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Abstract. We investigate the rare decays Bc → Ds(1968)ℓℓ and Bc → D∗

s (2317)ℓℓ in the framework of the
light-cone quark model (LCQM). The transition form factors are calculated in the space-like region and
then analytically continued to the time-like region via exponential parametrization. The branching ratios
and longitudinal lepton polarization asymmetries (LPAs) for the two decays are given and compared with
each other. The results are helpful to investigating the structure of Bc meson and to testing the unitarity
of CKM quark mixing matrix. All these results can be tested in the future experiments at the LHC.

PACS. XX.XX.XX No PACS code given

1 Introduction

The investigation on heavy-quark mesons is an active fron-
tier of particle physics. The study of heavy-quark meson
decays not only gives us insights on the hadron structure
such as the hadron wave function [1] and the hadron trans-
verse momentum distribution [2,3], but also provides us
an ideal field to study the mixing between different gen-
erations of quarks by extracting the Cabibbo-Kobayashi-
Maskawa (CKM) matrix elements. The investigation of
the CKM matrix elements in heavy-quark meson decay
processes can help us to test the charge-parity (CP) vi-
olation in the standard model (SM) [4,5,6,7,8] and to
search for new physics beyond the SM [9,10]. Among all
the heavy-quark mesons, the Bc meson is of special inter-
est because of its some unique properties. It is the lowest
bound state composed of two heavy quarks (b and c) with
explicit flavor numbers. Distinguished from other heavy
quark bound states like charmonia (cc̄ bound state) and
bottomonia (bb̄ bound state) with implicit flavor numbers,
Bc can only decay via weak interaction. Thus, Bc meson
provides us a chance to study the weak interaction and
the CKM matrix elements with all three generations in-
cluded. Compared with the study of the B meson, the Bc

meson received less attention, because the production of
Bc mesons requires a much higher energy which is unac-
cessible to most available colliders. However, it was pre-
dicted that Bc mesons can be generated dramatically via
different ways [11,12,13,14,15,16,17] in experiments at
the Large Hadron Collider (LHC) which is running now.
Therefore, it is mature for us to study the Bc meson on
many of its physical quantities experimentally.

a e-mail: mabq@pku.edu.cn

Among all the Bc meson decay modes, the rare decays
Bc → Ds(1968, 2317)ℓℓ induced by the flavor changing
neutral currents (FCNCs) are the most exciting ones. FC-
NCs processes have received lots of attention since the
CLEO’s measurement of the radiative decay b → sγ [18].
The process b → sℓℓ which can only happen at loop level
provides a sensitive and stringent test of the unitarity of
the CKM mixing matrix. Thus, it can serve as a test for
the validity of the SM.

The decay process Bc → Ds(1968)ℓℓ has been stud-
ied in a number of models, such as quantum chromo-
dynamics (QCD) sum rules (SR) and relativistic quark
model (RQM) [19,20,21,22]. However, there are few in-

vestigations on the decay Bc → D∗
s(2317)ℓℓ [23]. The

D∗
s(2317) meson is considered to be of controversial since

it was discovered in BaBar [24]. It was predicted to be
broad and available to decay into DK and D∗K in the
potential-based quark models [25,26]. However, the BaBar
results show that D∗

s(2317) is below the DK and D∗K
thresholds and has a narrow decay width. Many works
were done to clarify this disparity between theories and
experiments. Some physicists advocated that D∗

s(2317) is
a DK molecular [27], a Dsπ atom [28] or a four-quark
bound state [29], but some studies based on the heavy
quark effective theory (HQET) [30,31] suggested that it
is a conventional cs̄ state. Following Ref. [30,31], we sup-
pose that D∗

s(2317) is a cs̄ scalar meson with even par-
ity. The study of form factors for Bc → D∗

s(2317)ℓℓ pro-
cess can also help us to learn more about the structure of
D∗

s(2317).

We choose the light-cone quark model (LCQM) [32,33,
34] to perform the calculation in our work. LCQM takes an
advantage of the equal light-cone time (τ = t+z/c) quanti-
zation and includes the important relativistic effects which
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are neglected in the traditional constituent quark model.
In addition, compared with the complex vacuum in equal-
time QCD, the vacuum in light-cone coordinates is sim-
ple, because the Fock vacuum state is the exact eigenstate
of the full hamiltonian and all constituents in a physical
eigenstate are directly related to that state. LCQM was
widely used in the investigation of hadronic decays [35,36,
37,38] and electromagnetic transition form factors [39,40],
and it was proved successful in explaining the experimen-
tal data. We calculate the form factors, branching ratios
and longitudinal lepton polarization asymmetries (LPAs)
for the two decay processes in the framework of LCQM
and compare the results with each other.

This paper is organized as follows. In Sect. 2, we dis-
cuss the standard model effective hamiltonian for b → sℓℓ
decay. In Sect. 3, we calculate the hadronic form factors
for the two decay processes in the light-cone framework.
In Sect. 4 we present our numerical results. In Sect. 5, we
give the discussion and conclusion.

2 Effective hamiltonian and form factors

The rare decay Bc → Dsℓℓ is described by b → sℓℓ transi-
tion at quark level. After integrating out heavy top quark
and W± bosons, one can write the effective interacting
hamiltonian density responsible for this transition as [41]:

H(b → sℓ+ℓ−) =
GFα√
2π

VtbV
∗
ts

[
Ceff

9 (mb)s̄LγµbLℓγ
µℓ

−2mbC7(mb)

q2
s̄Liσµνq

νbRℓγ
µℓ

+ C10(mb)s̄LγµbLℓγ
µγ5ℓ

]
,

H(b → sνν̄) =
GF√
2

2αVtbV
∗
ts

πsin2θW
X(xt)b̄γµPLsν̄lγ

µPLνl,

(1)

where GF is the Fermi constant, α is the electromagnetic
fine structure constant and Vij are the CKM matrix ele-
ments. X(xt), the top quark loop function, is given by:

X(xt) =
xt

8

(2 + xt)

(xt − 1)
+

(3xt − 6)

(1 − xt)2
lnxt,

(
xt =

M2
t

M2
W

)

and Ci(µ̃) are the Wilson coefficients. In particular, Ceff
9 ,

defined as an effective coefficient and containing the con-
tribution from the charm-loop, is given by [42]:

Ceff
9 (µ̃) = C9 + (3C1 + C2 + 3C3 + C4 + 3C5

+ C6)h(m̂c, ŝ)−
1

2
h(0, ŝ)(C3 + 3C4)

− 1

2
h(1, ŝ)(4C3 + 4C4 + 3C5 + C6)

+
2

9
(3C3 + C4 + 3C5 + C6), (2)

where

h(m̂q, ŝ) = −8

9
ln
mb

µ̃
− 8

9
lnm̂q +

8

27
+

4

9
x− 2

9
(2 + x)

× |1− x|1/2
[
Θ(1 − x)

(
ln|

√
1− x+ 1√
1− x− 1

| − iπ
)

+ Θ(x − 1)2 arctan
1√
x− 1

]
, (3)

h(0, ŝ) = −8

9
ln
mb

µ̃
+

8

27
− 4

9
lnŝ+

4

9
iπ, (4)

in which ŝ = q2/m2
b , m̂q = mq/mb and x = 4m2

q/q
2, where

mq is the constituent quark mass.
In Eq. (3), we neglect long distance contributions from

charmonia vector resonances J/Ψ, Ψ ′,... [37,43,44]. To eval-
uate the decay rates and other physical quantities with
this effective hamiltonian, we write the matrix elements
of the effective nontrivial vertexes in Eq. (1) in terms of
hadronic form factors:

〈Ds(1968)|s̄γµb|Bc〉 = [f+(q
2)Pµ + f−(q

2)qµ], (5)

〈Ds(1968)|is̄σνµγ5bq
ν |Bc〉 =

1

MBc
+MDs

(6)

×
[
q2Pµ − (P · q)qµ

]
FT (q

2),

〈D∗
s(2317)|is̄γµγ5b|Bc〉 = −[u+(q

2)Pµ + u−(q
2)qµ], (7)

〈D∗
s(2317)|s̄σνµγ5bq

ν |Bc〉 =
1

MBc
+MD∗

s

(8)

×[q2Pµ − (P · q)qµ]UT (q
2),

where P = PBc
+ PDs

and q = PBc
− PDs

. These form
factors defined above are related to the commonly used
Bauer-Stech-Wirbel (BSW) form factors [45] via:

FPP
1 (q2) = f+(q

2),

FPP
0 (q2) = f+(q

2) +
q2

M2
Bc

−M2
Ds

f−(q
2), (9)

FPS
1 (q2) = u+(q

2),

FPS
0 (q2) = u+(q

2) +
q2

M2
Bc

−M2
D∗

s

u−(q
2). (10)

Then the differential decay rate of the exclusive pro-
cesses Bc → Ds(1968)ℓℓ can be expressed in terms of the
form factors as:

dΓ(Bc → Dsℓ
+ℓ−)

dŝ
=

G2
FM

5
Bα

2

3 · 29π5
|V ∗

tsVtb|2φ̂
1

2 (1− 4
m2

l

q2
)

1

2

×
[
φ̂

(
1 +

2m2
l

q2

)
fT+ + 6

m2
l

q2
f0+

]
,

dΓ(Bc → Dsνν̄)

dŝ
=

G2
FM

5
Bα

2

28π5sinθ4W
|X(xt)|2|V ∗

tsVtb|2φ̂
3

2 |f+|2,

(11)
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where

fT+ =

∣∣∣∣C
eff
9 f+ − 2C7FT

1 +
√
r̂

∣∣∣∣
2

+ |C10f+|2,

f0+ = |C10|2[(1 − r̂)2|f0|2 − φ̂|f+|2],
φ̂ = (ŝ− r̂ − 1)2 − 4r̂,

f0 = f+ +
q2

M2
Bc

−M2
Ds

f−,

ŝ = q2/M2
Bc

, r̂ = M2
Ds

/M2
Bc

. (12)

The longitudinal LPAs can be defined as:

PL(ŝ) =
dΓh=−1/dŝ− dΓh=1/dŝ

dΓh=−1/dŝ+ dΓh=1/dŝ
, (13)

where the subscript h is the helicity of the ℓ− in final
states. From Eq.(13), we can obtain that [46]:

PL(ŝ) =
2(1− 4

m2

l

q2 )
1/2φ̂C10f+

[
f+ReC

eff
9 − 2C7FT

1+
√
r̂

]

[
φ̂
(
1 +

2m2

l

q2

)
FT+ + 6

m2

l

q2 f0+

] . (14)

For the case of Bc → D∗
s(2317)ℓℓ processes, we just

need to replace the form factors f+, f− and FT in Eq. (11)
and Eq. (14) with u+, u− and UT respectively.

3 Form factors in light-cone framework

In LCQM, a meson can be considered as a quark-antiquark
composed system. Assuming a meson with light-cone mo-
mentum (P+, (M2+P 2

⊥)/P
+,P⊥) is composed of two con-

stituents q1 and q2, we can give the light-cone components
of the momenta p1 and p2 as:

p+1 = xP+, p+2 = (1− x)P+,

p1⊥ = xP⊥ + k⊥, p2⊥ = (1− x)P⊥ − k⊥. (15)

The light-cone wave function in the momentum space for
a 2S+1LJ meson is given by:

ΨJJz

LS =
1√
Nc

〈LS;Lz, Sz|LS; J, Jz〉

×RSSZ

λ1λ2
(x,p⊥)ϕLLZ

(x,p⊥), (16)

where 〈LS;Lz, Sz|LS; J, Jz〉 are the Clebsch-Gordon co-

efficients and RSSZ

λ1λ2
(x,p⊥) are the Melosh transforma-

tion [47,48,49,50,51,52] matrix elements, which account
for the relativistic effect due to quark transversal motions
inside hadrons. Such an effect plays an important role to
understand the famous proton “spin puzzle” [53,54].

We use Gaussian-type wave functions [33] to describe
the radial part ϕLLZ

(x,p⊥) :

ϕ(x,p⊥)L=0 =
4π3/4

β3/2

√
dpz
dx

exp(−p2
⊥ + p2z
2β2

), (17)

ϕ(x,p⊥)L=1 =
4
√
2π3/4

β5/2

√
dpz
dx

pLz
exp(−p2

⊥ + p2z
2β2

),

(18)

where

pLz=±1 =
∓(px ± ipy)√

2
, pLz=0 = pz. (19)

In the light-cone framework, pz can be represented as:

pz = (x− 1

2
)M0 +

m2
2 −m2

1

2M0

, (20)

whereM2
0 =

∑2

i=1
(k2

⊥i+m2
i )/xi and mi is the constituent

quark mass.
For pseudoscalar mesons (2S+1LJ = 1S0), the spin-

orbit part RSSZ

λ1λ2
(x,p⊥) can be simplified as an effective

vertex form:

R00
λ1λ2

(x,p⊥) = −u(p1, λ1)γ5v(p2, λ2)√
2M̃0

,

(21)

where M̃0 =
√
M2

0 − (m1 −m2)2.
Correspondingly, for scalar mesons (2S+1LJ = 3P0),

we can also write an effective vertex by combining Clebsch-
Gordon coefficients, spin-orbit part RSSZ

λ1λ2
(x,p⊥) and pLz

in the radial part ϕ(x,p⊥)L=1 together as [36]:

〈1S;Lz, Sz|1S; J, Jz〉R1Sz

λ1λ2
(x, p⊥)pLz

= iu(p1, λ1)v(p2, λ2)
M̃0√
6M0

. (22)

In LCQM, the Drell-Yan-West (DYW) (q+ = 0) frame [55,
56] is widely used to calculate form factors. We can avoid
the non-valence diagrams arising from the quark-antiquark
pair creation (so-called Z-graph) [57] by choosing DYW
frame. In this frame, the momenta of mesons in the initial
and final states are represented as:

q =
(
0,

q2

P+
,q⊥

)
, PBc

=
(
P+,

M2
Bc

P+
,0

)
,

PD =
(
P+,

M2
D + q2

⊥
P+

,−q⊥
)
, (23)

and the momenta of constituent quarks are represented
as:

pc̄ =

(
xP+,

m2
c̄ + k2

⊥
xP+

,−k⊥

)
,

pb =

(
(1− x)P+,

m2
b + k2

⊥
(1 − x)P+

,k⊥

)
,

ps =

(
(1− x)P+,

m2
s + (k⊥ − q⊥)

2

(1− x)P+
,k⊥ − q⊥

)
.

(24)

With the effective vertex and the wave functions given in
Eq. (16)∼Eq. (18), we can give the explicit forms of the
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Table 1. The electro-weak parameters

Parameter Value Parameter Value

mW 80.41 GeV C1 -0.248

mZ 91.837 GeV C2 1.107

sin2 θW 0.2233 C3 0.011

α−1 129 C4 -0.026

|V ∗

tbVts| 0.0385 C5 0.007

C6 -0.031 C7 -0.313

Ceff
9 4.344 C10 -4.669

form factors f+(q
2), f−(q

2), FT (q
2), u+(q

2), u−(q
2) and

UT (q
2) (see in appendix).

Noticing that all the form factors are calculated in the
space-like region with q2 = q+q−−q2

⊥ ≤ 0, whileBc meson
rare decays are defined in the time-like region, we need to
parameterize the form factors as explicit functions of q2 in
the space-like region and then extended them through the
analytical continuation to the time-like region. We choose
a three-parameter form in this paper as:

F (q2) = F (0)exp[a(q2/M2
Bc

) + b(q2/M2
Bc

)2], (25)

where F (q2) denotes any one of the form factors used in
this paper.

4 Numerical results

In this section, we calculate the form factors, branching
ratios and longitudinal LPAs with input parameters. The
Wilson coefficients and other electro-weak constants used
in Eq. (1) and Eq. (11) are given in Table 1 [22]:

The constituent quark masses used in LCQM calcula-
tion are chosen as [58]:

ms = 0.37 GeV, mc = 1.4 GeV, mb = 4.8 GeV.

There is still another important parameter β which de-
scribes the momenta distribution of constituent quarks in
Eq. (17) and Eq. (18). It can be fixed by meson decay
constants as:

fP = 2
√
6

∫
dxd2k⊥
16π3

A
A2 + k2⊥

ϕs(x,k⊥),

fS = 2
√
6

∫
dxd2k⊥
16π3

m1(1 − x)−m2x

A2 + k2⊥
ϕp(x,k⊥),

(26)

where A = ms(1 − x) + mbx, fP and fS are the decay
constants of pseudoscalar and scalar mesons, and ϕs and
ϕp are s-wave and p-wave functions.

The decay constants of Bc, Ds(1968) and D∗
s(2317)

mesons in this paper are employed as fBc
= 400±40 MeV

[59], fDs
= 257.8± 5.9 MeV [60] and fD∗

s
= 71 MeV [61].

Then, we can fix the β parameters as: βBc
= 0.89± 0.075,

βDs
= 0.56± 0.011 and βD∗

s
= 0.3376.

Table 2. Form factors for Bc → Ds(1968)ℓℓ decay process

F(0) a b

f+ 0.25+0.03
−0.02 2.94+0.31

−0.22 0.70+0.01
−0.06

f− −0.245+0.19
−0.10 3.05+0.23

−0.27 0.74+0.06
−0.02

FT −0.357+0.04
−0.03 2.91+0.19

−0.20 0.68+0.07
−0.05

Table 3. Form factors for Bc → D∗

s(2317)ℓℓ decay process

F(0) a b

u+ 0.110+0.02
−0.01 4.093+0.67

−0.22 0.895+0.01
−0.04

u− −0.144+0.02
−0.01 4.235+0.30

−0.41 0.988+0.01
−0.00

UT −0.194+0.01
−0.02 4.068+0.45

−0.38 0.885+0.01
−0.00

As we have mentioned above, the physical energy re-
gion for rare leptonic decays is time-like. ForBc → Ds(1968)ℓℓ
decay process, the region is 4m2

l ≤ q2 ≤ (MBc
−MDs

)2 =

18.56 GeV2, and for Bc → D∗
s(2317)ℓℓ decay process, the

region is 4m2
l ≤ q2 ≤ (MBc

−MD∗
s
)2 = 15.67 GeV2. Be-

cause the form factors in both time-like and space-like re-
gions share the same form, we can choose the energy area
in space-like region ranging from -25 GeV to 0 GeV to per-
form the light-cone calculation and then extract the pa-
rameters a, b and F (0) in Eq. (25) with the errors coming
from the uncertainties of β parameters, so we can acquire
the Bc decay form factors.

With a light-cone calculation and parameters fitting,
we list the parameters in the form factors f+, f−, FT , u+,
u− and UT in Table 2 and Table 3.

In Figs. 1-3, we show our results of f+, f− and fT
for Bc → Ds(1968)ℓℓ decay process and compare them
with other predictions [19,20,21]. As shown in the fig-
ures, the absolute magnitudes of the form factors in our
results are slightly larger than those in Azizi’s [19] (dot-
ted curve), those in Geng’s [20] (dashed curve) and those
in Choi’s [21] (dash-dotted curve) at q2 = 0 point. We
also compare the form factors for decay process Bc →
Ds(1968)ℓℓ with those for decay process Bc → D∗

s(2317)ℓℓ
in Figs. 4-6. We can see from the figures that the abso-
lute magnitudes of form factors for decay process Bc →
Ds(1968)ℓℓ are about twice larger than those for Bc →
D∗

s(2317)ℓℓ process at q2 = 0 point, but as q2 become
large, they tend to be the same.



Teng Wang et al.: Bc meson rare decays in the light-cone quark model 5

Fig. 1. f+(q
2) for Bc → Ds(1968)ℓℓ with definition S =

q2/MB2
c
. Our results are represented by solid curve, Azizi’s [19]

are represented by dotted curve, Geng’s [20] are represented by
dashed curve and Choi’s [21] are represented by dash-dotted

curve respectively.

Fig. 2. f−(q
2) for Bc → Ds(1968)ℓℓ process. Our results are

represented by the solid curve, Azizi’s [19] are represented by
the dotted curve, Geng’s [20] are represented by the dashed

curve and Choi’s [21] are represented by the dash-dotted curve

respectively.

Fig. 3. fT (q
2) for Bc → Ds(1968)ℓℓ process. Our results are

represented by the solid curve, Azizi’s [19] are represented by

the dotted curve, Geng’s [20] are represented by the dashed

curve and Choi’s [21] are represented by the dash-dotted curve

respectively.

0.0 0.1 0.2 0.3 0.4 0.5 0.6
0.0

0.4

0.8

1.2

1.6

f +
(s

)

S

 u
+

 f
+

Fig. 4. f+(q
2) for Bc → Ds(1968)ℓℓ process represented by

the solid curve compared with u+(q
2) for Bc → D∗

s (2317)ℓℓ
process represented by the dashed curve.

0.0 0.1 0.2 0.3 0.4 0.5 0.6
-2.0

-1.6

-1.2

-0.8

-0.4

0.0
 

 

f -
(s

)

 u
-

 f
-

S

Fig. 5. f−(q
2) for Bc → Ds(1968)ℓℓ process represented by

the solid curve compared with u−(q
2) for Bc → D∗

s (2317)ℓℓ
process represented by the dashed curve.

0.0 0.1 0.2 0.3 0.4 0.5 0.6

-2.5

-2.0

-1.5

-1.0

-0.5

0.0
 

 f T
(s

)

 u
T

 f
T

S
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Fig. 6. fT (q
2) for Bc → Ds(1968)ℓℓ process represented by

the solid curve compared with uT (q
2) for Bc → D∗

s(2317)ℓℓ
process represented by the dashed curve.

Differential branching ratios for decay processes Bc →
D∗

s(2317)ℓℓ and Bc → Ds(1968)ℓℓ are shown in Figs. 7-9.
We only take into account the short distance effect in the
effective hamiltonian, so there are no peaks at cc̄ resonance
threshold. It is interesting to notice that the form factors
for the two decay processes show few differences, but the
differential branching ratios of the two decay modes have
large discrepancies as shown in Figs. 7-9. The maximum
values of differential branching ratios forBc → Ds(1968)ℓℓ
decay process are about 3∼10 times larger than those for
Bc → D∗

s(2317)ℓℓ decay process. Longitudinal LPAs are
shown in Fig. 10 and Fig. 11. It is easy to find from Fig. 10
that the LPAs for both Bc → Ds(1968)µ

+µ− and Bc →
D∗

s(2317)µ
+µ− decay processes are close to -1 in most of

the energy region, and become zero sharply at the end
points of S. It can be explained by a formula [62]:

PL ≃ 2C10ReC
eff
9

|Ceff
9 |2 + |C2

10|
≃ −1, (27)

when lepton mass ml → 0. However, for the case of ℓ = τ ,
because of the heavy mass of τ , the values of LPAs change
remarkably with the variation of S as shown in Fig. (11).

0 0.1 0.2 0.3 0.4 0.5
0

2

4

6

8
x 10

−6

S

dB
r/

ds

Fig. 7. Differential branching ratios of Bc → Dsνν decay pro-
cess, represented by the solid curve, and Bc → D∗

sνν decay
process, represented by the dash-dotted curve. The shaded re-
gions show the errors.
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Fig. 8. Differential branching ratios of Bc → Dsµ
+µ− decay

process, represented by the solid curve, and Bc → D∗

sµ
+µ− de-

cay process, represented by the dash-dotted curve. The shaded
regions show the errors.
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Fig. 9. Differential branching ratios of Bc → Dsτ
+τ− decay

process, represented by the solid curve, and Bc → D∗

sτ
+τ− de-

cay process, represented by the dash-dotted curve. The shaded
regions show the errors.
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Fig. 10. Longitudinal lepton polarization asymmetries of
Bc → Dsµ

+µ− decay process, represented by the solid curve,
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Table 4. Branching ratios without long distance contributions for Bc → Ds(1968)ℓℓ decay

our results Azizi [19] Geng [20] Choi [21]

B(Bc → Dsνν̄) 1.67+0.70
−0.39 × 10−6 0.49× 10−6 0.92× 10−6 0.37 × 10−6

B(Bc → Dsµ
+µ−) 1.26+1.07

−0.30 × 10−7 0.61× 10−7 1.36× 10−7 0.51 × 10−7

B(Bc → Dsτ
+τ−) 0.37+0.55

−0.24 × 10−7 0.23× 10−7 0.37× 10−7 0.13 × 10−7

Table 5. Branching ratios without long distance contributions for Bc → D∗

s (2317)ℓℓ decay

our results SR [23]

B(Bc → D∗

sνν̄) 3.08+2.46
−0.73 × 10−7 (3.06± 0.76)× 10−7

B(Bc → D∗

sµ
+µ−) 2.27+1.92

−0.57 × 10−8 (3.76± 0.92)× 10−8

B(Bc → D∗

sτ
+τ−) 3.53+7.30

−2.16 × 10−9 (1.28± 0.32)× 10−9

and Bc → D∗

sµ
+µ− decay process, represented by the dash-

dotted curve. The shaded regions show the errors.

0.3 0.35 0.4 0.45 0.5

−0.3

−0.2
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0

0.1

S

P
L

Fig. 11. Longitudinal lepton polarization asymmetries of
Bc → Dsτ

+τ− decay process, represented by the solid curve,
and Bc → D∗

sτ
+τ− decay process, represented by the dash-

dotted curve. The shaded regions show the errors.

By integrating the differential ratios over S = q2/M2
Bc

,
we can obtain the branching ratios for the two decay pro-
cesses. We list the results in Table 4 and Table 5 and
compare our results with other predictions.

The average values of LPAs can also be acquired by in-
tegral. For the decay process Bc → Ds(1968)ℓ

+ℓ−, the av-
erage values of PL are −0.94+0.17

−0.06, −0.07+0.01
−0.11 for ℓ = µ,τ

respectively. For the decay process Bc → D∗
s(2317)ℓ

+ℓ−,
the average values of PL are −0.93+0.07

−0.04, −0.032+0.006
−0.020 for

ℓ = µ,τ respectively.

5 Discussion and conclusion

In this work, we analyzed the rare leptonic decay pro-
cesses Bc → Ds(1968)ℓℓ and Bc → D∗

s(2317)ℓℓ within
the framework of the LCQM. We calculate the transition
form factors and obtain the branching ratios of the rele-
vant decay modes in which a ν, µ or τ lepton pair is pro-
duced at the order 10−6 ∼ 10−7. For Bc → Ds(1968)ℓℓ de-
cay modes, we give a comparison of branching ratios with

other predictions. The results from our model are much
larger than the results from RM and SM, and are compa-
rable with QM. We also give our predictions of branching
ratios of Bc → D∗

s (2317)ℓℓ decay modes, and notice that
they are about 80 percent smaller than the relevant ones
of Bc → Ds(1968)ℓℓ decay modes.

As the LHC started running recently, the Bc meson
plays an important role in investigating the structure of
hadrons and in testing the unitarity of CKM quark mix-
ing matrix. Experiments at the LHC may not be able to
measure the modes in which a neutrino pair is produced.
For Bc → Ds(1968)ℓ

+ℓ−, candidates for Ds(1968) can
be reconstructed in the mode Ds → φ(→ K+K−)π [63].
To enhance the search sensitivity, it can also be recon-

structed in the modes D+
s → K

∗0
K+, D+

s → K+K0
S , or

D+
s → π+π+π− [64,65]. If we take the mode Ds → φπ of

which the branching ratio is 4.5±0.4% into account to re-
construct Ds, the effective branching ratio of Bc → Ds(→
φπ)µ+µ− is 0.56+0.48

−0.13 × 10−8 and that of Bc → Ds(→
φπ)τ+τ− is 1.66+2.48

−1.08 × 10−9. For Bc → D∗
s (2317)ℓ

+ℓ−,
candidates for D∗

s(2317) can be reconstructed in the mode
D∗

s → Dsπ
0 [66,67,68]. With the branching ratios of the

other decay modes of D∗
s(2317) much smaller than that of

Dsπ
0, the search sensitivity depends mostly on the recon-

struction of Ds. Therefore, the effective branching ratio of
Bc → D∗

s(→ Ds(→ φπ)π0)µ+µ− is 1.02+0.86
−0.25 × 10−9 and

that of Bc → D∗
s(→ Ds(→ φπ)π0)τ+τ− is 1.59+3.28

−0.97 ×
10−10. All the results predicted in this paper can be tested
in the future planned experiments at the LHC.
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Appendix A

The form factors f+(q
2), FT (q

2), u+(q
2), UT (q

2) can be
obtained directly from the calculation of matrix elements
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〈Ds|s̄Γ+b|Bc〉 in LCQM. They can be expressed in explicit
forms as:

f+(q
2) =

∫ 1

0

dx

∫
d2k⊥
16π3

φ∗
s(x,k

′
⊥)φs(x,k⊥)

× AsAb + k′
⊥ · k⊥√

A2
s + k

′2
⊥

√
A2

b + k
2
⊥

,

u+(q
2) =

∫ 1

0

dx

∫
d2k⊥
16π3

M̃0

2

2
√
3M0

φ∗
p(x,k

′
⊥)φs(x,k⊥)

× A′
sAb + k

′
⊥ · k⊥√

A2
s + k′2

⊥

√
A2

b + k2
⊥

,

FT (q
2) =

∫ 1

0

dx

∫
d2k⊥
16π3

φ∗
s(x,k

′
⊥)φs(x,k⊥)

×
x(MBc

+MDs
)
[
Ab + (ms −mb)

k⊥·q
⊥

q2

⊥

]
√

A2
s + k′2

⊥

√
A2

b + k2
⊥

,

UT (q
2) =

∫ 1

0

dx

∫
d2k⊥
16π3

M̃0

2

2
√
3M0

φ∗
p(x,k

′
⊥)φs(x,k⊥)

×
x(MBc

+MD∗
s
)
[
Ab − (ms +mb)

k⊥·q
⊥

q2

⊥

]
√
A2

s + k
′2
⊥

√
A2

b + k
2
⊥

,

(28)

where k′
⊥ = k⊥ − xq⊥, As = msx + mq(1 − x), Ab =

mbx+mq(1− x), and As = −msx+mq(1− x).
For f−(q

2) and u−(q
2), we can not evaluate them by

choosing the plus component of the current, so we use the
⊥ components of the current to obtain f−(q

2) and u−(q
2):

〈Ds|s̄(q⊥ · γ⊥)γ5b|Bc〉 = q2
⊥[f+(q

2)− f−(q
2)]

=

∫
dxd2k⊥
16π3

xφ∗
s(x,k

′
⊥)φs(x,k⊥)√

A2
s + k

′2
⊥

√
A2

b + k
2
⊥

×
{A2

b + k
2
⊥

(1 − x)x
(k⊥ + q⊥) · q⊥ − A2

s + k
′2
⊥

(1− x)x
k⊥ · q⊥

+[(−ms +mb)
2 + q2

⊥]k⊥ · q⊥
}
, (29)

〈D∗
s |s̄(q⊥ · γ⊥)γ5b|Bc〉 = q2

⊥[u+(q
2)− u−(q

2)]

=

∫
dxd2k⊥
16π3

M̃0

2

2
√
3M0

xφ∗
p(x,k

′
⊥)φs(x,k⊥)√

A2
s + k′2

⊥

√
A2

b + k2
⊥

×
{A2

b + k
2
⊥

(1− x)x
(k⊥ + q⊥) · q⊥ − A′2

s + k
′2
⊥

(1− x)x
k⊥ · q⊥

+[(ms +mb)
2 + q2

⊥]k⊥ · q⊥
}
. (30)
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