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We report the first measurement of the lepton forward-backward asymmetry AFB as a function
of the squared four-momentum of the dilepton system, q2, for the electroweak penguin process
B → Xsℓ

+ℓ− with a sum of exclusive final states, where ℓ is an electron or a muon and Xs is a
hadronic recoil system with an s quark. The results are based on a data sample containing 772×106

BB̄ pairs recorded at the Υ(4S) resonance with the Belle detector at the KEKB e+e− collider. AFB

for the inclusive B → Xsℓ
+ℓ− is extrapolated from the sum of 10 exclusiveXs states whose invariant

mass is less than 2 GeV/c2. For q2 > 10.2 GeV2/c2, AFB < 0 is excluded at the 2.3σ level, where
σ is the standard deviation. For q2 < 4.3 GeV2/c2, the result is within 1.8σ of the Standard Model
theoretical expectation.

PACS numbers: 11.30.Er, 11.30.Hv, 12.15.Ji, 13.20.He

I. INTRODUCTION

In the Standard Model (SM), quark-level flavor-
changing neutral current b → sℓ+ℓ− decays [1] are al-
lowed at higher order via the electroweak loop (penguin)
and W+W− box diagrams. The corresponding decay
amplitude can be expressed via the Operator Product
Expansion [2] in terms of the effective Wilson coefficients
for the electromagnetic penguin, Ceff

7 , and the vector and
axial-vector electroweak contributions, Ceff

9 and Ceff
10 , re-

spectively [3]. If physics beyond the SM contributes
to b → sℓ+ℓ− decays, then the effective Wilson coeffi-

cients are expected to differ from the SM expectations.
Therefore the decay rate and angular distributions of
b → sℓ+ℓ− decays constitute good probes to search for
new physics [4].

Inclusive measurements of the b → sℓ+ℓ− process are
preferable to exclusive measurements because of lower
theoretical uncertainties, although they are experimen-
tally more challenging. The branching fraction for in-
clusive B → Xsℓ

+ℓ−, where B is either B̄0 or B−, ℓ is
either an electron or a muon, and Xs is a hadronic re-
coil system with an s quark, has been measured by Belle
[5] and BABAR [6]. Both results are consistent with the
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SM prediction. The lepton forward-backward asymme-
try, defined as

AFB(q
2
min, q

2
max)

=

∫ q2max

q2
min

dq2
∫ 1

−1 d cos θ sgn(cos θ)
d2Γ

dq2d cos θ
∫ q2max

q2
min

dq2
∫ 1

−1 d cos θ
d2Γ

dq2d cos θ

(1)

is considered to have different and greater sensitivity to
physics beyond the SM than the branching fraction [7, 8].
Here, q2 is the squared four-momentum of the dilepton
system and θ is the angle between the ℓ+(ℓ−) and the B
meson momentum in the ℓ+ℓ− center-of-mass frame in
B̄0 or B− (B0 or B+) decays. Although AFB in exclusive
B → K(∗)ℓ+ℓ− has been measured by Belle [9], BABAR
[10], CDF [11], LHCb [12] and CMS [13], AFB in inclusive
B → Xsℓ

+ℓ− is yet to be measured. At lowest order, the
numerator in Eq. 1 for inclusive B → Xsℓ

+ℓ− can be
written [14] as a function of q2

∫ 1

−1 sgn(cos θ)
d2Γ

dq2d cos θ
d cos θ

= −3Γ0m
3
bc

8(1− s)2sC10Re

(

C9 +
2

s
C7

)

, (2)

where mb is the b-quark mass, s = q2/(m2
bc

2), and Γ0 =
G2

F

48~6c6π3

αem

16π2 |VtbV
∗
ts|

2. Here, GF is the Fermi coupling
constant, Vtb and Vts are Cabibbo-Kobayashi-Maskawa
matrix elements [15], and αem is the fine-structure con-
stant.
We report the first measurement of the lepton forward-

backward asymmetry for inclusive B → Xsℓ
+ℓ−, which is

extrapolated from the sum of 10 exclusive Xs states with
an invariant mass MXs

< 2.0 GeV/c2, corresponding to
50% of the inclusive rate. We also report this asymme-
try for the subsamples of B → K(∗)ℓ+ℓ− with the Xs

invariant mass MXs
< 1.1 GeV/c2 and B → Xsℓ

+ℓ−

with MXs
> 1.1 GeV/c2, where this asymmetry for

B → Kℓ+ℓ− is expected to be zero in the SM. We assume
that AFB is independent of lepton flavor. When the fi-
nal state Xs is not a K(∗), we also assume AFB depends
neither on Xs nor on the Xs mass. The results are based
on the full Υ(4S) data sample containing 772× 106 BB̄
pairs recorded with the Belle detector [16] at the KEKB
e+e− collider [17].

II. DETECTOR

The Belle detector is a general-purpose magnetic spec-
trometer which consists of a silicon vertex detector
(SVD), a 50-layer central drift chamber (CDC), an array
of aerogel threshold Cherenkov counters (ACC), time-of-
flight scintillation counters (TOF), and an electromag-
netic calorimeter (ECL) comprised of CsI(Tl) crystals.
The devices are located inside a superconducting solenoid
coil that provides a 1.5 T magnetic field. An iron flux-
return located outside the coil is instrumented to detect

K0
L mesons and to identify muons (KLM). The detector

is described in detail elsewhere [16].

III. SIGNAL MODEL

We study the acceptance for B → Xsℓ
+ℓ− via Monte

Carlo (MC) simulation. For this simulation, we use a
sum of exclusive B → K(∗)ℓ+ℓ− events and non-resonant
B → Xsℓ

+ℓ− events with MXs
> 1.1 GeV/c2. The for-

mer are generated according to Refs. [4, 18], while the lat-
ter are generated using a model based on Refs. [4, 19] and
the Fermi motion model of Ref. [20]. The two MC sam-
ples are mixed assuming the measured branching frac-
tions [21].

IV. EVENT SELECTION

Charged tracks are reconstructed with the SVD and
CDC, and the tracks other than K0

S → π+π− daugh-
ters are required to originate from the interaction region.
Electrons are identified by a combination of the specific
ionization (dE/dx) in the CDC, the ratio of the clus-
ter energy in the ECL to the track momentum measured
with the SVD and CDC, the response of the ACC, the
shower shape in the ECL, and position matching between
the shower and the track. Muons are identified by the
track penetration depth and hit scatter in the KLM. Elec-
trons and muons are required to have momenta greater
than 0.4 GeV/c and 0.8 GeV/c, respectively. To recover
bremsstrahlung photons from leptons, we add the four-
momentum of each photon detected within 0.05 rad of
the original track direction. Charged kaons are identi-
fied by combining information from the dE/dx in the
CDC, the flight time measured with the TOF, and the
response of the ACC [22]. We select electron, muon, and
kaon candidate tracks in turn, while the remaining tracks
are assumed to be charged pions.
K0

S candidates are formed by combining two oppositely
charged tracks, assuming both are pions with require-
ments on their invariant mass, flight length, and consis-
tency between the K0

S momentum direction and vertex
position. Neutral pion candidates are formed from pairs
of photons that have an invariant mass within 10 MeV/c2

of the nominal π0 mass, where photons are measured as
an energy cluster in the ECL with no associated charged
tracks. Neutral pions and their photon daughters are re-
quired to have an energy greater than 400 MeV and 50
MeV, respectively. A mass-constrained fit is then per-
formed to obtain the π0 momentum.
We reconstruct Xs from 18 hadronic final states (see

Table I), that consist of one K± or K0
S and up to four

pions, of which at most one can be neutral. To reject a
large part of the combinatorial background, we require
MXs

< 2 GeV/c2, which preserves 91% of signal.
We combine the Xs with two oppositely charged lep-

tons to form a B meson candidate. To identify the
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TABLE I. The 18 hadronic final states used to reconstruct
Xs. The 8 final states enclosed in parentheses are not used
for the measurement of AFB.

B̄0 decays B− decays

(K0
S) K−

K−π+ (K0
Sπ

0) K−π0 K0
Sπ

−

K−π+π0 (K0
Sπ

−π+) K−π+π− K0
Sπ

−π0

K−π+π−π+ (K0
Sπ

−π+π0) K−π+π−π0 K0
Sπ

−π+π−

(K−π+π−π+π0)(K0
Sπ

−π+π−π+)(K−π+π−π+π−)(K0
Sπ

−π+π−π0)

signal, we use two kinematic variables defined in the
Υ(4S) rest frame: the beam-energy constrained mass

Mbc =
√

E∗2
beam − |~pB|2, and the energy difference ∆E =

EB − E∗

beam, where E∗

beam is the beam energy and
(~pB, EB) is the reconstructed momentum and energy of
the B candidate. We require Mbc > 5.22 GeV/c2 and
−100 MeV < ∆E < 50 MeV (−50 MeV < ∆E < 50
MeV) for the electron (muon) channel.
To reject large contamination from charmonium back-

grounds B → J/ψ(ψ(2S))Xs followed by J/ψ(ψ(2S)) →
ℓ+ℓ−, we reject events having dilepton invariant mass in
the following veto regions: −400 to 150 MeV/c2 (−250
to 100 MeV/c2) around the J/ψ mass and −250 to 100
MeV/c2 (−150 to 100 MeV/c2) around the ψ(2S) mass
for the electron (muon) channel. In the electron channel,
there is non-negligible peaking background from events
in which the bremsstrahlung photon recovery fails and in-
stead the radiated photon together with another random
photon forms a misreconstructed π0 as Xs’s daughter.
To veto such events, the π0’s photon daughter with the
highest energy is added in the calculation of the dilep-
ton invariant mass, and events with invariant mass from
150 MeV/c2 below to 50 MeV/c2 above the nominal J/ψ
mass are rejected for the modes involving π0. We also
require the dilepton mass to be greater than 0.2 GeV/c2

to remove the photon conversion and π0 Dalitz decays.

V. BACKGROUND SUPPRESSION

The main background comes from random combina-
tions of two semileptonic B orD decays, which have both
large missing energy due to neutrinos, and displaced ori-
gin of leptons from B orD mesons. The displacement be-
tween the two leptons is measured by the distance ∆zℓ+ℓ−

between the points of closest approach to the beam axis
along the beam direction. We also use the confidence
level of the B vertex (Cvtx), constructed from all charged
daughter particles except for K0

S daughters. We set re-
quirements on ∆zℓ+ℓ− and Cvtx to preserve about 79% of
the signal while rejecting 66% of the background. Other
background originates from e+e− → qq̄ (q = u, d, s, c)
continuum events, which can be efficiently suppressed us-
ing event shape variables.
To suppress the continuum background and further

reduce the semileptonic background, we employ a neu-
ral network based on the software package “NeuroBayes”

[23]. The inputs to the network are (i) a likelihood ra-
tio based on ∆E, (ii) the cosine of the angle between
the B candidate and the beam axis in the Υ(4S) rest
frame, (iii) ∆zℓ+ℓ− , (iv) Cvtx, (v) the total visible en-
ergy, (vi) the missing mass [24], and (vii) 17 event shape
variables based on modified Fox-Wolfram moments [25].
For the different types of backgrounds (semileptonic and
continuum), the neural network is trained separately and
requirements on two output values are chosen to maxi-
mize the statistical significance. This optimization is per-
formed separately for electron and muon channels and for
the regions MXs

< 1.1 GeV/c2 and MXs
> 1.1 GeV/c2,

and the obtained selection preserves 51% (63%) of the
signal while rejecting 98% (96%) of the background for
electron (muon) channels. According to the MC sim-
ulation, 83% of the remaining background consists of
semileptonic events.
The probability of multiple B candidates in a signal

event is 8% with the average number of B candidates
per signal event being 1.1. When multiple B candidates
are found in an event, we select the most signal-like B
candidate based on the neural network output. For the
measurement of AFB, information on the flavor of the
B candidate is necessary. For B̄0 mesons, only the self-
tagging modes with a K− are kept, after selecting one
B candidate per event. We also remove candidates with
Xs reconstructed from one kaon plus four pions because
expected signal yields are less than one event. Therefore,
we use 10 final states as listed in Table I for the Xs to
measure AFB.

VI. MAXIMUM LIKELIHOOD FIT

To examine the q2 dependence of AFB, we divide the
data into 4 bins of measured q2: [0.2, 4.3], [4.3, 7.3(8.1)],
[10.5(10.2), 11.8(12.5)], [14.3, 25.0] GeV2/c2 for the elec-
tron (muon) channel, where the gap regions correspond
to the veto regions for charmonium background events.
The bins are numbered in the order of increasing q2; the
lowest q2 for bin number 1, and the highest for bin num-
ber 4. In order to extract AFB, an extended unbinned
maximum likelihood fit to four Mbc distributions (posi-
tive/negative cos θ for electron/muon channel) is simul-
taneously performed for each q2 bin. We also measure
AFB in the low-q2 region, 1 < q2 < 6 GeV2/c2, where it
is theoretically clean.

The raw asymmetry Araw
FB = N(cos θ>0)−N(cos θ<0)

N(cos θ>0)+N(cos θ<0) ,

where N is the observed signal yields, differs from AFB

due to the dependence of the signal reconstruction effi-
ciency on q2 and cos θ. Figure 1 show the reconstruction
efficiencies on a plane of q2 and cos θ. This pronounced
dependence arises from events with low q2 and high cos θ
having lepton momenta below the event selection require-
ments. We define α as a scaling factor that relates Araw

FB

to AFB. We assume that AFB does not depend on the
lepton flavor. However, AFB in the second and third q2

bins do differ between electron and muon channels due to
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FIG. 1. Reconstruction efficiency on a plane of q2 and cos θ
for (a) the electron and (b) the muon channels. The J/ψ and
ψ(2S) veto regions are shown as hatched regions.

the distinct charmonium-veto regions. We identify AFB

as the fit parameter for the q2 regions of the muon chan-
nel and then introduce the scaling factor β between the
values in the electron and muon channels. With these
factors, the fit parameter AFB is

AFB ≡ Aµµ
FB

= β · Aee
FB, where

Aℓℓ
FB = αℓℓ · Araw,ℓℓ

FB (ℓ = e, µ). (3)

To derive αℓℓ (ℓ = e, µ), we generate several sets of
signal MC samples with various Wilson coefficients (C7,
C9, C10), and calculate Aℓℓ

FB for each set. We evaluate

Araw,ℓℓ
FB using the reconstruction efficiency as a function of

q2 and cos θ. We derive αℓℓ by fitting the relation between

Aℓℓ
FB and Araw,ℓℓ

FB to a straight line. In the first q2 bin,
the quite distinct values of α between electron and muon
channels reflect the different lepton momentum selection
criteria. To derive β, we fit the relation between Aee

FB
and Aµµ

FB in the same way. The values of α and β are
summarized in Table II.
The likelihood function consists of four components:

signal, self cross-feed, combinatorial background, and
peaking background. The signal is modeled with a
Gaussian function with parameters obtained from the
B → J/ψXs data. The self cross-feed is described by
a MC histogram, where the yield ratio to the signal is
fixed according to the MC expectation. The combinato-

rial background is modeled by an ARGUS function [26],
where the endpoint is fixed to the nominal beam energy
in the Υ(4S) rest frame, E∗

beam = 5.289 GeV. We have
three peaking background sources. First is charmonium
peaking background, B → J/ψ(ψ(2S))Xs decays with
The yields and shape of these charmonium peaking back-
grounds is modeled by histogram shape of charmonium
MC samples. The yields of charmonium peaking back-
ground are estimated to be 0.9± 0.2 and 2.1± 0.2 events
in the electron and muon channels, respectively. We treat
contributions from charmonium resonances higher than
ψ(2S) as signal. Second is B → D(∗)nπ (n > 0) decay
with misidentification of two charged pions as two lep-
tons. The yields and shape of this peaking background
is determined directly from the data by performing the
analysis without the lepton identification requirements.
Taking the π → ℓ misidentification rates into account,
We estimate this peaking background to be 0.07 ± 0.01
and 5.0± 0.2 events in the electron and muon channels,
respectively. Third is B → J/ψ(ψ(2S))Xs with swapped
misidentification between a lepton and a pion. The yields
and shape of this peaking background is determined di-
rectly from the data by performing the analysis selecting
dilepton invariant mass around J/ψ and ψ(2S). Taking
the π → ℓ misidentification rates and particle identifi-
cation efficiencies into account, we estimate this peaking
background to be 0.06± 0.02 and 4.3± 0.2 events in the
electron and muon channels, respectively.

VII. SYSTEMATIC UNCERTAINTIES

To estimate systematic uncertainties, we repeat the
AFB fit with varied input parameters and the resulting
change in AFB is taken as the systematic uncertainty for
the varied parameter. Systematic uncertainties for AFB

are summarized in Table III. In the 1st q2 bin, the dom-
inant systematic uncertainty arises from the translation
of Araw

FB to AFB with α and β. Even if a MC sample
with a different set of Wilson coefficients produces the
same values of AFB, the Araw

FB values and hence the α
coefficient may differ. It gives rise to an uncertainty
of the offset in the linear fit. To estimate this uncer-
tainty, the relation between Araw

FB and AFB are projected
onto the axis perpendicular to the fitted linear line and
fitted by a Gaussian function. To estimate systematic
uncertainties from the peaking background, the yield of
each such background is varied by its uncertainty. For
the charmonium peaking background, the yield is var-
ied by ±100%, conservatively, because it is determined
from MC events. A possible peaking background from
B → Knπℓν (n > 0), where one pion is misidentified
as a lepton and the missing neutrino is compensated by
a pion of the other B decay, is examined. The number
of events in the whole q2 region is estimated from MC
to be 0.2 ± 0.6 (1.1 ± 0.7) for electron (muon) channel,
and the resulting systematic error is O(0.001). In the
2nd q2 bin, the systematic uncertainty from charmonium
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TABLE II. Fit results for the five q2 bins. For AFB, the first uncertainty is statistical and the second uncertainty is systematic.
AFB values predicted by the SM [4, 7] are also shown with systematic uncertainties. For the signal yields, only statistical
uncertainties are shown. The uncertainties of α and β are due to the statistical uncertainties of the MC.

1st q2 bin 2nd q2 bin 3rd q2 bin 4th q2 bin

q2 range [GeV2/c2] [0.2,4.3]
[4.3,7.3]Xse+e− [10.5,11.8]Xse+e− [14.3, 25.0] [1.0, 6.0]
[4.3,8.1]Xsµ+µ− [10.2,12.5]Xsµ+µ−

AFB 0.34± 0.24 ± 0.03 0.04± 0.31 ± 0.05 0.28 ± 0.21 ± 0.02 0.28 ± 0.15 ± 0.02 0.30 ± 0.24± 0.04
AFB (theory) −0.11± 0.03 0.13 ± 0.03 0.32 ± 0.04 0.40 ± 0.04 −0.07± 0.04

Nee
sig 45.6± 10.9 30.0 ± 9.2 25.0 ± 7.0 39.2 ± 9.6 50.3 ± 11.4

Nµµ
sig 43.4 ± 9.2 23.9 ± 10.4 30.7 ± 9.9 62.8 ± 10.4 35.3± 9.2
αee 1.289 ± 0.004 1.139 ± 0.003 1.063 ± 0.003 1.121 ± 0.003 1.255 ± 0.003
αµµ 2.082 ± 0.010 1.375 ± 0.003 1.033 ± 0.003 1.082 ± 0.003 1.863 ± 0.006
β 1.000 1.019 ± 0.003 1.003 ± 0.000 1.000 1.000

peaking background is dominant. To estimate the sys-
tematic uncertainties from signal modeling, the related
parameters are varied. The fraction of B → K(∗)ℓ+ℓ−

and non-resonant B → Xsℓ
+ℓ− are varied within exper-

imental uncertainties. B → K(∗)ℓ+ℓ− MC samples are
generated with different form factors [27, 28]. The Fermi
motion parameter is varied in accordance with measure-
ments of hadronic moments in semileptonic B decays
[29] and the photon spectrum in inclusive B → Xsγ
decays [30]. The b-quark pole mass is varied by ±0.15
GeV/c2 around 4.80 GeV/c2. The threshold point of
non-resonant B → Xsℓ

+ℓ− events is varied by ±100
MeV/c2 around MXs

= 1.1 GeV/c2. In the region
MXs

< 1.1 GeV/c2, there is possible contamination from
the non-resonant S-wave component of the Kπ system.
Nevertheless, we find negligible systematic uncertainty
from this effect by adding 5% contributions of S-wave
components to the dominant K∗ in this MXs

region [31].
We check the hadronization process in the non-resonant
B → Xsℓ

+ℓ− events by comparing the B → J/ψXs

events in data and MC simulations. To estimate the sys-
tematic uncertainties related to Xs spin components, we
generate non-resonant B → Xsℓ

+ℓ− MC samples with
spin 0 and 1 using the form factor for B → K(∗)ℓ+ℓ−.
In these MC samples, Xs always decays to the two-body
Kπ final states to enhance the effect of the Xs spin. We
replace the nominal non-resonantB → Xsℓ

+ℓ− MC sam-
ples with these MC samples, and estimate the system-
atic uncertainty from the difference between MC sam-
ples with spin 0 and 1. The signal shape parameters are
fixed using the J/ψXs data. The mean and width of
the signal Gaussian function are varied within their un-
certainties. The histogram shape of the self cross-feed
background is estimated from signal MC events. The
entries in the bins are varied according to a Gaussian
distribution whose standard deviation is the statistical
uncertainty of the MC sample. The total systematic un-
certainty is estimated by summing the above uncertain-
ties in quadrature.

VIII. FORWARD-BACKWARD ASYMMETRY

Figure 2, 3, 4, 5, and 6 show the Mbc distributions for
B → Xse

+e− and B → Xsµ
+µ− candidates with posi-

tive and negative cos θ in each q2 bin. The total signal
yields for B → Xse

+e− and B → Xsµ
+µ− are 140 ±

19(stat) and 161 ± 20(stat), respectively. The fit results
obtained in each q2 bins are summarized in Table II. Fig-
ure 7 shows the AFB distribution as a function of q2. The
AFB results are found to be consistent with the SM pre-
diction in the 2nd to 4th q2 bins, while it deviates from
the SM in the 1st q2 bin by 1.8σ; here, the systematic
uncertainty is taken into account. The results in the 3rd
and 4th bin also excludes AFB < 0 at the 2.3σ level.
To distinguish the contributions from B → Kℓ+ℓ−,

B → K∗ℓ+ℓ−, and non-K(∗)ℓ+ℓ− candidates, we divide
the samples into distinctMXs

ranges and extractAFB by
the same fitting method. Table IV shows the AFB values
in each subsample. AFB in B → Kℓ+ℓ− is consistent
with null, as expected in the SM, while AFB in B →
K∗ℓ+ℓ− is consistent with previous measurements [9–13].

IX. CONCLUSION

In conclusion, we report the first measurement of the
lepton forward-backward asymmetry for the electroweak
penguin process B → Xsℓ

+ℓ− using a data sample con-
taining 772×106 BB̄ pairs collected with the Belle detec-
tor. AFB for the inclusive B → Xsℓ

+ℓ− is extrapolated
from the sum of 10 exclusive Xs states, assuming AFB

depends neither on the lepton flavor nor on the Xs mass.
For q2 > 10.2 GeV2/c2, AFB < 0 is excluded at the 2.3σ
level. For q2 < 4.3 GeV2/c2, the result is within 1.8σ of
the SM expectation. The results can be used to constrain
various extensions of the SM.
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(a)B → Xse
+e− candidates with cos θ > 0 (b)B → Xse

+e− candidates with cos θ < 0

(c)B → Xsµ
+µ− candidates with cos θ > 0 (d)B → Xsµ

+µ− candidates with cos θ < 0

FIG. 2. Mbc distributions in 1st q2 bin for (a) B → Xse
+e− candidates with cos θ > 0, (b) B → Xse

+e− candidates with
cos θ < 0, (c) B → Xsµ

+µ− candidates with cos θ > 0, and (d) B → Xsµ
+µ− candidates with cos θ < 0. The thicker dashed

curve (red) shows the sum of the signal and the self cross-feed components. The thinner dashed curve (green) shows the
combinatorial background component. The filled histogram (gray) shows the peaking background component. The sums of all
components are shown by the solid curve (blue).
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(a)B → Xse
+e− candidates with cos θ > 0 (b)B → Xse

+e− candidates with cos θ < 0

(c)B → Xsµ
+µ− candidates with cos θ > 0 (d)B → Xsµ

+µ− candidates with cos θ < 0

FIG. 3. Mbc distributions in 2nd q2 bin for (a) B → Xse
+e− candidates with cos θ > 0, (b) B → Xse

+e− candidates with
cos θ < 0, (c) B → Xsµ

+µ− candidates with cos θ > 0, and (d) B → Xsµ
+µ− candidates with cos θ < 0. The thicker dashed

curve (red) shows the sum of the signal and the self cross-feed components. The thinner dashed curve (green) shows the
combinatorial background component. The filled histogram (gray) shows the peaking background component. The sums of all
components are shown by the solid curve (blue).
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(a)B → Xse
+e− candidates with cos θ > 0 (b)B → Xse

+e− candidates with cos θ < 0

(c)B → Xsµ
+µ− candidates with cos θ > 0 (d)B → Xsµ

+µ− candidates with cos θ < 0

FIG. 4. Mbc distributions in 3rd q2 bin for (a) B → Xse
+e− candidates with cos θ > 0, (b) B → Xse

+e− candidates with
cos θ < 0, (c) B → Xsµ

+µ− candidates with cos θ > 0, and (d) B → Xsµ
+µ− candidates with cos θ < 0. The thicker dashed

curve (red) shows the sum of the signal and the self cross-feed components. The thinner dashed curve (green) shows the
combinatorial background component. The filled histogram (gray) shows the peaking background component. The sums of all
components are shown by the solid curve (blue).
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(a)B → Xse
+e− candidates with cos θ > 0 (b)B → Xse

+e− candidates with cos θ < 0

(c)B → Xsµ
+µ− candidates with cos θ > 0 (d)B → Xsµ

+µ− candidates with cos θ < 0

FIG. 5. Mbc distributions in 4th q2 bin for (a) B → Xse
+e− candidates with cos θ > 0, (b) B → Xse

+e− candidates with
cos θ < 0, (c) B → Xsµ

+µ− candidates with cos θ > 0, and (d) B → Xsµ
+µ− candidates with cos θ < 0. The thicker dashed

curve (red) shows the sum of the signal and the self cross-feed components. The thinner dashed curve (green) shows the
combinatorial background component. The filled histogram (gray) shows the peaking background component. The sums of all
components are shown by the solid curve (blue).
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(a)B → Xse
+e− candidates with cos θ > 0 (b)B → Xse

+e− candidates with cos θ < 0

(c)B → Xsµ
+µ− candidates with cos θ > 0 (d)B → Xsµ

+µ− candidates with cos θ < 0

FIG. 6. Mbc distributions in the low-q2 region, 1 < q2 < 6 GeV2 for (a) B → Xse
+e− candidates with cos θ > 0, (b)

B → Xse
+e− candidates with cos θ < 0, (c) B → Xsµ

+µ− candidates with cos θ > 0, and (d) B → Xsµ
+µ− candidates with

cos θ < 0. The thicker dashed curve (red) shows the sum of the signal and the self cross-feed components. The thinner dashed
curve (green) shows the combinatorial background component. The filled histogram (gray) shows the peaking background
component. The sums of all components are shown by the solid curve (blue).
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FIG. 7. Measured AFB as a function of q2. The curve
(black) with the band (red) and dashed boxes (black) rep-
resent the SM prediction while filled circles with error bars
show the fit results. The J/ψ and ψ(2S) veto regions are
shown as teal hatched regions. For the electron channel, the
pink shaded regions are added to the veto regions due to the
large bremsstrahlung effect. The uncertainty on the SM pre-
diction is estimated by varying the b-quark mass (4.80± 0.15
GeV/c2), the s-quark mass (0.20 ± 0.10 GeV/c2), and the
renormalization scale (µ = 2.5 and 5 GeV) [4, 7]. The lower
edge of the uncertainty is set to zero in the q2 region larger
than maximum possible value, which is determined by the
masses of the bottom and strange quarks.
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