? [2, 3].
There are however NP scenarios predicting large values of this parameter; these include
left-right symmetric models [2, 4] and supersymmetric models [5]. We search also for
direct CP asymmetry in charge® decays, measuring the charge asymmdy =
(T~ —Tr*)/(Fr~+Tr*), wherer is the partial decay width of thB meson, and the
superscript corresponds to its charge. Di@etasymmetry in the SM is expected to be
very small [6]. Observation of significa@P-violation in these radiative decay modes
would provide a clear sign of NP [7].

In this summary we present an updated measurement of the time-dep&Rient
asymmetry irB° — °K{y decay mode and the first measurement of the time-dependent
CP asymmetry inB® — nKQy decay mode [8]. Hadronic corrections BY — r°KQy
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decay mode might perm@to be as large a%0.1 [9]. Such corrections and NP effects
could depend om(1°K?), so we split the data into two parts: tt& (892) region
with 0.8 < m(1°K?) < 1.0GeV/c? and the nork*(892) region with 11 < m(m°K?) <
1.8GeV/c?. We also report updated measurements of branching fractiorthe decay
modesB? — nK% andB* — nK*y and time-integrated charge-asymmetry Bor —
nK*y.

The results presented here have been published in Ref. [A@ fe> 1°K{y decay
mode and in Ref. [11] foB — nKy decay modes.

DATA SAMPLE AND EVENTSSELECTION

The results are based on data collected with BABAR detector [12] at the PEP-

Il asymmetric-energye™ e~ collider [13] located at the SLAC National Accelerator
Laboratory. We use an integrated luminosity of 423Ybcorresponding to 46Z 5
million BB pairs, recorded at th¥(4S) resonance (at a center-of-mass (CM) energy
of /s=10.58 GeV).

The B decay daughter candidates are reconstructed throughdéedaysm® — yy,
KO- mtm,n — yy (Nyy), andn — " 1° (n3y,). Selection requirements on these
candidates and on the primary photon from Bh@ecay are described in Refs. [10, 11].

A B meson candidateB(eo) is reconstructed by combining anpor r° candidate, a
charged or neutral kaon and a primary photon candidatectiagacterized kinematically

by the energy-substituted masss = \/(s/2+ Po - pB)Z/Eg — pg and energy difference

AE = Ef — %\/é where the subscripts 0 ari®irefer to the initial Y(4S) and to the
B candidate in the lab-frame, respectively, and the astatesiotes the CM frame.
We require 2 < megs < 5.3GeV/c® and |AE| < 0.250 GeV forB® — K2y decay
mode, and 25 < mgs < 5.29 GeV/c? and |AE| < 0.200 GeV forB — nKy decay
modes. Furthermore, to suppress the continetier — qqg (g = u,d,s,c) background
in the B® — K0y candidates selection, we requireosg;| < 0.9, whereg; is the
CM angle between thB candidate and the™ beam direction, and the ratio of event-
shape moments,/Lo to be less than 0.55, whete = 3 ; |pj||cos8] [, pj is the CM
momentum of each particlgnot used to reconstruct tiecandidate, anﬂj* is the CM
angle betweemp; and the thrust axis of the reconstruc&dandidate.

For each reconstructed signal candidate we use the rergdaicks in the event to
reconstruct the decay vertex of the otliemeson Big) and identify its flavor. The
differenceAt = trec — tiag Of the proper decay timetgec andtiag Of the Brec and Biag
mesons, respectively, is obtained from the measured distagtween th&.ec andBiag

decay vertices and from the boogy(= 0.56) of theete~ system. Due to thé?
lifetime, theAt for the modesB® — n°K?y andB® — n,,K2y is obtained reliably by
exploiting the knowledge of the average interaction pointt ftom a global constrained
fit to the entireY(4S) — B°BP decay tree, including the constraint from the lifetime of
the BY meson. Thét distribution is given by:

o lt)/T

F(At) =

[1+ Ssin(AmgAt) F Ccog AmyAt)], (1)



where the upper (lower) sign denotes a decay accompaniedB8y(BP) tag, 7 is the
meanBP lifetime, andAmy is theBBP mixing frequency. Th€ coefficient corresponds
to the directCP asymmetry in decay, expected to be smaller than 1% in the $NVE
require|At| < 20 ps antop; < 2.5 ps, wheregy; is the per-event error ofit.

RESULTS

We obtain signal event yields ar@P-violation parameters from unbinned extended
maximum-likelihood (ML) fits. We indicate withj the species of event: signalg
continuum background, background from othgmecays. The input observables in
common for all modes are arges, AE andAt. Then we also usey/Lg and, in the
K*(892) region,m(m°K?) for the modeB® — K2y, or the output of a Neural Network
(NN) and then invariant massn, for the modesB — nKy. The NN combines four
variables:| cos6j|, L2/Lo, the absolute value of the cosine of the CM angle between
the B thrust axis and the™ beam direction, and the absolute value of the cosine of the
angle between th8 thrust axis and that of the rest of the tracks and neutratelsis
in the event, calculated in the CM frame. We construct thdiliked function for each
specie of event as the product of one-dimensional prolyablidinsity functions (PDFs).
The parameterizations of the PDFs are described in the Ré€fs1]]. We compute the
branching fractions and charge asymmetry from fits madeouritht.

Table 1 lists the results of the fits. We compute the branchiagtions from the
signal yields, reconstruction efficiencies, daughter bnérg fractions, and the number
of producedB mesons. We assume that the branching fractions o¥{d&) to B*B~
andB®BP are each equal to 50%.

The main sources of systematic uncertainties for the tispeddent measurements
come from the variation of the signal PDF shape parametenntheir errors, and from
the CP content ofBB background. The main sources of systematic uncertairgiethé
branching fraction measurements include uncertaintiseii’DF parameterization and
ML fit bias, uncertainties due to lack of knowledge of the @mnphoton spectrum, and
uncertainties in our knowledge of the reconstruction edficy. A systematic uncertainty
of 0.014 is assigned to/,. This uncertainty is estimated from studies with signal MC
events and data control samples and from calculation ofsimmmetry due to particles
interacting in the detector.

CONCLUSION

We have measured the time-dependgasymmetry inB? — mKQy andB? — nKJy
decay modes. We have also measured the branching fractois—+ nKy and the
time-integrated charge asymmetry 8t — nK*y.

All measurements reported here are statistical limite@dmhasymmetry parameters
are consistent within uncertainties with the predictiohihe standard model. Due to the
large statistical uncertainties, interesting constsaort NP in these decay modes need
data sample available only at higher luminodtyactories (as proposed at KEK [15]
and Frascati [16]).



TABLE 1. Number of signal yield, measured branching fractigh S andC parameters (only for
neutral modes), and signal charge asymmetgy (only for charged modes). First error quoted (or in
case of single error) is statistical and the second systemat

Mode Signal  #(10°°) en(1072) S C
K*(892y 339+24 ~0.03+0.29+£0.03 —0.14+0.16+0.03
m°Kdy  133+£20 —0.78+0.59+£0.09 —0.36+0.33+£0.04
nyKSy 58713 7.4+22 —0.04+0.62 ~0.24+0.44
NanKdy 2413 6.6735 ~0.45+0.81 ~0.71+0.87
nKOy 7.1 g Y04 -0.1894%+012  -0.32°043+0.07
nyKty 26673 7.8713 —4+12
NanKty 11129 7.4+%¢ —24+20
nK*ty 7.7+£1.0+£04 —9.072%%+14
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