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Abstract We study B(s) → φρ decays in a perturbative QCD approach based on kT factorization. In this

approach, we calculate factorizable and non-factorizable contributions, there are no annihilation contributions

due to quark content. We get the branching ratios and polarization fractions for B(s) → φρ decays. Our

predictions are consistent with the current experimental data.
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1 Introduction

Exclusive B meson decays, especially B → VV

modes, have aroused more and more interest both

theoretically and experimentally. Since the first ob-

served charmless B → VV mode, the B → φK∗

decay
[1]

, many B → VV decay channels have been

studied in PQCD approach, such as B→K∗ρ, K∗ω
[2]

,

B → K∗K∗[3]
, Bs → ρ(ω)K∗[4]

, B → ρ(ω)ρ(ω)
[5]

, and

B0 → φφ
[6]

. It offers an excellent place to study the

CP violation and search for new physics hints
[7]

. Be-

cause the hadronization process is non-perturbative

in nature, the essential problem in handling the decay

processes is the separation of different energy scales,

i.e., the factorization assumption. Many approaches

based on the factorization assumption have been de-

veloped, such as the naive factorization
[8]

, the gen-

eralized factorization[9, 10], the QCD factorization[11],

and the perturbative QCD approach which is based

on kT factorization
[12, 13]

.

Recently, B→φK∗ data reveal a large transverse

polarization fraction, which has been considered as

a puzzle, many theoretical efforts have been put to

clarify it
[14—21]

. This suggests that B → VV modes

must be more complicated than all the other modes

and need to be studied deeply. Motivated by this,

we study another B → VV mode in the perturba-

tive approach (PQCD) within the Standard Model.

For B→φρ decay, only penguin operators contribute

and we find that the branching ratio is at the or-

der of 10−9. For B0
s → φρ0 decay, current-current

operators and penguin operators can contribute and

we find that the branching ratio is at the order of

10−7. The longitudinal polarization predominates

over transverse polarization and its fraction is found

to go beyond 70%. Our predictions are consistent

with the current experimental values. We hope that

our study will help to resolve the above-mentioned

puzzle a bit.

The remaining part of this paper is organized

as follows. In Sec./, we calculate analytically the

related Feynman diagrams and present the various

decay amplitudes for the decay modes studied. In

Sec.III, we give the numerical analysis for the branch-

ing ratios and polarization fraction of the related de-

cay modes and compare them with the measured val-

ues. The summary and some discussion are included

in the final section.

Received 24 July 2006, Revised 22 January 2007

1)E-mail: lijw@email.xznu.edu.cn

2)E-mail: youfuyi1981@126.com

523 — 531



524 p U Ô n � Ø Ô n ( HEP & NP ) 1 31 ò

2 Theoretical framework and pertur-

bative calculation

In PQCD approach, the decay amplitude is ex-

pressed as the convolution of the mesons’ light-cone

wave functions, the hard scattering kernels and the

Wilson coefficients, which stand for the soft, hard and

harder dynamics, respectively. The formalism can be

written as:

M ∼
∫
dx1dx2dx3b1db1b2db2b3db3Tr

[

C(t)×

ΦB(x1, b1)Φφ(x2, b2)Φρ(x3, b3)×

H(xi, bi, t)St(xi)e
−S(t)

]

, (1)

where Tr denotes the trace over Dirac and color in-

dices. C(t) is Wilson coefficient of the four-quark op-

erator which results from the radiative corrections at

short distance. The wave function φM absorbs non-

perturbative dynamics of the process, which is pro-

cess independent. The hard part H is rather process-

independent and can be calculated in perturbative

approach. The bi is the conjugate space coordinate

of the transverse momentum, which represents the

transverse interval of the meson. t is the largest en-

ergy scale in hard function H , while the jet func-

tion St(xi) comes from the resummation of the double

logarithms ln2 xi, called threshold resummation
[22, 23]

,

which becomes larger near the endpoint. The Su-

dakov form factor S(t) is from the resummation of

double logarithms ln2 Qb
[24]

.

In this paper, we use the light-cone coordi-

nates to describe the four-dimensional momentum as

(p+,p−,PT). We work in the frame with the B meson

at rest, so the meson momentum can be written as

P1 =
MB√

2
(1,1,0T),

P2 =
MB√

2
(1−r2

ρ, r2
φ,0T),

P3 =
MB√

2
(r2

ρ,1−r2
φ,0T),

(2)

in which rρ, rφ is defined by rρ = Mρ/MB and rφ =

Mφ/MB. P1,P2,P3 refer to B,φ,ρ respectively. To

extract the helicity amplitudes, we parameterize the

following polarization vectors. The longitudinal po-

larization must satisfy the orthogonality and normal-

ization: ε2L
•P2 = 0, ε3L

•P3 = 0, and ε2
2L = ε2

3L = −1.

Then we can give the manifest form as follows:

ε2L =
1√
2rφ

(1−r2
φ,−r2

φ,0T),

ε3L =
1√
2rρ

(−r2
ρ,1−r2

ρ,0T).

(3)

As to the transverse polarization vectors, we can

choose the simple form:

ε2T =
1√
2
(0,0,1T),

ε3T =
1√
3
(0,0,1T).

(4)

The decay width for these channel is:

Γ =
G2

F|Pc|
16πM 2

B

∑

σ=L,T

M
σ†

M
σ , (5)

where |Pc| is the three-dimensional momentum of the

final state meson, and |Pc| =
MB

2
(1− r2

ρ − r2
φ). The

subscript σ denotes the helicity states of the two vec-

tor mesons with L(T) standing for the longitudinal

(transverse) component. As discussed in Ref. [1], the

amplitude M σ is decomposed into

M
σ = M 2

BML+M 2
BMNε∗

2(σ = T) • ε∗
3(σ = T)+

iMTεµνρσεµ∗
2 εν∗

3 P ρ
2 P σ

3 . (6)

We can define the longitudinal H0, transverse H±

helicity amplitudes

H0 = M 2
BML, H± = M 2

BMN∓MφMρ

√
r2−1MT. (7)

where r = P2
•P3/(MφMρ). And we can deduce that

they satisfy the relation

∑

σ=L,T

M
σ†

M
σ = |H0|2 + |H+|2 + |H−|2 . (8)

There is another set of definition of helicity am-

plitudes

A0 = −ξM 2
BML,

A‖ = ξ
√

2M 2
BMN,

A⊥ = ξMφMρ

√

2(r2−1)MT,

(9)

with the normalization factor ξ =
√

G2
FPc/(16πM 2

BΓ ).

These helicity amplitudes satisfy the relation,

|A0|2 + |A‖|2 + |A⊥|2 = 1 , (10)
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where the notation A0,A‖,A⊥ denote the longitudi-

nal, parallel, and perpendicular polarization ampli-

tudes.

Our next task is to calculate the matrix elements

ML, MN and MT of the operators in the weak Hamil-

tonian with PQCD approach. We have to use the

mesons’ light-cone wave functions, they are universal

for all decay channels. We employ the following wave

functions as in other PQCD calculations
[2—4]

.

1√
2Nc

(6P1 +MB)γ5ΦB(x,b) ,

1√
2Nc

[

Mφ 6 ε2(L)Φφ(x)+ 6 ε2(L) 6P2Φ
t
φ(x)+

MφIΦs
φ(x)

]

,

1√
2Nc

[

Mφ 6 ε2(T)Φv
φ(x)+ 6 ε2(T) 6P2Φ

T
φ(x)+

Mφ

P2
•n−

iεµνρσγ5γ
µεν

2 (T)P ρ
2 nσ

−Φa
φ(x)

]

,

1√
2Nc

[

Mρ 6 ε3(L)Φρ(x)+ 6 ε3(L) 6P3Φ
t
ρ(x)+MρIΦs

ρ(x)
]

,

1√
2Nc

[

Mρ 6 ε3(T)Φv
ρ(x)+ 6 ε3(T) 6P3Φ

T
ρ (x)+

MK∗

P3
•n+

iεµνρσγ5γ
µεν

3 (T)P ρ
3 nσ

+Φa
ρ(x)

]

,

where n+ = (1,0,0T) and n− = (0,1,0T) are dimen-

sionless vectors on the light cone. x is the momentum

fraction.

2.1 B→ φρ decays

The effective Hamiltonian for the process B→φρ

is given as
[25]

Heff =
GF√

2

{

Vu[C1(µ)Ou
1 (µ)+C2(µ)Ou

2 (µ)]−

Vt

10
∑

i=3

Ci(µ)O(q)
i (µ)

}

, (11)

where Vu = V ∗
udVub, Vt = V ∗

tdVtb, Ci(µ) are the Wilson

coefficients, and the operators are

Ou
1 = (d̄iuj)V −A(ūjbi)V −A,

Ou
2 = (d̄iui)V −A(ūjbj)V −A,

O3 = (d̄ibi)V −A

∑

q

(q̄jqj)V −A,

O4 = (d̄ibj)V −A

∑

q

(q̄jqi)V −A,

O5 = (d̄ibi)V −A

∑

q

(q̄jqj)V +A,

O6 = (d̄ibj)V −A

∑

q

(q̄jqi)V +A,

O7 =
3

2
(d̄ibi)V −A

∑

q

eq(q̄jqj)V +A,

O8 =
3

2
(d̄ibj)V −A

∑

q

eq(q̄jqi)V +A,

O9 =
3

2
(d̄ibi)V −A

∑

q

eq(q̄jqj)V −A,

O10 =
3

2
(d̄ibj)V −A

∑

q

eq(q̄jqi)V −A. (12)

Here i and j stand for SU(3) color indices. The sum

over q runs over the quark fields that are active at the

scale µ = O(mb), i.e., (q ∈ {u,d,s,c,b}). From the

effective Hamiltonian, we can see that the current-

current operators have no contribution. For factoriz-

able diagrams, all the penguin operators contribute,

but for the non-factorizable diagrams only the oper-

ators O4, O6, O8, O10 can contribute because of the

color structure. The leading order diagrams for these

decays are shown in Fig. 1. We first calculate the

usual factorization Fig. 1(a) and (b).

Fig. 1. Diagrams contributing to the B→φρ decays.

FLe = 8πCFM 2
B

∫ 1

0

dx1dx3

∫∞

0

b1db1b3db3ΦB(x1, b1)×

{[(1+x3)Φρ(x3)+rρ(1−2x3)(Φ
t
ρ(x3)+Φa

ρ(x3))]×

Ee(t
(1)
e )he(x1,x3, b1, b3)+

2rρΦ
s
ρ(x3)Ee(t

(2)
e )he(x3,x1, b3, b1)}, (13)

FNe = 8πCFM 2
B

∫ 1

0

dx1dx3

∫∞

0

b1db1b3db3ΦB(x1, b1)rφ ×

{[ΦT
ρ (x3)+2rρΦ

v
ρ(x3)+rρx3(Φ

v
ρ(x3)−Φa

ρ(x3))]×

Ee(t
(1)
e )he(x1,x3, b1, b3)+rρ[Φv

ρ(x3)+

Φa
ρ(x3)]Ee(t

(2)
e )he(x3,x1, b3, b1)}, (14)
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FTe = 16πCFM 2
B

∫ 1

0

dx1dx3

∫∞

0

b1db1b3db3ΦB(x1, b1)rφ×

{[ΦT
ρ (x3)+2rρΦ

a
ρ(x3)−rρx3(Φ

v
ρ(x3)−Φa

ρ(x3))]×

Ee(t
(1)
e )he(x1,x3, b1, b3)+rρ[Φv

ρ(x3)+

Φa
ρ(x3)]Ee(t

(2)
e )he(x3,x1, b3, b1)}, (15)

where CF =
4

3
is a color factor. The function he,

including the jet function St(x3)(threshold resumma-

tion for non-factorizable diagrams is weaker and neg-

ligible ), is the same as the he in Ref. [1]. The factors

E(t) contain the evolution from the W boson mass to

the hard scales t in the Wilson coefficients a(t), and

from t to the factorization scale 1/b in the Sudakov

factors S(t):

Ee(t) = αs(t)ae(t)SB(t)Sρ(t). (16)

The Wilson coefficients ae(t) in Eq. (16) are given

by

ae(t) = C3+
C4

3
+C5+

C6

3
−C7

2
−C8

6
−C9

2
−C10

6
. (17)

For the non-factorizable Fig. 1(c) and (d), all the

three meson wave functions are involved and the am-

plitudes MHe = MHe4 +MHe6 are written as

MLe4 = 16πCFM 2
B

√

2Nc

∫ 1

0

dx1dx2dx3

∫∞

0

b1db1b2db2ΦB(x1, b1)×{Φφ(x2)[−(x2 +x3)Φρ(x3)+rρx3(Φ
t
ρ(x3)+

Φs
ρ(x3))]Ee4(t

(1)
d )h(1)

d (x1,x2,x3, b1, b2)+Φφ(x2)[(1−x2)Φρ(x3)+rρx3(Φ
t
ρ(x3)−Φs

ρ(x3))]×
Ee4(t

(2)
d )h(2)

d (x1,x2,x3, b1, b2), (18)

MNe4 = 16πCFM 2
B

√

2Nc

∫ 1

0

dx1dx2dx3

∫∞

0

b1db1b2db2ΦB(x1, b1)×rφ{[x2(Φ
v
φ(x2)+Φφa(x2))Φ

T
ρ (x3)−

2rρ(x2 +x3)(Φ
v
φ(x2)Φ

v
ρ(x3)+Φa

φ(x2)Φ
a
ρ(x3))]Ee4(t

(1)
d )h(1)

d (x1,x2,x3, b1, b2)+(1−x2)(Φ
v
φ(x2)+

Φa
φ(x2))Φ

T
ρ (x3)Ee4(t

(2)
d )h(2)

d (x1,x2,x3, b1, b2)}, (19)

MTe4 = 32πCFM 2
B

√

2Nc

∫ 1

0

dx1dx2dx3

∫∞

0

b1db1b2db2ΦB(x1, b1)×rφ{[x2(Φ
v
φ(x2)+Φφa(x2))Φ

T
ρ (x3)−

2rρ(x2 +x3)(Φ
v
φ(x2)Φ

a
ρ(x3)+Φa

φ(x2)Φ
v
ρ(x3))]Ee4(t

(1)
d )h(1)

d (x1,x2,x3, b1, b2)+(1−x2)(Φ
v
φ(x2)+

Φa
φ(x2))Φ

T
ρ (x3)Ee4(t

(2)
d )h(2)

d (x1,x2,x3, b1, b2)}, (20)

MLe6 = −16πCFM 2
B

√

2Nc

∫ 1

0

dx1dx2dx3

∫∞

0

b1db1b2db2ΦB(x1, b1)×Φφ(x2){[x2Φρ(x3)+rρx3(Φ
t
ρ(x3)−Φs

ρ(x3))]×

Ee6(t
(1)
d )h(1)

d (x1,x2,x3, b1, b2)+[−(1−x2 +x3)Φρ(x3)+rρx3(Φ
t
ρ +Φs

ρ(x3))]Ee6(t
(2)
d )h(2)

d (x1,x2,x3, b1, b2),

(21)

MNe6 = −16πCFM 2
B

√

2Nc

∫ 1

0

dx1dx2dx3

∫∞

0

b1db1b2db2ΦB(x1, b1)×rφ{x2(Φ
v
φ(x2)−Φφa(x2))Φ

T
ρ (x3)×

Ee6(t
(1)
d )h(1)

d (x1,x2,x3, b1, b2)+[(1−x2)(Φ
v
φ(x2)−Φa

φ(x2))Φ
T
ρ (x3)−2rρ(1−x2 +x3)(Φ

v
φ(x2)Φ

v
ρ(x3)−

Φa
φ(x2)Φ

a
ρ(x3))]Ee6(t

(2)
d )h(2)

d (x1,x2,x3, b1, b2)}, (22)

MTe6 = −32πCFM 2
B

√

2Nc

∫ 1

0

dx1dx2dx3

∫∞

0

b1db1b2db2ΦB(x1, b1)×rφ{x2(Φ
v
φ(x2)−Φφa(x2))Φ

T
ρ (x3)×

Ee6(t
(1)
d )h(1)

d (x1,x2,x3, b1, b2)+[(1−x2)(Φ
v
φ(x2)−Φa

φ(x2))Φ
T
ρ (x3)−2rρ(1−x2 +x3)(Φ

v
φ(x2)Φ

a
ρ(x3)−

Φa
φ(x2)Φ

v
ρ(x3))]Ee6(t

(2)
d )h(2)

d (x1,x2,x3, b1, b2)}. (23)

The evolution factors are given by

Eei(t) = αs(t)ai(t)S(t)
∣

∣

b3=b1
, (24)

with the Sudakov factor S = SBSφSρ. The Wilson

coefficients a appearing in the above formulas are

a4 =
C4

3
− C10

6
,

a6 =
C6

3
− C8

6
.

(25)

The amplitudes for B+ →φρ+ are written as

MH = fφV ∗
t FHe +V ∗

t MHe , (26)
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where FHe denotes the factorizable contributions and

MHe the non-factorizable contributions. For the other

two decay channels of B→φρ, the amplitudes are the

following: for B− →φρ−,

M̄H = fφVtFHe +VtM̄He , (27)

and for B0 →φρ0,

−
√

2M
0
H = V ∗

t fφFHe +V ∗
t MHe . (28)

2.2 B0

s
→ φρ0 decay

For the process B0
s →φρ0 , it is a b→ s transition

and we use the effective Hamiltonian
[25]

Heff =
GF√

2

[

VubV
∗
us(C1O

u
1 +C2O

u
2 )−

VtbV
∗
ts

(

10
∑

i=3

Ci O
(q)
i

)

]

. (29)

We specify below the operators in Heff for b→ s:

Ou
1 = (s̄iuj)V −A(ūjbi)V −A,

Ou
2 = (s̄iui)V −A(ūjbj)V −A,

O3 = (s̄ibi)V −A

∑

q

(q̄jqj)V −A,

O4 = (s̄ibj)V −A

∑

q

(q̄jqi)V −A,

O5 = (s̄ibi)V −A

∑

q

(q̄jqj)V +A,

O6 = (s̄ibj)V −A

∑

q

(q̄jqi)V +A,

O7 =
3

2
(s̄ibi)V −A

∑

q

eq(q̄jqj)V +A,

O8 =
3

2
(s̄ibj)V −A

∑

q

eq(q̄jqi)V +A,

O9 =
3

2
(s̄ibi)V −A

∑

q

eq(q̄jqj)V −A,

O10 =
3

2
(s̄ibj)V −A

∑

q

eq(q̄jqi)V −A. (30)

From the effective Hamiltonian we can see that the

current-current operators and penguin operators can

contribute. The leading order diagrams for the de-

cay are shown in Fig. 2, the amplitude for B0
s → ρ0φ

mode is

−
√

2M ′
H = V ∗

u fρF
′
He +V ∗

u M
′
He−V ∗

t fρF
P′
He−V ∗

t M
P′
He,

(31)

Fig. 2. Diagrams contributing to the B0
s →φρ0 decays.

where M P′
He = M P′

He4 + M P′
He6. Here Vu = VubV

∗
us,

Vt = VtbV
∗
ts and amplitude for the corresponding CP

conjugate model is written as

−
√

2M̄
′
H = VufρF

′
He+VuM

′
He−VtfρF

P′
He−VtM

P′
He. (32)

Next we calculate the hard part in PQCD approach.

For the factorizable Fig. 2(a) and (b), we have

F ′
Le = 8πCFM 2

Bs

∫ 1

0

dx1dx2

∫∞

0

b1db1b2db2ΦBs
(x1, b1)×

{[(1+x2)Φφ(x2)+r′
φ(1−2x2)(Φ

t
φ(x2)+

Φa
φ(x2))]E

′
e(t

(1)
e )he(x1,x2, b1, b2)+

2r′
φΦs

φ(x2)E
′
e(t

(2)
e )he(x2,x1, b2, b1)}, (33)

F ′
Ne =8πCFM 2

Bs

∫ 1

0

dx1dx2

∫∞

0

b1db1b2db2ΦBs
(x1, b1)×

r′
ρ{[ΦT

φ(x2)+2r′
φΦv

ρ(x2)+rφx2(Φ
v
φ(x2)−

Φa
φ(x2))]×E′

e(t
(1)
e )he(x1,x2, b1, b2)+

r′
φ[Φv

φ(x2)+Φa
φ(x2)]E

′
e(t

(2)
e )he(x2,x1, b2, b1)},

(34)

F ′
Te =16πCFM 2

Bs

∫ 1

0

dx1dx3

∫∞

0

b1db1b2db2ΦBs
(x1, b1)×

r′
ρ{[ΦT

φ(x2)+2r′
φΦa

φ(x2)r
′
φx2(Φ

v
φ(x2)−

Φa
φ(x2))]×E′

e(t
(1)
e )he(x1,x2, b1, b2)+

r′
φ[Φv

ρ(x2)+Φa
φ(x2)]Ee(t

(2)
e )he(x2,x1, b2, b1)},

(35)

with r′
φ, r′

ρ equal to rφ, rρ except for MB replaced by

MBs
. The expression for F P′

He are the same as F ′
He but

with WIlson coefficients a replaced by aP. As before,

the factor E ′(t) are given by

E(P)′
e (t) = αsa

(P)
e (t)SB(t)Sφ(t), (36)
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where the Wilson coefficients are the following

a = C1 +2/3C2,

aP = 3/2C7 +1/2C8+3/2cC9 +1/2C10.
(37)

For non-factorizable Fig. 2(c) and (d), we find that

M
′
Le4 =16πCFM 2

Bs

√

2Nc

∫ 1

0

dx1dx2dx3×
∫∞

0

b1db1b3db3ΦBs
(x1, b1)×

{Φρ(x3)[−(x2 +x3)Φφ(x2)+r′
φx2(Φ

t
φ(x2)+

Φs
φ(x2))]×E(q)′

e4 (t(1)d )h(1)
d (x1,x2,x3, b1, b3)+

Φρ(x3)[(1−x3)Φφ(x2)+r′
φx2(Φ

t
φ(x2)−

Φs
φ(x2))]×E(q)′

e4 (t(2)d )h(2)
d (x1,x2,x3, b1, b3)},

(38)

M
′
Le6 = −16πCFM 2

B

√

2Nc

∫ 1

0

dx1dx2dx3×
∫∞

0

b1db1b3db3ΦBs
(x1, b1)×

Φρ(x3){[x3Φφ(x2)+r′
φx2(Φ

t
φ(x2)−Φs

φ(x2))]×

E(q)′
e6 (t(1)d )h(1)

d (x1,x2,x3, b1, b3)+

[−(1−x3 +x2)Φφ(x2)+r′
φx2(Φ

t
φ(x2)+

Φs
φ(x2))]×E(q)′

e6 (t(2)d )h(2)
d (x1,x2,x3, b1, b3), (39)

M
q′
Ne4 = 16πCFM 2

Bs

√

2Nc

∫ 1

0

dx1dx2dx3×
∫∞

0

b1db1b3db3ΦBs
(x1, b1)×r′

ρ{[x3(Φ
v
ρ(x3)+

Φa
ρ(x3))Φ

T
φ(x2)−2r′

φ(x2 +x3)(Φ
v
ρ(x3)Φ

v
φ(x2)+

Φa
ρ(x3)Φ

a
φ(x2))]×

E(q)′
e4 (t(1)d )h(1)

d (x1,x2,x3, b1, b3)+

(1−x3)(Φ
v
ρ(x3)+Φa

ρ(x3))Φ
T
φ(x2)×

E(q)′
e4 (t(2)d )h(2)

d (x1,x2,x3, b1, b3)}, (40)

M
′
Ne6 = −16πCFM 2

B

√

2Nc

∫ 1

0

dx1dx2dx3×
∫∞

0

b1db1b3db3ΦBs
(x1, b1)×r′

ρ{[x3(Φ
v
ρ(x3)−

Φa
ρ(x3))Φ

T
φ(x2)]×E(q)′

e6 (t(1)d )h(1)
d ×

(x1,x2,x3, b1, b3)+[(1−x3)(Φ
v
ρ(x3)−

Φa
ρ(x3))Φ

T
φ(x2)−2r′

φ(1−x3 +x2)×
(Φv

ρ(x3)Φ
v
φ(x2)−Φa

ρ(x3)Φ
a
φ(x2))]×

E(q)′
e6 (t(2)d )h(2)

d (x1,x2,x3, b1, b3)}, (41)

M
′
Te4 = 32πCFM 2

B

√

2Nc

∫ 1

0

dx1dx2dx3×
∫∞

0

b1db1b3db3ΦBs
(x1, b1)×r′

ρ{[x3(Φ
v
ρ(x3)+

Φa
ρ(x3))Φ

T
φ(x2)−2r′

φ(x2 +x3)(Φ
v
ρ(x3)Φ

a
φ(x2)+

Φa
ρ(x3Φ

v
φ(x2))]×E(q)′

e (t(1)d )h(1)
d ×

(x1,x2,x3, b1, b3)+(1−x3)(Φ
v
ρ(x3)+Φa

ρ(x3))×

ΦT
φ(x2)×E(q)′

e (t(2)d )h(2)
d (x1,x2,x3, b1, b3)}, (42)

M
′
Te6 = −16πCFM 2

B

√

2Nc

∫ 1

0

dx1dx2dx3×
∫∞

0

b1db1b3db3ΦBs
(x1, b1)×r′

ρ{x3[Φ
v
ρ(x3)−

Φa
ρ(x3)]Φ

T
φ(x2)×E(q)′

e (t(1)d )h(1)
d ×

(x1,x2,x3, b1, b3)+[(1−x3)(Φ
v
ρ(x3)−

Φa
ρ(x3))Φ

T
φ(x2)−2r′

φ(1−x3 +x2)×

(Φv
ρ(x3)Φ

a
φ(x2)−Φa

ρ(x3)Φ
v
φ(x2))]×

E(q)′
e (t(2)d )h(2)

d (x1,x2,x3, b1, b3)}. (43)

The evolution factors are given by

E(q)′
ei (t) = αs(t)a

(q)′
ei (t)S(t)

∣

∣

b2=b1
, (44)

with the Sudakov factor S = SBs
SφSρ and the Wilson

coefficients are given by

a′
1 = C2/Nc,

a′
4 = 3/2C10/Nc,

a′
6 = 3/2C8/NC.

(45)

2.3 Numerical analysis

The parameters used in our calculations are: the

Fermi coupling constant GF=1.16639× 10−5GeV−2,

the meson masses MB=5.28GeV, MBS
=5.37GeV,

Mρ=0.77GeV, Mφ=1.02GeV, the decay constant

fρ=0.205GeV, fT
ρ =0.155GeV, fφ=0.237GeV, fT

φ =

0.220GeV, the central value of the CKM ma-

trix elements γ = 60◦, |Vtd|=0.0075, |Vtb|=0.9992,

|Vub|=0.0047, |Vus|=0.2196 and the meson lifetime

τB=1.65ps, τBs
=1.461ps

[26]
.

Using the above parameters, we get the branch-

ing ratios and helicity amplitudes of B(s) →φρ decays
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(the helicity amplitudes are in Table 1)

Br(B
± →φρ∓) = 4.1×10−9,

Br(B
0 →φρ0) = 1.9×10−9,

Br(B
0
s →φρ0) = 3.09×10−7,

Br(B̄
0
s →φρ0) = 3.60×10−7.

(46)

Compared with the averaged results of QCDF
[27]

BR(B− → ρ−φ) = 5.5×10−9,

BR(B̄0 →φρ0) = 2.5×10−9,
(47)

or those from naive factorization
[28]

BR(B̄0
s → ρ0φ) = 2.92×10−7, (48)

our predictions for B→φρ are consistent with those

of QCDF, the predictions for B̄0
s → ρ0φ are consis-

tent with the result of naive factorization, because

the nonfactorization effects in B̄0
s → ρ0φ are little.

Table 1. Branching ratios and helicity amplitudes.

channel |A0|2 |A‖|
2 |Aperp|2

B± →φρ∓ 0.14 0.41 0.45

B0(B̄0)→φρ0 0.14 0.41 0.45

B0
s →φρ0 0.78 0.12 0.10

B̄0
S →φρ0 0.83 0.09 0.08

Presently, only the experimental upper limits are

available at the 90% confidence level
[26]

,

Br(B
+ →φρ+) < 1.6×10−5,

Br(B
0 →φρ0) < 1.3×10−5,

Br(B
0
s →φρ0) < 6.17×10−4.

(49)

Obviously, our results are consistent with the

data. Our predictions will be tested by the oncoming

measurements.

For B → φρ decays, only penguin operators con-

tribute, so there is no direct CP violation in the

B→φρ decays.

For B0
s →φρ0 decays, the CP asymmetry is time

dependent

ACP(t)'Adir
CP cos(∆mt)+aε+ε′ sin(∆mt), (50)

where ∆m is the mass difference of the two mass

eigenstates of neutral Bs mesons.

The direct CP violation parameter is defined

Adir
CP =

|M |2−|M |2
|M |2 + |M |2

. (51)

The direct CP violation parameter we can get in

B0
s →φρ0 is

Adir
CP(B0

s →φρ0) =−8.0% . (52)

From Table 1, we can find the longitudinal frac-

tion in B0
s →φρ0 decays go beyond 70%, but the lon-

gitudinal fractions in B → φρ decays are very small,

which is similar to B0 → ρ0ρ0 decay mode
[29]

. In

B→φρ decays, O1,2 in Heff don’t contribute via fac-

torizable diagrams, the penguin operators contribut-

ing via factorizable diagrams are color suppressed, so

that the nonfactorizable effects are the same order as

the factorizable ones, which cause the B→φρ decays

not to be factorization dominated, besides the above

reason, the nonfactorizable longitudinal amplitude is

opposite in sign to that of the factorizable part, there-

fore the longitudinal amplitude gets a large cancel-

lation between the factorizable effects and the non

factorizable parts such that |A0|2 is reduced much.

According to Ref. [30], we can get the B(s) → ρ, φ

vector meson transition form factors,

B→ ρ, V (0) = 0.303, A0(0) = 0.308,

A1(0) = 0.233, A2(0) = 0.208,

Bs →φ, V (0) = 0.430, A0(0) = 0.363,

A1(0) = 0.304, A2(0) = 0.276,

which are consistent with the results with light cone

sum rules
[31]

.

3 Summary

In this paper, we calculate the branching ratios

and polarization fractions of B → φρ and B0
s → φρ0

decays in perturbative QCD approach, the predicted

branching ratios are compared with the experimental

data and results obtained with other approaches. CP

parameters in B0
s → φρ0 are given in our paper. we

compared with the experimental values, our results

are consistent with the current experimental data.

We thank Dong-Sheng Du and Mao-Zhi Yang for

helpful discussions and communications.
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5 LI Ying, LÜ Cai-Dian. Phys. Rev., 2006, D73: 014024
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Appendix A

Wave functions

The φ and ρ distribution amplitudes up to twist 3 are given by

Φφ(x) =
3fφ√
2Nc

x(1−x),

Φ
t
φ(x) =

fT
φ

2
√

2Nc

{

3(1−2x)2 +1.68C
1

2

4 (1−2x)+0.69

[

1+(1−2x) ln
x

1−x

]}

,

Φ
s
φ(x) =

fT
φ

4
√

2Nc

[

3(1−2x)(4.5−11.2x+11.2x
2)+1.38 ln

x

1−x

]

,

Φ
T
φ(x) =

3fT
φ

2
√

2Nc

x(1−x)

[

1+0.2C
3

2

4 (1−2x)

]

,

Φ
v
φ(x) =

fT
φ

2
√

2Nc

{

3

4
[1+(1−2x)2]+0.24[3(1−2x)2−1]+0.96C

1

2

4 (1−2x)

}

,

Φ
a
φ(x) =

3fT
φ

4
√

2Nc

(1−2x)[1+0.93(10x
2−10x+1)]. (A1)
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with the Gegenbauer polynomials,

C
1

2

2 (ξ) =
1

2
(3ξ2−1),

C
1

2

4 (ξ) =
1

8
(35ξ4−30ξ2 +3),

C
3

2

2 (ξ) =
3

2
(5ξ2−1).

(A2)

For ρ meson , its Lorentz structures are similar to φ meson and the distribution amplitudes are given by

Φρ(x) =
3fρ√
2Nc

x(1−x)
[

1+0.18C
3/2
2 (1−2x)

]

,

Φ
t
ρ(x) =

fT
ρ

2
√

2Nc

{3(1−2x)2 +0.3(1−2x)2[5(1−2x)2−3]+0.21[3−30(1−2x)2 +35(1−2x)4]},

Φ
s
ρ(x) =

3fT
ρ

2
√

2Nc

(1−2x)[1+0.76(10x
2−10x+1)],

Φ
T
ρ (x) =

3fT
ρ√

2Nc

x(1−x)[1+0.2C
3/2
2 (1−2x)],

Φ
v
ρ(x) =

fρ

2
√

2Nc

{

3

4
[1+(1−2x)2]+0.24[3(1−2x)2−1]+0.12[3−30(1−2x)2 +35(1−2x)4]

}

,

Φ
a
ρ(x) =

3fρ

4
√

2Nc

(1−2x)[1+0.93(10x
2−10x+1)].

For the amplitudes of B and Bs, meson, we employ the following distribution amplitudes:

ΦB(x,b)=NBx
2(1−x)2 exp

[

−M2
Bx2

2ω2
b

− 1

2
(ωbb)2

]

, (A3)

which satisfies the normalization ∫ 1

0

ΦB(x)dx=
fB

2
√

2Nc

. (A4)

We choose NB=91.784GeV, ωB=0.4GeV. Things for Bs are similar if we ignore SU(3) symmetry breaking effect. As

discussed in Ref. [4], we choose ωBs
=0.50GeV.
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