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EFFECTS OF FINAL-STATE INTERACTIONS
IN B+ → D+

s K̄0 DECAY

B. Mohammadi 1, H. Mehraban 2

Physics Department, Semnan University, Semnan, Iran

We investigate the effects of ˇnal-state-interactions (FSI) contributions in the nonleptonic two-body
B+ → D+

s K̄0 decay; however, the hadronic decay of B+ → D+
s K̄0 is analyzed by using ®QCD

factorization¯ (QCDF) method and ˇnal-state interaction (FSI). First, the B+ → D+
s K̄0 decay is

calculated via QCDF method and only the annihilation graphs exist in that method. Hence, the FSI must
be seriously considered to solve the B+ → D+

s K̄0 decay and the D0π+(D0∗ρ+), D+π0(D+∗ρ0) and

D+ηc(D
+∗J/ψ) via the exchange of K+(∗), K0(∗) and D

+(∗)
s mesons are chosen for the intermediate

states. To estimate the intermediate states amplitudes, the QCDF method is again used. These amplitudes
are used in the absorptive part of the diagrams. The experimental branching ratio of B+ → D+

s K̄0

decay is less than 8 · 10−4 and the predicted branching ratio is 0.23 · 10−9 in the absence of FSI effects
and it becomes 6.74 · 10−4 when FSI contributions are taken into account.

‚ · ¡μÉ¥ ¨¸¸²¥¤Ê¥É¸Ö ¢²¨Ö´¨¥ ÔËË¥±Éμ¢ ¢§ ¨³μ¤¥°¸É¢¨Ö ¢ ±μ´¥Î´μ³ ¸μ¸ÉμÖ´¨¨ (‚Š‘) ¢ ´¥-
²¥¶Éμ´´μ³ ¤¢ÊÌÎ ¸É¨Î´μ³ · ¸¶ ¤¥ B+ → D+

s K̄0, μ¤´ ±μ  ¤·μ´´Ò° · ¸¶ ¤ B+ → D+
s K̄0  ´ -

²¨§¨·Ê¥É¸Ö ¸ ¶μ³μÐÓÕ ³¥Éμ¤  Š•„-Ë ±Éμ·¨§ Í¨¨ (Š•„”) ¨ ¸ ÊÎ¥Éμ³ ‚Š‘. ‘´ Î ²  · ¸¶ ¤
B+ → D+

s K̄0 ¢ÒÎ¨¸²Ö¥É¸Ö ³¥Éμ¤μ³ Š•„”, ±μ£¤  ¶·¨´¨³ ÕÉ¸Ö ¢ · ¸Î¥É Éμ²Ó±μ  ´´¨£¨²ÖÍ¨μ´´Ò¥
¤¨ £· ³³Ò. ‚Š‘ ´¥μ¡Ìμ¤¨³μ ÊÎ¨ÉÒ¢ ÉÓ ¤²Ö ¶· ¢¨²Ó´μ£μ μ¶¨¸ ´¨Ö · ¸¶ ¤  B+ → D+

s K̄0,   É ±¦¥
D0π+(D0∗ρ+), D+π0(D+∗ρ0) ¨ D+ηc(D

+∗J/ψ), £¤¥ ¢ ¶·μ³¥¦ÊÉμÎ´ÒÌ ¸μ¸ÉμÖ´¨ÖÌ · ¸¸³ É·¨¢ -

¥É¸Ö μ¡³¥´ K+(∗)-, K0(∗)- ¨ D
+(∗)
s -³¥§μ´ ³¨. —Éμ¡Ò μÍ¥´¨ÉÓ ¢¥²¨Î¨´Ê  ³¶²¨ÉÊ¤ ¶·μ³¥¦ÊÉμÎ´ÒÌ

¸μ¸ÉμÖ´¨°, ¡Ò² É ±¦¥ ¨¸¶μ²Ó§μ¢ ´ ³¥Éμ¤ Š•„”. �μ²ÊÎ¥´´Ò¥  ³¶²¨ÉÊ¤Ò ¨¸¶μ²Ó§ÊÕÉ¸Ö ¶·¨ ¢Ò-
Î¨¸²¥´¨¨ ¶μ£²μÐ ÕÐ¨Ì Î ¸É¥° ¤¨ £· ³³. ˆ§¢¥¸É´μ, ÎÉμ Ô±¸¶¥·¨³¥´É ²Ó´μ¥ §´ Î¥´¨¥ ¢¥·μÖÉ´μ¸É¨
· ¸¶ ¤  B+ → D+

s K̄0 ³¥´ÓÏ¥ 8 · 10−4, ¢ Éμ ¢·¥³Ö ± ± ¶·¥¤¸± §Ò¢ ¥³μ¥ · ¸Î¥É ³¨ ¸μ¸É ¢²Ö¥É
0,23 · 10−9 ¡¥§ ÊÎ¥É  ÔËË¥±Éμ¢ ‚Š‘ ¨ 6,74 · 10−4 Å ¶μ¸²¥ ÊÎ¥É  ‚Š‘.

PACS: 13.20.He

INTRODUCTION

In the B+ → D+
s K̄0 decay the B+ meson has u quark and b̄ antiquark and the D+

s , K̄0

mesons are produced from pair quarks of cs̄ and sd̄ respectively, so no form factor can be
produced between the B+ meson and ˇnal states D+

s , K̄0 mesons, hence this process is pure
annihilation type of the decay. For this reason the mentioned decay has a tiny branching ratio
in the QCDF approach. However, the hadronic decay of B+ → D+

s K̄0 is analyzed by using
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®QCD factorization¯ (QCDF) method and ˇnal-state interaction (FSI). The next-to-leading-
order low-energy effective Hamiltonian is used for the weak-interaction matrix elements and
the FSI. The importance of the FSI in hadronic processes has been identiˇed for a long time.
Recently, its applications in D and B decays have attracted extensive interest and attention
of theorists.

Since the hadronic matrix elements are fully controlled by nonperturbative QCD, the most
important problem is how to evaluate them properly. Factorization method enables one to
separate the nonperturbative QCD effects from the perturbative parts and to calculate the
latter in terms of the ˇeld theory order by order. Several factorization approaches have been
proposed to analyze B-meson decays, such as the naive factorization approach, the QCD
factorization approach, the perturbative QCD approach, and Soft-Collinear-Effective Theory;
none provided an estimate of the FSI at the hadronic level. These approaches successfully
explain many phenomena; however, there are still some problems which are not easy to
describe within this framework.

These may be some hints for the need of FSI in B decays. FSI effects are nonperturbative
in nature [1]. FSI is one of the ways to solve the nonperturbative QCD for the long-
distance case. In many decay modes, the FSI may play a crucial role [2]. In this approach
the CKM's most favored two-body intermediate states are the only ones that have been taken
into consideration [3].

The FSI can be considered as a soft rescattering style for certain intermediate two-body
hadronic channel B+ → D0π+ decay [4]. Therefore, the FSI are estimated via the one-
particle-exchange processes at the hadronic loop level (HLL) as explained in Sec. 3.

As we know, the branching ratio of B+ → D+
s K̄0 decay has already been estimated

by using the perturbative QCD approach and predicted 2.01 · 10−8 [5]. We calculated
the B+ → D+

s K̄0 decay according to the QCDF method. This process only occurs via
annihilation between b and ū. We selected the leading-order Wilson coefˇcients at the scale
mb [6, 7] and obtained the BR (B+ → D+

s K̄0) = 0.23 · 10−9. The experimental result of
this decay is BR (B+ → D+

s K̄0) < 8 · 10−4. In the FSI, rescattering amplitude can be
derived by calculating the absorptive part of triangle diagrams [8]. In the FSI effects, the
intermediate states are D0π+(D0∗ρ+), D+π0(D+∗ρ0) and D+ηc(D+∗J/ψ). We calculated
the B+ → D+

s K̄0 decay according to the HLL method [9]. In this case, the branching ratio
of B+ → D+

s K̄0 is 6.74 · 10−4.
This paper is organized as follows. We present the calculation of QCDF for the B+ →

D+
s K̄0 decay in Sec. 1. In Sec. 2, we calculate the amplitudes of the intermediate states.

Then, we present the calculation of HLL for the B+ → D+
s K̄0 decay in Sec. 3. In Sec. 4, we

give the numerical results, and in the last section, we have a short conclusion.

1. QCD FACTORIZATION OF B+ → D+
s K̄0 DECAY

In the QCD factorization approach, the B+ → D+
s K̄0 decay has annihilation contribution

that Feynman diagram in Fig. 1 clearly shows. According to the diagram of Fig. 1, we obtained
the annihilation amplitude as

AQCD(B+ → D+
s K̄0) = i

GF√
2

fBfKfDsb2VubV
∗
cd, (1)
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Fig. 1. Feynman annihilation diagram for
B+ → D+

s K̄0 decay, the left arrow shows

that the Feynman diagram is being read from

left side

where

b2 =
CF

N2
c

C2A
i
1, Ai

1 = 6παs

[
3

(
XA − 4 +

π2

3

)
+ rK

χ rDs
χ (X2

A − 2XA)
]

,
(2)

XA = (1 + ρ eiφ) ln
mB

ΛQCD
, rK

χ =
2m2

K

(mb + mu)(mu + ms)
, rDs

χ =
2m2

Ds

(mb − mc)(ms + mc)
.

2. AMPLITUDES OF INTERMEDIATE STATES

In this section, before analyzing FSI in the B+ → D+
s K̄0 decay, we introduce the

factorization approach of intermediate state in detail. In the FSI effects D0π+(D0∗ρ+),
D+π0(D+∗ρ0) and D+ηc(D+∗J/ψ) are chosen for the intermediate states. The effective
weak Hamiltonian for B decays consists of a sum of local operators Qi multiplied by QCDF
coefˇcients ci and products of elements of the quark mixing matrix [10]. The factorization
approach of heavy-meson decays can be expressed in terms of different topologies of various
decays mechanism such as tree, penguin and annihilation.

2.1. B+ → D0π+(D0∗ρ+) Decays. When two intermediate mesons exchange u quark
and two ˇnal-state mesons exchange s quark, the D0(∗) and π+(ρ+) mesons are produced
for intermediate state via exchange mesons of K+(∗). Feynman diagrams for the B+ →
D0π+(D0∗ρ+) decays are shown in Fig. 2, and the amplitudes read

A(B+ → D0π+) = i
GF√

2
fπ{FB→D(m2

π)(m2
B − m2

D)a1VcbV
∗
ud + fBfDb2VubV

∗
cd},

A(B+ → D0∗ρ+) = i
GF√

2

{
fρmρ

{
(ε1 · ε2)(mB + mD∗)AB→D∗

1 (m2
ρ)−

− (ε1 · pB)(ε2 · pB)
2AB→D∗

2 (m2
ρ)

mB + mD∗

}
a1VcbV

∗
ud + fBfD∗fρb2VubV

∗
cd

}
. (3)

Fig. 2. Feynman diagrams for the B+ → D0π+ decay
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2.2. B+ → D+π0(D+∗ρ0) Decays. If d quark is exchanged between two intermediate
mesons and s quark is exchanged between two ˇnal-state mesons, the D+(∗) and π+(ρ+)
mesons are produced for intermediate state via K0(∗) as the exchange mesons. Feynman
diagrams for B+ → D+π0(D+∗ρ0) decays are shown in Fig. 3, and the amplitudes read

A(B+ → D+π0) = i
GF√

2
fD{FB→π(m2

D)(m2
B − m2

π)a1VubV
∗
cd + fBfπb2VubV

∗
cd},

A(B+ → D+∗ρ0) = i
GF√

2
fD∗mD∗

{
(ε1 · ε2)(mB + mρ)A

B→ρ
1 (m2

D∗)−

− (ε1 · pB)(ε2 · pB)
2AB→ρ

2 (m2
D∗)

mB + mρ

}
a1VubV

∗
cd + i

GF√
2

fBfD∗fρb2VubV
∗
cd. (4)

Fig. 3. Feynman diagrams for the B+ → D+π0 decay

2.3. B+ → D+ηc(D+∗J/ψ) Decays. If c quark is exchanged between two intermediate
mesons and s quark is exchanged between two ˇnal-state mesons, the D+(∗) and ηc(J/ψ)
mesons are produced for intermediate state via D

+(∗)
s as the exchange mesons. Feynman

diagram for B+ → D+ηc(D+∗J/ψ) decays is shown in Fig. 4, and the amplitudes read

A(B+ → D+ηc) = i
GF√

2
fBfDfηb2VubV

∗
cd,

A(B+ → D+∗J/ψ) = i
GF√

2
fBfD∗fJ/ψb2VubV

∗
cd.

(5)

Fig. 4. Feynman annihilation diagram for the B+ → D+ηc decay
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3. FINAL-STATE INTERACTION OF B+ → D+
s K̄0 DECAY

When the FSI for decay is calculated, two-body intermediate states such as D0π+(D0∗ρ+),
D+π0(D+∗ρ0) and D+ηc(D+∗J/ψ) are produced. The absorptive part of the HLL diagrams
can be calculated with the following formula:

Abs A(B(pB) → M(p1)M(p2) → M(p3)M(p4)) =
1
2

∫
d3p1

2E1(2π)3
d3p2

2E2(2π)3
×

× (2π)4δ4(pB − p1 − p2)A(B → M1M2)G(M1M2 → M3M4), (6)

for which both intermediate mesons (M1, M2) are pseudoscalar. And

Abs A(B(pB) → M(p1)M(p2) → M(p3)M(p4)) = i
GF

2
√

2

∫
d3p1

2E1(2π)3
d3p2

2E2(2π)3
×

× (2π)4δ4(pB − p1 − p2)fV mV VCKM

[
(ε∗1 · ε∗2)(mB + m1)ABM1

1 (m2
2)−

− (ε∗1 · pB)(ε∗2 · pB)
2ABM1

2 (m2
2)

mB + m1

]
G(M1M2 → M3M4), (7)

in which both mesons are vector. Also G(M1M2 → M3M4) involves hadronic vertices
factor, which are deˇned as [1, 11,12]

〈Ds(p3)K∗(ε2, p2)|i£|D(p1)〉 = −igDDsK∗ε2 · (p1 + p3),

〈π(p3)K∗(ε2, p2)|i£|K(p1)〉 = −igKK∗πε2 · (p1 + p3),

〈Ds(p3)K(p2)|i£|D∗(ε1, p1)〉 = −igDsD∗Kε1 · p2,

〈K(p3)ρ(ε2, p2)|i£|K(p1)〉 = −igKKρε2 · (p1 + p3),

〈Ds(p3)K∗(ε2, p2)|i£|D∗(ε1, p1)〉 = −i
√

2gDsD∗K∗εμναβεμ
1 ε∗ν

3 pα
1 pβ

3 ,

〈K∗(ε3, p3)ρ(ε2, p2)|i£|K(p1)〉 = −igKK∗ρεμναβεμ
2 ε∗ν

3 pα
1 pβ

2 ,

〈D∗
s(ε3, p3)ηc(p2)|i£|Ds(p1)〉 = −igDsD∗

s ηcε3 · p2,

〈Ds(p3)ψ(ε2, p2)|i£|Ds(p1)〉 = −igDsDsψε2 · (p1 + p3),

〈D∗
s(ε3, p3)ψ(ε2, p2)|i£|Ds(p1)〉 = −i

√
2gDsD∗

s ψεμναβεμ
2 ε∗ν

3 pα
1 pβ

2 ,

〈D∗
s(ε − 3, p3)K(p2)|i£|D∗(ε1, p1)〉 = −igD∗

sD∗Kεμναβεμ
1 ε∗ν

3 pα
1 pβ

2 .

(8)



Effects of Final-State Interactions in B+ → D+
s K̄0 Decay 353

The dispersive part of the rescattering amplitude can be obtained from the absorptive part
via the dispersion relation [1,13]

Dis M(m2
B) =

1
π

∞∫
s

Abs M(s′)
s′ − m2

B

ds′, (9)

where s′ is the square of the momentum carried by the exchanged particle and s is the
threshold of intermediate states, in this case s ∼ m2

B . Unlike the absorptive part, the
dispersive contribution suffers from the large uncertainties arising from the complicated inte-
grations.

3.1. Final-State Interaction in the B+ → D0π+(D0∗ρ+) → D+
s K̄0 Decay. The quark

model and the hadronic level diagrams for the B+ → D0π+(D0∗ρ+) → D+
s K̄0 decay are

shown the Figs. 5 and 6.
In this framework we choose the t-channel one-particle-exchange processes. The absorp-

tive part of the diagram (a) shown in Fig. 6, the amplitude of the mode B+→D0(p1)π+(p2) →
D+

s (p3)K̄0(p4) with the exchange of the K+∗, is given by

Abs (6a) =
1
2

∫
d3p1

2E1(2π)3
d3p2

2E2(2π)3
(2π)4δ4(pB − p1 − p2)(−igDDsK∗)εq · (p1 + p3)×

× (−igKK∗π)εq · (p2 + p4)A(B+ → D0π+)
F 2(q2, m2

i )
T

=

= −
1∫

−1

|p1|d(cos θ)
16πmB

gDDsK∗gKK∗πA(B+ → D0π+)
F 2(q2, m2

i )
T

H, (10)

Fig. 5. Quark level diagram for B+ → D0π+ → D+
s K̄0 decay

Fig. 6. HLL diagrams for long-distance t-channel contribution to B+ → D0π+(D0∗ρ+) → D+
s K̄0
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where θ is the angle between p1 and p3, q and mi are the momentum and mass of the
exchange K+∗ meson, respectively, and

H = εq · (p1 + p3)εq.(p2 + p4) =
(
−gμν +

qμqν

m2
K∗

)
(p1 + p3)μ(p2 + p4)ν =

= −p1 · p2 − p1 · p4 − p2 · p3 − p3 · p4 +
(m2

1 − m2
3)(m

2
4 − m2

2)
m2

K∗
,

T = q2 − m2
i = m2

D + m2
Ds

− m2
K∗ − 2EDEDs + 2|pD||pDs | cos θ, (11)

and F (q2, m2
i ) is the form factor deˇned to take care of the off-shell character of the exchange

particles, deˇned as [14]

F (q2, m2
i ) =

(
Λ2 − m2

i

Λ2 − q2

)n

. (12)

The form factor (i.e., n = 1) is normalized to unity at q2 = m2
i . The mi and q are the

physical parameters of the exchange particle and Λ is a phenomenological parameter. It is
obvious that for q2 → 0, F (q2, m2

i ) becomes a number. If Λ � mi, then F (q2, m2
i ) turns

to be unity, whereas as q2 → ∞ the form factor approaches zero and the distance becomes
small and the hadron interaction is no longer valid. Since Λ should not be far from the mi

and q, we choose

Λ = mi + ηΛQCD. (13)

Likewise, for diagrams 6, b and 6, c, the amplitudes of the B+ → D0∗(ε1, p1)ρ+(ε2, p2) →
D+

s (p3)K̄0(p4) (where K+ and K+∗ are exchanged at t-channel) are given by

Abs (6b) = i
GF

2
√

2

∫
d3p1

2E1(2π)3
d3p2

2E2(2π)3
(2π)4δ4(pB − p1 − p2)(−igD∗DsK)(ε1 · q)×

× (−igKKρ)ε2 · (p4 + q)
{

fρmρ

[
(ε1 · ε2)(mB + mD∗)AB→D∗

1 (m2
ρ)−

− (ε1 · pB)(ε2 · pB)
2AB→D∗

2 (m2
ρ)

mB + mD∗

]
a1VcbV

∗
ud + fBfD∗fρb2VubV

∗
cd

}
F 2(q2, m2

K)
T1

=

= −i
GF

8
√

2πmB

gD∗DsKgKKρ

1∫
−1

|p1|d(cos θ)
{

fρmρ

[
(mB + mD∗)AB→D∗

1 (m2
ρ)H1−

−
2AB→D∗

2 (m2
ρ)

mB + mD∗
H2

]
a1VcbV

∗
ud + fBfD∗fρb2VubV

∗
cdH3

}
F 2(q2, m2

K)
T1

, (14)
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where

H1 = (ε1 · ε2)(ε1 · p3)(ε2 · p4) =

= p3 · p4 −
(p2 · p4)(p2 · p3)

m2
2

− (p1 · p3)(p1 · p4)
m2

1

+
(p1 · p3)(p1 · p2)(p2 · p4)

m2
1m

2
2

,

H2 = (ε1 · pB)(ε2 · pB)(ε1 · p3)(ε2 · p4) =

=
[
−p3 · pB +

(p1 · pB)(p1 · p3)
m2

1

] [
−p4 · pB +

(p2 · pB)(p2 · p4)
m2

2

]
,

H3 = (ε1 · p3)(ε2 · p4) =
(

E3|p1| − E1|p3| cos θ

mB|p1|

) (
E4|p2| − E2|p4| cos θ

mB|p4|

)
,

T1 = m2
D∗ + m2

ρ − m2
K − 2ED∗Eρ + 2|pD∗ ||pρ| cos θ.

(15)

Abs (6c) = i
GF

2
√

2

∫
d3p1

2E1(2π)3
d3p2

2E2(2π)3
(2π)4δ4(pB − p1 − p2)×

× (−i
√

2gD∗DsK∗)εμναβεμ
1 εν

K∗pα
1 pβ

3 (−igKK∗ρ)ερσληερ
2ε

σ
K∗pλ

2pη
4×

×
{

fρmρ

[
(ε1 · ε2)(mB + mD∗)AB→D∗

1 (m2
ρ) − (ε1 · pB)(ε2 · pB)

2AB→D∗

2 (m2
ρ)

mB + mD∗

]
×

× a1VcbV
∗
ud + fBfD∗fρb2VubV

∗
cd

}
F 2(q2, m2

K∗)
T2

=

= −i
GF

16πmB
gD∗DsK∗gKK∗ρ

1∫
−1

|p1|d(cos θ)
{

fρmρ

[
(mB + mD∗)AB→D∗

1 (m2
ρ)H4−

−
2AB→D∗

2 (m2
ρ)

mB + mD∗
H5

]
a1VcbV

∗
ud + fBfD∗fρb2VubV

∗
cdH6

}
F 2(q2, m2

K∗)
T2

, (16)

H4 = εμναβεμ
1 εν

K∗pα
1 pβ

3 ερσληερ
2ε

σ
K∗pλ

2pη
4(ε1 · ε2) = 2(p1 · p4)(p2 · p3) − 2(p1 · p2)(p3 · p4),

H5 = εμναβεμ
1 εν

K∗pα
1 pβ

3 ερσληερ
2ε

σ
K∗pλ

2pη
4(ε1 · pB)(ε2 · pB) =

= m2
B[(p1 · p4)(p2 · p3) − (p1 · p2)(p3 · p4)]+

+ (p1 · pB)(p2 · pB)(p3 · p4) − (p2 · pB)(p3 · pB)(p1 · p4)−
− (p1 · pB)(p4 · pB)(p2 · p3) + (p3 · pB)(p4 · pB)(p1 · p2), (17)

H6 = εμναβεμ
1 εν

K∗pα
1 pβ

3 ερσληερ
2ε

σ
K∗pλ

2pη
4 ,

T2 = m2
D∗ + m2

ρ − m2
K∗ − 2ED∗Eρ + 2|pD∗ ||pρ| cos θ.
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As the bridge between the dispersive part of FSI amplitude and the absorptive part, the
dispersion relation is

Dis 6(m2
B) =

1
π

∞∫
s

Abs6a(s′) + Abs6b(s′) + Abs6c(s′)
s′ − m2

B

ds′. (18)

3.2. Final-State Interaction in the B+ → D+π0(D+∗ρ0) → D+
s K̄0 Decay. The quark

model diagram for the B+ → D+π0(D+∗ρ0) → D+
s K̄0 decay is shown in Fig. 7 and

the hadronic level diagrams are shown in Fig. 8. The amplitude of the mode B+ →
D+(p1)π0(p2) → D+

s (p3)K̄0(p4) (where K0∗ is exchanged at t-channel) is given by

Abs (8a) =
1
2

∫
d3p1

2E1(2π)3
d3p2

2E2(2π)3
(2π)4δ4(pB − p1 − p2)(−igDDsK∗)εq · (p1 + p3)×

× (−igKK∗π)εq · (p2 + p4)A(B+ → D+π0)
F 2(q2, m2

K∗)
T

=

= −
1∫

−1

|p1|d(cos θ)
16πmB

gDDsK∗gKK∗πA(B+ → D+π0)
F 2(q2, m2

K∗)
T

H, (19)

Fig. 7. Quark level diagram for the B+ → D+π0 → D+
s K̄0 decay

Fig. 8. HLL diagrams for long-distance t-channel contribution to B+ → D+π0(D+∗ρ0) → D+
s K̄0
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The amplitudes of the mode B+ → D+∗(ε1, p1)ρ0(ε2, p2) → D+
s (p3)K̄0(p4) (where K0

and K0∗ are exchanged at t-channel) are given by

Abs (8b) = i
GF

4

∫
d3p1

2E1(2π)3
d3p2

2E2(2π)3
(2π)4δ4(pB − p1 − p2)(−igD∗DsK)(ε1 · q)×

× (−igKKρ)ε2 · (p4 + q)
{

fD∗mD∗

[
(ε1 · ε2)(mB + mρ)A

B→ρ
1 (m2

D∗)−

− (ε1 · pB)(ε2 · pB)
2AB→ρ

2 (m2
D∗)

mB + mρ

]
a1VubV

∗
cd + fBfD∗fρb2VubV

∗
cd

}
F 2(q2, m2

K)
T1

=

= −i
GF

32πmB
gD∗DsKgKKρ

1∫
−1

|p1|d(cos θ)
{

fD∗mD∗

[
(mB + mρ)A

B→ρ
1 (m2

D∗)H1−

− 2AB→ρ
2 (m2

D∗)
mB + mρ

H2

]
a1VubV

∗
cd + fBfD∗fρb2VubV

∗
cdH3

}
F 2(q2, m2

K)
T1

, (20)

Abs (8c) = i
GF

2
√

2

∫
d3p1

2E1(2π)3
d3p2

2E2(2π)3
(2π)4δ4(pB − p1 − p2)×

× (−i
√

2gD∗DsK∗)εμναβεμ
1 εν

K∗pα
1 pβ

3 (−igKK∗ρ)ερσληερ
2ε

σ
K∗pλ

2pη
4×

×
{

fD∗mD∗

[
(ε1 · ε2)(mB + mρ)A

B→ρ
1 (m2

D∗) − (ε1 · pB)(ε2 · pB)
2AB→ρ

2 (m2
D∗)

mB + mρ

]
×

× a1VubV
∗
cd + fBfD∗fρb2VubV

∗
cd

}
F 2(q2, m2

K∗)
T2

=

= −i
GF

16
√

2πmB

gD∗DsK∗gKK∗ρ

1∫
−1

|p1|d(cos θ)
{

fD∗mD∗

[
(mB + mρ)A

B→ρ
1 (m2

D∗)H4−

− 2AB→ρ
2 (m2

D∗)
mB + mρ

H5

]
a1VubV

∗
cd + fBfD∗fρb2VubV

∗
cdH6

}
F 2(q2, m2

K∗)
T2

. (21)

The dispersion relation is

Dis 8(m2
B) =

1
π

∞∫
s

Abs8a(s′) + Abs8b(s′) + Abs8c(s′)
s′ − m2

B

ds′. (22)



358 Mohammadi B., Mehraban H.

3.3. Final-State Interaction in the B+ → ηcD
+(J/ψD+∗) → D+

s K̄0 Decay. The quark
model and the hadronic level diagrams for the B+ → ηcD

+(J/ψD+∗) → D+
s K̄0 decay are

shown in Figs. 9 and 10. The amplitude of the mode B+ → ηc(p1)D+(p2) → D+
s (p3)K̄0(p4)

with the exchange of the D+∗
s is given by

Abs (10a) =
1
2

∫
d3p1

2E1(2π)3
d3p2

2E2(2π)3
(2π)4δ4(pB − p1 − p2)(−igD∗

sDsηc)εq · p1×

× (−igDD∗
sK)εq · p4A(B+ → ηcD

+)
F 2(q2, m2

D∗
s
)

T3
=

= −
1∫

−1

|p1|d(cos θ)
16πmB

gD∗
s DsηcgDD∗

sKA(B+ → ηcD
+)

F 2(q2, m2
D∗

s
)

T3
H7, (23)

where

H7 =εq · p1εq · p4 =

(
−gμν +

qμqν

m2
D∗

s

)
pμ
1pν

4 = −p1 · p4 +
(m2

1 − p1 · p3)(m2
4 − p2 · p4)

m2
D∗

s

,

T3 = q2 − m2
i = m2

Ds
+ m2

ηc
− m2

D∗
s
− 2EDsEηc + 2|pDs ||pηc | cos θ.

(24)

Fig. 9. Quark level diagram for the B+ → ηcD
+ → D+

s K̄0 decay

Fig. 10. HLL diagrams for long-distance t-channel contribution to B+ → ηcD
+(J/ψD+∗) → D+

s K̄0



Effects of Final-State Interactions in B+ → D+
s K̄0 Decay 359

The amplitudes of the mode B+ → J/ψ(ε1, p1)D+∗(ε2, p2) → D+
s (p3)K̄0(p4) with the

exchange of the D+
s and D+∗

s mesons are given by

Abs (10b) = i
GF

2
√

2

∫
d3p1

2E1(2π)3
d3p2

2E2(2π)3
(2π)4δ4(pB − p1 − p2)(−igDsDsψ)×

× (−ε1) · (p1 − q)(−igD∗DsK)ε2 · p4fBfD∗fJ/ψb2VubV
∗
cd

F 2(q2, m2
Ds

)
T4

=

= i
GF

16
√

2πmB

gDsDsψgD∗DsKfBfD∗fJ/ψb2VubV
∗
cd

1∫
−1

|p1|d(cos θ)
F 2(q2, m2

Ds
)

T4
H8, (25)

where

H8 = (ε1 · p3)(ε2 · p4) =
(

E3|p1| − E1|p3| cos θ

mB|p1|

) (
E4|p2| − E2|p4| cos θ

mB|p4|

)
,

T4 = q2 − m2
i = m2

Ds
+ m2

J/ψ − m2
Ds

− 2EDsEJ/ψ + 2|pDs ||pJ/ψ| cos θ.

(26)

Abs (10c) = i
GF

2
√

2

∫
d3p1

2E1(2π)3
d3p2

2E2(2π)3
(2π)4δ4(pB − p1 − p2)×

× (−i
√

2gDsD∗
s ψ)εμναβ(−εμ

1 )εν
D+∗

s
(−pα

1 )(−pβ
3 )(−igD∗D∗

sK)ερσληερ
2(−εσ

D+∗
s

)pλ
2pη

4×

× fBfD∗fJ/ψb2VubV
∗
cd

F 2(q2, m2
D∗

s
)

T5
=

= −i
GF

16
√

2πmB

gDsD∗
sψgD∗D∗

s KfBfD∗fJ/ψb2VubV
∗
cd

1∫
−1

|p1|d(cos θ)
F 2(q2, m2

D∗
s
)

T5
H9, (27)

where

H9 = εμναβεμ
1 εν

D∗
s
pα
1 pβ

3 ερσληερ
2ε

σ
D∗

s
pλ
2pη

4 ,

T5 = q2 − m2
i = m2

Ds
+ m2

J/ψ − m2
D∗

s
− 2EDsEJ/ψ + 2|pDs ||pJ/ψ| cos θ.

(28)

The dispersion relation is

Dis 10(m2
B) =

1
π

∞∫
s

Abs10a(s′) + Abs10b(s′) + Abs10c(s′)
s′ − m2

B

ds′. (29)

The decay amplitude of B+ → D+
s K̄0 via the HLL diagrams is

A(B+ → D+
s K̄0) = Abs (6a) + Abs (6b) + Abs (6c) + Dis 6 + Abs (8a)+

+ Abs (8b) + Abs (8c) + Dis 8 + Abs (10a) + Abs (10b) + Abs (10c) + Dis 10. (30)
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4. NUMERICAL RESULTS

The Wilson coefˇcients ci have been calculated in different schemes. In this paper we
will use consistently the naive dimensional regularization (NDR) scheme. The values of ci at
μ = mb with the next-to-leading order (NLO) QCD corrections are given by [7,15]

c1 = 1.117, c2 = −0.257,

c3 = 0.017, c4 = −0.044,

c5 = 0.011, c6 = −0.056, (31)

c7 = −1 · 10−5, c8 = 5 · 10−4,

c9 = −0.010, c10 = 0.002.

The relevant input parameters used are: mB = 5.279, mK = 0.49, mK∗ = 0.89, mρ =
0.78, mπ = 0.139, mD = 1.87, mD∗ = 2.01, mDs = 1.97, mD∗

s
= 2.11, mJ/ψ = 3.1,

mηc = 3.0, mb = 4.20, mc = 1.27, mu = 0.00240, ms = 0.104, fB = 0.176, fK =
0.16, fπ = 0.13, fD = 0.223, fηc = 0.35, fJ/ψ = 0.416, fρ = 0.216, fD∗ = 0.23,
fDs = 0.294 [16] (values of masses and decay constants are in GeV); rK

χ = 1.09, rDs
χ =

1.93, φ = −55◦(PP ), φ = −20◦(PV ), φ = −70◦(V P ), ρ = 0.5, ΛQCD = 0.225 GeV,
CF = 4/3, αs = 0.2244, N = 3, GF = 1.166 · 10−5, Vub = 0.0043, Vud = 0.974,
Vcb = 0.042, Vcd = 0.230 [16]; FB→π = 0.33, AB→ρ

1 = AB→ρ
2 = 0.28 [17]; FB→D =

0.6, AB→D∗

1 = 0.8, AB→D∗

2 = 0.99 [15]; gDDsK∗ =
√

mDs

mD
gDDρ = 3.83, gD∗DsK∗ =√

mDs

m∗
D

gDDρ = 2.79, gDD∗
sK =

√
mD∗

s

m∗
D

gD∗Dρ = 3, gD∗D∗
s K =

√
mD∗

s

m∗
D

gD∗D∗π = 6.6,

gD∗DsK =
√

mDs

mD
gD∗Dπ = 12.83 [1] (gD∗Dπ = 12.5 [3, 8]); gKK∗π = 4.6, gKKρ =

4.28 [18]; gKK∗ρ = 6.48 [19]; gDD∗ηc = mηc/fηc = 8.57 [20]; gDDψ = 7.71, gDD∗ψ =
8.64 [14]. Using the parameters relevant for the B+ → D+

s K̄0 decay, we get 	avor averaged
branching ratio for the QCDF method as

BR (B+ → D+
s K̄0) = 0.23 · 10−9. (32)

After calculating the amplitudes of the intermediate states, we obtain:

A(B+ → D0π+) = 0.56 · 10−6,

A(B+ → D+π0) = 0.74 · 10−7,

A(B+ → D+ηc) = 0.37 · 10−7.

(33)

Now, according to FSI, we can obtain the branching ratios of the B+ → D+
s K̄0 decay with

different values of η which are shown in table.

The branching ratio of the B+ → D+
s K̄0 decay with η = 1−2.5 and experimental data (in units

of 10−4)

η
Experiment [16]

1 1.5 2 2.5

0.35 1.31 3.36 6.74 < 8
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CONCLUSIONS

In this work, we have calculated the contribution of the t-channel FSI, i.e., inelastic re-
scattering processes to the branching ratio of the B+ → D+

s K̄0 decay. For evaluating the
FSI effects, we have only considered the absorptive and dispersive parts of the HLL, because
both the hadrons which were produced via the weak interaction were on their mass shells.

We have calculated the branching ratio of the B+ → D+
s K̄0 decay by using QCDF and

FSI. The experimental result of this decay is BR (B+ → D+
s K̄0) < 8 · 10−4 [16]. The

branching ratio of this decay in [5] was 2.01 · 10−8. According to QCDF and FSI, our results
are BR (B+ → D+

s K̄0) = 0.23 · 10−9 and 6.74 · 10−4, respectively.
There exist some phenomenological parameters in our calculations on FSI such as η in (13)

and many other sources of uncertainties, for example, the coupling constant gD∗Dsk etc., the
neglected subdominant contributions in the FSI, the estmate of pure QCDF contribution, etc.
We have introduced the phenomenological parameter η; that its, value in the form factor is
expected to be of the order of unity and can be determined from the measured rates. For a
given exchanged particle, we have used η = 1−2.5. If η = 2.5 is selected, the branching
ratio of the B+ → D+

s K̄0 decay approaches the upper bound of experimental result.

REFERENCES

1. Cheng H. Y., Chua C. K., Soni A. Final State Interaction in Hadronic B Decays // Phys. Rev. D.
2005. V. 71. P. 014030.

2. Oh Y. S., Song T., Lee S.H. j/ψ Absorption by π and ρ Mesons in Meson Exchange Model with
Anomalous Parity Interactions // Phys. Rev. C. 2001. V. 63. P. 034901.

3. Belyaev V. M. et al. D∗Dπ and B∗Bπ Couplings in QCD // Phys. Rev. D. 1995. V. 51. P. 6177.

4. Donoghue J. F. et al. Properties of the Soft Final Interaction Phases in B Decays // Phys. Rev. Lett.
1996. V. 77. P. 2178.

5. Lu C.D., Ukai K. Branching Ratios of B → DsK Decays in Perturbative QCD Approach // Eur.
Phys. J. C. 2003. V. 28. P. 305.

6. Beneke M. et al. QCD Factorization for Exclusive, Nonleptonic B Meson Decays: General Argu-
ments and the Case of Heavy Light Final States // Nucl. Phys. B. 2000. V. 591. P. 313.

7. Ali A., Greub C. An Analysis of Two Body Non-Leptonic B Decays Involving Light Mesons in
the Standard Model // Phys. Rev. D. 1998. V. 57. P. 2996.

8. Mohammadi B., Mehraban H. Final State Interaction in B0 → D0D̄0 // JHEP. 2011. V. 1107.
P. 089.

9. Mohammadi B., Mehraban H. Final State Interaction in B0 → D+
s D−

s // J. Phys. G: Nucl. Part.
Phys. 2012. V. 39. P. 045004.

10. Beneke M. et al. QCD Factorization in Decays and Extraction of Wolfenstein Parameters // Nucl.
Phys. B. 2001. V. 606. P. 245.

11. Casalboun R. et al. Phenomenology of Heavy Mason Chiral Lagrangians // Phys. Rep. 1997. V. 281.
P. 145.

12. Yan T.M. et al. Heavy Quark Symmetry and Chiral Dynamics // Phys. Rev. D. 1992. V. 46. P. 1148;
1997. V. 55. P. 5851(E).

13. Zhang B., Lu. X., Zhu S. L. The Dispersive Contribution of ρ(1450, 1700) Decays and X(1576) //
Chin. Phys. Lett. 2007. V. 24. P. 2537.



362 Mohammadi B., Mehraban H.

14. Liu X., Wei Z. T., Li X.Q. Contribution of Final State Interaction to the Branching Ratio of B →
j/ψD // Eur. Phys. J. C. 2009. V. 59. P. 683.

15. Azizi K., Khosravi R., Falahati F. Analysis of the Bq → Dq(D
∗
q )P and Bq → Dq(D

∗
q )V Decays

within the Factorization Approach in QCD // Mod. Phys. A. 2009. V. 24. P. 5845.

16. Amsler C. et al. Particle Data Group // Phys. Lett. B. 2008. V. 667. P. 1.

17. Ali A., Kramer G., Lu C.D. Experimental Tests of Factorization in Charmless Nonleptonic Two-
Body B Decays // Phys. Rev. D. 1998. V. 58. P. 094009.

18. Lu C.D. Final State Interaction in B → KK Decays // Phys. Rev. D. 2006. V. 73. P. 034005.

19. Liu X. et al. X(1576) and the Final State Interaction Effect // Phys. Rev. D. 2007. V. 75. P. 074017.

20. Wang Z.G. Final-State Interactions in the Decays B0 → Xc0K
∗0 and B+ → Xc0K

∗+ // Eur.

Phys. J. C. 2008. V. 58. P. 245.

Received on December 25, 2013.


