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We report the observation of the radiative decay B* — K,(1270)" y using a data sample of 140 fb~!
taken at the Y(4S) resonance with the Belle detector at the KEKB e* e~ collider. We find the branching
fraction to be B(B* — K,(1270)"y) = (4.3 = 0.9(stat.) = 0.9(syst.)) X 107> with a significance of
7.30. We find no significant signal for B* — K;(1400)*y and set an upper limit B(B* —
K(1400)*y) < 1.5 X 1072 at the 90% confidence level. We also measure inclusive branching fractions
for B = K*#* 7w~y and B* — K°7" 7~y in the mass range 1 GeV/c?* < My+0,+,- <2 GeV/c%
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Radiative B decays that occur through the flavor chang-
ing neutral current process b — sy have been one of the
most sensitive probes in the search for physics beyond the
standard model (SM). The first observed exclusive radia-
tive decay mode was B — K*vy [1,2]. The second mode
was B — K3(1430)y, for which evidence was reported by
CLEO and Belle [1]. Theoretical predictions for the
branching fractions of the unobserved exclusive decays
can be found in Refs. [3,4]. The modes B — K,;(1270)y
and B — K;(1400)y (K; — Krr) can be used to measure
the photon helicity, which may differ from the SM predic-
tion in some models beyond the SM [5]. The neutral mode
B° — K(1270)%y, K,(1270)° — K% p° would also be use-
ful to measure time-dependent CP violation that may arise
from new physics [6].

In this Letter, we report the observation of B* —
K,(1270)* y, which is the first radiative B meson decay
mode that involves an axial-vector resonance. We study
radiative decays in the K¥ 7" 7~y and K7 " 7y final
states, where we search for resonant structure in the
Kot 7~ system [7]. We also report inclusive measure-
ments of B" = K*7 7~y and B — K°7* 7y, and
the results of a search for B¥ — K,(1400) " y. The analysis
is based on a data sample of 140 fb~! (152 X 10° BB
pairs) taken at the Y(4S) resonance with the Belle detector
at the KEKB e*te™ collider [8].

The Belle detector consists of a three-layer silicon vertex
detector (SVD), a 50-layer central drift chamber (CDC), an
array of aerogel threshold Cerenkov counters (ACC), a
barrel-like arrangement of time-of-flight scintillation

PACS numbers: 13.20.He, 14.40.Nd

counters (TOF), and an electromagnetic calorimeter com-
prised of CsI(Tl) crystals (ECL) located inside a super-
conducting solenoid coil that provides a 1.5 T magnetic
field. An instrumented iron flux-return (KLM) for Kg and
muon identification is located outside of the coil. The
detector is described in detail elsewhere [9].

The photon candidate is the highest energy photon clus-
ter measured with the barrel ECL (33° <6, <128° in
the laboratory frame). In order to reduce the background
from 7°/n — y7y decays, we combine the photon candi-
date with all other photon clusters in the event with en-
ergy greater than 30 MeV (200 MeV) and reject the event
if the invariant mass of any pair is within =18 MeV/c?
(+32 MeV/c?) of the nominal 77° () mass. These corre-
spond to =30 windows, where o is the mass resolution.
We refer to this requirement as the 7°/7 veto.

Charged tracks are required to have momentum in the
center-of-mass (c.m.) frame greater than 200 MeV/c¢ and
to have an impact parameter relative to the interaction
point of less than 5 cm along the positron beam axis and
less than 0.5 cm in the transverse plane. The charged kaon
candidate is identified using a likelihood ratio combining
the information from the ACC, TOF, and CDC subdetec-
tors; the remaining charged particles in the event are used
as pion candidates, unless the track has been identified as
an electron, muon, or proton.

For neutral kaons, we use Kg — vt~ candidates that
have invariant masses within =30 MeV/c? of the nominal
Kg mass and a c.m. momentum greater than 200 MeV/c.
The two pions are required to have a common vertex that is
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displaced from the interaction point. The Kg momentum
direction is also required to be consistent with the K9 flight
direction.

In order to study B — K,y (K| — Kmm), we first re-
construct B — K7 7~ 7y inclusively, without any require-
ment for the structure of the K77~ system. We select
K77~ combinations in the mass range 1 GeV/c? <
Mg+ <2 GeV/c?. Given the K7 7~ system and the
photon candidate, we identify B meson candidates using
two independent kinematic variables: the beam-energy

constrained mass My, = \/(E{’;eam /c*)? — |pg/cl* and the
energy difference AE = Ey__ + E, — E; .., Where Ej,

Kmr beam? beam
E3

is the beam energy and pj is the momentum of the B
candidate in the c.m. frame [10]. The B momentum is

calculated as pj = pr., + % X (Efeum — Exnn) in order

to improve the M. resolution. We select B candidates
within  —0.1 GeV < AE <0.08 GeV and M, >
5.2 GeV/c?. If there exist multiple candidates, we choose
the candidate with the highest confidence level for the
K™ 7t~ vertex fit (w7~ vertex in the neutral case).
The dominant background comes from hadronic contin-
uum (ete” — g, g = u, d, s, ¢). To suppress this back-
ground, we use two variables: the B flight direction
(cosfy) and a Fisher discriminant [11] built from a set of
shape variables [12]. For signal, the B flight direction
follows a 1 — cos?6}, distribution while that of ¢ is nearly

uniform. The likelihood function L?EIS:)B is modeled as a
second (first) order polynomial for the signal (continuum
background) from Monte Carlo (MC) samples. For the
shape variables, we use 16 modified Fox-Wolfram mo-
ments [13] calculated for the following groups of particles:
(1) particles that form the signal candidate, (2) the remain-
ing charged particles, (3) the remaining neutral particles,
and (4) a hypothetical particle for the missing momentum
of the event. The Fisher discriminant is obtained from these
moments and the scalar sum of the transverse momentum.
The likelihood function LY is modeled as a bifurcated
Gaussian function both for the signal and the continuum
background from MC samples.

These likelihood functions are then combined to
form RS — Lgosa;; LI;isher/(Lgose;; £gisher + £;059; £gisher).
We determine the R requirement by maximizing
Ng/+/Ng + Ng, where Ng and Ny are the expected number
of the signal and background events, respectively, in M, >
5.27 GeV/c?. For this purpose, we use B — K;(1270)y
and B — K,(1400)y signal MC simulated data, assuming
all the B — K,y branching fractions are 1 X 107>, We find
R >0.9 is the optimal requirement. This requirement
retains 47% of the signal events while rejecting 98% of
the continuum background events.

The signal yields for B— K=" 7~ vy are extracted from
a binned maximum likelihood fit to the M, distribution. In
addition to the continuum background, we consider four B

decay background sources: known B decays through the
b — c transition (referred to as the b — ¢ background),
hadronic B decays through the b — u, d, or s transitions
(charmless background), B — K*vy background, and radia-
tive b — s decays to final states other than K"y and
Kmt 7w~y (other b — sy background). To suppress the
B — K"+ background, we reject the event if AE and M,
calculated from either Kwy combination satisfy
—0.2 GeV<AE<0.1 GeV and M,. > 5.27 GeV/c>.
The signal My, distributions are each modeled as a
Gaussian function; its width is fixed using a data sample
of B — D(— Kmr)m decays, treating the primary pion as
a high energy photon. The shapes of the background M,
distributions are determined using large MC samples. We
find that the sum of the continuum and b — ¢ backgrounds
is described by an ARGUS function [14], a smooth func-
tional form that has a kinematic threshold at half of the
center-of-mass energy. Charmless decays, B — K", and
other b — sy decays are modeled as a sum of an ARGUS
function and a Gaussian function. The normalization of the
continuum plus b — ¢ background is floated in the fit; the
normalization of the other three components are fixed in
the fit.

The fit result is shown in Fig. 1. For the B™ —
K* 77~y mode, we obtain 318 *+ 22 events with a sig-
nificance of 160, where the significance is defined as

J=2In(Ly/ L), and L., and L denote the maximum

likelihoods of the fit with and without the signal compo-
nent, respectively, and the significance includes systematic
error. Similarly, we obtain 67 £ 10 events with a signifi-
cance of 8.3¢ for the B* — K7 7~y mode.

The systematic uncertainty related to the fitting proce-
dure is estimated in the following way. We vary the width
and the mean of the signal Gaussian by the error of the B —
Dt calibration sample. We vary the ARGUS parameter of
the continuum plus b — ¢ background by the errors from
fits to the MC sample and to a data sideband region defined
as 0.1 GeV < AE < 0.5 GeV, then we take the quadratic
sum of those errors. The B — K*7y component is varied by
the branching fraction uncertainty. The normalization of
the other b — sy background component is varied within
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FIG. 1. M, distributions for B" — K" 77" 77~y (left) and B® —
K77~y (right). Curves show the continuum plus b—c
background component (dot-dashed), total background (dotted),
and the total fit result (solid).
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its respective uncertainty, estimated from the uncertainties
in the total b — s branching fraction [15] and the fraction
of K" 7~y in the sy final state [16]. For the charmless
background we vary the normalization by *100%. We also
assign the uncertainty due to a possible fit bias as the error
of the fit to the signal MC sample. The total fitting errors
are 53% (12%) for the B* =K 'w 7~y (B'—
K7t 7~ y) mode.

In order to decompose intermediate resonances that may
be involved in the K" 7+ 7~ final state, we perform an
unbinned maximum likelihood fit to the My, and Mg+ .+ -
distributions of the B — K* 7" 7~y candidates. There
are many possible resonances that can contribute:
K,(1270), K,(1400), K3(1430), K*(1410), K*(1680), and
so on. We consider the first three resonances, and include
an additional nonresonant B* — K" 77" 77~y component.
The B — K;(1430)y component, which is already mea-
sured, is fixed in the fit. We model the Mg+ .+, distribu-
tion of the K;(1270) resonance as a sum of three decay
chains, K;(1270)" — K*p°, p* — 7t 7~ K,(1270)" —
K¥7", K — K*7; and K(1270)" — K;(1430)° 7,
K;(1430)° — K" 7. The Mg+ ,+ - distribution for each
decay chain is described by convolving the two relativistic
Breit-Wigner functions of the resonances in the decay
chain. The Mg+ .+,- distribution of the K;(1400) reso-
nance is modeled with a single decay chain, K,(1400)" —
K%7*, K**— K*7~. The Mg+, distributions of
other b — s7, nonresonant B* — K* 7" 7~ v, and con-
tinuum plus b — ¢ backgrounds are modeled using the
function (py + p1x)exp(p, + p3x + psx?), where x =
Mg+ p+n, and p; (i =0...4) are empirical parameters
that are determined from MC samples.

In order to enhance the K,(1270) component, we select
events with 7t7~ mass in the p° mass region,
0.6GeV/c2<M,.<0.9GeV/c? [B(K,(1270) — Kp) =
(42 = 6)% being much larger than B(K,(1400) — Kp) =
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FIG. 2 (color online). M, distribution for 1.2 GeV/c? <
Mg+ v - < 1.4 GeV/c* (left) and Mg+ .+, distribution for
My >5.27 GeV/c? (right) of the K,(1270)" y enriched sample
with 0.6 GeV/c? < M, < 0.9 GeV/c?. Curves show the pro-
jections of the fit results for the continuum plus b — ¢ back-
ground component (dot-dashed), total background without and
with the K;(1430)"y component (dotted and dashed, respec-
tively), K;(1270)" y (thin solid line) and K, (1400)" v (hatched)
components, and the sum of all components (thick solid line).

(3 = 3)% [17]]. The fit result is shown in Fig. 2. We find
102 = 22 events for the B™ — K,(1270)*y component
with a significance of 7.3, while we fix the yields of the
K"y, other b — s7y, and charmless background compo-
nents to be 2.3, 10.2, and 2.0 events, respectively.
Similarly, we select the events with the K™ 77~ mass in
the K*0 mass region, 0.8 GeV/c?> < My, < 1.0 GeV/c?,
in order to enhance the K,;(1400) component
[B(K,(1400) — K1) = (94 = 6)% being much larger
than B(K,;(1270) — K*7) = (16 £ 5)% [17]]. We find
23 + 26 events for the B* — K,(1400)"y component.
Since the K,(1400)*y component is not significant, we
set a 90% confidence level upper limit on the signal yield,
Ny, which is calculated from the relation || év"" L(n)dn =
0.9 (& L(n)dn, where L(n) is the likelihood function with
the signal yield fixed at n.

The systematic uncertainty related to the fitting proce-
dure includes the same contributions as for the K" 7+ 7~
fit. The sub-branching fractions for the K,(1270) and the
branching fraction for the K5(1430)y as well the uncer-
tainties in these quantities are taken from Ref. [17] and
included in the fitting procedure. We also assign the un-
certainty due to incorrectly reconstructed signal events,
which is determined from a MC study. The total unbinned
fitting errors are 20% (32%) for the B — K;(1270)*y
[BY — K;(1400)" v] mode.

The reconstruction efficiency is obtained from the signal
MC samples. For the inclusive measurement, we calculate
the efficiency using the K;(1270)*y and K* 7+ 7~y non-
resonant MC samples, and weighting according to the
measured ratio of yields in those modes [K;(1400)"y
and K3(1430)* vy contributions are neglected]. We assume
the same ratio for the B — K77~y efficiency. We
estimate the systematic errors due to photon detection
(2.8%), tracking (1% per track), charged particle identifi-
cation (0.5% per particle), Kg reconstruction (4.5%) and
the likelihood ratio and 77°/n veto (6.1% for K* w7~ vy,
3.2% for K7 7~ y). The total efficiency error is 7.6%
(6.6%) for the B - K'wtm y (B"— K7 7 )
mode.

Using the signal yield and efficiency we find

B(BT — K,(1270)"y) = (4.3 £ 0.9 £ 0.9) X 1077,
(1)

where the first (second) error is statistical (systematic)
assuming that the production of B* and B® in Y(4S) decays
is equal. We also measure the inclusive branching fractions
of B— Kt 7~ given in Table 1. We find that B(B* —
K" 7t 7~ ) is consistent with the previous measurement
with a significantly improved error [18]; the neutral one is
measured with a similar branching fraction.

Similarly, we perform an unbinned maximum likelihood
fit to the B®— K°7* 7~y candidates to decompose
K(1270)° and K,(1400)°. Because of the limited statistics
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TABLE I. Yields from fits, detection efficiencies, branching fractions with statistical and systematic errors, and significances. The
K,(1270) and K,(1400) are reconstructed as K7 77~ states which come through their subdecay channels.

Yield Efficiency Branching Fraction (B) Significance
BT — K (1270)*y 102 = 22 (1.56 = 0.12)% (4.3 0.9 *+0.9) x 107 730
BY — K,(1270)°y 15.0ié92‘1 (0.34 = 0.02)% <5.8 X 1073 cee
BT — K, (1400)*y 23 £ 26 (2.68 = 0.20)% <1.5%X 1073
BY — K,(1400)°y —7.871%3 (0.61 = 0.04)% <1.2X 1073
Bt —>K'nmtm vy 318 =22 (8.36 = 0.64)% (2.50 = 0.18 £0.22) X 107> 160
B> K07 7y 67 £ 10 (1.82 £ 0.12)% (24 +04+03)x107 830

we do not obtain a significant result and set only upper
limits.

To conclude, we observe a new radiative decay mode,
B* — K,(1270)" vy, with a branching fraction of (4.3 +
0.9(stat.) * 0.9(syst.)) X 107, which is larger than theory
predictions (0.5 ~2.0) X 1075 [3,4]. The rates for B —
K,(1270)y and B — K,(1400)+y are sensitive to the mag-
nitude and sign of the K;(1270) — K,(1400) mixing angle.
The large rate for BY — K(1270)" vy compared to Bt —
K,(1400)* ¥y may be explained by a positive mixing angle
[4]. This measurement of B — K;(1270)y shows that in
the future it will be possible to determine the photon
helicity using B — Ky, K;— K77 and that time-
dependent CP violation using B°— K,(1270)"y,
K,(1270)° — K9%p° decays can also be studied. We also
measure similar branching fractions for the inclusive de-
cays BY — KT 7" 7~y and B — K7 7~ y. The latter
is measured for the first time.
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