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Abstract A large number of Bc meson events have been
recorded at the LHCb detector, especially some two-body
hadronic decay modes. We analyzed the weak decays of the
Bc meson into two hadron states under the flavor SU(3) sym-
metry. The relations among amplitudes of Bc into D+P(V ),
B+ P(V ), P(V )+ P(V ), T8 + T̄8 and T10 + T̄10 were inves-
tigated systematically, where P ( V ) denotes a light pseu-
doscalar (vector) meson and T8,10 denotes a light baryon.
The η − η′ mixing and ω −φ mixing effects are also consid-
ered for the phenomenological discussions. We obtained the
relations among decay widths of different Bc decay channels.
These results are helpful to study the two-body decay prop-
erties of the Bc meson and test the flavor SU(3) symmetry.

1 Introduction

The Bc meson family is unique because it is composed of
two different heavy flavor quarks, the charm and bottom.
The lifetime of the Bc meson is greatly longer than that of
heavy quarkonia since it has weak decays only. Of course, the
Bc meson’s decays become vivid and complicated. The Bc

decays have three kinds of decay modes: (i) the bottom quark
decays through b → c, u, which accounts for around 20%
to the total decay width; (ii) the charm quark decays through
c̄ → s̄, d̄ , which accounts for around 70% to the total decay
width; (iii) the weak annihilation, which accounts for around
10% to the total decay width [1].

Due to the running of the Large Hadron Collider (LHC),
new experimental data on the decays of Bc meson are col-
lected, and several new rare decay channels have been discov-
ered in recent years [2–4]. Therein, the B+

c → B0
s π

+ decay
channel by the charm weak transition was first observed
by the LHCb Collaboration [2] and the measured prod-
uct of the ratio of cross sections and branching fraction
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is [σ(B+
c )/σ (B0

s )] × Br(B+
c → B0

s π
+) = [2.37 ±

0.31(stat) ± 0.11(syst)+0.17
−0.13(τBc )] × 10−3. Except B+

c →
B0
s π

+, other decay channels with the charm weak transition
have not been observed currently. It is worth while to note
that a baryonic decay of the Bc meson, B+

c → J/ψp p̄π+,
is observed for the first time, with a significance of 7.3σ [3].
These measurements will certainly help us to understand the
production and decay properties of the Bc meson.

Very recently, the LHCb Collaboration have firstly mea-
sured the B+

c → D0K+ decay mode with a statistical sig-
nificance of 5.1σ using proton–proton collision data corre-
sponding to an integrated luminosity of 3.0 f b−1 at 7 and
8 TeV. The ratio between the branching fraction and that
of B+

c → J/ψπ+ decay mode is given to be B(B+
c →

D0K+)/B(B+
c → J/ψπ+) = 0.13 ± 0.04(stat) ±

0.01(syst) ± 0.01(RJ/ψπ ) [4]. For B+
c → D0π+ chan-

nel, however, there is no clear event excess in the distribu-
tion of the invariant-mass mD0π+ . The LHCb Collaboration
only gave the upper limit as RD0π+ = ( fc/ fu)B(B+

c →
D0π+) < 3.9 × 10−7 [4].

Theoretically, the decays of the Bc meson have been inves-
tigated in different approaches. People employed the theo-
retical frames such as perturbative QCD (PQCD) approach
[5–20], QCD sum rules (QCD SR) [21–23], Light-cone sum
rules (LCSR) [24], the relativistic quark model (RQM) [25–
28], the nonrelativistic constituent quark model (NCQM)
[29], the light-front quark model (LFQM) [30–33], the Bethe-
Salpeter equation method [34,35], the nonrelativistic QCD
(NRQCD) approach [36–45], Principle of maximum con-
formality (PMC) [46], and Internal and external emission
formulae [47]. From some of references, one can see that
different theoretical frames may provide rather different pre-
dictions for the decay width of the same decay channel [43].
The testing of these theoretical predictions has to refer to
future LHCb experiments.

On the other hand, in order to determine the dynamics-
independent nature among different decay channels, the fla-
vor SU(3) symmetry approach is a powerful tool to deal with
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the decays into light hadrons. Under the flavor SU(3) sym-
metry, the decay amplitudes are parameterized in terms of
SU(3)-irreducible and model-independent amplitudes. Even
though the size of the amplitudes can not be determined by
itself in the flavor SU(3) symmetry approach, the constraints
on certain decay modes are clear. Thus the flavor SU(3) sym-
metry approach has been wildly employed in many works on
the weak decays of heavy flavor mesons and baryons into
two or three hadrons [48–67]. The flavor SU(3) symmetry
approach plays an important role to bridge dynamic theory
and experimental data in the understanding of the decay prop-
erties of the heavy flavor mesons and baryons.

Up to now, the flavor SU(3) symmetry approach has
employed to analyze the Bc meson decays into charmed
tetraquarks [58] and charmed or bottomed mesons [67]. In
this paper, we will systematically explore Bc decay into
D+ P(V ), B+ P(V ), P(V )+ P(V ), T8 + T̄8 and T10 + T̄10

under the flavor SU (3) symmetry respectively, where P(V )

denotes the light pseudoscalar(vector) meson while T8,10

denotes a light baryon. In particular we derive relations for
decay widths and CP violations among different decay chan-
nels, which shall be tested by future precise experimental
measurements.

The work is divided into four parts. In Sect. 2, we will give
an overview of flavor SU (3) classification of the hadronic
states with different light quarks and their associated mem-
bers. In Sect. 3 we will study the SU(3) decay amplitudes
for the weak Bc decays into two mesons or two baryons. We
will discuss the relations for decay widths and CP violations
in Bc decays in Sect. 4. We summarize and conclude in the
end.

2 Particle multiplets

Using the standard flavor SU(3) group representation, the
Bc meson is a singlet, while the heavy mesons transform
as 3 representation [68–70], and can be written as Bi =
(Bu(ub̄), Bd(db̄), Bs(sb̄)) and Di = (Du(uc̄), Dd(dc̄), Ds

(sc̄)). The light pseudoscalar mesons P with spin-parity
J P = 0− has an octet

Pi
j =

⎛
⎜⎜⎝

π0√
2

+ η8√
6

π+ K+

π− − π0√
2

+ η8√
6

K 0

K− K̄ 0 −2 η8√
6

⎞
⎟⎟⎠ . (1)

Considering that the SU(3) singlet pseudoscalar state η1 can
be written as

(
Pη1

)i
j = δijη1, thus the physical eigenstates η

and η′ can be described by the mixing between η1 and η8
1

1 Here we only treated the η and η′ as quark-antiquark configuration,
thus the gluonium contribution in the η′ is not considered.

|η〉 = cos θ |η8〉 − sin θ |η1〉,
|η′〉 = sin θ |η8〉 + cos θ |η1〉. (2)

Similarly, for the light vector meson with spin-parity
J P = 1−, we have the multiplet as

V i
j =

⎛
⎜⎜⎝

ρ0√
2

+ ω8√
6

ρ+ K ∗+

ρ− − ρ0√
2

+ ω8√
6

K ∗0

K ∗− K̄ ∗0 −2 ω8√
6

⎞
⎟⎟⎠ . (3)

Considering that the SU(3) singlet vector state φ1 can be
written as

(
Vφ1

)i
j = δijφ1, thus the physical eigenstates ω

and φ can be described by the mixing between φ1 and ω8

|ω〉 = cos θV |ω8〉 − sin θV |φ1〉,
|φ〉 = sin θV |ω8〉 + cos θV |φ1〉, (4)

The light baryons with spin-parity J P = 1
2
+

form a SU(3)
octet T8, which can be described as

(T8)
i j =

⎛
⎜⎜⎝

�0√
2

+ 
0√
6

�+ p+

�− − �0√
2

+ 
0√
6

n

�− �0 −2 
0√
6

⎞
⎟⎟⎠ . (5)

The light baryons with spin-parity J P = 3
2
+

form a SU(3)
decuplet T10, the components of which are

(T10)
111 = �++, (T10)

112 = (T10)
121 = (T10)

211 = �+
√

3
,

(T10)
222 = �−, (T10)

122 = (T10)
211 = (T10)

221

= �0

√
3
, (T10)

333 = �−,

(T10)
113 = (T10)

131 = (T10)
311 = �

′+
√

3
,

(T10)
223 = (T10)

232 = (T10)
322 = �

′−
√

3
,

(T10)
123 = (T10)

132 = (T10)
213 = (T10)

231 = (T10)
312

= (T10)
321 = �

′0
√

6
,

(T10)
133 = (T10)

313 = (T10)
331 = �

′0
√

3
,

(T10)
233 = (T10)

323 = (T10)
332 = �

′−
√

3
. (6)

From them, one can see the decuplet T10 is symmetrical when
changing the order of the superscript i, j, k.
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Fig. 1 Typical Feynman
diagrams for the weak Bc
decays into two hadrons
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3 SU(3) decay amplitudes for weak Bc decays into two
hadrons

In this section, we study the Bc → Di + P(V ), Bc →
Bi+P(V ), Bc → P(V )+P(V ), and Bc → T10+T̄10 decays
in the flavor SU(3) symmetry, respectively. The typical Feyn-
man diagrams for the weak Bc decays into two hadrons are
plotted in Fig. 1. Their decay amplitudes will be parame-
terized in terms of SU(3)-irreducible amplitudes. They are
helpful to get the decay widths relations.

3.1 SU(3) decay amplitudes for Bc → Di + P(V )

First, we will study the bottom quark decays, i.e. Bc →
Di + P(V ) channels. As already mentioned before the Bc is
a singlet in the flavor SU(3) group, while the Di transforms
as 3 representation, and the light pseudo-scalar meson P and
vector meson V belong to octets.

The Bc → Dq+P(V )decays are controlled by the bottom
to light quark transition, thus the weak Hamiltonian He f f is

He f f = GF√
2

{
VubV

∗
uq

[
C1O

ūu
1

+C2O
ūu
2

]
− VtbV

∗
tq

[
10∑
i=3

Ci Oi

]}
+ H.c., (7)

where the Vi j is the CKM matrix element and the Oi are
the four-fermion effective operators. According to the group
multiplication and decomposition, we have 3̄⊗ 3⊗ 3̄ = 3̄⊕
3̄⊕6⊕15. The tree operators is described as a vector Hi (3),
an asymmetrical tensor H [i j]

k (6), and a symmetrical tensor

H {i j}
k (15). From the above formulae, the penguin operators

belong to the 3̄ representation.
From the weak Hamiltonian, the Bc decay amplitudes into

a charmed meson Di and a light pseudo-scalar meson P can
be expressed with the tree amplitude AT

Bc
and the penguin

amplitude AP
Bc

A(Bc → Di P) = 〈Di + P|He f f |Bc〉
= VubV

∗
uq A

T
Bc + VtbV

∗
tq A

P
Bc , (8)

where q denotes the light down or strange quark. AT
Bc

and

AP
Bc

can be described as the flavor SU(3) amplitudes. After
removing the CKM matrix elements, the weak Hamiltonian
can be rewritten as the sum of the flavor irreducible repre-
sentations.

For the strangeless decays, i.e. �S = 0(b → d), the fla-
vor irreducible representations have the nonzero components
[48,51,56]:

H2(3) = 1, H12
1 (6) = −H21

1 (6)

= H23
3 (6) = −H32

3 (6) = 1,

2H12
1 (15) = 2H21

1 (15) = −3H22
2 (15) = −6H23

3 (15)

= −6H32
3 (15) = 6. (9)

Similarly, one can get the nonzero components of the related
irreducible representations for the �S = 1(b → s) decays.
The explicit expressions can be obtained by Eq. (12) with the
exchange 2 ↔ 3.

Thus it is easily to rewrite the penguin amplitude AP
Bc

and

the tree amplitude AT
Bc

as

AP
Bc = αHi (3̄)Dj P

j
i ,

AT
Bc = a3H

i (3̄)Dj P
j
i

+a6H
[i j]
l (6)Dj P

l
i + a15H

{i j}
k (15)Dj P

k
i , (10)

where the α represents the hadronic parameter from the
strong and electro-weak interactions for the penguin topol-
ogy, while ai with i = 3, 6, 15 represent the hadronic
parameters from the strong and electro-weak interactions
for the tree topology. Under the flavor SU(3) symmetry,
the Bc decay amplitudes into a charmed meson and a light
meson can be obtained. We gave the results in Tables 1 and
2. In Table 1, α′ = α + VubV ∗

uda3/(VtbV ∗
td) and α

′′ =
α + VubV ∗

usa3/(VtbV ∗
ts). In Ref. [67], the Bc decay ampli-

tudes into a charmed meson and a light meson are also studied
in the flavor SU(3) symmetry. Compared with their results,
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Table 1 Decay amplitudes of
Bc → Di + P decays. Here and
in the following tables, the α

and ai represent the hadronic
parameters. Besides,
α′ = α + VubV ∗

uda3/(VtbV ∗
td )

and
α

′′ = α + VubV ∗
usa3/(VtbV ∗

ts)

Channel �S = 0 Amplitude

B−
c → D−π0 1√

2

(−VtbV ∗
tdα + VubV ∗

ud (−a3 + a6 + 5a15)
)

B−
c → D̄0π− VtbV ∗

tdα + VubV ∗
ud (a3 − a6 + 3a15)

B−
c → D−

s K 0 VtbV ∗
tdα + VubV ∗

ud (a3 + a6 − a15)

B−
c → D−η 1√

6
cos θ

(
VtbV ∗

tdα + VubV ∗
ud (a3 + 3a6 + 3a15)

) − 1√
3

sin θ VtbV ∗
tdα

′

B−
c → D−η′ 1√

6
sin θ

(
VtbV ∗

tdα + VubV ∗
ud (a3 + 3a6 + 3a15)

) + 1√
3

cos θ VtbV ∗
tdα

′′

Channel �S = 1 Amplitude

B−
c → D− K̄ 0 VtbV ∗

tsα + VubV ∗
us(a3 + a6 − a15)

B−
c → D̄0K− VtbV ∗

tsα + VubV ∗
us(a3 − a6 + 3a15)

B−
c → D−

s π0
√

2VubV ∗
us(a6 + 2a15)

B−
c → D−

s η

√
2
3 cos θ

(−VtbV ∗
tsα + VubV ∗

us(−a3 + 3a15)
) − 1√

3
sin θ VtbV ∗

tsα
′

B−
c → D−

s η′
√

2
3 sin θ

(−VtbV ∗
tsα + VubV ∗

us(−a3 + 3a15)
) + 1√

3
cos θ VtbV ∗

tsα
′′

Table 2 Decay amplitudes of
Bc → Di + V decays. Here and
in the following, the αV and aVi
represent the hadronic
parameters. Besides,
αV ′ = αV +VubV ∗

uda
V
3 /(VtbV ∗

td )

and
αV ′′ = αV +VubV ∗

usa
V
3 /(VtbV ∗

ts)

Channel �S = 0 Amplitude

B−
c → D−ρ0 1√

2

(−VtbV ∗
tdα

V + VubV ∗
ud (−aV3 + aV6 + 5aV15)

)

B−
c → D̄0ρ− VtbV ∗

tdα
V + VubV ∗

ud (a
V
3 − aV6 + 3aV15)

B−
c → D−

s K ∗0 VcbV ∗
cdα

V + VubV ∗
ud (a

V
3 + aV6 − aV15)

B−
c → D−ω 1√

6
cos θV

(
VtbV ∗

tdα
V + VubV ∗

ud (a
V
3 + 3aV6 + 3aV15)

) − 1√
3

sin θV VtbV ∗
tdα

V ′

B−
c → D−φ 1√

6
sin θV

(
VtbV ∗

tdα
V + VubV ∗

ud (a3 + 3a6 + 3a15)
) + 1√

3
cos θV VtbV ∗

tdα
V ′′

Channel �S = 1 Amplitude

B−
c → D− K̄ ∗0 VtbV ∗

tsα
V + VubV ∗

us(a
V
3 + aV6 − aV15)

B−
c → D̄0K ∗− VtbV ∗

tsα
V + VubV ∗

us(a
V
3 − aV6 + 3aV15)

B−
c → D−

s ρ0
√

2VubV ∗
us(a

V
6 + 2aV15)

B−
c → D−

s ω

√
2
3 cos θV

(−VtbV ∗
tsα

V + VubV ∗
us(−aV3 + 3aV15)

) − 1√
3

sin θV VtbV ∗
tsα

V ′

B−
c → D−

s φ

√
2
3 sin θV

(−VtbV ∗
tsα

V + VubV ∗
us(−aV3 + 3aV15)

) + 1√
3

cos θV VtbV ∗
tsα

V ′′

we considered the η − η′ mixing effects and expanding the
amplitude relations into the decay channels involving the
vector mesons.

3.2 SU(3) decay amplitudes for Bc → Bi + P(V )

The second largest decay mode is from the charm decay.
According to the estimation of the decay widths, there are
three kinds of decay strength: Cabibbo-allowed by c → sd̄u,
singly Cabibbo-suppressed by c → ud̄d/s̄s, and doubly
Cabibbo-suppressed by c → ds̄u.

We write the nonzero components of the Hamiltonian for
the Cabibbo-allowed decay channels

H31
2 (6) = −H13

2 (6) = 1, H31
2 (15) = H13

2 (15) = 1. (11)

Combing the c → ud̄d and c → us̄s decays, we write
the nonzero components of the Hamiltonian for the singly

Cabibbo suppressed channels as follows

H12
2 (6) = −H21

2 (6) = H31
3 (6) = −H13

3 (6) = sin θC ,

H31
3 (15) = H13

3 (15) = −H12
2 (15) = −H21

2 (15) = sin θC ,

(12)

where the relationVudV ∗
cd � −VusV ∗

cs � sin θC is employed.
The nonzero components of the Hamiltonian for the dou-

bly Cabibbo suppressed c → ds̄u decays are

H21
3 (6) = −H12

3 (6) = sin2 θC ,

H21
3 (15) = H12

3 (15) = sin2 θC , (13)

where the relation VusV ∗
cd � |VudV ∗

cd |2 � sin θ2
C is

employed.
The decay amplitudes A(Bc → Bi + P) = 〈Bi +

P|He f f |Bc〉 can be written as AT
Bc

(Bc → Bi + P), where

the representation Hi (3̄) will vanish in the flavor SU(3) sym-
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Table 3 Decay amplitudes of Bc → Bi + P decays

Cabibbo allowed channel Amplitude

B−
c → B̄0

s π− VcsV ∗
ud (−a6 + a15)

B−
c → B−K 0 VcsV ∗

ud (a6 + a15)

Cabibbo suppressed channel Amplitude

B−
c → B̄s K− VcsV ∗

us(−a6 + a15)

B−
c → B−η −

√
3
2 cos θVcsV ∗

us(a6 + a15)

B−
c → B−η′ −

√
3
2 sin θVcsV ∗

us(a6 + a15)

B−
c → B̄0π− VcdV ∗

ud (a6 − a15)

B−
c → B−π0 1√

2
VcdV ∗

ud (a6 + a15)

Doubly Cabibbo suppressed channel Amplitude

B−
c → B̄0K− VcdV ∗

us(−a6 + a15)

B−
c → B− K̄ 0 VcdV ∗

us(a6 + a15)

Table 4 Decay amplitudes of Bc → Bi + V decays

Cabibbo allowed channel Amplitude

B−
c → B̄0

s ρ− VcsV ∗
ud (−aV6 + aV15)

B−
c → B−K ∗0 VcsV ∗

ud (a
V
6 + aV15)

Cabibbo suppressed channel Amplitude

B−
c → B̄s K ∗− VcsV ∗

us(−aV6 + aV15)

B−
c → B−ω −

√
3
2 cos θV VcsV ∗

us(a
V
6 + aV15)

B−
c → B−φ −

√
3
2 sin θV VcsV ∗

us(a
V
6 + aV15)

B−
c → B̄0ρ− VcdV ∗

ud (a
V
6 − aV15)

B−
c → B−ρ0 1√

2
VcdV ∗

ud (a
V
6 + aV15)

Doubly Cabibbo suppressed channel Amplitude

B−
c → B̄0K ∗− VcdV ∗

us(−aV6 + aV15)

B−
c → B− K̄ ∗0 VcdV ∗

us(a
V
6 + aV15)

metry [64]. The effective Hamiltonian can be written as

AT
Bc→Bi+P = a6H

[i j]
l (6)Bj P

l
i + a15H

{i j}
k (15)Bj P

k
i . (14)

The Bc decay amplitudes into a bottom meson and a light
meson can be obtained, which are listed in Tables 3 and 4.

3.3 SU(3) decay amplitudes for Bc → P(V ) + P(V )

In this subsection and the following subsection, we will study
the weak annihilation accounting for around 10% of the Bc

total decay width. Let us begin with the decays into two light
mesons, i.e. Bc → P(V )+P(V ) decay channels. As already
mentioned before the light pseudo-scalar mesons P and light
vector mesons V belong to flavor octets.

The Bc → P(V ) + P(V ) decays are induced by the bot-
tom transition into charm quark. The effective weak Hamil-
tonian is written as

He f f = GF√
2

{
VcbV

∗
uq

[
C1O

c̄u
1 + C2O

c̄u
2

]
+ H.c.

}
, (15)

Since the light quarks in this transition form an octet, we have
the nonzero component for the bottom transition into cūd

H2
1 (8) = VcbV

∗
ud . (16)

For the bottom transition into b → cūs, the non-zero com-
ponent becomes

H3
1 (8) = VcbV

∗
us . (17)

The decay amplitudes A(Bc → P+P) = 〈P+P|He f f |Bc〉
can be expressed as

A(Bc → P + P) = a8H
j
i (8)Pk

j P
i
k . (18)

The results of the decay amplitudes of Bc → P(V ) + P(V )

can be found in Table 5.

3.4 SU(3) decay amplitudes for Bc → T8 + T̄8 and
Bc → T10 + T̄10

In this subsection, we will study the two-body baryonic
decays of the Bc meson. The light baryons with spin-parity
J P = 1

2
+

form a SU(3) octet T8, while the light baryons with

spin-parity J P = 3
2
+

form a SU(3) decuplet T10.
The decay amplitudes A(Bc → T8 + T̄8) = 〈T8 +

T̄8|He f f |Bc〉 can be expressed as

A(Bc → T8 + T̄8) = a′
8H

j
i (8)T ki (8)T̄ jk(8). (19)

The corresponding amplitudes results are listed in Table 6.
The decay amplitudes A(Bc → T10 + T̄10) = 〈T10 +

T̄10|He f f |Bc〉 can be expressed as

A(Bc → T10 + T̄10) = a′
8H

j
i (8)T kil

10 (10)T̄ jkl(10). (20)

The corresponding amplitudes results are listed in Table 7.

4 Decay widths relations for weak Bc decays into two
hadrons

Doing a square of the decay amplitudes and integrating the
phase space, their decay widths can be obtained. Under flavor
SU(3) symmetry, there is no difference in the phase space.
Thus the relation between decay widths shall be obtained
accordingly. Let us define a ratio between two different chan-
nels as

R = �i/� j . (21)
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Table 5 Decay amplitudes of
Bc → P(V ) + P(V ) decays

Channel �S = 0 Amplitude Channel �S = 0 Amplitude

B−
c → K̄ 0K− VcbV ∗

uda8 B−
c → K̄ ∗0K ∗− VcbV ∗

uda
V
8

B−
c → π−η

√
2
3VcbV

∗
ud cos θa8 B−

c → ρ−ω

√
2
3VcbV

∗
ud cos θV aV8

B−
c → π−η′

√
2
3VcbV

∗
ud sin θa8 B−

c → ρ−φ

√
2
3VcbV

∗
ud sin θV aV8

Channel �S = 1 Amplitude Channel �S = 1 Amplitude

B−
c → K−η −

√
1
6VcbV

∗
us cos θa8 B−

c → K ∗−ω −
√

1
6VcbV

∗
us cos θV aV8

B−
c → K−η′ −

√
1
6VcbV

∗
us sin θa8 B−

c → K ∗−φ −
√

1
6VcbV

∗
us sin θV aV8

B−
c → π0K− 1√

2
VcbV ∗

usa8 B−
c → ρ0K ∗− 1√

2
VcbV ∗

usa
V
8

B−
c → π−K 0 VcbV ∗

usa8 B−
c → ρ−K ∗0 VcbV ∗

usa
V
8

Table 6 Decay amplitudes of
Bc → T8 + T̄8 decays

Channel �S = 0 Amplitude Channel �S = 0 Amplitude

B−
c → 
0�̄−

√
1
6VcbV

∗
uda

′
8 B−

c → 
̄0�−
√

1
6VcbV

∗
uda

′
8

B−
c → �0�̄− −

√
1
2 VcbV

∗
uda

′
8 B−

c → �̄0�−
√

1
2 VcbV

∗
uda

′
8

B−
c → n p̄− VcbV ∗

uda
′
8 – –

Channel �S = 1 Amplitude Channel �S = 1 Amplitude

B−
c → 
̄0�−

√
1
6VcbV

∗
usa

′
8 B−

c → �̄−�0 VcbV ∗
usa

′
8

B−
c → �̄0�−

√
1
2 VcbV

∗
usa

′
8 B−

c → p̄−
0 −
√

2
3VcbV

∗
usa

′
8

Table 7 Decay amplitudes of
Bc → T10 + T̄10 decays

Channel �S = 0 Amplitude Channel �S = 0 Amplitude

B−
c → �0�̄− 2

3VcbV
∗
uda

′
8 B−

c → �−�̄0
√

1
3VcbV

∗
uda

′
8

B−
c → �+�̄−−

√
1
3VcbV

∗
uda

′
8 B−

c → �
′−�̄

′0 1
3VcbV

∗
uda

′
8

B−
c → �

′0�̄
′− √

2
3 VcbV ∗

uda
′
8 B−

c → �
′−�̄

′0
√

2
3 VcbV ∗

uda
′
8

Channel �S = 1 Amplitude Channel �S = 1 Amplitude

B−
c → �

′−�̄0 1
3VcbV

∗
usa

′
8 B−

c → �
′0�̄− √

2
3 VcbV ∗

usa
′
8

B−
c → �

′+�̄−−
√

1
3VcbV

∗
usa

′
8 B−

c → �
′0�̄

′− 2
3VcbV

∗
usa

′
8

B−
c → �−�̄

′0
√

1
3VcbV

∗
usa

′
8 B−

c → �
′−�̄

′0
√

2
3 VcbV ∗

usa
′
8

The results for the weak two-body decays of Bc into hadrons
are given in Tables 8, 9 and 10. These ratios could be tested
by the future LHCb experiments.

At last, let us study the CP asymmetry effects in the Bc

meson decays, which may bring about the effect at O(10−3).
From the above amplitudes in tables, the CP conjugated
amplitudes can be obtained accordingly. For example, the
CP conjugated amplitudes of the Bc meson decays into a
charmed meson and a light meson are of the form of

Ā(B+
c → D̄i + P̄)

A(B−
c → Di + P)

= V ∗
ubVuq A

T
Bc

+ V ∗
tbVtq A

P
Bc

VubV ∗
uq A

T
Bc

+ VtbV ∗
tq A

P
Bc

. (22)

The direct CP asymmetry can then be defined as

Adir
C P = �(B+

c → f̄1 f̄2) − �(B−
c → f1 f2)

�(B+
c → f̄1 f̄2) + �(B−

c → f1 f2)

= | Ā|2 − |A|2
| Ā|2 + |A|2 . (23)

From this equation, the direct CP asymmetry can be obtained
when inputting the corresponding decay amplitudes. We do
not list these repeated results. The decay channels of the
Bc meson into a bottom meson and a light meson, two
light mesons, or two baryons have no direct CP asymme-
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Table 8 The decay width ratios
for Bc → Bi + P(V )

Bc → Bi + P Bc → Bi + V

�i/�(B−
c → B−K 0) R �i/�(B−

c → B−K ∗0) R

�(B−
c →B−π0)

�(B−
c →B−K 0)

|Vcd |2
2|Vcs |2

�(B−
c →B−ρ0)

�(B−
c →B−K ∗0)

|Vcd |2
2|Vcs |2

�(B−
c →B−η′)

�(B−
c →B−K 0)

3|V ∗
us |2 sin2 θ

2|V ∗
ud |2

�(B−
c →B−φ)

�(B−
c →B−K ∗0)

3|V ∗
us |2 sin2 θ

2|V ∗
ud |2

�(B−
c →B−η)

�(B−
c →B−K 0)

3|V ∗
us |2 cos2 θ

2|V ∗
ud |2

�(B−
c →B−ω)

�(B−
c →B−K ∗0)

3|V ∗
us |2 cos2 θ

2|V ∗
ud |2

�(B−
c →B− K̄ 0)

�(B−
c →B−K 0)

|Vcd V ∗
us |2

|Vcs V ∗
ud |2

�(B−
c →B− K̄ ∗0)

�(B−
c →B−K ∗0)

|Vcd V ∗
us |2

|Vcs V ∗
ud |2

�i/�(B−
c → B̄0K−) R �i/�(B−

c → B̄0K ∗−) R

�(B−
c →B̄0π−)

�(B−
c →B̄0K−)

|V ∗
ud |2

|V ∗
us |2

�(B−
c →B̄0ρ−)

�(B−
c →B̄0K ∗−)

|V ∗
ud |2

|V ∗
us |2

�(B−
c →B̄s K−)

�(B−
c →B̄0K−)

|Vcs |2
|Vcd |2

�(B−
c →B̄s K ∗−)

�(B−
c →B̄0K ∗−)

|Vcs |2
|Vcd |2

Table 9 The decay width ratios
for Bc → P(V ) + P(V )

Bc → P + P Bc → V + V

�i/�(B−
c → K̄ 0K−) R �i/�(B−

c → K ∗0K ∗−) R

�(B−
c →π−η)

�(B−
c →K̄ 0K−)

2 cos2 θ
3

�(B−
c →ρ−ω)

�(B−
c →K̄ ∗0K ∗−)

2 cos2 θV
3

�(B−
c →π−η′)

�(B−
c →K̄ 0K−)

2 sin2 θ
3

�(B−
c →ρ−φ)

�(B−
c →K̄ ∗0K ∗−)

2 sin2 θV
3

�i/�(B−
c → π−K 0) R �i/�(B−

c → ρ−K ∗0) R

�(B−
c →π0K−)

�(B−
c →π−K 0)

1
2

�(B−
c →ρ0K ∗−)

�(B−
c →ρ−K ∗0)

1
2

�(B−
c →K−η′)

�(B−
c →π−K 0)

sin2 θ
6

�(B−
c →K ∗−φ)

�(B−
c →ρ−K ∗0)

sin2 θV
6

�(B−
c →K−η)

�(B−
c →π−K 0)

cos2 θ
6

�(B−
c →K ∗−ω)

�(B−
c →ρ−K ∗0)

cos2 θV
6

�(B−
c →K̄ 0K−)

�(B−
c →π−K 0)

|V ∗
ud |2

|V ∗
us |2

�(B−
c →B−K ∗0)

�(B−
c →ρ−K ∗0)

|V ∗
ud |2

|V ∗
us |2

try, because only tree topology diagrams contribute. From
the interference of tree diagrams and penguin diagrams, these
decay channels of the Bc meson decays into a charmed meson
and a light meson have the direct CP asymmetry.

Employing the unitarity of the CKM matrix with (VV †)i j
= (V †V )i j = δi j , we get

Im
[
V ∗
tbVtdVubV

∗
ud

] = −Im
[
V ∗
tbVtsVubV

∗
us

]
. (24)

The relations for the direct CP asymmetry of the Bc meson
decays into a charmed meson and a light meson are

Adir
C P (B−

c → D̄0π−)

Adir
C P (B−

c → D̄0K−)
= −�(B−

c → D̄0K−)

�(B−
c → D̄0π−)

, (25)

Adir
C P (B−

c → D−
s K̄ 0)

Adir
C P (B−

c → D− K̄ 0)
= −�(B−

c → D− K̄ 0)

�(B−
c → D−

s K̄ 0)
, (26)

Adir
C P (B−

c → D̄0ρ−)

Adir
C P (B−

c → D̄0K ∗−)
= −�(B−

c → D̄0K ∗−)

�(B−
c → D̄0ρ−)

, (27)

Adir
C P (B−

c → D−
s K̄ ∗0)

Adir
C P (B−

c → D− K̄ ∗0)
= −�(B−

c → D− K̄ ∗0)

�(B−
c → D−

s K̄ ∗0)
. (28)

These relations actually are very general and similar to the
relations in B meson decays [71,72], which shall be tested
by future LHCb experiments.

5 conclusions

In this paper, we investigated the decay width relations for the
Bc weak decays into two hadrons under the flavor SU(3) sym-
metry. The corresponding decay amplitudes are described by
the summation of the flavor SU(3) irreducible amplitudes.
The decay channels of the Bc meson into a charmed meson
and a light meson, a bottom meson and a light meson, two
light mesons, or two baryons were studied systematically.
The direct CP asymmetry effects only exist in the decay
channels of the Bc meson into a charmed meson and a light
meson. And we obtained some direct CP asymmetry rela-
tions in the flavor SU(3) symmetry. Hadron-hadron colliders
provide a solid platform and the precision tests for the various
decay modes of the double heavy Bc meson. The theoreti-
cal predictions for the decay width ratios R and the direct
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Table 10 The decay width
ratios for Bc → T8 + T̄8 and
Bc → T10 + T̄10

Bc → T8 + T̄8 Bc → T10 + T̄10

�i/�(B−
c → n p̄− ) R �i/�(B−

c → �
′−�̄

′0 ) R

�(B−
c →
0�̄−)

�(B−
c →n p̄−)

1
6

�(B−
c →�0�̄−)

�(B−
c →�

′−�̄
′0)

4

�(B−
c →
̄0�−)

�(B−
c →n p̄−)

1
6

�(B−
c →�−�̄0)

�(B−
c →�

′−�̄
′0)

3

�(B−
c →�0�̄−)

�(B−
c →n p̄−)

1
2

�(B−
c →�+�̄−−)

�(B−
c →�

′−�̄
′0)

3

�(B−
c →�̄0�−)

�(B−
c →n p̄−)

1
2

�(B−
c →�

′0�̄
′−)

�(B−
c →�

′−�̄
′0)

2

– – �(B−
c →�

′−�̄
′0)

�(B−
c →�

′−�̄
′0)

2

�i/�(B−
c → �̄−�0) R �i/�(B−

c → �
′−�̄0) R

�(B−
c →
̄0�−)

�(B−
c →�̄−�0)

1
6

�(B−
c →�

′0�̄−)

�(B−
c →�

′−�̄0)
2

�(B−
c →�̄0�−)

�(B−
c →�̄−�0)

1
2

�(B−
c →�

′ p�̄−−)

�(B−
c →�

′−�̄0)
3

�(B−
c → p̄−
0)

�(B−
c →�̄−�0)

2
3

�(B−
c →�

′0�̄
′−)

�(B−
c →�

′−�̄0)
4

– – �(B−
c →�−�̄

′0)

�(B−
c →�

′−�̄0 ) 3

– – �(B−
c →�

′−�̄
′0)

�(B−
c →�

′−�̄0)
2

�(B−
c →n p̄−)

�(B−
c →�̄−�0)

|V ∗
ud |2

|V ∗
us |2

�(B−
c →B−K ∗0)

�(B−
c →�

′−�̄0)

|V ∗
ud |2

|V ∗
us |2

CP asymmetries for the considered Bc weak decays into two
hadrons, as listed in the Tables of this paper, could be tested
in the future LHCb experiments.
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