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We report measurements of the radiative deBayK* y. The analysis is based on a data sample containing
85.0x 10° B meson pairs collected by the Belle detector at the KEKB storage ring. We measure branching
fractions of B(B°—K*0y)=(4.01+0.21+0.17)X 10 ® and B(B*—K* *y)=(4.25-0.31+0.24)X 10 ®,
where the first and second errors are statistical and systematic, respectively. The isospin asymmetry between
BY andB " decay widths is measured to Bg, = +0.012+0.044+0.026, assuming an equal production rate
for B°B? andB*B~ pairs from theY (4S) resonance. We search for a partial rate asymmetry bet@den
conjugate modes, and fin.p(B—K* y) = —0.015+ 0.044+0.012.

DOI: 10.1103/PhysRevD.69.112001 PACS nuntder13.40.Hq, 14.40.Nd

. INTRODUCTION double-ring asymmetric-energy e~ storage ring (3.5 GeV

One decade after the first observation of exclusie ©N 8 GeV)[4]. We also use an off-resonance data sample of
—K* y decays by CLEO in 199RL], this process continues 8.3fb ! collected at a center-of-mags.m) energy that is
to be a subject of considerable interest for its sensitivity td0 MeV below theY (4S) resonance. _
the physics beyond the standard motM). These decays The Belle deteqtor is a Iarge—solld—a_n.gle magnetic spec-
proceed through a loofpenguin diagram, to which high- trometer that consists of a three—layer silicon vertex detector
mass particles postulated in extensions to the SM may corlSVD), a 50-layer central drift chambe€DC), an array of
tribute with a sizeable amplitude. The size of the decay rat@erogel threshold Cherenkov count¢/CC), a barrel-like
itself, however, provides only a mild constraint on such ex-&rangement of time-of-flight scintillation counte§OP),
tensions, because SM predictions for exclusive rates sufféind an electromagnetic calorimet@€CL) comprised of
from large (~30%) and model dependent form factor uncer-CS_KTl) crystals located inside a superconducting solenoid
tainties[2]. Of more interest are asymmetries, where theoret€0il that provides a 1.5-T magnetic field. An iron flux-return
ical uncertainties largely cancel. The isospin asymmetry belocated outside of the coil is instrumented to detéftme-
tween the charged and neutrBl—K*y decay widths is sons and to identify muorn&LM ). The detector is described
predicted to bet+5 to 10% in the SM, while in some SM in detail elsewherg5].
extensions it may have an opposite sj@h A measurement
of the partial rate asymmetry betwe&P conjugate modes
is another interesting subject; here the SM expectation is IIl. SIGNAL RECONSTRUCTION
much less than 1% and any large asymmetry would be an The analysis is performed by reconstructBigieson can-
indication of non-SM effei:ts. In thls_ report, we present NeWgiqates that include a high energy primary photon amd+a
measurements of thg— K™ y branching fractions, and is0s- egonance reconstructed in one of four final stakesm
pin and charge asymmetries. K37, K7™, andK ™ #°. Here and throughout this report,
K* denotes th&* (892), and the inclusion of charge conju-
gate modes is implied unless otherwise stated.

Photon (y) candidates are reconstructed from isolated

The data sample used in this analysis contains (85.glusters in the ECL that have no corresponding charged
+0.5)x 10° B meson pairs, corresponding to an integratedrack, and a shower shape that is consistent with that of a
luminosity of 78 fb %, collected at thér' (4S) resonance by photon. The photon energy is calculated from the sum of

the Belle detector at the KEKB storage ring. KEKB is a energies in crystals with more than 0.5 MeV energy depos-
ited around the central cell. Photons in the energy range

1.8 Ge\ E’;<3.4 GeV in the barrel region of the ECL
*On leave from Fermi National Accelerator Laboratory, Batavia, (33°< #,<128°) are selected as primary photon candidates
lllinois 60510. from B decay; hereE’; is the photon energy in the c.m. frame
TOn leave from Nova Gorica Polytechnic, Nova Gorica. and 6, is the polar angle in the laboratory fram@Ve use

II. DATASET AND APPARATUS
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variables calculated both in the c.m. frame and laboratory 5¢4). These variables are combined as follows: FﬁlﬁKg)
frame: variables defined in the c.m. frame are labeled with an- g 5 Gevk, §z<8 mm, §r>0.5 mm, ands$<0.3 rad are
asterisk) In order to reduce the backgrounds frarfl and » required; for 0.5 GeW< p(Kg)<1.5 GeVk, 8z<18 mm,
mesons from continuum light quark-pair productia’€”  5r>0.3 mm, 5¢<0.1 rad, and >0.8 mm are required; and
—qq, g=u,d,s,c), we impose two additional requirements for p(Kg)>1.5 GeVk, 6z<24mm, 6r>0.2mm, d¢
on the primary photon. One is the explicit removakd (7) <0.03rad, and>2.2 mm are required. This set of criteria
candidates by requiring the invariant mass of the primaryetains about 80% of the signﬁlg_
photon and any other photon with an energy greater than We form aB candidate from a primary photon candidate
30 MeV (200 MeV) to be outside of a window of and aK* candidate, which is & 7 system with an invariant
+18 MeV/c? (=32 MeV/c?) around the nominalt® ()  massM (K ) within =75 MeV/c? of the K* mass. In order
mass. These correspond t030 windows, whereo is the  to separate th®& candidate from backgrounds, we form two
mass resolution. This set of criteria is referred to asithey kinematic variables: the beam-energy constrained rivags
veto. The other requi_rement _is the_removal of the clusters: \/(E;eanlcz)z_mg/dz and the energy difference\E
that are not fully gonastent.wnh an isolated electro.njagr.lenc: EX —Ef,,., whereEX,, . is the beam energy, ari, and
shower. We require the ratio of the energy deposition in 3-, .
X 3 cells to that in 55 cells around the maximum energy "B a.re thg energy and momentum, respectlvely, of Bhe
ECL cell of the cluster Eqp5) to be greater than 0.95, which candidate in the c.m. frame. Ttle enelgy is calculated as
retains 95% of the signal photons. Eg =E% +Eg. ; the momentunpg is calculated without us-
Charged pions£*) and kaonsK*) are reconstructed as ing the absolute value of the photon momentum according to
tracks in the CDC and SVD. The tracks are required to origi-
nate from the interaction region by requiring that they have sp ok (94 N .
radial impact parameters relative to the run-averaged mea- P =Pyx mx(Ebeam_ Exx), @
sured interaction point of less than 1.5 cm. We determine the Py

pion (L) and kaon L) likelihoods from the ACC re- since theK* momentum and the beam energy are deter-
sponse, the specific ionization £/dx) measurement in the mined with substantially better precision than that of the pri-
CDC and the TOF flight-time measurement for each trackmary photon.

and form a likelihood ratid i, =Ly /(L ,+ L) to separate We useM . as the primary distribution to extract the sig-
pions and kaons. The ACC covers the momentum range frorpg| yield. For modes without &°, we use a Gaussian func-
~1 to 3.5 GeVt in the laboratory frame and is the most tion with a width of (2.73:0.04) MeV/[c? to model the sig-
sensitive device to separate kaons and pions fBomK* y  nal: for modes with ar®, we use an empirical formula to
decayS, while the TOF covers up to 1.2 Ge\dnd the CDC reproduce the asymmetric ECL energy respmwn as
covers up to 0.8 Ge\/ with a small additional contribution the Crystal Ball line shap§6]), whose effective width is
above 2 GeWe. We requireLy,,>0.6 for kaons, which (3.35+0.10) MeV/ic?. The peak positions and widths are
gives an efficiency of 86% for kaons, ard,,<0.9 for  primarily determined using Monte Carl®C) samples, and
pions, which gives an efficiency of 96% for pions. In addi- corrected for the measured differences in the beam energy
tion, we remove kaon and pion candidates if they are consisgnd its spread between data and MC using a— D%~
tent with being electrons based on the ECL, CDC, and ACGample. TheAE signal distribution also has a large tail on
information. the negativeAE side due to the asymmetric ECL energy
Neutral pions °) are formed from two photons with response. For the modes without8, we use a Crystal Ball
invariant masses withir- 16 MeV (30’) of the 7TO mass; the line Shape; for the modes with ﬁO, we convolve an addi-
photon momenta are then recalculated witirmass con-  tional Gaussian resolution function to describe a broader
straint. TheﬂTo mass resolution is better than that for the width and add a broad Gaussian Component for the small tail
7°/ 7 veto where the photon energies are highly asymmetricin the positiveAE side. These shapes are determined using
We require each photon energy to be greater than 50 Me\uC samples. We select candidates wit200 MeV<AE
and the cosine of the angle between the two photons-100 MeV to accommodate the asymmetidE  signal
(cosé,,) to be greater than 0.5. This angle requirement iSshape. We define aAE sideband as 100 Me¥AE
almost equivalent to selecting”s with momentum above 400 MeV, where no signal is expected, to study Mg,
0.5 GeVk; it retains about 90% of the signat®s while distribution of the background. There is no background that
rejecting 43% of ther® candidates in the background. makes a peak in thisAE sideband. We requireM,
Neutral kaonsKg) are reconstructed from two oppositely >5.270 GeVt? when theAE distribution is examined. We
charged pions that have invariant masses withibO MeV  define 5.227 GeW?<M,.<5.263 GeVt? as anM,, side-
(30) of theK2 mass; the pion momenta are then recalculatedband that is used to study theE distribution of the back-
with a Kg vertex constraint. We impose additional criteria ground.
based on the radial impact parameters of the pidin3,(the
distance between the closest approaches of the pions along IV. BACKGROUND SUPPRESSION
the beam directiondz), the distance of the vertex from the _
interaction point (), and the azimuthal angle difference be- ~ The main background source is continugi production
tween the vertex direction and m@g momentum direction including the initial state radiation processe —qqy. We

>

*
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reduce this background by exploiting the topological event ' 3_(1')) Ko 330

shape differenced8 meson pairs decay almost at rest in the i st iiﬁ

c.m. frame and thus the final state particles are distributec 3 315
. . — . L a4 N
nearly isotropicallygq pairs are produced back to back with S 3 {10 S
multi-GeV/c momenta in both hemispheres and, thus, tend to2 e g 2
be more two-jet like. = - (d) K3y e
We define a Fisher discriminaE) [7] from modified 8 3 :i 8
Fox-Wolfram moment$8], H 1 H E
wui L . jo uw

4 | 3
_ S0 SO 2 00 0 zonzz) I] I’ HI' ;
F_a2R2 +a4R4 +I:l :8|RI ’ (2) 52 522 524 526 528 52 522 524 526 528 53

Beam-energy constrained mass (GeV/c’)

Whe'fe“' ’ ,8|_arg cpeff!ments that are sele_cted to provide the FIG. 1. Fit results for the beam-energy constrained mass distri-
maximum discrimination between the signal and the con;

. - bution for the(a) K" 7y, (b) K37y, (c) K" 7%y, and(d) K27y
g?;%rgﬁ:sgkagsround' The modified Fox-Wolfram momentsmodes_ The sum of the signal and the background components are

shown in the solid curves, while the dotted and dashed curves rep-
resent the total backgrounds and Bi@ecay backgrounds, respec-

iEy p{1Ip|Pi(cosh,) tively.
so__ '
R™= -, ' The value ofL, ranges between 0 and 1. We optimize
= Ipillp% the minimum £, requirement to provide the largest value
of Ng/VNg+Ng, whereNg andNg are the expected signal
. and background yields for 8501L0° B meson pairs assum-
Z IpillpjIPi(cosb))) ing previously measureB— K* y branching fraction values
RP°= ) , () [9-11]. Although there is a slight mode dependence in the
z |5i,||5j,| optimal value, we apply the same requiremety,,.>0.65,
]

which is close to the optimal point for each mode. This re-

quirement retains 73% of signal events while rejecting 90%
where the indices, j indicate the charged trackwith a 7+ of continuum background events.
mass hypothesisand photons that are not used to formBie  The remaining continuum background is distinguished by
candidate, and the index corresponds to the primary pho- fits to the M distribution. The continuum background is
ton. The variable®; and¢;,, are the opening angles between modeled with a threshold functiotknown as the ARGUS
two momentum vectors, anig, is thelth Legendre polyno- function[12)),
mial function. The momentaﬁ(’) and angles 4’) are cal-
culated in the candidat8 rest frame(denoted as primed M e )2
variables, since the selection efficiency with this variable feonf Mped) =N X M X 1-| ——
has a smaller correlation witM . than that calculated in the Ebeam

2
. ; - H )

c.m. polar angle of the candidaBeflight direction, cog/ .
The cosf distribution is 1-cogé for B production from
e"e"—Y(4S), and is found to be flat for the continuum where N is a normalization factor and is an empirical

Mbc

*
beam

c.m. frame.
As an additional discriminant, we use the cosine of the Xexp{ 1—

background. shape parameter. We determine the shape parameter from the
We combine these two discriminants into a likelihood AE sideband data, since there is no significant difference
ratio, between the background shapes in &fe sideband and the
signal region for off-resonance data and MC events. The re-
r :i sults are consistent for data and MC, and for the different
Nt o+ Lg’ B—K* vy channels. We use the same background shape pa-
rametera for all the B— K* y channels. FOAE, the back-
Ls=PEXPY®,  Lg=PExP§®®, (4 ground shape is parametrized as a linear function and deter-

. ] ) mined fromM . sideband data.

where P™ and P°>*® are the probability density functions  Background contributions frorB decays are significantly
(PDP) for the Fisher and th@ flight direction, and the indi-  smaller than that from continuum events. Major contribu-
cesSandB denote the signal and background. R§f°®and  tions are from cross feeds between charged and neBtral
P B, we use3 (1—cosds) ands, respectively. FOPS and . K* y decays,B— (K* 7+Kp)y [13], B—K*  [14] and
PE, we model the shape by fitting the signal and continuunthe unmeasured modg— K* 70 [15] for which we assume
background MC distributions with asymmetric Gaussianhalf of the upper limit as the branching fraction with a 100%
functions for each of the fouB— K* y channels. error. These backgrounds peakiih,. around the signal with
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T 6 I_E‘o 450_"|"'|"'|"'|"'|"'|"'_"|'"|"'|"'|"'|"'|"'
(b) Kgrr*y 420 __400 (@) (Kn)’y 200
118 ‘0 350 )
= 10 s % 300 150 3
= ) 5 = Ezso E
P | oo AU s surore: - v avove i B 200 100 B
= (d) Kon"y-ﬁ = & 150 e
o " his @ 2 100 50 &
2 5 E B0 AN 5
w ET of= et bt
1 08 1 12 1416 1.8 08 1 12 14 16 1.8 2
02 . 0'4 0 Kr invariant mass (GeV/c")

Energy difference (GeV) FIG. 3. Fit results for the 7 invariant mass distributions for

the (@ sum of K" 7~y andK 2%y, and (b) sum of K27 "y and

. FIG. 2. Fit results for theAE distributions. The sum of the K* 7% channels. The sum of the signal and the background com-
signal and the background components are shown in the 50“%

. onents are shown in the solid curves, while the dotted curves rep-
curves, while the dotted and dashed curves represent the total back-
; sent the background components.
grounds and th®& decay backgrounds, respectively.

a 5||ght|y |arger tail, and have a broad peaWE at negative Comparison with théM be results. The fit result for each mode
values. We also consider othBrdecay backgrounds that are is in agreement with th®l . result as given in Table I. In this
less significant due to their small branching fractions, due t@nalysis, theAE distribution is not as reliable ad, since
the suppression by the kaon identification requirement, owe have to consider a wideE range where the background
because they do not peak My,.. We model thes® decay contribution fromB decays is larger than that féd,., and
backgrounds with a smoothed histogram generated from AE shapes for both signal and background may have large
large MC sample. uncertainties that are not fully evaluated due to lack of suit-
able control samples. Thus we base our signal yields on the
M pe fits.

The M (K ) invariant mass spectrum, before applying the

We extract signal yields in each of the four final states|M (K ) —M«|<75 MeV/c? requirement, gives discrimi-
using a one-dimensional binned likelihood fit. Thi,; dis- nation of theK* signal from resonances such l&3(1430)
tributions are modeled as a sum of three components: thgnd K*(1410), or a nonresonaitzy component. In order
signal, the continuum background and tBedecay back- to examine the spectrum, we divide the data beMK )
grounds that are described in the previous sections. Figure £2.0 GeVk? into 50 MeV/c? wide bins and extract the sig-
shows the result of the fits; clear signals are seen in all foupa| yield for each bin from a fit to thil .. distribution, using

final states. The size of th& decay background component, the same fitting procedure described above. We vetdthe
which is seen as a slight enhancement of the backgrouninq_ﬁ and D%— K970

m° contributions fromB°%—D%#°
shape under the signal peak, is fixed in the fitting procedure. ~ —, 0 S .
We vary theB decay background components by the errors2nd B —~D’n backgroijgds by requiringM (K ) —M po|
on their branching fractions to evaluate the systematic error 20 MeV/c® for the K* "y modes. OtheB decay back-
due to their uncertainties. We also vary the continuum backdrounds that may peak ik be A1 included as a background
ground shapeE?,, ., the B meson mass, and thd,. reso- component in each f|.t. A fit is thell periormed to the
lution by their errors to evaluate the systematic errors on th& (K7) spectrum using a sum oK*, K3(1430) and
signal and background PDF’s. We use a quadratic sum of the

V. SIGNAL EXTRACTION

variations in the signal yield with these tests as the system- E Tt E
atic error on the signal yield. 805_ K’y combined E
A similar fitting procedure is performed for theE dis- ~ 1= E
tributions as shown in Fig. 2. ThEE yields are obtained by g 80F E
integrating the fit results from-0.2 to 0.1 GeV to allow a = ig? 3
o 405 =
TABLE |. Summary of the signal yields. '§ 30%- 3
E 20 .
Mode M e AE M(K ) 105 =
Ktom y 450.1+24.2+6.1 453.2-27.4 0|: ) o r———— =
K3m0y 23.8+6.4+1.0 23.2:6.2 -1 0.5 0 0.5 1
Kerty  145.0:13.7+3.6  147.815.4 COSOnel
K* 70y 129.1+14.7+5.5 120.0-14.8 FIG. 4. Fit results for the cosine of the helicity angle (6g9
K*0y 473.9-25.0+6.2 476.4-28.1 480.6-25.7 distribution for the sum of all fouB— K* y channels. The solid
K**y 274.1+20.1+6.6 267.8-21.4 270.919.9 line shows the sum of the signal and the flat component;her

112001-5
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TABLE Il. Reconstruction efficiencies and their systematic uncertainties.

Ktm y Kgn'+y K*mOy Kgﬂ'oy

Reconstruction efficiency (12.830.54)% (3.96:0.25)% (3.630.19)% (1.090.07)%

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%

K™ identification 0.3% 0.3%

7~ identification 0.3% 0.3%

K2 4.5% 4.5%
° 2.7% 2.7%
Leont 70 77 veto 1.8% 1.8% 1.8% 1.8%
M (K1) 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%

K*(1410) resonances and a nonresonant component withogiable I. Both theM (K =) and cos, distributions suggest

taking into account possible interference effects. The fit rethat the contributions from other resonances and nonresonant

sults are shown in Fig. 3. For these resonances, we use relacays can be neglected. We conclude that the signal yields
tivistic Breit-Wigner functions with the nominal masses andgptained with theM . fit are essentially entirely due B

widths convolved with a Gaussian resolution function. In_, k*  decays.
addition to theK* peak, we find a significankK’ (1430)
peak, while theK* (1410) component is consistent with zero.

The K* signal yields within the=75 MeV/c? window are VI. BRANCHING FRACTIONS
consistent with theM . results as given in Table I. In all . L S .
cases, the background contributions frdgf(1410) and The reconstruction efficiencies are primarily obtained

K% (1430) within theK* mass window are less than one from signal MC samples. The selection criteria are divided

event including their errors. The nonresonant contribution jnto ten categories, a_nd the systematic error for each of them

modeled with the inclusiveX, mass spectrum of Ref16] Is evaluated with an independent control sample. The results
) S 0 are summarized in Table Il

We find 5.9+ 2.3 and 6.4 1.9 events under the peak I&f

) The uncertainty in the photon detection efficiency is
* + 0, 0,
andK_ ' Co_rrespondlng to (120.5) ./° and (2.4 0'7)./0 Of. evaluated with a sample of radiative Bhabha events. For the
the signal yields, respectively. We include these yields int

; ; . I Q[racking efficiency, we quote an error from a comparison of
the systematic errors instead of subtracting the contribution . ’ h
Y g ﬁ‘@e partially reconstructed* " —D%r ", D—K2zr" a7

since they could also be due to a bias from other high mas

resonances such &s*(1680) that hardly contribute to the yleld_v_vith_the fully reconstructed one. For the charged kaon
K* mass peak identification, we evaluate the systematic error from a com-

The K* decay helicity anglefy, defined as the angle parison bit\iveenothti effiocienci_es+obtained fro+m Ifinematically
between the kaon and thg meson directions in the rest S€/€ctéd” =D a", D"—K 7" and¢—K K ~ decays
frame of theKm system, provides discrimination of the in data and MC. Slm_lle_lrly for the charged p+|on |dent|f|ca_1t|on,
spin-1 signal from other spin states. The éggdistribution, we compare the efﬂf'encﬁl f9r the sarde' © sample W'th.
shown in Fig. 4, is obtained by dividing the data into bins ofthat obtained fromKg— a7 Oto evaluate the systematic
0.1 in CoSthe and fitting theirM . distributions. TheB decay ~ €M7Or- The uncertainty in th&s reconstruction s obtalged
backgrounds that peak M. and follow a co86 structure ~ from- a comparison +begweenD —Kgm™ with D
due to the pseudoscalar to pseudoscalar-vector nature of theK in D**—D™ " decays. The uncertainty in the
decay are included as a background component in each fiT  reconstruction efficiency is evaluated from a comparison
The K* y signal has a * co@6, distribution. In order to  0f 7—7°7°7° to »—yy and »—=" = #° in data and
model a slight distortion due to nonuniform tracking, particleMC. The efficiencies for ther®/ 7 veto and the likelihood
identification andr%K reconstruction efficiencies, we use a ratio requirement are evaluated together, usirg-abD
fourth order polynomial function that is constrained to zerocontrol sample that includes the decay chann8ls
at costhe= = 1. We also add a flat component modified with —D°7~, D°~K 7" andB°~D*#~, D* =K n*#".
the same slight distortion, which turns out to be consistenWe calculateM . as we do forB—K* vy, i.e. without using
with zero. The fit result is in agreement with the spin-1 sig-the absolute value of the ™ momentum. For ther’/ » veto,
nal. we assume ther™ is a massless particle and scale the mo-

We obtain a consistent set of signal yields from threementum by a factor of 1.1 to make the average momen-
different distributionsM ., AE, M(K#) as summarized in tum equal that of the photons f&—K* y. We then com-
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TABLE Ill. Results for the signal vyields, efficiencies and B R S V- L
branching fractions ). $(b) Ky j§§
Signalyield  Efficiency B (x10°5) §§
K*0y 473.9£25.0£6.2 13.92-0.58 4.010.21+0.17 E :;0
K**y 274.1+20.1+6.6 7.59-0.39 4.25-0.31+0.24 iy I‘(o‘ ¥ :1 ‘Ko‘ e s
(K'm)y 450.1:242+61 1283054 413022:018 g 1 O "7 (@ Koy N
(K270 y 23.8+6.4+1.0  1.09-0.07 2.57-0.69+0.20 3 10 E EL
(Kq7r*)y  145.0:13.73.6 3.96-0.25 4.31+0.41+0.29 s 8 E g2
(K*7%y 129.1+14.7+55 3.63-0.19 4.19-0.48+0.28 8 3 3 E- R |
= 0 ]
o 18 () K’y ELT
bine this massless~ with all photon candidates and reject s I
the event if the samer® 5 veto criteria are satisfied, and 8 E
compare the results between data and MC control samples 2 . )y i fL"JIﬂJ‘ i :2
The effect of theM (K ) requirement is evaluated by taking (2, U f I “lum'l g
into account theK* form factor and the detector resolution 52 522 524 526 528 52 522 524 526 528 53
effects into the Breit-Wigner shape. Beam-energy constrained mass (GeV/c’)

Using these reconstruction efficiencies, we obtain the
branching fractions for each of the four modes as summa- FIG. 5. Fit results for the beam-energy constrained mass distri-
rized in Table 1Il. We add the signal yields and the efficien-butions for the search for partial rate asymmetry. The sum of the

cies for two modes of each of neutral and charBedecays signal and the background components are shown in the solid
and obtain curves, while the dotted and dashed curves represent the total back-

grounds and th® decay backgrounds, respectively.
*0,)— + + —5
B(B—K*"y)=(4.0120.21x0.17) x10°%, If we allow the B* to B® production ratio {, /fy) to
i . deviate from unity, the value &f, shifts approximately by
B(B—K*"y)=(4.2520.31+0.24X10°°,  (6)  1(f, /f,—1). The value off, /f,=1.044+0.050 in Ref.
[14] gives Ay, =+0.034£0.044(stat)- 0.026(syst)
where the first and the second errors are statistical and sys-0.025( , /f,). The conclusion above is therefore un-
tematic, respectively. We assume an equal production rate f@hanged, although the result is shifted closer to the SM pre-
B°B? andB*B~ from the Y (4S) resonance. diction.
The isospin asymmetry,

VIl. SEARCH FOR PARTIAL RATE ASYMMETRY
_(TB+/TBO)B(BO—>K*O)/)—B(B+—>K*+y)

0+ = o ow0 " T (7) We define the partial rate asymmetry betw&=R conju-
(7g+/750) B(B"—=K* ") + B(B" —K* "y) gate modesgexcept for thek 27°y mode as
is then calculated from these results. We use the world aver- _
age value ofrg+ /7go=1.086+0.017[14]. We assume that _(B—K*y)-T(B—K"y)
the systematic error on the ph%ton detectlon Cancels.. The cp I(B—K*y)+T(B—K*y)
systematic error on th€.,,. and 7"/  veto requirements is o
estimated to be 0.013 iy, from a comparison of th&° 1 « N(B—K*y)—N(B—K*vy) ©
andB™ subsets of th8—D#~ control sample. We find the 1—2w N(gﬂg* ¥)+N(B—K* ) '

systematic error due to th®l(K) requirement is negli-

gible. Correlations between the systematic errors for the

charged pion and kaon tracking and particle identificationwhereN is the signal yieldw is the wrong-tag fractionB
and ther® andK2 reconstruction efficiencies are taken into indicates eitheB® or B*, K* indicatesk*°(—K*#~) or
account. Systematic errors on the fitting procedures are a$(—**(—>K(S’7T+,K+7T°), andB, K* are their conjugates, re-

sumed to be uncorrelated. spectively.
The result is The wrong-tag fraction is negligible fa¢* *, and is very
small (0.9%) fork*? since bothm* and K~ have to be
Ay, =+0.012+0.044 stap = 0.02G6 sys9, (8)  misidentified ask ™ and 7, respectively. The wrong-tag

fraction is obtained from the signal MC; we neglect the small

which is consistent both with the SM prediction and no®rror on this fraction. o _
asymmetry. Although the systematic errors in the branching Possible detector and reconstruction biases are studied
fractions are almost as large as the statistical errors, the sy$ith an inclusiveK* sample. We compare the yield &*
tematic errors largely cancel iy, . andK* and find no significant difference in
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TABLE IV. Results of the partial rate asymmetry search.

K* mode N(B—K*7y) N(B—K*y) Acp
K¥ 0Kt 7™ 218.5-16.8+3.0 231.6:17.4+3.0 —0.030+0.055+0.014
K“%K%rr+ 79.2+10.0+1.9 65.8-9.4+1.9 +0.094+0.094+0.021
K**—K* 70 68.7-11.6:2.2 80.1-12.4+2.5 —0.078+0.113+0.028
Combined K**) +0.007+0.074-0.017
Combined(all) —0.015+0.044+-0.012
Wxy * errors improved by a factor of 2. THém mass spectra and
1 N(K™*)—N(K*) e P . !
Agx= = —. the decay helicity angle distribution in th€* mass region
(1=2wW) N(K*)+N(K*) (IM(Km)—Mg«| <75 MeV/c?) are consistent with the

) i i , dominance ofB— K* v without other contributions such as

We conclude there is no bias and asOS|gn systematic errors *(1410)y or nonresonanK my decays. We measure an
0.007 for K*°—K" 7~ and K* " —~Kgm", and 0.015 for jsospin asymmetry that is consistent with zero; with the cur-
K**—K*x° The systematic error on th€., and 7% 7 rent precision, our result agrees with both the SM prediction
veto requirements is estimated to be 0.007Ae from @  and new physics scenarios which have the opposite sign. For
comparison of thé8 andB subsets of th®—Da~ control  the partial rate asymmetry betwe€rP conjugate modes, we
sample. obtain a result which is also consistent with zero. For both of

We divide the data shown in each of Figga)t-(c) into  these asymmetries, the systematic errors are much smaller
CP conjugate modes. We fit thd . distributions for the six  than the statistical errors, and hence we can expect further
modes separately, using the same fitting procedure used improvements with larger data samples.
the branching fraction measurement. The fit results are
shown in Fig. 5 and summarized in Table IV. The errors on
the yield extraction are assumed to be uncorrelated. By as- ACKNOWLEDGMENTS
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