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We report a measurement of the inclusive semileptonic B0
s branching fraction in a 121 fb�1 data sample

collected near the�ð5SÞ resonance with the Belle detector at the KEKB asymmetric energy eþe� collider.

Events containing B0ð�Þ
s �B0ð�Þ

s pairs are selected by reconstructing a tag sideDþ
s and identifying a signal side

lepton ‘þ (‘ ¼ e, �) that is required to have the same-sign charge to ensure that both originate from

different B0
s mesons. The B0

s ! X�‘þ�‘ branching fraction is extracted from the ratio of the measured

yields of Dþ
s mesons and Dþ

s ‘
þ pairs and the known production and branching fractions. The inclusive

semileptonic branching fraction is measured to be ½10:6� 0:5ðstatÞ � 0:7ðsystÞ�%.

DOI: 10.1103/PhysRevD.87.072008 PACS numbers: 14.40.Nd, 13.20.He

I. INTRODUCTION

Semileptonic decays of b-flavored mesons constitute a
very important class of decays for determination of the
elements of the Cabibbo-Kobayashi-Maskawa (CKM)
matrix [1], Vub and Vcb, and for understanding the origin
of CP violation in the Standard Model (SM). Although
semileptonic B0 and Bþ meson decays have been precisely
measured by experiments running at the �ð4SÞ resonance,
and have been well studied in theory, experimental infor-
mation on the decay of the B0

s meson is relatively limited.
The interest in the physics of the B0

s has intensified in recent
years, motivated by studies of the dilepton production
asymmetry in b �b production [2]. Semileptonic B0

s decays
are used as a normalization mode for various searches for
new physics at hadron colliders [3], and in the future with
the next generation B factories. Semileptonic B0

s decays
also provide an analogous approach to studying the CKM

matrix elements and testing theoretical predictions, as
meson decays that involve a spectator strange quark can
be predicted more accurately than analogous decays with a
spectator up or down quark.
An important expectation from heavy quark theory that

is exploited in studies of B0
s decays is the equality relation,

based on SUð3Þ symmetry, between the semileptonic decay
widths [4,5]:

�SLðB0
sÞ ¼ �SLðBþÞ ¼ �SLðB0Þ: (1)

The presence of the heavier spectator strange quark
introduces, however, some amount of SUð3Þ symmetry
breaking, as observed in decays of open charm mesons
[6]. Theoretical predictions based on heavy quark
symmetry in Refs. [4,5] find that Eq. (1) should hold
for BðsÞ decays to the percent level, which must be

tested in experiment. The BABAR Collaboration has

C. OSWALD et al. PHYSICAL REVIEW D 87, 072008 (2013)

072008-2

http://dx.doi.org/10.1103/PhysRevD.87.072008


determined the branching fraction BðB0
s ! X‘�Þ ¼

½9:5þ2:5
�2:0ðstatÞþ1:1�1:9ðsystÞ�% in a data set obtained from an

energy scan above the �ð4SÞ resonance by measuring the
inclusive yields of � mesons and �‘ pairs that are more
abundant in B0

s decays [7]. The semileptonic B0
s width has

been studied in part by the D0 and LHCb collaborations,
which measured the exclusive decay modes B0

s ! D�
2s‘�

and B0
s ! D1s‘� [8,9]. In this paper, we report a measure-

ment of the B0
s ! X�‘þ�‘ branching fractions for ‘ ¼ e

and � separately and their weighted average. The mea-
surements are the most precise to date.

II. DATA SAMPLE, DETECTOR AND SIMULATION

The data used in this analysis were collected with
the Belle detector at the KEKB asymmetric energy
eþe� collider [10]. The Belle detector is a large-solid-
angle magnetic spectrometer that consists of a silicon
vertex detector (SVD), a 50-layer central drift chamber
(CDC), an array of aerogel threshold Cherenkov counters
(ACC), a barrel-like arrangement of time-of-flight scintil-
lation counters (TOF), and an electromagnetic calorimeter
(ECL) comprised of CsI(Tl) crystals located inside a
superconducting solenoid coil that provides a 1.5 T mag-
netic field. An iron flux-return located outside of the coil is
instrumented to detect K0

L mesons and to identify muons

(KLM). The detector is described in detail elsewhere [11].
The results in this paper are based on a 121 fb�1

data sample collected near the �ð5SÞ resonance at a
center-of-mass energy of

ffiffiffi
s

p ¼ 10:87 GeV. The sample

contains ð7:1� 1:3Þ � 106 B0ð�Þ
s �B0ð�Þ

s pairs [12]. An addi-
tional 63 fb�1 data sample taken at

ffiffiffi
s

p ¼ 10:52 GeV, i.e.,
below the energy threshold for b-flavored meson produc-
tion (off-resonance), is used to subtract background arising
from the continuum eþe� ! q �q process.

We use Monte Carlo (MC) techniques to separately
simulate the production of Bu;d (Bþ, B0) and B0

s mesons

at the �ð5SÞ resonance. Events are generated with the
EVTGEN event generator [13], and then processed
through the detector simulation implemented in
GEANT3 [14]. The simulated samples of BðsÞ-pair events
are equivalent to six times the integrated luminosity of
the data. For the simulation of signal semileptonic B0

s

decays, the lack of exclusive measurements of this sys-
tem forces us to rely on prior knowledge in the Bu;d

systems and employ a variety of phenomenological
models. First, we assume the composition of the B0

s

semileptonic decay width is somewhat analogous to
that of the B0 system [15–18]. We include the following
B0
s ! Xc‘� decay modes in the simulation, with their

nominal branching fractions in parentheses: Xc ¼
Dsð2:1%Þ, D�

sð4:9%Þ, D�
s0ð2317Þð0:4%Þ, Ds1ð2460Þð0:4%Þ,

Ds1ð2536Þð0:7%Þ, andD�
s2ð2573Þ (0.7%). To simulate these

decay modes, we use the ISGW2 quark model [19] for
all modes, and an additional model based on heavy quark

effective theory (HQET) [20] for the B0
s ! Dð�Þ

s ‘� modes.

The form factors for the B0
s ! Dð�Þ

s ‘� modes in the HQET

parametrization are taken to be the same as in B ! Dð�Þ‘�
decays, and the values are taken from the Heavy Flavor
Averaging Group [21]. QED final state radiation in semi-
leptonic decays is added using the PHOTOS package [22].

III. MEASUREMENT OVERVIEW

Only one fifth of the mesons containing a b quark
produced near the �ð5SÞ resonance are B0

s mesons; the
remainder are Bu;d mesons. In this analysis, the relative

abundance of B0
s mesons is enhanced by reconstructing, or

tagging, the CKM-favored �B0
s ! Dþ

s transition [23], where
BðB0

s ! D�
s XÞ ¼ ð93� 25Þ% [24]. The signal signature

is a lepton (eþ, �þ) from the decay of the other B0
s in the

event. To ensure that this lepton does not originate from the
same B0

s meson as the reconstructed Dþ
s meson, Dþ

s ‘
þ

pairs are selected wherein the Dþ
s and ‘þ have the same

electric charge. The quantity obtained in the measurement
is the ratio

R ¼ NDþ
s ‘

þ

NDþ
s

with ‘ ¼ e;�; (2)

where NDþ
s
and NDþ

s ‘
þ are the efficiency-corrected yields

of Dþ
s and Dþ

s ‘
þ pairs from BðsÞ decays. The ratio is

proportional to the inclusive semileptonic branching
fraction BðB0

s ! X�‘þ�‘Þ, plus dilution terms due to
background Bu;d decays. The yields from Bu;d decays are

approximately 30% and 15% in the Dþ
s and Dþ

s ‘
þ

samples, respectively, estimated using measured values
of the Bu;d and B0

s production fractions near the �ð5SÞ
resonance, their branching fractions to Dþ

s and Dþ
s ‘

þ final
states, and their mixing probabilities.

IV. EVENT SELECTION

A. Ds selection

Charged particle tracks are required to originate from a
region close to the interaction point by applying the
following selections on the impact parameters along the z
axis (opposite the positron beam) and in the perpendicular
r-� plane: jdzj< 2 cm and dr < 0:5 cm. In addition, we
demand at least one associated hit in the SVD. For pion and
kaon candidates, the Cherenkov light yield from the ACC,
the time-of-flight information from the TOF, and the
specific ionization dE=dx from the CDC are required to
be consistent with the appropriate mass hypotheses.
Candidate Dþ

s mesons are reconstructed in the cleanest
decay mode Dþ

s ! ��þ, with the � resonance recon-
structed via � ! KþK�. The reconstructed � and Dþ

s

masses are required to lie within �8 MeV and �65 MeV
of the nominal � and Dþ

s masses [18]. The corres-
ponding � selection efficiency is 99%. To suppress mis-
reconstructed Dþ

s mesons, we require j cos �hj> 0:5.
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The helicity angle �h is defined as the angle between the
reconstructed Dþ

s momentum and the K� momentum in
the � rest frame. Nonresonant Dþ

s ! KK� decays (such
as from S-wave processes) passing the selection criteria
are treated as part of the signal. Multiple Dþ

s candidates
per event are allowed. Correctly reconstructed Dþ

s

mesons from the continuum background are produced
directly in processes of the type eþe� ! c �c ! D�

s X,
and typically have high momenta p�ðDþ

s Þ in the center-
of-mass (CM) frame of the eþe� beams with a maximum

of p�
max ðDþ

s Þ ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
s=4�mðDþ

s Þ2
p

[25]. The maximum CM
momentum of Dþ

s mesons produced in B0
s decays is half

that of direct production, due to restricted decay phase
space. Therefore, to suppress events from the continuum
background we require

xðDþ
s Þ ¼ p�ðDþ

s Þ
p�
max ðDþ

s Þ ¼
p�ðDþ

s Þffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
s=4�mðDþ

s Þ2
p < 0:5: (3)

B. Lepton selection

Each Dþ
s candidate is combined with an electron or

muon having the same-sign charge. Electron candidates
are identified using the ratio of the energy detected in the
ECL to the track momentum, the ECL shower shape,
position matching between the track and ECL cluster, the
energy loss in the CDC, and the response of the ACC
counters. Muons are identified based on their penetration
range and transverse scattering in the KLM detector. The
polar acceptance regions are 18� < �< 150� and 25� <
�< 145� for electrons and muons, respectively. Leptons
are reconstructed with a minimum momentum in the lab
frame pð‘þÞ of 0.6 GeV corresponding to the acceptance
threshold of the detector. Lepton candidates are rejected if
they are likely to have originated from J=c decays, using
the mass criterion jmð‘þh�Þ �mðJ=c Þj< 5 MeV, where
h� is any charged track with a mass hypothesis based on
the signal candidate lepton. Electrons that appear to origi-
nate from Dalitz �0 decays or from converted photons are
removed by requiring jmð‘þh��Þ �mð�0Þj< 32 MeV
and jmð‘þh�Þj< 100 MeV, respectively, where h� is
defined as above and � is any detected photon. The lepton
identification efficiencies multiplied by the geometrical
acceptance are 75% (electrons) and 68% (muons). The
probabilities that a selected lepton candidate is a misiden-
tified charged kaon or pion are 6% and 19% for electrons
and muons, respectively.

The lepton detection efficiencies and misidentification
probabilities in the MC simulation are calibrated to data.
The calibration factors for the detection efficiencies are
obtained from the study of �� ! ‘þ‘� and J=c !
‘þ‘�. The misidentification probabilities are determined
from D�þ ! D0�þ

slow, D
0 ! K��þ decays by studying

the electron and muon likelihood of the K� and �þ
tracks from the D0. The pion from the D�þ, �þ

slow, has

a momentum of only a few hundred MeVas it is produced
just above the kinematic threshold.

V. FIT RESULTS

The number of Dþ
s mesons in data is determined from

fits to the KK�mass distribution. The signal shape used in
the fit is modeled as two Gaussian functions with a com-
mon mean; the combinatorial background is modeled by a
linear function. The fit parameters are the normalizations
of signal (Nsig) and background (Nbkg), the slope of the

linear function (b) and the parameters of the two Gaussian
functions: the common mean (�sig), the width of one

Gaussian (�1), the ratio of the widths (r� ¼ �2=�1) and
the ratio of the normalizations (rN).
For the measurement of NDþ

s
, the fits to mðKK�Þ are

performed in 20 equal bins of the normalized Dþ
s momen-

tum xðDþ
s Þ in the full range [0, 1], including the control

region xðDþ
s Þ> 0:5. A binned approach is used to accom-

modate xðDþ
s Þ dependence on the signal and background

shape parameters (�sig, �1, b).

The fit results for the parameters r� and rN are found to
be independent of xðDþ

s Þ. Figure 1 shows the KK� mass
fits for �ð5SÞ data in the signal region [xðDþ

s Þ< 0:5] and
Fig. 2(a) the obtained Dþ

s momentum spectra for �ð5SÞ
data and off-resonance data. The off-resonance data are
scaled with a factor Scont ¼ ðL�ð5SÞ=s�ð5SÞÞ=ðLoff=soffÞ ¼
1:81� 0:02 to account for the difference in integrated
luminosities and the dependence of the quark pair produc-
tion cross section on the center-of-mass energy

ffiffiffi
s

p
.

The total NDþ
s
is obtained by integrating over the region

xðDþ
s Þ< 0:5 and subtracting the continuum background

given by the scaled off-resonance distribution. A total of
½12:42� 0:08ðstatÞ� � 104 Dþ

s mesons are reconstructed,
where ½2:7� 0:1ðstatÞ� � 104 of these are from continuum
processes. This approach is validated by taking the differ-
ence between �ð5SÞ and off-resonance data in the control
region xðDþ

s Þ> 0:5, where only events from the contin-
uum can contribute. The difference is found to be �872�
1778, consistent with the expectation of zero.
For the NDþ

s ‘
þ measurements, the KK� mass fits are

performed in nine bins of lepton momentum in the range
0:6 GeV< pð‘þÞ< 3:1 GeV, where the lower and upper
thresholds are chosen due to the detection sensitivity to
electrons and muons, and to the semileptonic decay kine-
matic end point, respectively [see Figs. 2(b) and 2(c)].
The Dþ

s ‘
þ samples do not contain enough events to

determine all seven fit parameters. Therefore r� and rN
are fixed to the values obtained in the NDþ

s
measurement.

The remaining parameters, other than Nsig and Nbkg,

are determined from a fit to the totalDþ
s ‘

þ sample without
the binning in pð‘þÞ as shown in Fig. 3. The
�2=number of degrees of freedom ðndfÞ of the fits over
the full lepton momentum range are found to be 37=45
and 58=45 for electrons and muons, respectively.
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FIG. 1 (color online). The invariant KK� mass spectra collected near the �ð5SÞ resonance in bins of normalized Dþ
s momentum,

xðDþ
s Þ, in the signal region [xðDþ

s Þ< 0:5]. The fits are used to determine the total number ofDþ
s mesons from b-flavored mesons in the

�ð5SÞ sample.
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FIG. 2 (color online). Momentum spectra obtained from KK� mass fits: (a) in bins of xðDþ
s Þ (Dþ

s sample); (b) and (c) in bins of
pðeþÞ and pð�þÞ, respectively, where continuum backgrounds have been subtracted using off-resonance data (Dþ

s ‘
þ sample). The

MC uncertainty (yellow) includes both statistical and systematic uncertainties.
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Compared to theDþ
s sample, the continuum background in

theDþ
s ‘

þ sample is suppressed due to the same-sign lepton
requirement. The remaining continuum background is sub-
tracted using scaled off-resonance data. The shape differ-
ence of the continuum lepton momentum spectra at the
�ð5SÞ and in the off-resonance samples is determined from
MC simulation and the effect is corrected by a bin-by-bin
reweighting before the subtraction.

A �2 fit to the lepton momentum spectrum is performed
with two components: the prompt lepton signal and the
remaining Bu;d;s backgrounds, which are the sum of

secondary leptons (not coming directly from Bu;d;s decays)

and misidentified lepton candidates. The shapes of the
signal and Bu;d;s backgrounds are derived from MC simu-

lation. Figures 2(b) and 2(c) show the fit results. The
�2=ndf are 6.4/7 and 6.7/7 for the electron and muon fits,
respectively. The numbers of prompt leptons obtained in
the fit are corrected for efficiency and geometrical accep-
tance. The results are extrapolated from the experimental
momentum threshold of pð‘þÞ> 0:6 GeV to the full phase
space region using MC simulation, where the uncertainty
on this acceptance is included in the systematic uncertain-
ties. The signal acceptance in the region pð‘þÞ> 0:6 GeV
is 91% for electrons and 92% for muons. Finally, we find
½4:26� 0:19ðstatÞ� � 103 and ½4:76� 0:23ðstatÞ� � 103

prompt signal electrons and muons, respectively. To
determine R [Eq. (2)], we additionally account for the
difference in Dþ

s reconstruction efficiencies between the
inclusive Dþ

s and the signal samples Dþ
s ‘

þ. These effi-
ciencies take into account the possibility of more than one
Dþ

s ! �ðKþK�Þ�þ decay per event. The Dþ
s reconstruc-

tion efficiencies and the results for R are summarized in
Table I, where the combined result is obtained from the

weighted average of the eþ and �þ modes, taking into
account measurement correlations.

VI. SYSTEMATIC UNCERTAINTIES ON R

The systematic uncertainties on the ratio R are divided
into four categories: detector effects, fitting procedure,
background modeling and signal modeling. They are dis-
cussed in turn below, and are given as relative uncertain-
ties. They are also summarized in Table II.
Numerous potential systematic uncertainties that relate

to the reconstruction of the Dþ
s ultimately cancel in the

ratio; these include uncertainties associated with kaon and
pion reconstruction. The uncertainty on the calibration of
the electron (muon) identification is 0.7% (1.4%). The
uncertainty on the lepton misidentification is below 0.1%.
Another 0.4% uncertainty is added for the reconstruction
efficiency of the lepton track. The statistical uncertainty of
the efficiencies 	Dþ

s e
þðKK�Þ and 	Dþ

s �
þðKK�Þ is 0.8%.

Uncertainties in the modeling of the KK� mass shape
cancel in the ratio R. The shape parameters fixed in the
NDþ

s ‘
þ fits are each varied by one standard deviation and

the variations on the fit results are added in quadrature to

TABLE I. Measured ratios R. The first uncertainty is statisti-
cal; the second is systematic. The last row shows result for the
combination of the eþ and �þ modes and takes into account the
correlations.

Mode Ratio R� 10�4 	Dþ
s
ðKK�Þ 	Dþ

s ‘
þðKK�Þ

e 428� 20� 13 28.2% 28.7%

� 470� 23� 16 28.2% 29.2%

e, � 444� 16� 13 Not

applicable

Not

applicable
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FIG. 3 (color online). The invariant KK� mass spectra for the full sample of selected Dþ
s ‘

þ pair events, collected near the �ð5SÞ
resonance. The figure shows the fits used to determine the shape parameters for the fits in bins of pð‘þÞ (see text for details).

TABLE II. Overview of the relative systematic uncertainties of
the ratio R.

Uncertainty [%] e �

Detector effects

Lepton identification 0.7 1.4

Fake lepton rate <0:1 <0:1
Tracking efficiency 0.4 0.4

Dþ
s reconstruction efficiencies 0.8 0.8

Fitting procedure

Shape error in KK� mass fits 2.0 2.2

Background modeling

Continuum scale factor Scont 0.4 0.4

Kinematic smearing of pð‘Þ from continuum 1.0 1.0

Secondary and fake ‘ bkg. composition 1.0 1.5

Signal modeling

Shape of the prompt lepton spectrum 0.7 0.6

Composition of the semileptonic width 1.0 1.1

Total 3:0 3:5

Total correlated 2.7 2.8
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determine the systematic uncertainty. This results in an
uncertainty of 2.0% (2.2%) for electrons (muons).

The scale factor Scont for the off-resonance data and
the correction of the off-resonance lepton momentum
spectrum add uncertainties of 0.4% and 1%, respectively.
The knowledge of the composition of the fit component
containing the combined background from secondary lep-
tons and misidentified lepton candidates is limited by the
precision of the measurements of B0

s branching fractions,
which is estimated to be of the order of 30%. Hence, the
yields of secondary leptons from Du;d;s, from 
 and from

other decays, as well as the rate of misidentified leptons,
are scaled by �30% and the variation of R is taken as
systematic uncertainty, giving 1.0% (1.5%) for electrons
(muons).

For the signal model, since most of the exclusive modes
have not been measured, the shape uncertainty is estimated
as the full difference between the result obtained with
HQET and with the ISGW2 model where applicable. For
electrons (muons), the obtained uncertainty is 0.7% (0.6%).
Since the background from Bu;d decays is expected to be

approximately 15% of the measured semileptonic yield
and the semileptonic width of Bu;d decays has been studied

in more detail, the shape uncertainties are found to be
negligible compared to B0

s decays.
The uncertainty due to the composition of the semi-

leptonic width is evaluated by varying the normalization
of each mode by �30% and adding the uncertainties in
quadrature. The resulting uncertainties onR are 1.0% and
1.1% for electrons and muons, respectively. Due to the
inclusiveness of the analysis, the total uncertainty on the
signal lepton acceptance is only 0.3%.

The total systematic uncertainty on R is calculated
by summing the above uncertainties in quadrature. It is
found to be 3.0% (2.7%) for electrons and 3.5% (2.8%)
for muons, where the values in parentheses are the fully
correlated errors between both modes. Taking these corre-
lations into account, the total systematic uncertainty on the
combined value of R is 3.0%.

VII. EXTRACTION OF THE
BRANCHING FRACTION

The extraction of the B0
s ! X�‘þ�‘ branching fraction

is based on a prediction of the measured ratio R and
includes the estimation of the background from Bu;d

decays. This approach is based on the calculation of
the number of same-sign lepton pairs ‘þ‘þ in �ð5SÞ
decays discussed in Refs. [26,27]. The measured yields
N� (where � ¼ Dþ

s , D
þ
s ‘

þ) contain a contribution from

B0
s decays, N � ðBð�Þ

s �Bð�Þ
s Þ, and from Bu;d background,

N � ðBð�Þ
u;d

�Bð�Þ
u;dð�ÞÞ:

R¼N Dþ
s ‘

þðBð�Þ
s �Bð�Þ

s ÞþN Dþ
s ‘

þðBð�Þ
u;d

�Bð�Þ
u;dð�ÞÞ

N Dþ
s
ðBð�Þ

s �Bð�Þ
s ÞþN Dþ

s
ðBð�Þ

u;d
�Bð�Þ
u;dð�ÞÞ

: (4)

The total number of produced b-quark pairs, Nb �b,
cancels in the ratio. Pairs of b �b quarks produced near the
�ð5SÞ resonance hadronize in pairs of Bu;d mesons with a

probability of fud ¼ fu þ fd, where fu¼Bð�ð5SÞ!
B�XÞ=2¼ð36:1�3:2Þ% and fd ¼ Bð�ð5SÞ ! B0XÞ=2 ¼
ð38:5� 4:2Þ% [28]. B0

s pairs are formed with a probability
of fs ¼ ð19:9� 3:0Þ% [18]. The remaining contribution to
the Yð5SÞ ! b �b decay width is bottomonium resonances,
but no subsequent decays of these resonances to Dþ

s

mesons have been observed so far. The contribution from
bottomonium is assumed to be negligible in the ratio R,
and neglected in the calculations.
The production of Bu;d mesons near the �ð5SÞ center-of-

mass energy is divided into three classes [28]: two-body

decays Bð�Þ
u;d

�Bð�Þ
ud , three-body decays with an additional pion

Bð�Þ
u;d

�Bð�Þ
ud� and the initial state radiation (ISR) process

eþe� ! �ISR�ð4SÞ ! �ISRBu;d
�Bud. The fractions of the

different two-body production mechanisms are given by the
parameters FB �B, FB� �B and FB� �B� , and their sum is denoted by
F2. The fraction of three-body decays is ðfud � F2Þ � F0

3,

where F0
3 ¼ F0

B �B�
þ F0

B� �B� þ F0
B� �B��. The remainder

ðfud � F2Þ � ð1� F0
3Þ is attributed to the ISR process. From

isospin symmetry, one can deduce that one third of the three-

body decay modes are Bþð�ÞB�ð�Þ�0 and B0ð�Þ �B0ð�Þ�0, with

the remainder being Bþð�Þ �B0ð�Þ�� or B�ð�ÞB0ð�Þ�þ.
The mixing probability �ðCÞ

q of a pair of B0
q mesons

(q ¼ d,s) depends on �mB0
q
=�B0

q
, where �mB0

q
is the

mass difference in the B0
q system and �B0

q
the B0

q decay

width, and the C eigenstate in which the pair is produced:

TABLE III. Central values used for the extraction of the
branching fraction BðB0

s ! X�‘þ�‘Þ. The relative systematic
uncertainty j�B=Bj is given for the combined measurement.
Parameter values are taken fromRef. [18] unless otherwise stated.

Parameter Value j�B=Bj½%�
fu ¼ Bð�ð5SÞ ! B�XÞ=2 ð36:1� 3:2Þ% [28] 0.8

fd ¼ Bð�ð5SÞ ! B0XÞ=2 ð38:5� 4:2Þ% [28] 0.6

fs ð19:9� 3:0Þ% 2.4

BðBs ! D�
s XÞ ð93� 25Þ% [24] 4.4

BðBþ ! Dþ
s XÞ ð7:9� 1:4Þ% 2.2

BðB0 ! Dþ
s XÞ ð10:3� 2:1Þ% 1.7

BðB0 ! D�
s XÞ ð1:5� 0:8Þ% [29] 1.1

BðBþ ! D�
s XÞ ð1:1� 0:4Þ% 0.9

BðB0 ! X‘þ�‘Þ ð10:33� 0:28Þ% 0.4

BðBþ ! X‘þ�‘Þ ð10:99� 0:28Þ% 0.1

FB� �B� ð38:1� 3:4Þ% 0.1

FB� �B ð13:7� 1:6Þ% 0.1

FB �B ð5:5� 1:6Þ% 0.0

F0
B� �B�� ð5:9� 7:8Þ% [28] 0.1

F0
B� �B� ð41:6� 12:1Þ% [28] 0.2

F0
B �B�

ð0:2� 6:8Þ% [28] 0.0

xd 0:771� 0:008 0.1

�s 0:500� 0:001 0.2
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�ðþÞ
q ¼ x2qð3þ x2qÞ

2ð1þ x2qÞ2
and �ð�Þ

q ¼ x2q

2ð1þ x2qÞ
: (5)

In contrast to B0 mesons, where xd ¼ 0:770� 0:008 [18],
xs ¼ 26:49� 0:29 [18] is so large for B0

s mesons that the
difference between even and odd C eigenstates can be
neglected. We use the approximation �s ¼ ð1� �sÞ ¼

0:500� 0:001. For B0 produced together with a charged
B� meson, the mixing probability is the same as for
C ¼ �1. With this information, the contributions N to
the yields from each b-flavored meson production mode
can be calculated. The factor of 2 takes into account the
possibility that the reconstructed Dþ

s meson can stem from
either of the two b-flavored mesons.

N Dþ
s
ðBð�Þ

s �Bð�Þ
s Þ=Nb �b ¼ 2 � fs �BðB0

s ! D�
s XÞ; (6)

N Dþ
s
ðBð�Þ

u;d
�Bð�Þ
u;dð�ÞÞ=Nb �b ¼ 2 � fd �BðB0 ! D�

s XÞ þ 2 � fu �BðBþ ! D�
s XÞ; (7)

N Dþ
s ‘

þðB0ð�Þ
s �B0ð�Þ

s Þ=Nb �b ¼ 2 � fs �BðB0
s ! X�‘þ�‘Þ � ð1� �sÞ �BðB0

s ! D�
s XÞ; (8)

N Dþ
s ‘

þðBð�Þ
u;d

�Bð�Þ
u;dð�ÞÞ=Nb �b

¼ 2 � fd
fud

�
�
FB �B þ FB� �B� þ 1

3
ðfud � F2Þ � ðF0

B �B�
þ F0

B� �B��Þ þ ðfud � F2Þ � ð1� F0
3Þ
�

� f�ð�Þ
d �BðB0 ! Dþ

s XÞ þ ð1� �ð�Þ
d Þ �BðB0 ! D�

s XÞg �BðB0 ! X�‘þ�‘Þ|fflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflffl{zfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflffl}
B0ð�Þ �B0ð�Þ pairs; C even

þ 2 � fd
fud

�
�
FB� �B þ 1

3
ðfud � F2Þ � F0

B� �B�

�

� f�ðþÞ
d �BðB0 ! Dþ

s XÞ þ ð1� �ðþÞ
d Þ �BðB0 ! D�

s XÞg �BðB0 ! X�‘þ�‘Þ|fflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflffl{zfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflffl}
B0 �B0� pairs; C odd

þ 2 � fu
fud

�
�
F2 þ 1

3
ðfud � F2Þ � F0

3 þ ðfud � F2Þ � ð1� F0
3Þ
�
�BðBþ ! D�

s XÞ �BðBþ ! X‘þ�‘Þ|fflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflffl{zfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflffl}
Bþð�ÞB�ð�Þ pairs

þ
�
2

3
� ðfud � F2Þ � F0

3

�

� ðf�ð�Þ
d �BðB0 ! Dþ

s XÞ þ ð1� �ð�Þ
d Þ �BðB0 ! D�

s XÞg �BðBþ ! X‘þ�‘Þ
þ f�ð�Þ

d �BðBþ ! Dþ
s XÞ þ ð1� �ð�Þ

d Þ �BðBþ ! D�
s XÞg �BðB0 ! X�‘þ�‘ÞÞ|fflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflffl{zfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflffl}

Bþð�Þ �B0ð�Þ and B�ð�ÞB0ð�Þ pairs

: (9)

Equation (4) is solved for BðB0
s ! X�‘þ�‘Þ, which is the only unknown quantity:

B ðB0
s ! X�‘þ�‘Þ ¼

½N Dþ
s
ðBð�Þ

s �Bð�Þ
s Þ þN Dþ

s
ðBð�Þ

u;d
�Bð�Þ
u;dð�ÞÞ� �R�N Dþ

s ‘
þðBð�Þ

u;d
�Bð�Þ
u;dð�ÞÞ

2 � fs � ð1� �sÞ �BðB0
s ! D�

s XÞ � Nb �b

: (10)

The parameters used to calculate the N terms are
summarized in Table III. The uncertainties on BðB0

s !
X�‘þ�‘Þ from the external parameters are obtained by
varying each of them in turn by their uncertainties; for
asymmetric uncertainties, the larger one is used. The ex-
ternal parameters are treated as if they were uncorrelated.
The correlations between the ratio R and the external
parameters measured at Belle are negligible.

VIII. RESULTS AND DISCUSSION

We obtain the following values for the semileptonic
branching fraction BðB0

s ! X�‘þ�‘Þ:

‘ ¼ e: ½10:1� 0:6ðstatÞ � 0:7ðsystÞ�%,
‘ ¼ �: ½11:3� 0:7ðstatÞ � 0:8ðsystÞ�%,
‘¼e;�: ½10:6�0:5ðstatÞ�0:7ðsystÞ�%:
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The last branching fraction is the combination of the
electron and muon mode measurements. Our result is
consistent with the measurement in Ref. [7] and substan-
tially improves on both the statistical and systematic
precision.

Table IV summarizes the uncertainties of the branching
fractions. The dominant uncertainty arises from the exter-
nal parameters. This is typical for almost any B0

s absolute
branching fraction measurement where the B0

s production
rate near the �ð5SÞ resonance has to be estimated. In this
measurement, the critical parameters fs andBðBs!D�

s XÞ
appear in the numerator and denominator of the ratio R
and therefore the respective uncertainties partially cancel.
The measurement of the ratioR is kept independent of the
extraction of BðB0 ! X�‘þ�‘Þ, in order to facilitate the
update of the branching fraction when the precision of
external measurements improves.

Using the well measured lifetimes of the B0
s and B0

mesons, and BðB0 ! X�‘þ�‘Þ [18], the inclusive semi-
leptonic width of the B0

s is determined to be �SLðB0
sÞ ¼

ð1:04� 0:09Þ � �SLðB0Þ which is consistent with the
theoretical expectation [4,5]. This level of precision is
already an important test of the theoretical description of
semileptonic B0

s decays. To fully understand SUð3Þ sym-
metry breaking effects, the heavy quark parameters of
semileptonic B0

s decays must be measured directly. This
can be achieved through the analysis of spectral moments,
although it will require full reconstruction techniques only
feasible at a next generation flavor factory.

IX. SUMMARY

We measured the inclusive semileptonic B0
s branch-

ing fraction BðB0
s ! X�‘þ�‘Þ ¼ ½10:6 � 0:5ðstatÞ �

0:7ðsystÞ�%. This is the most precise measurement to
date and is in agreement with the previous measurement
[7] and theoretical expectations [4,5].
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