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3Università di Bari, Dipartimento di Fisica and INFN, I-70126 Bari, Italy
4University of Bergen, Institute of Physics, N-5007 Bergen, Norway

5Lawrence Berkeley National Laboratory and University of California, Berkeley, California 94720, USA
6University of Birmingham, Birmingham, B15 2TT, United Kingdom

7Ruhr Universität Bochum, Institut für Experimentalphysik 1, D-44780 Bochum, Germany
8University of Bristol, Bristol BS8 1TL, United Kingdom

9University of British Columbia, Vancouver, British Columbia, Canada V6T 1Z1
10Brunel University, Uxbridge, Middlesex UB8 3PH, United Kingdom
11Budker Institute of Nuclear Physics, Novosibirsk 630090, Russia
12University of California at Irvine, Irvine, California 92697, USA

13University of California at Los Angeles, Los Angeles, California 90024, USA
14University of California at Riverside, Riverside, California 92521, USA
15University of California at San Diego, La Jolla, California 92093, USA

16University of California at Santa Barbara, Santa Barbara, California 93106, USA
17University of California at Santa Cruz, Institute for Particle Physics, Santa Cruz, California 95064, USA

18California Institute of Technology, Pasadena, California 91125, USA
19University of Cincinnati, Cincinnati, Ohio 45221, USA
20University of Colorado, Boulder, Colorado 80309, USA

21Colorado State University, Fort Collins, Colorado 80523, USA
22Technische Universität Dortmund, Fakultät Physik, D-44221 Dortmund, Germany

23Technische Universität Dresden, Institut für Kern- und Teilchenphysik, D-01062 Dresden, Germany
24Laboratoire Leprince-Ringuet, CNRS/IN2P3, Ecole Polytechnique, F-91128 Palaiseau, France

25University of Edinburgh, Edinburgh EH9 3JZ, United Kingdom
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We study two-body B-meson decays to a charmonium state (�c, �cð2SÞ or hc) and a Kþ or K�0ð892Þ
meson using a sample of 349 fb�1 of data collected with the BABAR detector at the PEP-II asymmetric-

energy B Factory at the Stanford Linear Accelerator Center. We measure BðB0 ! �cK
�0Þ ¼ ð5:7�

0:6ðstatÞ � 0:9ðsystÞÞ � 10�4, BðB0 ! �cð2SÞK�0Þ< 3:9� 10�4, BðBþ ! hcK
þÞ �Bðhc ! �c�Þ<
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4:8� 10�5 and BðB0 ! hcK
�0Þ �Bðhc ! �c�Þ< 2:2� 10�4 at the 90% C.L., and Bð�cð2SÞ !

K �K�Þ ¼ ð1:9� 0:4ðstatÞ � 1:1ðsystÞÞ%. We also measure the mass and width of the �c meson to be

mð�cÞ ¼ ð2985:8� 1:5ðstatÞ � 3:1ðsystÞÞ MeV=c2 and �ð�cÞ ¼ ð36:3þ3:7
�3:6ðstatÞ � 4:4ðsystÞÞ MeV.

DOI: 10.1103/PhysRevD.78.012006 PACS numbers: 13.25.Gv, 13.25.Hw

In the simplest approximation, B decays to a charmo-
nium state and a K or K� meson arise from the quark-level
process b! c �cs and have been observed to occur with
large rates [1]. However several decay modes are still
poorly known, particularly in the case of singlet states
such as �c and hc. A better knowledge of the relative
abundances of the decay to the various charmonium states
allows a deeper understanding of the underlying strong
processes and tests of the predictions of models such as
nonrelativistic QCD [2]. In nonrelativistic QCD, the B
decay rates to all P-wave states of charmonium, �cJ (J ¼
0, 1, 2) and hc, do not vanish and are foreseen to be
comparable in magnitude.

In this document, we study B-meson decays to
ðK �K�ÞKþ, ðK �K�ÞK�0, �c�Kþ and �c�K

�0, from which
we measure the branching fractions for the following decay
modes: B0 ! �cK

�0, B0 ! �cð2SÞK�0, B0 ! hcK
�0,

Bþ ! hcK
þ [3], and �cð2SÞ ! K �K�. We also measure

the mass and width of the �c meson. The hc meson has
recently been discovered by the CLEO Collaboration as a
narrow peak at 3524:4� 0:7 MeV=c2 in the �c� invariant
mass distribution in  ð2SÞ ! �c��

0 decays [4], and this
observation was confirmed by the E835 Collaboration [5].
The �cð2SÞ state was discovered by the Belle
Collaboration in B decays to ðK0

SK
���ÞK [6], and sub-

sequently observed in the processes ��! �cð2SÞ !
K0
SK

��� and eþe� ! J= �cð2SÞ; its mass is ð3637�
4Þ MeV=c2 and its width is ð14� 7Þ MeV [1]. No branch-
ing fraction for any �cð2SÞ decay mode is yet listed by the
Particle Data Group [1]. Using the measured value for
�ð�cð2SÞ ! ��Þ �Bð�cð2SÞ ! K �K�Þ [7], a measure-
ment of Bð�cð2SÞ ! K �K�Þ can be used as an input to
derive �ð�cð2SÞ ! ��Þ, a quantity calculable in a theo-
retically clean way within the conventional framework of
QCD: calculations that assume Bð�cð2SÞ ! K �K�Þ ¼
Bð�c ! K �K�Þ lead to values of �ð�cð2SÞ ! ��Þ smaller
than expectations, pointing to a possible anomaly in the
�cð2SÞ decay [8]. The branching fraction of B0 ! �cK

�0 is
currently known with a 40% uncertainty, ð1:2� 0:5Þ �
10�3 [9], while B decays to �cð2SÞK� and hcK

ð�Þ have
never been observed. The Belle Collaboration studied the
decay Bþ ! hcK

þ with hc ! �c� and reported BðBþ !
�c�K

þÞ< 3:8� 10�5 at the 90% C.L. for an invariant
mass of the�c� pair in the range ½3:47; 3:57� GeV=c2 [10].
This limit is comparable to analogous limits for �c2 but
significantly smaller than the measured branching fractions
for B decays to �c, J= , �c0, or �c1 and a kaon [1]. No
other Bþ or B0 decay modes with hc have yet been studied.
The mass and width of the �c are important parameters in

models of the charmonium spectrum [11]: the hyperfine
separation (�c, J= ) is directly related to the spin-spin
interaction. The�c mass and width measurements reported
in the literature [1] are often in poor agreement with one
another. The listed world average for the mass is ð2979:8�
1:2Þ MeV=c2, with measurements ranging from 2969 to
2984 MeV=c2, and for the width it is ð26:5� 3:5Þ MeV
with values ranging from 7 to 48 MeV.
In this analysis we reconstruct the �c and �cð2SÞ in the

K0
SK

��� andKþK��0 decay modes, the hc in its decay to
�c�, the K

0
S in the mode K0

S ! �þ�� and the K�0 in

K�0 ! Kþ��. The K0
SK

��� and KþK��0 final states

are chosen because they are among the easier �c decay
modes to reconstruct and have a rather large branching
fraction, Bð�c ! K �K�Þ ¼ ð7:0� 1:2Þ% [1]. For the
�cð2SÞ, the K0

SK
��� mode is the only decay observed

so far. The �c� decay of the hc is chosen because it is
expected to comprise about half of the total decay width
[2]. For decays with �c and hc, we measure ratios of
branching fractions with respect to BðBþ ! �cK

þÞ ¼
ð9:1� 1:3Þ � 10�4 [1], to cancel the 17% uncertainty on
Bð�c ! K �K�Þ. Similarly, we measure the ratio BðB0 !
�cð2SÞK�0Þ=BðBþ ! �cð2SÞKþÞ, to cancel the unknown
branching fraction of �cð2SÞ ! K �K�.
The data used in this analysis were collected with the

BABAR detector at the PEP-II eþe� storage rings, and
correspond to 349 fb�1 of integrated luminosity collected
at the �ð4SÞ resonance, comprising 384� 106 B �B pairs.
The BABAR detector is described elsewhere [12]. We make
use of Monte Carlo (MC) simulations based on GEANT4
[13].
The event selection is optimized by maximizing the

quantity NS=
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
NS þ NB

p
, where NS (NB) represents the

number of signal (background) candidates surviving the
selection. NS is estimated from samples of simulated

events of B! �cK
ð�Þ, �c ! K �K� decays for B!

ðK �K�ÞKð�Þ, and B! hcK
ð�Þ, hc ! �c�, �c ! K �K� for

B! �c�K
ð�Þ. NB is estimated from signal sidebands on

data, defined by the signal candidates with reconstructed
eþe� center-of-mass energy farther than 3 standard devia-
tions from the expectation in eþe� collisions at the �ð4SÞ
peak. Simulated signal events and data are normalized to
each other using the available measurements for B decays

to �c and assuming BðB! hcK
ð�ÞÞ ¼ 1� 10�5.

We select events with B �B pairs by requiring at least four
charged tracks, the ratio of the second to the zeroth order
Fox-Wolfram moment [14] to be less than 0.2, and the total
energy of all the charged and neutral particles to be greater
than 4.5 GeV.
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Charged pion and kaon candidates are reconstructed
tracks having at least 12 hits in the drift chamber, a
transverse momentum with respect to the beam direction
larger than 100 MeV=c, and a distance of closest approach
to the beam spot smaller than 1.5 cm in the plane transverse
to the beam axis and 10 cm along the beam axis. We use
particle identification provided by measurements of the
energy loss in the tracking devices and the Cherenkov
detector. A K�0 candidate is formed from a pair of oppo-
sitely charged kaon and pion candidates originating from a
common vertex and having an invariant mass within
60 MeV=c2 of the nominal K�0 mass [1].

Photon candidates are energy deposits in the electro-
magnetic calorimeter that are not associated with charged
tracks, having energy greater than 100 MeV and a shower
shape consistent with that of a photon. A �0 ! �� candi-
date is formed from a pair of photon candidates with
invariant mass in the range ½115; 150� MeV=c2 and energy
greater than 400 MeV. These candidates are constrained to
the nominal �0 mass [1].

A K0
S ! �þ�� candidate is formed from a pair of

oppositely charged tracks originating from a common
vertex and having an invariant mass within 20 MeV=c2

of the K0 mass. Its measured decay-length significance is
required to exceed 3 standard deviations. The candidate is
constrained to the nominal K0 mass [1].

TheBþ;0 ! ðK �K�ÞKþ;�0 candidates are formed by pair-
ing a K�0 or Kþ candidate, referred to as the primary kaon,
and a K0

SK
��� or KþK��0 combination with invariant

mass above 2:75 GeV=c2 to include the whole charmo-
nium region. The Bþ;0 ! �c�K

þ;�0 candidates are formed
by combining aK�0 or Kþ candidate, a photon with energy
exceeding 250 MeV, and a K0

SK
��� or KþK��0 combi-

nation with invariant mass consistent with the �c mass. We
perform a vertex fit to the B candidates and require the �2

probability to exceed 0.002. We define two kinematic

variables: the beam-energy substituted mass, mES ¼ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
E2
beam � p2

B

q
and �E ¼ EB � Ebeam, where pB (EB) is

the reconstructed B momentum (energy) and Ebeam is the
beam energy, in the eþe� center-of-mass (c.m.) frame. B
candidates are retained if they have mES greater than
5:2 GeV=c2 and �E within ½�24; 30�, ½�40; 30�,
½�34; 30�, and ½�40; 30� MeV for the K0

SK
���K�0;þ,

KþK��0K�0;þ, K0
SK

����K�0;þ, and KþK��0�K�0;þ
combinations, respectively. B mesons produced in the
process �ð4SÞ ! B �B follow a sin2�B distribution,
where �B is the polar angle of the B candidate mo-
mentum vector in the eþe� c.m. frame: we require
j cos�Bj< 0:9.

To suppress background, Kþ��, KþK�, KþK0
S, K

0
S�

�,
and Kþ���þ combinations with invariant masses within
30 MeV=c2 of the D0, Ds and D

þ meson masses [1] are
excluded when forming B candidates. We also remove
KþK� pairs containing a primary kaon where the invariant

mass of the pair is within 30 MeV=c2 of the�meson mass
[1].
In events where more than one B candidate survives the

selection, the one with the smallest j�Ej is retained. In
cases of multiple B candidates composed from the same
final state particles, and thus having the same value of
j�Ej, we retain the one for which the primary kaon has
the largest momentum in the eþe� c.m. frame.
The samples surviving the selection include a signal

component, a combinatorial background component given
by random combinations of tracks and neutral clusters both
from B �B and continuum events eþe� ! q �q (q ¼ u, d, s,
c), and a component due to B decays with a similar final
state to the signal. As opposed to the combinatorial back-
ground, such ‘‘peaking backgrounds’’ exhibit the same
distribution as signal events in mES and �E, but their
K �K�ð�Þ invariant-mass distribution (mX) is different.
The signal content in data is therefore obtained by means
of a maximum likelihood fit tomX for all candidates having
mES in the signal region ½5:274; 5:284� GeV=c2, after sub-
tracting the combinatorial background. The mX distribu-
tion for the combinatorial background events is obtained
by extrapolating into the mES signal region the mX distri-
bution measured in the mES sideband, defined by 5:20<
mES < 5:26 GeV=c2. The correlation betweenmX andmES

is found to be negligible in the relevant regions. A binned
fit is then performed on the mES-sideband-subtracted mX

distribution.
To estimate the background we perform an unbinned

maximum likelihood fit to the mES distribution as follows.
The B component, accounting for the sum of signal and
peaking background, is modeled by a Gaussian function
whose width is taken from the simulation and whose mean
is fixed to the B-meson mass [1]. The mES distribution of
the combinatorial background is represented by an
ARGUS function [15]. The total number of events and
the exponent of the ARGUS function are left free in the
fit. The spectrum for candidates in the mES sideband is
normalized to themES signal window by using the integrals
of the ARGUS component in the two regions (Fig. 1).
The mX distribution for Bþ ! ðK �K�ÞKþ and B0 !

ðK �K�ÞK�0 is shown in Fig. 2, after subtraction of the
mES sideband background. The two samples are simulta-
neously fitted to the sum of an �c, an �cð2SÞ, a J= , a �c1
and a  ð2SÞ, and a background component accounted for
by first-order polynomials. The �c and �cð2SÞ peaks are
modeled by a nonrelativistic Breit-Wigner convolved with
a Gaussian function, the others by Gaussians. The masses
of �c1, �cð2SÞ and  ð2SÞ and the width of the �cð2SÞ are
fixed to the world average values [1]. To reduce systematic
uncertainties on the �c mass measurement from potential
distortion effects in data shifting the peak positions, in the
fit we float the mass of the J= and fit for the mass
difference between J= and �c. We also float the width
of the �c; the mass resolutions, modeled by the widths of
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the Gaussian functions, separately for the K0
SK

��� and

KþK��0 modes; the coefficients of the background
polynomial functions and the number of signal and back-
ground events. The fit extends over the mX range
½2:75; 3:95� GeV=c2. No component is included for other
charmonium states such as �c0, hc and �c2, since they have
not been observed to decay to K �K� and/or in B decays.
Table I summarizes the numbers of events found by the fit,
separately for the Bþ ! ðK �K�ÞKþ and B0 ! ðK �K�ÞK�0
samples. The �2 of the fit divided by the number of degrees
of freedom (NDof) is 1.2. The mass resolution is determined
by the fit to be 9� 1 MeV=c2 and 20� 9 MeV=c2 for
K0
SK

��� andKþK��0, respectively. The mass of the J= 
is found to be 3096:4� 1:0 MeV=c2, the mass difference
between J= and �c 111:1� 1:5 MeV=c2, and the �c
width 36:3þ3:7

�3:6 MeV. Using mðJ= Þ ¼ 3096:916�
0:011 MeV=c2 from [1], we derive mð�cÞ ¼ 2985:8�
1:5 MeV=c2.

In the case of Bþ ! �c�K
þ and B0 ! �c�K

�0 (Fig. 3),
themES-sideband-subtractedmX distribution is fitted to the
sum of an hc signal modeled by a Gaussian, and a back-
ground represented by a first-order polynomial. The mass
of the hc is fixed to the CLEOmeasurement, 3524 MeV=c2

[4]. The Gaussian resolution is fixed to the value deter-
mined from MC events, 16 MeV=c2 [16]. In the fit, the
numbers of signal and background events are left free. The
fit is performed over the mX range ½3:3; 3:7� GeV=c2. It
yields 11� 6 and 21� 8 hc candidates with a �

2=NDoF of
41=39 and 42=39 for the Bþ and B0 yields, respectively.
The stability of the fit results is verified for various

configurations of the fitting conditions. For B!
ðK �K�ÞKð�Þ, we perform the fits with and without compo-
nents for �c2, hc, and  ð2SÞ in various combinations. The
values for the signal yields and the floated parameters
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FIG. 2 (color online). Fit result (solid line) superimposed on the mES-sideband-subtracted mX distribution (points with error bars)
for (a) Bþ ! ðK �K�ÞKþ and (b) B0 ! ðK �K�ÞK�0.

TABLE I. Numbers of �c, J= , �c1, �cð2SÞ, and  ð2SÞ events
obtained from the fit described in the text with statistical errors
only.

Bþ ! ðK �K�ÞKþ B0 ! ðK �K�ÞK�0

N�c 732� 27 189� 18
NJ= 154� 15 56� 9
N�c1 59� 10 13� 7
N�cð2SÞ 59� 12 13� 9
N ð2SÞ 15� 8 0� 4
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FIG. 1 (color online). The mES distributions for (a) Bþ ! ðK �K�ÞKþ, (b) B0 ! ðK �K�ÞK�0, (c) Bþ ! �c�K
þ, and (d) B0 !

�c�K
�0 candidates; points with error bars are data, the solid line represents the result of the fit described in the text, and the dotted line

represents the ARGUS background parametrization. No appreciable B component, either signal or peaking background, is observed
for the Bþ ! �c�K

þ and B0 ! �c�K
�0 cases.
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returned by these fits are consistent with the nominal
configuration. We validate the fit procedure using a MC
technique: we simulate a number of experiments by ran-
domly generating samples of events distributed in mX

according to the models used in the fit. The number of
events generated is equal to the number of events in the
corresponding real data sample. The parameters of the
distributions are set to their fixed or fitted values. The fit
is repeated under the same conditions as used on real data.
The numbers of signal and background events are distrib-
uted as expected. The robustness of the fit is tested on
simulated events by varying the numbers of signal and
background events input, including the null result. The
numbers of events returned by the fit are consistent with
the inputs for all cases. As additional cross-checks, we
verify that the observed numbers of J= , �c1 and  ð2SÞ
candidates in the data agree with the expectations.

We evaluate systematic uncertainties on the numbers of
signal candidates and the mass and width determination by
individually varying the parameters that are fixed in the fits
by �1 standard deviation from their nominal values. We
also estimate the systematic uncertainties that arise from a
different choice of binning, fit range, and background
parametrization. For Bþ ! ðK �K�ÞKþ and B0 !
ðK �K�ÞK�0, where the mass resolutions are floated, we
estimate an additional systematic uncertainty by taking
the variations with respect to a fit performed by fixing
the mass resolutions to the values determined from the
simulation, 8 MeV=c2 and 19 MeV=c2 for K0

SK
��� and

KþK��0, respectively. The large natural widths of the �c
and �cð2SÞ introduce the possibility of interference effects
with nonresonant B decays to the same final state particles.
This can modify themX distribution with respect to the one
used in the fit. The fit is repeated including an interference
term between the �c and the background in the fitting
functions. The amplitude and phase of the interference
term are left free in the fit. The variation of the �c yield
with respect to the nominal fit is taken as an estimate of the

systematic error due to neglecting interference effects. A
similar approach is undertaken for �cð2SÞ. Summing in
quadrature all the contributions, the total systematic uncer-
tainty on the signal yield determination is 6%, 3%, 25%,
18%, 25%, and 23% for Bþ ! �cK

þ, B0 ! �cK
�0, Bþ !

hcK
þ, B0 ! hcK

�0, Bþ ! �cð2SÞKþ, and B0 !
�cð2SÞK�0, respectively, and the total systematic uncer-
tainties on the �c mass and width are 3:1 MeV=c2 and
4.4 MeV, respectively.
The selection efficiency for Bþ ! �cK

þ is 6%. The
ratios of the selection efficiencies with respect to Bþ !
�cK

þ, estimated by using simulated events, are, including
systematic uncertainties, 0:64� 0:01, 0:51� 0:01, 0:29�
0:02, 0:84� 0:01, and 0:54� 0:01 for B0 ! �cK

�0,
Bþ ! hcK

þ, B0 ! hcK
�0, Bþ ! �cð2SÞKþ, and B0 !

�cð2SÞK�0, respectively. Most uncertainties on the effi-
ciencies cancel out in the ratios because of the similar final
states. The remaining uncertainties are mainly due to dif-
ferences between real data and simulation in the photon
reconstruction as estimated from photon control samples
from data (1.8%), and the unknown polarization for B0 !
hcK

�0 estimated as in [17] (6%).
As a check, using the signal efficiency computed from

MC events, the signal yield observed in data, and the
number of B �B pairs in the data sample, we deriveBðBþ !
�cK

þÞ�Bð�c !K �K�Þ ¼ ð8:0� 0:4ðstatÞÞ� 10�5. This
is in agreement with the world average value of ð6:4�
1:4Þ � 10�5 [1].
We calculate the ratios of the branching fractions with

respect toBðBþ ! �cK
þÞ using the ratios of signal yields

and efficiencies with respect to Bþ ! �cK
þ, R� ¼

�ð�ð4SÞ ! BþB�Þ=�ð�ð4SÞ ! B0 �B0Þ ¼ 1:026 � 0:032
[1], and BðK�0 ! Kþ��Þ ¼ 2=3, and summing the un-
certainties in quadrature. We define R�cK� ¼ BðB0 !
�cK

�0Þ=BðBþ ! �cK
þÞ, RhcK ¼ BðBþ ! hcK

þÞ �
Bðhc ! �c�Þ=BðBþ ! �cK

þÞ, RhcK� ¼ BðB0 !
hcK

�0Þ �Bðhc ! �c�Þ=BðBþ ! �cK
þÞ, R�cð2SÞK ¼

BðBþ ! �cð2SÞKþÞ � Bð�cð2SÞ ! K �K�Þ=ðBðBþ !
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FIG. 3 (color online). Fit result (solid line) superimposed on the mES-sideband-subtracted mX distribution (points with error bars)
for (a) Bþ ! �c�K

þ and (b) B0 ! �c�K
�0. No significant hc signal is evident. The dashed line is the result of the fit with no signal

component.
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�cK
þÞ � Bð�c ! K �K�ÞÞ and R�cð2SÞK� ¼ BðB0 !

�cð2SÞK�0Þ=BðBþ ! �cð2SÞKþÞ. Table II summarizes
the systematic uncertainties on the measurements.

We obtain R�cK� ¼ 0:62� 0:06ðstatÞ � 0:05ðsystÞ,
R�cð2SÞK ¼ 0:096þ0:020

�0:019ðstatÞ � 0:025ðsystÞ and the

90% C.L. upper limits RhcK < 0:052, RhcK� < 0:236, and

R�cð2SÞK� < 1:0. These are determined by assuming that

each measurement follows a Gaussian distribution around
the central value, with standard deviation given by the
statistical and systematic uncertainties added in
quadrature.

Using BðBþ ! �cK
þÞ ¼ ð9:1� 1:3Þ � 10�4, we de-

rive

BðB0 ! �cK
�0Þ ¼ ð5:7� 0:6ðstatÞ � 0:4ðsystÞ � 0:8ðbrÞÞ

� 10�4;

where the last error is from the uncertainty on BðBþ !
�cK

þÞ, and the 90% C.L. upper limits

BðBþ ! hcK
þÞ �Bðhc ! �c�Þ< 4:8� 10�5;

BðB0 ! hcK
�0Þ �Bðhc ! �c�Þ< 2:2� 10�4:

Using the world average value BðBþ ! �cð2SÞKþÞ ¼
ð3:4� 1:8Þ � 10�4 [1], we derive

B ðB0 ! �cð2SÞK�0ð890ÞÞ< 3:9� 10�4;

at the 90% C.L. Finally, usingBðBþ ! �cK
þÞ �Bð�c !

K �K�Þ ¼ ð6:88� 0:77þ0:55
�0:66Þ � 10�5 [18], we derive

Bð�cð2SÞ ! K �K�Þ ¼ ð1:9� 0:4ðstatÞ � 0:5ðsystÞ
� 1:0ðbrÞÞ%;

where the last error accounts for the uncertainties on the
branching fractions used in the calculation.
In summary, we obtain a measurement of BðB0 !

�cK
�0Þ in agreement with, and greatly improving upon,

the previous world average value [1]. We obtain an upper
limit for BðBþ ! hcK

þÞ �Bðhc ! �c�Þ in agreement
with the previous Belle result [10], and set the first upper
limit on BðB0 ! hcK

�0Þ �Bðhc ! �c�Þ: these confirm
suppression of hc production in B decays. We report the
first upper limit on BðB0 ! �cð2SÞK�0Þ and the first mea-
surement of Bð�cð2SÞ ! K �K�Þ. The latter branching
fraction is smaller than the corresponding branching frac-
tion for �c, and can be used to derive �ð�cð2SÞ ! ��Þ. We
measure mð�cÞ ¼ 2985:8� 1:5� 3:1 MeV=c2 and
�ð�cÞ ¼ 36:3þ3:7

�3:6 � 4:4 MeV. These are in agreement

with previous BABAR measurements from �� collisions
[19] and slightly higher than the world average values [1].
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