
UC Berkeley
UC Berkeley Previously Published Works

Title
Evidence for the decay B±→K*±π0

Permalink
https://escholarship.org/uc/item/9s22683h

Journal
Physical Review D, 71(11)

ISSN
2470-0010

Authors
Aubert, B
Barate, R
Boutigny, D
et al.

Publication Date
2005-06-01

DOI
10.1103/physrevd.71.111101

Copyright Information
This work is made available under the terms of a Creative Commons Attribution License, 
availalbe at https://creativecommons.org/licenses/by/4.0/
 
Peer reviewed

eScholarship.org Powered by the California Digital Library
University of California

https://escholarship.org/uc/item/9s22683h
https://escholarship.org/uc/item/9s22683h#author
https://creativecommons.org/licenses/by/4.0/
https://escholarship.org
http://www.cdlib.org/


PHYSICAL REVIEW D 71, 111101(R) (2005)

RAPID COMMUNICATIONS
Evidence for the decay B� ! K���0

B. Aubert,1 R. Barate,1 D. Boutigny,1 F. Couderc,1 Y. Karyotakis,1 J. P. Lees,1 V. Poireau,1 V. Tisserand,1 A. Zghiche,1

E. Grauges,2 A. Palano,3 M. Pappagallo,3 A. Pompili,3 J. C. Chen,4 N. D. Qi,4 G. Rong,4 P. Wang,4 Y. S. Zhu,4 G. Eigen,5

I. Ofte,5 B. Stugu,5 G. S. Abrams,6 A. W. Borgland,6 A. B. Breon,6 D. N. Brown,6 J. Button-Shafer,6 R. N. Cahn,6

E. Charles,6 C. T. Day,6 M. S. Gill,6 A. V. Gritsan,6 Y. Groysman,6 R. G. Jacobsen,6 R. W. Kadel,6 J. Kadyk,6 L. T. Kerth,6

Yu. G. Kolomensky,6 G. Kukartsev,6 G. Lynch,6 L. M. Mir,6 P. J. Oddone,6 T. J. Orimoto,6 M. Pripstein,6 N. A. Roe,6

M. T. Ronan,6 W. A. Wenzel,6 M. Barrett,7 K. E. Ford,7 T. J. Harrison,7 A. J. Hart,7 C. M. Hawkes,7 S. E. Morgan,7

A. T. Watson,7 M. Fritsch,8 K. Goetzen,8 T. Held,8 H. Koch,8 B. Lewandowski,8 M. Pelizaeus,8 K. Peters,8 T. Schroeder,8

M. Steinke,8 J. T. Boyd,9 J. P. Burke,9 N. Chevalier,9 W. N. Cottingham,9 M. P. Kelly,9 T. Cuhadar-Donszelmann,10

C. Hearty,10 N. S. Knecht,10 T. S. Mattison,10 J. A. McKenna,10 D. Thiessen,10 A. Khan,11 P. Kyberd,11 L. Teodorescu,11

A. E. Blinov,12 V. E. Blinov,12 A. D. Bukin,12 V. P. Druzhinin,12 V. B. Golubev,12 V. N. Ivanchenko,12 E. A. Kravchenko,12

A. P. Onuchin,12 S. I. Serednyakov,12 Yu. I. Skovpen,12 E. P. Solodov,12 A. N. Yushkov,12 D. Best,13 M. Bondioli,13

M. Bruinsma,13 M. Chao,13 I. Eschrich,13 D. Kirkby,13 A. J. Lankford,13 M. Mandelkern,13 R. K. Mommsen,13

W. Roethel,13 D. P. Stoker,13 C. Buchanan,14 B. L. Hartfiel,14 A. J. R. Weinstein,14 S. D. Foulkes,15 J. W. Gary,15 O. Long,15

B. C. Shen,15 K. Wang,15 L. Zhang,15 D. del Re,16 H. K. Hadavand,16 E. J. Hill,16 D. B. MacFarlane,16 H. P. Paar,16

S. Rahatlou,16 V. Sharma,16 J. W. Berryhill,17 C. Campagnari,17 A. Cunha,17 B. Dahmes,17 T. M. Hong,17 A. Lu,17

M. A. Mazur,17 J. D. Richman,17 W. Verkerke,17 T. W. Beck,18 A. M. Eisner,18 C. J. Flacco,18 C. A. Heusch,18

J. Kroseberg,18 W. S. Lockman,18 G. Nesom,18 T. Schalk,18 B. A. Schumm,18 A. Seiden,18 P. Spradlin,18 D. C. Williams,18

M. G. Wilson,18 J. Albert,19 E. Chen,19 G. P. Dubois-Felsmann,19 A. Dvoretskii,19 D. G. Hitlin,19 I. Narsky,19 T. Piatenko,19

F. C. Porter,19 A. Ryd,19 A. Samuel,19 S. Yang,19 R. Andreassen,20 S. Jayatilleke,20 G. Mancinelli,20 B. T. Meadows,20

M. D. Sokoloff,20 F. Blanc,21 P. Bloom,21 S. Chen,21 W. T. Ford,21 U. Nauenberg,21 A. Olivas,21 P. Rankin,21

W. O. Ruddick,21 J. G. Smith,21 K. A. Ulmer,21 J. Zhang,21 A. Chen,22 E. A. Eckhart,22 J. L. Harton,22 A. Soffer,22

W. H. Toki,22 R. J. Wilson,22 Q. Zeng,22 B. Spaan,23 D. Altenburg,24 T. Brandt,24 J. Brose,24 M. Dickopp,24 E. Feltresi,24

A. Hauke,24 V. Klose,24 H. M. Lacker,24 E. Maly,24 R. Nogowski,24 S. Otto,24 A. Petzold,24 G. Schott,24 J. Schubert,24

K. R. Schubert,24 R. Schwierz,24 J. E. Sundermann,24 D. Bernard,25 G. R. Bonneaud,25 P. Grenier,25 S. Schrenk,25

Ch. Thiebaux,25 G. Vasileiadis,25 M. Verderi,25 D. J. Bard,26 P. J. Clark,26 W. Gradl,26 F. Muheim,26 S. Playfer,26 Y. Xie,26

M. Andreotti,27 V. Azzolini,27 D. Bettoni,27 C. Bozzi,27 R. Calabrese,27 G. Cibinetto,27 E. Luppi,27 M. Negrini,27

L. Piemontese,27 A. Sarti,27 F. Anulli,28 R. Baldini-Ferroli,28 A. Calcaterra,28 R. de Sangro,28 G. Finocchiaro,28 P. Patteri,28

I. M. Peruzzi,28 M. Piccolo,28 A. Zallo,28 A. Buzzo,29 R. Capra,29 R. Contri,29 M. Lo Vetere,29 M. Macri,29 M. R. Monge,29

S. Passaggio,29 C. Patrignani,29 E. Robutti,29 A. Santroni,29 S. Tosi,29 S. Bailey,30 G. Brandenburg,30

K. S. Chaisanguanthum,30 M. Morii,30 E. Won,30 R. S. Dubitzky,31 U. Langenegger,31 J. Marks,31 S. Schenk,31 U. Uwer,31

W. Bhimji,32 D. A. Bowerman,32 P. D. Dauncey,32 U. Egede,32 J. R. Gaillard,32 G. W. Morton,32 J. A. Nash,32

M. B. Nikolich,32 G. P. Taylor,32 M. J. Charles,33 G. J. Grenier,33 U. Mallik,33 A. K. Mohapatra,33 J. Cochran,34

H. B. Crawley,34 V. Eyges,34 W. T. Meyer,34 S. Prell,34 E. I. Rosenberg,34 A. E. Rubin,34 J. Yi,34 N. Arnaud,35 M. Davier,35
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We have measured the process B� ! �K�� ! K��0��0 with 232 � 106 ��4S� ! BB decays col-
lected with the BABAR detector at the PEP-II asymmetric-energy B Factory at SLAC. From a signal yield
of 89 � 26 events we obtain the branching fraction B�B� ! K���0� � �6:9 � 2:0�stat� � 1:3�syst�	 �
10
6 with a statistical significance of 3.6 standard deviations including systematic uncertainties, and a
charge asymmetry of 0:04 � 0:29�stat� � 0:05�syst�.

DOI: 10.1103/PhysRevD.71.111101 PACS numbers: 11.30.Er, 13.25.Hw
Branching fraction andCP-asymmetry measurements of
charmless B-meson decays provide valuable constraints for
the determination of the unitarity triangle constructed from
elements of the Cabibbo-Kobayashi-Maskawa quark-
mixing matrix [1,2]. They test the accuracy of theoretical
models such as those based on QCD factorization [3] or
SU(3) flavor symmetry [4]. It has been argued that the
influence of final-state interactions like charming penguins
[5–7] and similar long-distance rescattering effects [8] on
both the branching fraction andCP asymmetry ofB! K�
decays may be significant. In this context, the decay B� !
K���0 is particularly interesting in light of recent mea-
surements of direct CP violation in the B0 ! K��� and
B� ! K��0 channels [9–11]. Comparison to the B� !
K�0�� decay mode [12] can provide information about the
dominance of penguin diagrams. Here we present a mea-
surement of the branching fraction B�B� ! K��892���0�
and its charge asymmetry

A CP �
N�B
 ! K�
�0� 
 N�B� ! K���0�

N�B
 ! K�
�0� � N�B� ! K���0�

based exclusively on B� decays to the K��0�0 final state.
The data used in this analysis were collected with the
BABAR detector [13] at the PEP-II asymmetric-energy
e�e
 storage ring at SLAC. Charged-particle trajectories
are measured by a five-layer double-sided silicon vertex
tracker and a 40-layer drift chamber located within a 1.5-T
solenoidal magnetic field. Charged hadrons are identified
by combining energy-loss information from tracking with
the measurements from a ring-imaging Cherenkov detec-
tor. Photons are detected by a CsI(Tl) crystal electromag-
netic calorimeter with an energy resolution of
�E=E � 0:023�E=GeV�
1=4 
 0:014. The magnet’s flux
return is instrumented for muon and K0

L identification.
The data sample includes 232 � 3 million BB pairs

collected at the ��4S� resonance, corresponding to an
integrated luminosity of 211 fb
1. It is assumed that neu-
tral and charged B-meson pairs are produced in equal
numbers [14]. In addition, 22 fb
1 of data collected at
40 MeV below the ��4S� resonance mass were used for
background studies. We performed full detector
Monte Carlo (MC) simulations equivalent to 460 fb
1 of
generic BB decays and 140 fb
1 of continuum quark-
antiquark production events. In addition, we simulated
111101
over 30 exclusive charmless B decay modes, including
1:2 � 106 signal B� ! K���0 decays.
B-meson candidates are reconstructed from one charged

track and two neutral pions. The charged track used to form
the B� ! K���0 candidate is required to have at least 12
hits in the drift chamber, to have a transverse momentum
greater than 0:1 GeV=c, and to be consistent with originat-
ing from a B-meson decay. Its signal in the tracking and
Cherenkov detectors is required to be consistent with that
of a kaon. The kaon selection algorithm is 70%–92%
efficient within the relevant momentum range, with a mis-
identification rate of less than 7%. We remove tracks that
pass electron selection criteria based on dE=dx and calo-
rimeter information. Neutral-pion candidates are formed
from two photons, each with a minimum energy of
0.03 GeVand a lateral moment [15] of their shower energy
deposition greater than zero and less than 0.6. The angular
acceptance of photons is restricted to exclude parts of the
calorimeter where showers are not fully contained. We
require the photon clusters forming the �0 to be separated
in space, with a �0 energy of at least 0.2 GeV and an
invariant mass between 0.10 and 0:16 GeV=c2.

Two kinematic variables, �E�E�
B


���
s

p
=2 and the beam

energy substituted mass mES �
��������������������������������������������������
�s=2�p0 �pB�2=E2

0
p2
B

q
,

are used for the final selection of events. Here E�
B is the B-

meson-candidate energy in the center-of-mass frame, E0

and
���
s

p
are the total energies of the e�e
 system in the

laboratory and center-of-mass frames, respectively, and p0

and pB are the three-momenta of the e�e
 system and the
B candidate in the laboratory frame. For correctly recon-
structed K���0 candidates �E peaks at zero, while final
states with a charged pion, such as B� ! ���0, shift �E
by approximately 80 MeV on average. Events are selected
with 5:20<mES < 5:29 GeV=c2 and j�Ej< 0:20 GeV.
The �E limits help remove background from two- and
four-body B decays at a small cost to signal efficiency.

Continuum quark-antiquark production is the dominant
background. To suppress it, we select only those events
where the angle �B

Sph in the center-of-mass frame between
the direction of the B-meson-candidate and the sphericity
axis of the rest of the event satisfies j cos�B

Sphj< 0:9. In
addition, we construct a nonlinear discriminant, imple-
mented as an artificial neural network (ANN) that uses
three input parameters: the zeroth- and second-order
Legendre event shape polynomials L0; L2 of the momenta
-4
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and polar angles of all candidates in the rest of the event,
and the output of a multivariate, nonlinear B-meson-
candidate tagging algorithm [16]. ANN is peaked at 0.5
for continuumlike events and at 1.0 for B decays. We
require ANN> 0:58 for our event selection. To further
improve the signal-to-background ratio we restrict the
effective invariant mass of the K� candidate to 0:8<
mK� < 1:0 GeV=c2. Neutral-pion combinatorics lead to
30% of our signal events having more than one candidate
per event. We choose the best candidate based on a �2

formed from the measured masses of the two�0 candidates
within the event compared to the known �0 mass [17].

After the selection described above, the B� ! K���0

selection efficiency is 16.5%. In MC studies, the signal
candidate is correctly reconstructed �64:5 � 6:5�% of the
time. The remaining candidates come from self-cross-feed
(SCF) events, which stem primarily from swapping the low
energy �0 from the resonance with another from the rest of
the event. The fraction of SCF events in which the track
was swapped with an oppositely charged track was found
to be negligible.

MC events are used to study backgrounds from other
B-meson decays. The dominant contribution comes from
b! c transitions; the next most important is from charm-
less B-meson decays. The latter tend to be more problem-
atic as the branching fractions are often poorly known, and
because they may peak at the same invariant mass as the
signal B� ! K���0 events. Thirteen individual charmless
modes show a significant contribution once the event se-
lection has been applied. These modes are added into the fit
fixed at the yield and asymmetry determined by the simu-
lation. Wherever branching fractions are not available, we
use half the upper limit. If no charge asymmetry measure-
ment is available, we assume zero asymmetry.

Although all other known resonant K� states—subse-
quently referred to as K��—lie outside our K��892� mass
window, some may still contribute due to their large width.
To estimate the contribution to the signal we select a region
in the K��0 invariant mass between 1.2 and 1:6 GeV=c2,
motivated by the presence of the broadK�

0�1430� resonance
which decays predominantly to K�. In this region we
make a full maximum likelihood fit to the three variables
�E, mES, and an ANN in an analogous way to how we fit
our signal (see below), and extrapolate the result of this fit
to the K��892� signal region using a B� ! K�

0�1430���0

MC. The fit to the K�
0�1430� region yields 263 � 34 events,

which translates to 34 K�� events contributing to the back-
ground in our signal region. We assign a 100% systematic
uncertainty to this number to cover possible interference
effects as well as uncertainty arising from the line shapes of
K�� resonances, which are not well established.

The nonresonant B� ! K��0�0 branching fraction
has, to date, not been measured. To estimate the signifi-
cance of its contribution we select a region of the Dalitz
plot of m2

K�—for the �0 from primary and secondary
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decay—that is far from the signal as well as K��1430�
and higher K�� resonances and which has low levels of
continuum background. A likelihood fit in this region
yields 6 � 8 events, which translates into less than three
events in our K� signal region, assuming the nonresonant
events are distributed evenly across the Dalitz plot. We
consequently deem the nonresonant contribution
negligible.

An unbinned maximum likelihood fit to the variables
mES, �E, mK�, and ANN is used to extract the total
number of signal B� ! K���0 and continuum back-
ground events and their respective charge asymmetries.
The likelihood for the selected sample is given by the
product of the probability density functions (PDF) for
each individual candidate, multiplied by the Poisson fac-
tor:

L �
1

N!
e
N

0
�N0�N

YN

i�1

P i;

where N and N0 are the number of observed and expected
events, respectively. The PDF P i for a given event i is the
sum of the signal and background terms:

P i � NSig �
1

2
��1 
QiA

Sig�fP Sig
SCF;i � �1 
QiA

Sig�

� �1 
 f�P Sig
i 	 �

X
j

NBkg
j �

1

2
�1 
QiA

Bkg
j �PBkg

j;i ;

where Qi is the charge of the kaon in the event, NSig�NBkg
j �

and ASig�ABkg
j � are the yield and asymmetry for signal and

background component j, respectively, and f � 35:5% is
the fraction of SCF signal events. The j individual back-
ground terms comprise continuum, b! c decays,K��, and
13 exclusive charmless B decay modes. The PDF for each
component, in turn, is the product of the PDFs for each of
the fit input variables, P � PmES;�EPANNPmK�

. Because
of correlations between �E andmES, the PmES;�E for signal
and all background from B decays are described by two-
dimensional nonparametric PDFs [18] obtained from MC.
For continuum background, the correlations in �E andmES

are �1%, hence a separate PDF is used for each of them;
mES is well described by an empirical phase-space thresh-
old function [19] and �E is parametrized with a second-
degree polynomial. The parameters of the continuum PDFs
are floated in the fit. ANN is described by a nonparametric
PDF for continuum background and by a Crystal Ball
function [20] for all other modes. For PmK�

, one-
dimensional nonparametric PDFs obtained from MC are
used to describe all modes except the signal mode itself,
which is described by a Breit-Wigner line shape combined
with a first-degree polynomial. The parameters for this
PDF are held fixed to the MC values and varied within
errors to estimate systematic uncertainties.
-5
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A number of cross checks confirm that the fit is un-
biased. In 1 000 separate MC experiments we generate the
expected number of events for the various fit components
before using the maximum likelihood fit to extract the
yields and asymmetries. The distributions for each compo-
nent are generated from the component’s PDF, giving
values for the fit variables mES, �E, ANN, and mK�. The
expected number of events is calculated from the branch-
ing fraction and efficiency for each individual mode. The
generated number of events for each fit component is
determined by fluctuating the expected number according
to a Poisson distribution. The test is repeated using samples
with differing asymmetry values. We repeat these MC
studies using fully simulated signal B� ! K���0 events
instead of generating the signal component from our PDFs.
This verifies that the signal component is correctly mod-
eled including correlations between the fit variables.
Finally, omitting mK� as a fit variable has no significant
influence on the signal yield, indicating that our treatment
of K�� background is indeed effective.

Individual contributions to the systematic uncertainty
are summarized in Table I. We calculate the uncertainty
of the continuum background estimation directly from the
fit to data. The backgrounds from B decays are determined
from simulation and fixed according to their efficiencies
and branching fractions. For those individual decay modes
which have been measured we vary the number of events in
the fit by their measured uncertainty. For all others we vary
the amount included in the fit by �100%. For the b! c
component we fix the rate based on the number calculated
from MC samples and vary the amount based on the
statistical uncertainty of this number (6%). The shifts in
TABLE I. Breakdown of systematic uncertainties.

Absolute systematic uncertainties on yields
Source �Yield

Syst: (Events)

Background normalization �14
PDF shapes �2:1


4:0
SCF fraction �1:8
�E shift �2:2

Total �14

Relative systematic uncertainties on B�B� ! K���0�

Source �B
Syst:�%�

Efficiency estimation �7:3
B counting �1:1

Total �7:4

Systematic uncertainties on ACP

Source �ACP
Syst:

Background normalization �0:018

0:010

Detector asymmetry �0:003
Background asymmetry �0:049


0:041

Total �0:054

0:043
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the fitted yields are calculated for each mode in turn and
then added in quadrature to find the total systematic effect.
The largest individual contribution comes from the K��

estimation.
To take into account the variation of the two-

dimensional nonparametric PDFs used for �E and mES,
we smoothen the MC-generated distributions from which
the PDFs are derived. For mK� and ANN, the parametri-
zations determined from fits to MC events are varied by 1
standard deviation. The systematic uncertainties are deter-
mined using the altered PDFs and fitting to the final data
sample. The overall shifts in the central value are taken as
the size of the systematic uncertainty.

We vary the SCF fraction by a conservative estimate of
its relative uncertainty ( � 10%) and assign the shift in the
fitted number of signal events as the systematic uncertainty
of the SCF fraction.

To account for differences in the neutral-particle recon-
struction between data and MC simulation the signal PDF
distribution in �E is offset by �5 MeV and the data
refitted. The larger of the two shifts in the central value
of the yield is 2.2 events, which is taken as the systematic
uncertainty for this effect.

Corrections to the �0 energy distribution, determined
using various control samples, add a systematic uncertainty
of 7.2%. A relative systematic uncertainty of 1% is as-
sumed for the kaon identification. A relative systematic
uncertainty of 0.8% on the efficiency for a single charged
track is applied. Adding all the above contributions in
quadrature gives a relative systematic uncertainty on B
of 7.3%. Another contribution of 1.1% comes from the
uncertainty on the total number of B events.

The cross section for the interaction of kaons with pro-
tons and neutrons differs with charge. At low momenta this
can introduce a bias to the observed charge asymmetry. We
estimate this bias by modeling the average loss of kaons
from a sample based on the K���0 signal MC using the
known detector material constants, and find AKp �


0:0031 � 0:0006, which is negligible compared to the
precision at which we measure ACP.

To calculate the effects of systematic shifts in the charge
asymmetries of background modes, each mode is varied
by its measured uncertainty. For contributions with no
measurement, we assume zero asymmetry and assign
an uncertainty of 20%, motivated by the largest charge
asymmetry measured in any mode so far [9]. The individ-
ual shifts are then added in quadrature to find the total
systematic uncertainty. The greatest individual contribu-
tion comes from the K�� estimate. In addition, the effect
of altering the normalizations of the B backgrounds
affects the fitted asymmetry. The size of the shift on the
fitted ACP is taken as the size of the systematic
uncertainty.

A total of 23 465 events were fitted, of which 11 960 had
positively charged candidates. The central value of the
-6
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signal yield from the maximum likelihood fit is 89 � 26
events, over an expected background of 634 � 40 events
from other B decays. We obtain a branching fraction of
B�B� ! �K�� ! K��0��0� � �2:31 � 0:67 � 0:42	 �
10
6 and charge asymmetry of ACP�B

� ! �K�� !
K��0��0� � 0:04 � 0:29 � 0:05, where the first error is
statistical and the second one systematic. Alternatively, we
calculate the 90% confidence upper limit on the B� !
�K�� ! K��0��0 branching fraction to be 3:9 � 10
6.
Compared against the null hypothesis, the statistical sig-
nificance

���������������������������������������

2 ln�LNull=Lmax�

p
of the yield amounts to 4.1

standard deviations. The fit was redone fixing the signal
yield to the lowest yield allowed accounting for all possible
combinations of systematic uncertainties. The significance
of this result corresponds to 3.6 standard deviations.

The results of the fit are illustrated in Fig. 1. The plots
are enhanced in signal by selecting only those events which
exceed a threshold of 0.1 for the likelihood ratio R �

�NSigP Sig�=�NSigP Sig �
P
iN

Bkg
i P Bkg

i �, where N are the
central values of the yields from the fit and P are the
PDFs with the projected variable integrated out. This
threshold is optimized by maximizing the ratio S �

�NSig!Sig�=�
������������������������������������������������
NSig!Sig �

P
iN

Bkg
i !Bkg

i

q
� where ! are the effi-

ciencies after the threshold is applied. The PDF compo-
nents are then scaled by the appropriate !.
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FIG. 1. Likelihood projection plots for the four fit variables, (a) m
represents the total PDF, the dotted line represents the total backgrou
and the dashed line represents the signal component. The plots contai
(see text).
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In conclusion, we have measured the charge asymmetry
and branching fraction for the decay B� ! �K�� !
K��0��0 using a maximum likelihood fit. Assuming a
secondary branching fraction of 1/3 for the K�� !
K��0 final state our result implies B�B� ! K���0� �
�6:9 � 2:0 � 1:3	 � 10
6, and a charge asymmetry of
ACP � 0:04 � 0:29 � 0:05 where the first error is statis-
tical and the second error systematic. The statistical sig-
nificance of the branching fraction result including
systematic uncertainties is calculated to be 3.6 standard
deviations, showing evidence for this decay. The system-
atic error of the branching fraction and asymmetry is
dominated by the contribution of K�� resonances.
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