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B → PV üN��fPCL§¥$Uk�M�îþ:

Heff =
GF√

2

∑
q=d,s

V ∗
ubVuq{[C1(µ)O1(µ) + C2(µ)O2(µ)]

− V ∗
tbVtq

10∑
i=3

Ci (µ)Oi (µ)}+ h.c . (1)

B → PV üN��fPCL§¥�rfÝ
�:

〈PV |Oi |B〉 ∝
∫

dx1 dx2 dx3 db1 db2 db3 Hi (ti , x1, b1, x2, b2, x3, b3)

ΦB (x1, b1) e−SB ΦP (x2, b2) e−SP ΦV (x3, b3) e−SV .

(2)
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B 0fÅ¼ê�½Â�µ

〈 0 | q̄α(z) bβ(0) | B(p1) 〉

= −
i

4
fB

∫
d4k e−i k1·z

{(
6 p1 + mB

)
γ5

(
φB1 +

6 n+√
2
φB2

)}
βα
, (3)

Ù¥µ

φ+
B (x1, b1) = N x2

1 x̄2
1 exp

{
−
( x1 mB√

2 ωB

)2
−

1

2
ω2

B b2
1

}
, (4)

φ−B (x1, b1) = N
2 ω4

B

m4
B

exp
(
−

1

2
ω2

B b2
1

) {√
π

mB√
2 ωB

Erf
( mB√

2 ωB

,
x1 mB√

2 ωB

)
+
[
1 +

( mB x̄1√
2 ωB

)2]
exp
[
−
( x1 mB√

2 ωB

)2]
− exp

(
−

m2
B

2 ω2
B

)}
.(5)

T. Huang and X. G. Wu. Consistent calculation of the B to pi transition
form-factor in the whole physical region [J]. Phys. Rev. D 71, 034018
(2005).
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�Iþ0f P Ú¥þ0f V Å¼ê�½Â�µ

〈 P(p) | q̄i (0)qj (z) |0 〉

= −i
fB

4

∫ 1

0
dx2e+ik2·z

{
γ5 [ p2/φ

a
P (x) + µPφ

p
P (x)− µP (n−/ n+/ − 1)φt

P (x) ]
}
βα

,

(6)

〈 V (p, ε‖) | q̄i (0)qj (z) |0 〉

=
1

4

∫ 1

0
dx3e+ik3·z

{
ε‖/ mV f

‖
V φ

v
V + ε‖/ p3/ f ⊥V φt

V −mV f ⊥V φs
V

}
ji
. (7)

P. Ball, V. M. Braun and A. Lenz. Higher-twist distribution amplitudes of
the K meson in QCD [J]. JHEP 05, 004 (2006).

P. Ball and G. W. Jones. Twist-3 distribution amplitudes of K∗ and φ
mesons [J]. JHEP 03, 069 (2007).
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±�Iþ0f P = K§¥þ0f V = K∗ �~§twist-2 Ú twist-3 �©Ù�Ì
kXe/ªµ

φ
a
K (x) = 6 x x̄

{
1 + aK

1 C
3/2
1 (ξ) + aK

2 C
3/2
2 (ξ)

}
, (8)

φ
p
K

(x) = 1 + 3 ρK
+ − 9 ρK

− aK
1 + 18 ρK

+ aK
2

+
3

2
(ρK

+ + ρ
K
−) (1− 3 aK

1 + 6 aK
2 ) ln(x)

+
3

2
(ρK

+ − ρ
K
−) (1 + 3 aK

1 + 6 aK
2 ) ln(x̄)

− (
3

2
ρ

K
− −

27

2
ρ

K
+ aK

1 + 27 ρK
− aK

2 ) C
1/2
1 (ξ)

+ (30 ηK − 3 ρK
− aK

1 + 15 ρK
+ aK

2 ) C
1/2
2 (ξ), (9)

φ
t
K (x) =

3

2
(ρK
− − 3 ρK

+ aK
1 + 6 ρK

− aK
2 )

− C
1/2
1 (ξ)

{
1 + 3 ρK

+ − 12 ρK
− aK

1 + 24 ρK
+ aK

2

+
3

2
(ρK

+ + ρ
K
−) (1− 3 aK

1 + 6 aK
2 ) ln(x)

+
3

2
(ρK

+ − ρ
K
−) (1 + 3 aK

1 + 6 aK
2 ) ln(x̄)

}
− 3 (3 ρK

+ aK
1 −

15

2
ρ

K
− aK

2 ) C
1/2
2 (ξ), (10)
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φ
v
K∗ (x) = 6 x x̄

{
1 + a

‖,K∗
1 C

3/2
1 (ξ) + a

‖,K∗
2 C

3/2
2 (ξ)

}
, (11)

φ
t
K∗ (x) = 3 ξ

{
C

1/2
1 (ξ) + a

⊥,K∗
1 C

1/2
2 (ξ) + a

⊥,K∗
2 C

1/2
3 (ξ)

}
+

3

2

ms + mq

mK∗

f
‖

K∗

f⊥
K∗

{
1 + 8 ξ a

‖,K∗
1 + (21− 90 x x̄) a

‖,K∗
2

+ ξ lnx̄ (1 + 3 a
‖,K∗
1 + 6 a

‖,K∗
2 )− ξ lnx (1− 3 a

‖,K∗
1 + 6 a

‖,K∗
2 )

}
−

3

2

ms − mq

mK∗

f
‖

K∗

f⊥
K∗

ξ
{

2 + 9 ξ a
‖,K∗
1 + (22− 60 x x̄) a

‖,K∗
2

+ lnx̄ (1 + 3 a
‖,K∗
1 + 6 a

‖,K∗
2 ) + lnx (1− 3 a

‖,K∗
1 + 6 a

‖,K∗
2 )

}
, (12)

φ
s
K∗ (x) = −3 C

1/2
1 (ξ)− 3 C

1/2
2 (ξ) a

⊥,K∗
1 − 3 C

1/2
3 (ξ) a

⊥,K∗
2

−
3

2

ms + mq

mK∗

f
‖

K∗

f⊥
K∗

{
C

1/2
1 (ξ) + 2 C

1/2
2 (ξ) a

‖,K∗
1 +

[
3 C

1/2
3 (ξ) + 18 C

1/2
1 (ξ)

]
a
‖,K∗
2

+ (lnx̄ + 1) (1 + 3 a
‖,K∗
1 + 6 a

‖,K∗
2 )− (lnx + 1) (1− 3 a

‖,K∗
1 + 6 a

‖,K∗
2 )

}
+

3

2

ms − mq

mK∗

f
‖

K∗

f⊥
K∗

{
9 C

1/2
1 (ξ) a

‖,K∗
1 + 10 C

1/2
2 (ξ) a

‖,K∗
2

+ (lnx̄ + 1) (1 + 3 a
‖,K∗
1 + 6 a

‖,K∗
2 ) + (lnx + 1) (1− 3 a

‖,K∗
1 + 6 a

‖,K∗
2 )

}
. (13)
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B → PV L§Ñ\ëê(¥%��¡���Ø�):

A = 0.790+ 0.017
−0.012 λ = 0.22650±0.00048 ρ̄ = 0.141+ 0.016

−0.017 η̄ = 0.357±0.011

âf��þ(ü � MeV)

m
π± = 139.57 m

K± = 493.677±0.016 mρ = 775.26±0.25 m
K∗± = 895.5±0.8

m
π0 = 134.98 m

K0 = 497.611±0.013 mω = 782.65±0.12 m
K∗0 = 895.55±0.20

mBu = 5279.34±0.12 mBd
= 5279.65±0.12 mφ = 1019.461±0.016

PC~ê(ü � MeV)

f
‖
ρ = 216±3 f

‖
ω = 187±5 f

‖
φ

= 215±5 f
‖

K∗ = 220±5

f⊥ρ = 165±9 f⊥ω = 151±9 f⊥φ = 186±9 f⊥K∗ = 185±10

fB = 190.0±1.3 fπ = 130.2±1.2 fK = 155.7±0.3

3µ = 1 GeV��X���ëê

a
‖,ρ,ω
2 = 0.15±0.07 a

‖,φ
2 = 0.18±0.08 a

‖,K∗
1 = 0.03±0.02 a

‖,K∗
2 = 0.11±0.09

a
⊥,ρ,ω
2 = 0.14±0.06 a

⊥,φ
2 = 0.14±0.07 a

⊥,K∗
1 = 0.04±0.03 a

⊥,K∗
2 = 0.10±0.08

a
π,ρ,ω,φ
1 = 0 aπ2 = 0.25±0.15 aK

1 = 0.06±0.03 aK
2 = 0.25±0.15

P. Ball, V. M. Braun and A. Lenz. Higher-twist distribution amplitudes of the K meson in QCD

[J]. JHEP 05, 004 (2006).
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B → PV L§¥��[/GÏf:
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ØÓÛÝ�©Ù�Ìé/GÏf F1(q2) Ú A0(q2) ��z:

F B→π
1 (0) φa

π φp
π φt

π Σπ φa
π/Σπ φp

π/Σπ φt
π/Σπ

φB1 0.064 0.106 0.019 0.188 34.0 56.0 9.9

φB2 0.045 −0.003 −0.000 0.042 107.5 −6.8 −0.7

ΣB 0.109 0.103 0.018 0.230 47.4 44.7 8.0

φB2/ΣB 41.1 −2.8 −1.6 18.1

AB→K∗
0 (0) φv

K∗ φt
K∗ φs

K∗ ΣK∗ φv
K∗/ΣK∗ φt

K∗/ΣK∗ φs
K∗/ΣK∗

φB1 0.098 0.106 0.052 0.256 38.1 41.4 20.5

φB2 0.070 −0.003 −0.001 0.067 104.5 −3.7 −0.8

ΣB 0.168 0.104 0.052 0.323 52.0 32.0 16.0

φB2/ΣB 42.0 −2.4 −1.1 20.9
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3|^ pQCD �{é�¹ φB2 Ü©� B → PV PCL§?1ï
Ä�§PC�Ì��µ

A(B→PV ) = 〈PV |Heff |B〉

=
GF√

2

∑
i

Fi

∫
dx1 dx2 dx3 db1 db2 db3 Ti (ti , x1, b1, x2, b2, x3, b3)

Ci (ti ) ΦB (x1, b1) e−SB ΦP (x2, b2) e−SP ΦV (x3, b3) e−SV . (14)
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PC��Ì���L�ª
B → PV L§�k��Ô�PC�§±Ù¥��PCL§

B
0

d→ρ−π+ �~§�ÌL�ªXeµ

A(B
0
d→ρ−π+)

=
GF√

2
Vub V ∗ud

{
a1ALL

ab (ρ, π) + C2ALL
cd (ρ, π) + a2ALL

ef (π, ρ) + C1ALL
gh (π, ρ)

}
−

GF√
2

Vtb V ∗td

{
(a4 + a10)ALL

ab (ρ, π) + (C3 + C9)ALL
cd (ρ, π)

+(a3 + a4 − a5 +
1

2
a7 −

1

2
a9 −

1

2
a10)ALL

ef (ρ, π)

+(C3 + C4 −
1

2
C9 −

1

2
C10)ALL

gh (ρ, π) + (C6 −
1

2
C8)ALR

gh (ρ, π)

+(a6 −
1

2
a8)ASP

ef (ρ, π) + (C5 −
1

2
C7)ASP

gh (ρ, π)

+(a3 − a5 − a7 + a9)ALL
ef (π, ρ) + (C4 + C10)ALL

gh (π, ρ)

+(C6 + C8)ALR
gh (π, ρ) + (C5 + C7)ASP

cd (ρ, π)
}
. (15)
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3 B 0f·�X§B → PV üNPC CP ²þPC©|'�½Â
Xe:

B =
τB

16π

pcm

m2
B

{
|A(B→f )|2 + |A(B→f̄ )|2

}
, (16)

|pcm| ´3 B 0f·�X¥ü�"�rf��%Äþ§τB � B 0
f�Æ·"

�� χ2 [Ü�{µ

χ2 =
∑

i

χ2
i =

∑
i

(Bth.
i − B

exp.
i )2

σ2
i

. (17)
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Table: Bu → PV PCL§�� CP ²þ©|'§1�Ú1��nØ�Ø(½5©O
5gu ωB ± 0.01GeV Ú µp ± 0.1GeV �Cz"(ü µ10−6)

mode B− → π−ρ0 B− → ρ−π0 B− → π−ω B− → π−φ

data PDG 8.3± 1.2 10.9± 1.4 6.9± 0.5 (3.2± 1.5)× 10−2

S1 φB1 + φB2 4.25 +0.22 +0.01
−0.21−0.00 6.91 +0.39 +0.46

−0.37−0.45 3.83 +0.20 +0.01
−0.19−0.01 4.9 +0.4 +0.6

−0.4−0.5 × 10−2

φB1 2.66 +0.15 +0.01
−0.14−0.01 4.56 +0.28 +0.38

−0.26−0.36 2.47 +0.14 +0.01
−0.13−0.01 4.2 +0.3 +0.5

−0.3−0.5 × 10−2

BaBar 8.1± 1.7 10.2± 1.7 6.7± 0.6

S2 φB1 + φB2 3.66 +0.19 +0.01
−0.18−0.00 5.87 +0.32 +0.38

−0.30−0.37 3.28 +0.17 +0.01
−0.16−0.01 3.9 +0.3 +0.4

−0.3−0.4 × 10−2

φB1 2.26 +0.12 +0.01
−0.12−0.01 3.83 +0.22 +0.31

−0.21−0.30 2.10 +0.12 +0.00
−0.11−0.00 3.3 +0.3 +0.4

−0.3−0.4 × 10−2

Belle 8.0± 2.4 13.2± 3.0 6.9± 0.8

S3 φB1 + φB2 4.96 +0.26 +0.01
−0.25−0.00 8.17 +0.48 +0.56

−0.45−0.54 4.47 +0.24 +0.01
−0.23−0.01 6.2 +0.5 +0.7

−0.5−0.7 × 10−2

φB1 3.13 +0.18 +0.01
−0.17−0.01 5.45 +0.34 +0.46

−0.32−0.44 2.91 +0.17 +0.01
−0.16−0.01 5.3 +0.4 +0.6

−0.4−0.6 × 10−2
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pÛÝrfÅ¼êÚ φB2 Ü©é�[/GÏf F1(0) Ú A0(0) k
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ÏL^�� χ2 �{énØO��©|'(JÚ¢�êâ?1[
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