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We report measurements of the radiative decayB→K* g. The analysis is based on a data sample containing
85.03106 B meson pairs collected by the Belle detector at the KEKB storage ring. We measure branching
fractions of B(B0→K* 0g)5(4.0160.2160.17)31025 and B(B1→K* 1g)5(4.2560.3160.24)31025,
where the first and second errors are statistical and systematic, respectively. The isospin asymmetry between
B0 andB1 decay widths is measured to beD01510.01260.04460.026, assuming an equal production rate
for B0B̄ 0 and B1B2 pairs from theY(4S) resonance. We search for a partial rate asymmetry betweenCP
conjugate modes, and findACP(B→K* g)520.01560.04460.012.

DOI: 10.1103/PhysRevD.69.112001 PACS number~s!: 13.40.Hq, 14.40.Nd
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I. INTRODUCTION

One decade after the first observation of exclusiveB
→K* g decays by CLEO in 1993@1#, this process continue
to be a subject of considerable interest for its sensitivity
the physics beyond the standard model~SM!. These decays
proceed through a loop~penguin! diagram, to which high-
mass particles postulated in extensions to the SM may c
tribute with a sizeable amplitude. The size of the decay r
itself, however, provides only a mild constraint on such e
tensions, because SM predictions for exclusive rates su
from large (;30%) and model dependent form factor unc
tainties@2#. Of more interest are asymmetries, where theo
ical uncertainties largely cancel. The isospin asymmetry
tween the charged and neutralB→K* g decay widths is
predicted to be15 to 10 % in the SM, while in some SM
extensions it may have an opposite sign@3#. A measurement
of the partial rate asymmetry betweenCP conjugate modes
is another interesting subject; here the SM expectation
much less than 1% and any large asymmetry would be
indication of non-SM effects. In this report, we present n
measurements of theB→K* g branching fractions, and isos
pin and charge asymmetries.

II. DATASET AND APPARATUS

The data sample used in this analysis contains (8
60.5)3106 B meson pairs, corresponding to an integra
luminosity of 78 fb21, collected at theY(4S) resonance by
the Belle detector at the KEKB storage ring. KEKB is

*On leave from Fermi National Accelerator Laboratory, Batav
Illinois 60510.

†On leave from Nova Gorica Polytechnic, Nova Gorica.
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double-ring asymmetric-energye1e2 storage ring (3.5 GeV
on 8 GeV) @4#. We also use an off-resonance data sample
8.3 fb21 collected at a center-of-mass~c.m.! energy that is
60 MeV below theY(4S) resonance.

The Belle detector is a large-solid-angle magnetic sp
trometer that consists of a three-layer silicon vertex dete
~SVD!, a 50-layer central drift chamber~CDC!, an array of
aerogel threshold Cherenkov counters~ACC!, a barrel-like
arrangement of time-of-flight scintillation counters~TOF!,
and an electromagnetic calorimeter~ECL! comprised of
CsI~Tl! crystals located inside a superconducting solen
coil that provides a 1.5-T magnetic field. An iron flux-retu
located outside of the coil is instrumented to detectKL

0 me-
sons and to identify muons~KLM !. The detector is describe
in detail elsewhere@5#.

III. SIGNAL RECONSTRUCTION

The analysis is performed by reconstructingB meson can-
didates that include a high energy primary photon and aK*
resonance reconstructed in one of four final states:K1p2,
KS

0p0, KS
0p1, andK1p0. Here and throughout this repor

K* denotes theK* (892), and the inclusion of charge conju
gate modes is implied unless otherwise stated.

Photon (g) candidates are reconstructed from isolat
clusters in the ECL that have no corresponding char
track, and a shower shape that is consistent with that o
photon. The photon energy is calculated from the sum
energies in crystals with more than 0.5 MeV energy dep
ited around the central cell. Photons in the energy ra
1.8 GeV,Eg* ,3.4 GeV in the barrel region of the EC
(33°,ug,128°) are selected as primary photon candida
from B decay; hereEg* is the photon energy in the c.m. fram
and ug is the polar angle in the laboratory frame.~We use

,
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variables calculated both in the c.m. frame and laborat
frame: variables defined in the c.m. frame are labeled with
asterisk.! In order to reduce the backgrounds fromp0 andh
mesons from continuum light quark-pair production (e1e2

→qq̄ , q5u,d,s,c), we impose two additional requiremen
on the primary photon. One is the explicit removal ofp0 (h)
candidates by requiring the invariant mass of the prim
photon and any other photon with an energy greater t
30 MeV (200 MeV) to be outside of a window o
618 MeV/c2 (632 MeV/c2) around the nominalp0 (h)
mass. These correspond to63s windows, wheres is the
mass resolution. This set of criteria is referred to as thep0/h
veto. The other requirement is the removal of the clust
that are not fully consistent with an isolated electromagn
shower. We require the ratio of the energy deposition in
33 cells to that in 535 cells around the maximum energ
ECL cell of the cluster (E9/25) to be greater than 0.95, whic
retains 95% of the signal photons.

Charged pions (p1) and kaons (K1) are reconstructed a
tracks in the CDC and SVD. The tracks are required to or
nate from the interaction region by requiring that they ha
radial impact parameters relative to the run-averaged m
sured interaction point of less than 1.5 cm. We determine
pion (Lp) and kaon (LK) likelihoods from the ACC re-
sponse, the specific ionization (dE/dx) measurement in the
CDC and the TOF flight-time measurement for each tra
and form a likelihood ratioLK/p5LK /(Lp1LK) to separate
pions and kaons. The ACC covers the momentum range f
;1 to 3.5 GeV/c in the laboratory frame and is the mo
sensitive device to separate kaons and pions fromB→K* g
decays, while the TOF covers up to 1.2 GeV/c and the CDC
covers up to 0.8 GeV/c with a small additional contribution
above 2 GeV/c. We requireLK/p.0.6 for kaons, which
gives an efficiency of 86% for kaons, andLK/p,0.9 for
pions, which gives an efficiency of 96% for pions. In add
tion, we remove kaon and pion candidates if they are con
tent with being electrons based on the ECL, CDC, and A
information.

Neutral pions (p0) are formed from two photons with
invariant masses within616 MeV (3s) of thep0 mass; the
photon momenta are then recalculated with ap0 mass con-
straint. Thep0 mass resolution is better than that for t
p0/h veto where the photon energies are highly asymme
We require each photon energy to be greater than 50 M
and the cosine of the angle between the two phot
(cosugg) to be greater than 0.5. This angle requiremen
almost equivalent to selectingp0’s with momentum above
0.5 GeV/c; it retains about 90% of the signalp0’s while
rejecting 43% of thep0 candidates in the background.

Neutral kaons (KS
0) are reconstructed from two opposite

charged pions that have invariant masses within610 MeV
(3s) of theKS

0 mass; the pion momenta are then recalcula
with a KS

0 vertex constraint. We impose additional criter
based on the radial impact parameters of the pions (dr ), the
distance between the closest approaches of the pions a
the beam direction (dz), the distance of the vertex from th
interaction point (l ), and the azimuthal angle difference b
tween the vertex direction and theKS

0 momentum direction
11200
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(df). These variables are combined as follows: forp(KS
0)

,0.5 GeV/c, dz,8 mm, dr .0.5 mm, anddf,0.3 rad are
required; for 0.5 GeV/c,p(KS

0),1.5 GeV/c, dz,18 mm,
dr .0.3 mm,df,0.1 rad, andl .0.8 mm are required; and
for p(KS

0).1.5 GeV/c, dz,24 mm, dr .0.2 mm, df
,0.03 rad, andl .2.2 mm are required. This set of criter
retains about 80% of the signalKS

0 .
We form aB candidate from a primary photon candida

and aK* candidate, which is aKp system with an invariant
massM (Kp) within 675 MeV/c2 of theK* mass. In order
to separate theB candidate from backgrounds, we form tw
kinematic variables: the beam-energy constrained massMbc

5A(Ebeam* /c2)22upW B* /cu2 and the energy differenceDE
5EB* 2Ebeam* , whereEbeam* is the beam energy, andEB* and

pW B* are the energy and momentum, respectively, of theB
candidate in the c.m. frame. The energyEB* is calculated as

EB* 5Eg* 1EK*
* ; the momentumpW B* is calculated without us-

ing the absolute value of the photon momentum accordin

pW B* 5pW K*
* 1

pW g*

upW g* u
3~Ebeam* 2EK*

* !, ~1!

since theK* momentum and the beam energy are det
mined with substantially better precision than that of the p
mary photon.

We useMbc as the primary distribution to extract the sig
nal yield. For modes without ap0, we use a Gaussian func
tion with a width of (2.7360.04) MeV/c2 to model the sig-
nal; for modes with ap0, we use an empirical formula to
reproduce the asymmetric ECL energy response~known as
the Crystal Ball line shape@6#!, whose effective width is
(3.3560.10) MeV/c2. The peak positions and widths ar
primarily determined using Monte Carlo~MC! samples, and
corrected for the measured differences in the beam en
and its spread between data and MC using aB2→D0p2

sample. TheDE signal distribution also has a large tail o
the negativeDE side due to the asymmetric ECL energ
response. For the modes without ap0, we use a Crystal Ball
line shape; for the modes with ap0, we convolve an addi-
tional Gaussian resolution function to describe a broa
width and add a broad Gaussian component for the small
in the positiveDE side. These shapes are determined us
MC samples. We select candidates with2200 MeV,DE
,100 MeV to accommodate the asymmetricDE signal
shape. We define aDE sideband as 100 MeV,DE
,400 MeV, where no signal is expected, to study theMbc
distribution of the background. There is no background t
makes a peak in thisDE sideband. We requireMbc
.5.270 GeV/c2 when theDE distribution is examined. We
define 5.227 GeV/c2,Mbc,5.263 GeV/c2 as anMbc side-
band that is used to study theDE distribution of the back-
ground.

IV. BACKGROUND SUPPRESSION

The main background source is continuumqq̄ production
including the initial state radiation processe1e2→qq̄g. We
1-3
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reduce this background by exploiting the topological ev
shape differences:B meson pairs decay almost at rest in t
c.m. frame and thus the final state particles are distribu
nearly isotropically;qq̄ pairs are produced back to back wi
multi-GeV/c momenta in both hemispheres and, thus, tend
be more two-jet like.

We define a Fisher discriminant~F! @7# from modified
Fox-Wolfram moments@8#,

F5a2R2
so1a4R4

so1(
l 51

4

b lRl
oo, ~2!

wherea l , b l are coefficients that are selected to provide
maximum discrimination between the signal and the c
tinuum background. The modified Fox-Wolfram momen
are defined as

Rl
so5

(
i ,g

upW i8uupW g8 uPl~cosu ig8 !

(
i ,g

upW i8uupW g8 u
,

Rl
oo5

(
i , j

upW i8uupW j8uPl~cosu i j8 !

(
i , j

upW i8uupW j8u
, ~3!

where the indicesi, j indicate the charged tracks~with a p1

mass hypothesis! and photons that are not used to form theB
candidate, and the indexg corresponds to the primary pho
ton. The variablesu i j8 andu ig8 are the opening angles betwee
two momentum vectors, andPl is the l th Legendre polyno-
mial function. The momenta (pW 8) and angles (u8) are cal-
culated in the candidateB rest frame~denoted as primed
variables!, since the selection efficiency with this variab
has a smaller correlation withMbc than that calculated in the
c.m. frame.

As an additional discriminant, we use the cosine of
c.m. polar angle of the candidateB flight direction, cosuB* .
The cosuB* distribution is 12cos2uB* for B production from
e1e2→Y(4S), and is found to be flat for the continuum
background.

We combine these two discriminants into a likeliho
ratio,

Lcont5
LS

LS1LB
,

LS5PS
F3PS

cos B, LB5PB
F3PB

cos B, ~4!

where PF and Pcos B are the probability density function
~PDF! for the Fisher and theB flight direction, and the indi-
cesSandB denote the signal and background. ForPS

cos Band
PB

cos B, we use3
2 (12cos2uB* ) and 1

2 , respectively. ForPS
F and

PB
F , we model the shape by fitting the signal and continu

background MC distributions with asymmetric Gauss
functions for each of the fourB→K* g channels.
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The value ofLcont ranges between 0 and 1. We optimiz
the minimumLcont requirement to provide the largest valu
of NS /ANS1NB, whereNS andNB are the expected signa
and background yields for 85.03106 B meson pairs assum
ing previously measuredB→K* g branching fraction values
@9–11#. Although there is a slight mode dependence in
optimal value, we apply the same requirement,Lcont.0.65,
which is close to the optimal point for each mode. This
quirement retains 73% of signal events while rejecting 9
of continuum background events.

The remaining continuum background is distinguished
fits to the Mbc distribution. The continuum background
modeled with a threshold function~known as the ARGUS
function @12#!,

f cont~Mbc!5N3Mbc3A12S Mbc

Ebeam* D 2

3expH aF12S Mbc

Ebeam* D 2G J , ~5!

where N is a normalization factor anda is an empirical
shape parameter. We determine the shape parameter from
DE sideband data, since there is no significant differen
between the background shapes in theDE sideband and the
signal region for off-resonance data and MC events. The
sults are consistent for data and MC, and for the differ
B→K* g channels. We use the same background shape
rametera for all the B→K* g channels. ForDE, the back-
ground shape is parametrized as a linear function and de
mined fromMbc sideband data.

Background contributions fromB decays are significantly
smaller than that from continuum events. Major contrib
tions are from cross feeds between charged and neutrB
→K* g decays,B→(K* p1Kr)g @13#, B→K* h @14# and
the unmeasured modeB→K* p0 @15# for which we assume
half of the upper limit as the branching fraction with a 100
error. These backgrounds peak inMbc around the signal with

FIG. 1. Fit results for the beam-energy constrained mass di
bution for the~a! K1p2g, ~b! KS

0p1g, ~c! K1p0g, and~d! KS
0p0g

modes. The sum of the signal and the background component
shown in the solid curves, while the dotted and dashed curves
resent the total backgrounds and theB decay backgrounds, respec
tively.
1-4
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a slightly larger tail, and have a broad peak inDE at negative
values. We also consider otherB decay backgrounds that ar
less significant due to their small branching fractions, due
the suppression by the kaon identification requirement
because they do not peak inMbc. We model theseB decay
backgrounds with a smoothed histogram generated fro
large MC sample.

V. SIGNAL EXTRACTION

We extract signal yields in each of the four final sta
using a one-dimensional binned likelihood fit. TheMbc dis-
tributions are modeled as a sum of three components:
signal, the continuum background and theB decay back-
grounds that are described in the previous sections. Figu
shows the result of the fits; clear signals are seen in all f
final states. The size of theB decay background componen
which is seen as a slight enhancement of the backgro
shape under the signal peak, is fixed in the fitting proced
We vary theB decay background components by the err
on their branching fractions to evaluate the systematic e
due to their uncertainties. We also vary the continuum ba
ground shape,Ebeam* , the B meson mass, and theMbc reso-
lution by their errors to evaluate the systematic errors on
signal and background PDF’s. We use a quadratic sum of
variations in the signal yield with these tests as the syst
atic error on the signal yield.

A similar fitting procedure is performed for theDE dis-
tributions as shown in Fig. 2. TheDE yields are obtained by
integrating the fit results from20.2 to 0.1 GeV to allow a

FIG. 2. Fit results for theDE distributions. The sum of the
signal and the background components are shown in the s
curves, while the dotted and dashed curves represent the total
grounds and theB decay backgrounds, respectively.

TABLE I. Summary of the signal yields.

Mode Mbc DE M(Kp)

K1p2g 450.1624.266.1 453.2627.4
KS

0p0g 23.866.461.0 23.266.2
KS

0p1g 145.0613.763.6 147.8615.4
K1p0g 129.1614.765.5 120.0614.8
K* 0g 473.9625.066.2 476.4628.1 480.6625.7
K* 1g 274.1620.166.6 267.8621.4 270.9619.9
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comparison with theMbc results. The fit result for each mod
is in agreement with theMbc result as given in Table I. In this
analysis, theDE distribution is not as reliable asMbc since
we have to consider a wideDE range where the backgroun
contribution fromB decays is larger than that forMbc, and
DE shapes for both signal and background may have la
uncertainties that are not fully evaluated due to lack of s
able control samples. Thus we base our signal yields on
Mbc fits.

TheM (Kp) invariant mass spectrum, before applying t
uM (Kp)2MK* u,75 MeV/c2 requirement, gives discrimi-
nation of theK* signal from resonances such asK2* (1430)
andK* (1410), or a nonresonantKpg component. In order
to examine the spectrum, we divide the data belowM (Kp)
52.0 GeV/c2 into 50 MeV/c2 wide bins and extract the sig
nal yield for each bin from a fit to theMbc distribution, using
the same fitting procedure described above. We veto theD0

→K2p1 and D0→KS
0p0 contributions from B̄ 0→D0p0

and B̄ 0→D0h backgrounds by requiringuM (Kp)2MD0u
.20 MeV/c2 for the K* 0g modes. OtherB decay back-
grounds that may peak inMbc are included as a backgroun
component in each fit. Ax2 fit is then performed to the
M (Kp) spectrum using a sum ofK* , K2* (1430) and

lid
ck-

FIG. 3. Fit results for theKp invariant mass distributions fo
the ~a! sum of K1p2g and KS

0p0g, and ~b! sum of KS
0p1g and

K1p0g channels. The sum of the signal and the background c
ponents are shown in the solid curves, while the dotted curves
resent the background components.

FIG. 4. Fit results for the cosine of the helicity angle (cosuhel)
distribution for the sum of all fourB→K* g channels. The solid
line shows the sum of the signal and the flat component; the61s
bounds of the latter component are shown as the dotted lines.
1-5
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TABLE II. Reconstruction efficiencies and their systematic uncertainties.

K1p2g KS
0p1g K1p0g KS

0p0g

Reconstruction efficiency (12.8360.54)% (3.9660.25)% (3.6360.19)% (1.0960.07)%

Fractional errors 4.2% 6.3% 5.3% 6.8%
Number ofB meson pairs 0.6% 0.6% 0.6% 0.6%
Photon selection 2.2% 2.2% 2.2% 2.2%
Tracking 2.0% 1.0% 1.0%
K1 identification 0.3% 0.3%
p2 identification 0.3% 0.3%
KS

0 4.5% 4.5%
p0 2.7% 2.7%
Lcont1p0/h veto 1.8% 1.8% 1.8% 1.8%
M (Kp) 1.8% 1.8% 1.8% 1.8%
Non-resonant 1.3% 2.4% 2.4% 1.3%
MC statistics 0.7% 1.2% 1.5% 2.4%
ho
re
re
nd
In

o.

l

e

nt
n
a

e

t
e

o

f

le
a
ro
th
en
ig

e

t
nant
elds

ed
ed
em
ults

is
the
of

on
m-

ally

n,

c

e
on

o-
K* (1410) resonances and a nonresonant component wit
taking into account possible interference effects. The fit
sults are shown in Fig. 3. For these resonances, we use
tivistic Breit-Wigner functions with the nominal masses a
widths convolved with a Gaussian resolution function.
addition to theK* peak, we find a significantK2* (1430)
peak, while theK* (1410) component is consistent with zer
The K* signal yields within the675 MeV/c2 window are
consistent with theMbc results as given in Table I. In al
cases, the background contributions fromK* (1410) and
K2* (1430) within theK* mass window are less than on
event including their errors. The nonresonant contribution
modeled with the inclusiveXs mass spectrum of Ref.@16#.
We find 5.962.3 and 6.461.9 events under the peak ofK* 0

andK* 1, corresponding to (1.260.5)% and (2.460.7)% of
the signal yields, respectively. We include these yields i
the systematic errors instead of subtracting the contributio
since they could also be due to a bias from other high m
resonances such asK* (1680) that hardly contribute to th
K* mass peak.

The K* decay helicity angle,uhel, defined as the angle
between the kaon and theB meson directions in the res
frame of the Kp system, provides discrimination of th
spin-1 signal from other spin states. The cosuhel distribution,
shown in Fig. 4, is obtained by dividing the data into bins
0.1 in cosuhel and fitting theirMbc distributions. TheB decay
backgrounds that peak inMbc and follow a cos2uhel structure
due to the pseudoscalar to pseudoscalar-vector nature o
decay are included as a background component in each
The K* g signal has a 12cos2uhel distribution. In order to
model a slight distortion due to nonuniform tracking, partic
identification andp0/KS

0 reconstruction efficiencies, we use
fourth order polynomial function that is constrained to ze
at cosuhel561. We also add a flat component modified wi
the same slight distortion, which turns out to be consist
with zero. The fit result is in agreement with the spin-1 s
nal.

We obtain a consistent set of signal yields from thr
different distributions,Mbc, DE, M (Kp) as summarized in
11200
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Table I. Both theM (Kp) and cosuhel distributions sugges
that the contributions from other resonances and nonreso
decays can be neglected. We conclude that the signal yi
obtained with theMbc fit are essentially entirely due toB
→K* g decays.

VI. BRANCHING FRACTIONS

The reconstruction efficiencies are primarily obtain
from signal MC samples. The selection criteria are divid
into ten categories, and the systematic error for each of th
is evaluated with an independent control sample. The res
are summarized in Table II.

The uncertainty in the photon detection efficiency
evaluated with a sample of radiative Bhabha events. For
tracking efficiency, we quote an error from a comparison
the partially reconstructedD* 1→D0p1, D0→KS

0p1p2

yield with the fully reconstructed one. For the charged ka
identification, we evaluate the systematic error from a co
parison between the efficiencies obtained from kinematic
selectedD* 1→D0p1, D0→K2p1 andf→K1K2 decays
in data and MC. Similarly for the charged pion identificatio
we compare the efficiency for the sameD* 1 sample with
that obtained fromKS

0→p1p2 to evaluate the systemati
error. The uncertainty in theKS

0 reconstruction is obtained
from a comparison betweenD1→KS

0p1 with D1

→K2p1p1 in D* 1→D1p0 decays. The uncertainty in th
p0 reconstruction efficiency is evaluated from a comparis
of h→p0p0p0 to h→gg and h→p1p2p0 in data and
MC. The efficiencies for thep0/h veto and the likelihood
ratio requirement are evaluated together, using aB→Dp2

control sample that includes the decay channelsB2

→D0p2, D0→K2p1 and B̄ 0→D1p2, D1→K2p1p1.
We calculateMbc as we do forB→K* g, i.e. without using
the absolute value of thep2 momentum. For thep0/h veto,
we assume thep2 is a massless particle and scale the m
mentum by a factor of 1.1 to make the averagep2 momen-
tum equal that of the photons forB→K* g. We then com-
1-6
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bine this masslessp2 with all photon candidates and reje
the event if the samep0/h veto criteria are satisfied, an
compare the results between data and MC control samp
The effect of theM (Kp) requirement is evaluated by takin
into account theK* form factor and the detector resolutio
effects into the Breit-Wigner shape.

Using these reconstruction efficiencies, we obtain
branching fractions for each of the four modes as sum
rized in Table III. We add the signal yields and the efficie
cies for two modes of each of neutral and chargedB decays,
and obtain

B~B→K* 0g!5~4.0160.2160.17!31025,

B~B→K* 1g!5~4.2560.3160.24!31025, ~6!

where the first and the second errors are statistical and
tematic, respectively. We assume an equal production rate
B0B̄ 0 andB1B2 from theY(4S) resonance.

The isospin asymmetry,

D015
~tB1 /tB0!B~B0→K* 0g!2B~B1→K* 1g!

~tB1 /tB0!B~B0→K* 0g!1B~B1→K* 1g!
, ~7!

is then calculated from these results. We use the world a
age value oftB1 /tB051.08660.017 @14#. We assume tha
the systematic error on the photon detection cancels.
systematic error on theLcont andp0/h veto requirements is
estimated to be 0.013 inD01 from a comparison of theB̄ 0

andB2 subsets of theB→Dp2 control sample. We find the
systematic error due to theM (Kp) requirement is negli-
gible. Correlations between the systematic errors for
charged pion and kaon tracking and particle identificati
and thep0 andKS

0 reconstruction efficiencies are taken in
account. Systematic errors on the fitting procedures are
sumed to be uncorrelated.

The result is

D01510.01260.044~stat!60.026~syst!, ~8!

which is consistent both with the SM prediction and
asymmetry. Although the systematic errors in the branch
fractions are almost as large as the statistical errors, the
tematic errors largely cancel inD01 .

TABLE III. Results for the signal yields, efficiencies an
branching fractions (B).

Signal yield Efficiency B (31025)

K* 0g 473.9625.066.2 13.9260.58 4.0160.2160.17
K* 1g 274.1620.166.6 7.5960.39 4.2560.3160.24
(K1p2)g 450.1624.266.1 12.8360.54 4.1360.2260.18
(KS

0p0)g 23.866.461.0 1.0960.07 2.5760.6960.20
(KS

0p1)g 145.0613.763.6 3.9660.25 4.3160.4160.29
(K1p0)g 129.1614.765.5 3.6360.19 4.1960.4860.28
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If we allow the B1 to B0 production ratio (f 1 / f 0) to
deviate from unity, the value ofD01 shifts approximately by
1
2 ( f 1 / f 021). The value off 1 / f 051.04460.050 in Ref.
@14# gives D01510.03460.044(stat)60.026(syst)
60.025(f 1 / f 0). The conclusion above is therefore u
changed, although the result is shifted closer to the SM p
diction.

VII. SEARCH FOR PARTIAL RATE ASYMMETRY

We define the partial rate asymmetry betweenCP conju-
gate modes~except for theKS

0p0g mode! as

ACP5
G~B̄ →K̄ * g!2G~B→K* g!

G~B̄ →K̄ * g!1G~B→K* g!

5
1

122w
3

N~B̄ →K̄ * g!2N~B→K* g!

N~B̄ →K̄ * g!1N~B→K* g!
, ~9!

whereN is the signal yield,w is the wrong-tag fraction,B
indicates eitherB0 or B1, K* indicatesK* 0(→K1p2) or
K* 1(→KS

0p1,K1p0), andB̄ , K̄ * are their conjugates, re
spectively.

The wrong-tag fraction is negligible forK* 1, and is very
small (0.9%) forK* 0 since bothp1 and K2 have to be
misidentified asK1 and p2, respectively. The wrong-tag
fraction is obtained from the signal MC; we neglect the sm
error on this fraction.

Possible detector and reconstruction biases are stu
with an inclusiveK* sample. We compare the yield ofK*
and K̄ * and find no significant difference in

FIG. 5. Fit results for the beam-energy constrained mass di
butions for the search for partial rate asymmetry. The sum of
signal and the background components are shown in the s
curves, while the dotted and dashed curves represent the total b
grounds and theB decay backgrounds, respectively.
1-7
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TABLE IV. Results of the partial rate asymmetry search.

K* mode N(B̄→K̄ * g) N(B→K* g) ACP

K* 0→K1p2 218.5616.863.0 231.6617.463.0 20.03060.05560.014
K* 1→KS

0p1 79.2610.061.9 65.869.461.9 10.09460.09460.021
K* 1→K1p0 68.7611.662.2 80.1612.462.5 20.07860.11360.028
Combined (K* 1) 10.00760.07460.017

Combined~all! 20.01560.04460.012
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AK* 5
1

~122w!

N~K̄ * !2N~K* !

N~K̄ * !1N~K* !
.

We conclude there is no bias and assign systematic erro
0.007 for K* 0→K1p2 and K* 1→KS

0p1, and 0.015 for
K* 1→K1p0. The systematic error on theLcont and p0/h
veto requirements is estimated to be 0.007 inACP from a
comparison of theB and B̄ subsets of theB→Dp2 control
sample.

We divide the data shown in each of Figs. 1~a!–~c! into
CP conjugate modes. We fit theMbc distributions for the six
modes separately, using the same fitting procedure use
the branching fraction measurement. The fit results
shown in Fig. 5 and summarized in Table IV. The errors
the yield extraction are assumed to be uncorrelated. By
suming the partial rate asymmetry is equal for charged
neutralB decays, we add the signal yields forB andB̄ with
a small correction due to the wrong-tag fraction, a
obtain

ACP~B→K* g!520.01560.044~stat!60.012~syst!.
~10!

Here the systematic error includes the errors onAK* , Lcont
and the yield extraction.

VIII. CONCLUSIONS

We have presented branching fraction, isospin asymm
and CP asymmetry measurements for the radiative de
B→K* g using 85.03106 B meson pairs. The branchin
fraction results are consistent with previous Belle@9# results,
and also with the CLEO@10# and BaBar@11# results, with the
s
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errors improved by a factor of 2. TheKp mass spectra and
the decay helicity angle distribution in theK* mass region
(uM (Kp)2MK* u,75 MeV/c2) are consistent with the
dominance ofB→K* g without other contributions such a
K* (1410)g or nonresonantKpg decays. We measure a
isospin asymmetry that is consistent with zero; with the c
rent precision, our result agrees with both the SM predict
and new physics scenarios which have the opposite sign.
the partial rate asymmetry betweenCP conjugate modes, we
obtain a result which is also consistent with zero. For both
these asymmetries, the systematic errors are much sm
than the statistical errors, and hence we can expect fur
improvements with larger data samples.
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