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B∗q → D∗qV Υ(nS)→ BcV Bu,d,s → SM (M = P , V )

B∗q → D∗qVpØ

2.1 ���vvv¨̈̈:::

• b→ c �w�å�þ!.:;�B∗ËPpØ�NLO�NNLO�^àP�îc�
!.'��+(4% �2% æó1�àd�ùB∗q → D∗qV pØ�NFïåÙúøù
ï`����

• QCDF¹Õ��Ñ�ËP:Í�pØ�

1
Eur. Phys. J. C 76 (2016) 523; JHEP 09 (2016) 112.
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B∗q → D∗qV Υ(nS)→ BcV Bu,d,s → SM (M = P , V )

2.2 pppØØØ///EEE

• B̄∗pØ�	HÈÆ�:

Heff =
GF√

2

∑
p, p′=u, c

[
VpbV

∗
p′q

2∑
i=1

Ci(µ)Oi(µ)

+ VpbV
∗
pq

10∑
i=3

Ci(µ)Oi(µ)

]
+ h.c., (1)

• pØ/E

Aλ1λ2
(B∗

q → D∗
qV ) = 〈V1V2|Heff |B∗〉 =

GF√
2
VpbV

∗
p′qH

V1V2

λ1λ2
, (2)

• )(NF�B̄∗ → V1V2�:Pé5Cïå«àP�:

HV1V2

λ1λ2
≡ 〈V1V2|Qi|B∗〉 ' 〈V2|J2|0〉〈V1|J1|B∗〉 , (3)

λB∗ = λ1 − λ2
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B∗q → D∗qV Υ(nS)→ BcV Bu,d,s → SM (M = P , V )

B̄∗ → V V�7*ºË¦/EH
V1V2
λ1λ2

�

H
V1V2
00 =fV2m2

[ pc(m2
B∗ +m2

1 −m
2
2)

m1m2

Ṽ1 +
2m2

B∗p
3
c

(m2
B∗ −m

2
1)m1m2

Ṽ3 −
pc(m

2
B∗ −m

2
1 −m

2
2)

2m1m2

Ṽ5

+
pc(m

2
B∗ −m

2
1 +m2

2)

2m1m2

Ṽ6

]
, (4)

H
V1V2
++ =fV2m2

[ 3m2
B∗ +m2

1 −m
2
2

2mB∗
Ã1 −

m2
B∗ −m

2
1 +m2

2

2mB∗
Ã2 +

2p2cmB∗

m2
B∗ −m

2
1

Ã4 − pcṼ5

]
, (5)

H
V1V2
−− =fV2m2

[
−

3m2
B∗ +m2

1 −m
2
2

2mB∗
Ã1 +

m2
B∗ −m

2
1 +m2

2

2mB∗
Ã2 −

2p2cmB∗

m2
B∗ −m

2
1

Ã4 − pcṼ5

]
, (6)

H
V1V2
+0 =fV2m2

[
−
m2
B∗ −m

2
1

m2

Ã1 +m2Ã2 +
2mB∗pc

m2

Ṽ1

]
, (7)

H
V1V2
−0 =fV2m2

[m2
B∗ −m

2
1

m2

Ã1 −m2Ã2 +
2mB∗pc

m2

Ṽ1

]
, (8)

H
V1V2
0− =fV2m2

[
−
m2
B∗ + 3m2

1 −m
2
2

2m1

Ã1 +
m2
B∗ −m

2
1 −m

2
2

2m1

Ã2 −
2p2cm

2
B∗

(m2
B∗ −m

2
1)m1

Ã3

−
pcmB∗

m1

Ṽ6

]
, (9)

H
V1V2
0+ =fV2m2

[m2
B∗ + 3m2

1 −m
2
2

2m1

Ã1 −
m2
B∗ −m

2
1 −m

2
2

2m1

Ã2 +
2p2cm

2
B∗

(m2
B∗ −m

2
1)m1

Ã3

−
pcmB∗

m1

Ṽ6

]
. (10)
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B∗q → D∗qV Υ(nS)→ BcV Bu,d,s → SM (M = P , V )

bbb¶¶¶àààPPP

FB
∗→D∗(0) a b FB

∗→K∗(0) a b

Ã1 0.66 1.31 0.42 0.33 1.75 0.89

Ã2 0.35 1.32 0.42 0.27 1.75 0.88

Ã3 0.07 1.79 1.10 0.07 2.28 2.20

Ã4 0.08 1.81 1.15 0.07 2.29 2.33

Ṽ1 0.67 1.31 0.43 0.33 1.74 0.96

Ṽ2 0.36 1.32 0.42 0.27 1.74 0.95

Ṽ3 0.13 1.72 1.01 0.11 2.16 2.04

Ṽ4 0.00 −0.08 1.24 −0.01 2.91 4.24

Ṽ5 1.17 1.30 0.40 0.68 1.71 0.90

Ṽ6 0.48 1.29 0.40 0.16 1.67 0.81

• Ç(CLFQM�0b¶àP�<�
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B∗q → D∗qV Υ(nS)→ BcV Bu,d,s → SM (M = P , V )

FB
∗→ρ(0) a b FB

∗
s→D

∗
s (0) a b

Ã1 0.27 1.79 0.97 0.65 1.42 0.64

Ã2 0.25 1.80 0.97 0.38 1.47 0.67

Ã3 0.07 2.39 2.37 0.10 1.89 1.33

Ã4 0.06 2.35 2.46 0.09 1.88 1.36

Ṽ1 0.28 1.79 0.01 0.66 1.43 0.64

Ṽ2 0.25 1.80 1.02 0.38 1.48 0.67

Ṽ3 0.11 2.23 2.16 0.15 1.79 1.20

Ṽ4 −0.03 2.77 3.74 −0.02 2.22 1.92

Ṽ5 0.60 1.76 0.95 1.19 1.41 0.61

Ṽ6 0.14 1.70 0.82 0.53 1.35 0.56

• (CLFQM��8Öq+ = 0� q2 = −q2
⊥ 6 0:ß�_1/ôb¶àPêý/{z¨Ïlû�

• (q2 ≥ 0:ß�ïå�ÇF (q2) = F (0)

1−a (q2/m2
B∗ )+b (q2/m2

B∗ )2
��0F (q2)�
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B∗q → D∗qV Υ(nS)→ BcV Bu,d,s → SM (M = P , V )

2.3 ppp<<<ÓÓÓ������������

pØS B
B∗− → D∗0K∗− 1.10+0.01+0.19

−0.01−0.17 × 10−9

B∗− → D∗0ρ− 2.23+0.04+0.39
−0.04−0.35 × 10−8

B∗− → D∗0D∗− 1.44+0.11+0.24
−0.11−0.22 × 10−9

B∗− → D∗0D∗−s 3.71+0.18+0.64
−0.18−0.57 × 10−8

B̄∗0 → D∗+K∗− 3.40+0.24+0.58
−0.23−0.52 × 10−9

B̄∗0 → D∗+ρ− 6.85+0.26+1.17
−0.26−1.05 × 10−8

B̄∗0 → D∗+D∗− 4.33+0.33+0.74
−0.32−0.66 × 10−9

B̄∗0 → D∗+D∗−s 1.11+0.06+0.19
−0.05−0.17 × 10−7

B̄∗0s → D∗+s K∗− 4.80+0.34+0.83
−0.32−0.74 × 10−9

B̄∗0s → D∗+s ρ− 9.39+0.36+1.63
−0.35−1.46 × 10−8

B̄∗0s → D∗+s D∗− 6.10+0.47+1.03
−0.45−0.92 × 10−9

B̄∗0s → D∗+s D∗−s 1.54+0.08+0.26
−0.07−0.24 × 10−7

• h-�,�*�ºïîeêCKMÂp�pØ8p�pØ½¦�,�*ïîe��b¶àP�
• CKMàP� VcbVud : VcbVus ≈ VcbVcs : VcbVcd ≈ 1/λ�

�/Ô� B(B̄∗q → D∗qρ
−) > B(B̄∗q → D∗qK

∗−)�B(B̄∗q → D∗qD
∗−
s ) > B(B̄∗q → D∗qD

∗−)�

• pØ8p�fD∗s
> fρ�fD∗ > fK∗�

�/Ô� B(B̄∗q → D∗qD
∗−
s ) > B(B̄∗q → D∗qρ

−)�B(B̄∗q → D∗qD
∗−) > B(B̄∗q → D∗qK

∗−)�
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B∗q → D∗qV Υ(nS)→ BcV Bu,d,s → SM (M = P , V )

• CKMA¸�B̄∗
q → D∗

qρ
− �D∗

qD̄
∗
s pØ	øù'��/Ô�& O(10−8)�àd	�

«LHC �Belle-II ��ÂK0�

• B̄∗ → VLVLpØ��â/CKMàP�N�b¶àPÈøù���àd�/Ô�
��< O(10−9)� �ì¡	¨ºÙÍÅµ�

• \((ÁÂ�8K�SU(3)sùð�üô

A(B∗− → D∗0V ) ≈ A(B̄∗0
d → D∗+V ) ≈ A(B̄∗0

s → D∗+
s V ) ,

Ù_h���ì��/Ô�X(��sû�

B(B∗− → D∗0V ) : B(B̄∗0
d → D∗+V ) : B(B̄∗0

s → D∗+
s V )

≈ 1

Γtot(B∗−)
:

1

Γtot(B̄∗0)
:

1

Γtot(B̄∗
s )
.

11 / 42



B∗q → D∗qV Υ(nS)→ BcV Bu,d,s → SM (M = P , V )

pØS f00 f−− f++ f−0 f+0 f0− f0+

B∗− → D∗0K∗− 24.4 4.5 0.3 69.2 0.0 1.4 0.2
B∗− → D∗0ρ− 24.1 3.3 0.2 71.0 0.0 1.2 0.2
B∗− → D∗0D∗− 12.9 13.1 1.8 56.6 0.4 13.8 1.5

B∗− → D∗0D∗−s 12.1 14.1 2.0 54.8 0.5 14.7 1.8
B̄∗0 → D∗+K∗− 19.7 3.2 0.3 73.2 0.0 3.4 0.2
B̄∗0 → D∗+ρ− 20.1 2.5 0.2 74.4 0.0 2.6 0.2
B̄∗0 → D∗+D∗− 12.9 13.1 1.8 56.6 0.4 13.8 1.5

B̄∗0 → D∗+D∗−s 12.1 14.1 2.0 54.8 0.5 14.7 1.8

B̄∗0s → D∗+s K∗− 20.2 3.2 0.3 72.7 0.0 3.5 0.2

B̄∗0s → D∗+s ρ− 20.4 2.5 0.2 74.1 0.0 2.7 0.2

B̄∗0s → D∗+s D∗− 13.3 13.0 1.7 56.2 0.3 14.1 1.4

B̄∗0s → D∗+s D∗−s 12.9 13.9 1.9 54.4 0.4 15.1 1.5

• ºË¦�p
fλ1λ2

(B̄∗q → D∗qV ) =

∣∣Aλ1λ2
(B̄∗q → D∗qV )

∣∣2∑
λ1,λ2

∣∣Aλ1λ2
(B̄∗q → D∗qV )

∣∣2 . (11)
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B∗q → D∗qV Υ(nS)→ BcV Bu,d,s → SM (M = P , V )

• λB∗ = 0 �ºË¦þÏßB̄q → D∗
qVpØ�Åµ�ø<

2� ºË¦/
EH00�H−−�H++ �åá³

|H00|(F/F ) > |H−−|(F/S) > |H++|(S/S). (12)

• ùVËP/{�Åµ��	��Ñ<sû�

|H00| : |H−−| : |H++| ≈ 1 : 2mV /mB∗ : 2mVmD∗/m
2
B∗ . (13)

• ùVËP/Í�Åµ�êËûl��NÏ{âÏËP(VL) £H'�àdf00 øù�
��

2
Eur. Phys. J. C 76 (2016) 523.
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B∗q → D∗qV Υ(nS)→ BcV Bu,d,s → SM (M = P , V )

• �7���_ïåÐ(0λB∗ = −�+�Åµ�

λB∗ =− ,��|H−0|(F/F ) > |H0+|(S/S); (14)

λB∗ =+ ,��|H+0|(S/F ) & |H0−|(F/S) . (15)

• �E
��ì¡��λB∗ = +�p<Ó�v&�
ð���

HV1V2
+0 =fV2

m2

[
− m2

B∗ −m2
1

m2
Ã1 +m2Ã2 +

2mB∗pc
m2

Ṽ1

]
, (16)

Î
�ïå�úH+0 �!.;�ßṼ1�Ã1y	s��(Ṽ1 − Ã1) . O(10−2)�@
åH+0�!.àNI�ö�
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B∗q → D∗qV Υ(nS)→ BcV Bu,d,s → SM (M = P , V )

• ºË�(0, 0)�(−, 0)�(−,−)�(0,−) åÊ(+,+) �(0,+)á³

|H−0| ≈ 2|H00| , |H0−| ≈ |H−−| , |H0+| ≈ |H++| . (17)

v-

(0, 0) ≈ (0, 0)1 : |1, 0〉 =
1√
2

(|1
2
,−1

2
〉|1

2
,

1

2
〉+ |1

2
,

1

2
〉|1

2
,−1

2
〉) ,

(−, 0) : |1,−1〉 = |1
2
,−1

2
〉|1

2
,−1

2
〉 .

• åB̄∗0 → D∗+K∗− pØ:��

|H−0| : |H00| = 1.93 vs. 2 , |H0−| : |H−−| = 1.03 vs. 1 ,

|H0+| : |H++| = 0.89 vs. 1 . (18)

Ó�
ð�vÓ���ìïå�È;ÓúºË�!.�B!Ó�:

|H−0| ≈ 2|H00| > |H0−| ≈ |H−−| > |H0+| ≈ |H++| .
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B∗q → D∗qV Υ(nS)→ BcV Bu,d,s → SM (M = P , V )

2.4 ���ÓÓÓ

ùB̄∗q → D∗qVpØ�vK�	å�Óº�

• B̄∗q → D∗qV�pØ�BËP�pØ	�>��B̄
∗
q → D∗qV pØ�!.;�

å(λD∗q , λV ) = (−, 0) ºË�;ü��(0, 0) ��/E!.¦:(−, 0) ���
J�

• B̄∗q → D∗qVºË¦/EX(^8�>�B!Ó��
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B∗q → D∗qV Υ(nS)→ BcV Bu,d,s → SM (M = P , V )

Υ(nS)→ BcV pØ

3.1 Υ(nS)���PPP���'''(((������vvv¨̈̈:::

• Υ(nS)�(Ï�Í�F/;½¦t^8��

• Υ(nS);��Ç:ø�\(�5Áø�\(ÛLpØK��_ïå�Ç1ø�\(Û
LpØ�

• �@��¾¦�ÐØ�Υ(nS)1pØ��º�v_�ßÛ�
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B∗q → D∗qV Υ(nS)→ BcV Bu,d,s → SM (M = P , V )

3.2 pppØØØ///EEE

• b→ cūq (q = d , s) pØ�	HÈÆ��b��

Heff =
GF√

2

∑
q=d,s

VcbV
∗
uq

{
C1(µ)O1(µ) + C2(µ)O2(µ)

}
+ h.c., (19)

• QCDFF¶��:Pé5C

〈BcM |Oi|Υ〉 =
∑
j

FΥ→Bc
j

∫
dxTij(x)ΦM (x) , (20)
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B∗q → D∗qV Υ(nS)→ BcV Bu,d,s → SM (M = P , V )

• pØ�/Eïå���

Aλ(Υ(nS)→ BcV ) = 〈BcV |Heff |Υ(nS)〉 =
GF√

2
VcbV

∗
uq α

λ
1 Hλ , (21)

• ºË¦/EHλ�h¾�:�
H0 ≡〈V (ε′0, pV )|q̄γµq|0〉〈Bc(pBc)|c̄γµ(1− γ5)b|Υ(ε0, pΥ)〉

=
i fV
2mΥ

[
(m2

Υ −m2
Bc +m2

V )(mΥ +mBc)A
Υ→Bc
1 (m2

V )

+
4m2

Υ p
2
c

mΥ +mBc

AΥ→Bc
2 (m2

V )

]
, (22)

H∓ ≡〈V (ε′∓, pV )|q̄γµq|0〉〈Bc(pBc)|c̄γµ(1− γ5)b|Υ(ε∓, pΥ)〉

=i fV mV

[
−(mΥ +mBc)A

Υ→Bc
1 (m2

V )∓ 2mΥ pc
mΥ +mBc

V Υ→Bc(m2
V )

]
, (23)

• 	Hûpαλ1:

αλ1 = CNLO
1 +

1

Nc
CNLO

2 +
αs
4π

CF
Nc

CLO
2 V λ1 , (24)
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B∗q → D∗qV Υ(nS)→ BcV Bu,d,s → SM (M = P , V )

• V λ1 /vÒîc�U�ýp���n�h¾�:�

V 0
1 =

∫ 1

0

duΦV (u)

[
3 log

(m2
b

µ2

)
+ 3 log

(m2
c

µ2

)
− 18 + g0(u)

]
, (25)

V −,+1 =

∫ 1

0

du φb,a(u)

[
3 log

(m2
b

µ2

)
+ 3 log

(m2
c

µ2

)
− 18 + g−,+(u)

]
. (26)

• twist-2���/EΦV (u)ùV 0
1	!.�

ΦV (u) = 6uū

[
1 +

∞∑
n=1

αVn (µ)C3/2
n (2u− 1)

]
; (27)

• twist-3���/Eφa,b(u)ùV −,+1 	!.�

φa(u) =

∫ 1

u

dv
ΦV (v)

v
, φb(u) =

∫ u

0

dv
ΦV (v)

v̄
. (28)
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B∗q → D∗qV Υ(nS)→ BcV Bu,d,s → SM (M = P , V )

• U�ýpg0,∓(u)�:�

g0(u) =
ca

1− ca
log(ca)−

4 cb

1− cb
log(cb) +

cd

1− cd
log(cd)−

4 cc

1− cc
log(cc)

+ f(ca)− f(cb)− f(cc) + f(cd) + 2 log(z2)
[
log(ca)− log(cb)

]
− ζ(z) , (29)

g∓(u) =
1 + ca

1− ca
log(ca)−

4 cb

1− cb
log(cb) +

1 + cd

1− cd
log(cd)−

4 cc

1− cc
log(cc)

+ f(ca)− f(cb)− f(cc) + f(cd) + 2 log(z2)
[
log(ca)− log(cb)

]
− ξ∓(z) . (30)

v-z = mc/mb�ca = u (1− z2)�cb = ū (1− z2)�cc = −ca/z2�cd = −cb/z2�f(c) =
2Li2( c−1

c
)− log2(c)− 2c

1−c log(c)�

• ýpζ(z)�ξ∓(z)�wSb����

ζ(z) =− z
[ ca

(1− ca)2
log(ca) +

1

1− ca

]
− z−1

[ cd

(1− cd)2
log(cd) +

1

1− cd

]
, (31)

ξ∓(z) =k∓ z
[ 2ca − 1

(1− ca)2
log(ca) +

1

1− ca

]
+ k∓ z

−1
[ 2cd − 1

(1− cd)2
log(cd) +

1

1− cd

]
. (32)

v-k∓ ≡ H∓(A1 → −A1)/H∓� (mc → 0 �P���ζ(z) �ξ∓(z) ý�1��
s lim
mc→0

ζ(z) = lim
mc→0

ξ∓(z) = 0�
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B∗q → D∗qV Υ(nS)→ BcV Bu,d,s → SM (M = P , V )

3.3 ÓÓÓ������������

pØS ,� �.[1]3 �.[2]4 �.[3]5 �.[4]6

Υ(1S)→ Bcρ 1.09+0.20
−0.19 1.76 1.28+0.04

−0.02 0.229+0.052
−0.043 83.4+4.7+13.5+4.0+14.4

−6.9−8.8−4.0−12.9

Υ(2S)→ Bcρ 2.59+0.53
−0.49 — — — —

Υ(3S)→ Bcρ 3.91+0.84
−0.77 — — — —

Υ(1S)→ BcK
∗ 0.64+0.12

−0.11 1.00 0.76+0.02
−0.01 0.182+0.040

−0.033 —

Υ(2S)→ BcK
∗ 1.50+0.31

−0.29 — — — —

Υ(3S)→ BcK
∗ 2.26+0.50

−0.47 — — — —

• �.[1]/(BSW!���Ó���.[2]_/ú�BSW!��F/�e�s�VÂpω��.[3] �(�
/BS!��Ù�å\ý¡	¡�/E�QCD U�îc�

3
Z. Phys. C 62 (1994) 271.

4
Adv. High Energy Phys. 2013 (2013) 706543.

5
J. Phys. G 44 (2017) no.4, 045004.

6
Nucl. Phys. B 909 (2016) 186.
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B∗q → D∗qV Υ(nS)→ BcV Bu,d,s → SM (M = P , V )

• (i) ;�pØ½¦	�Γ
Υ(1S)
tot > Γ

Υ(2S)
tot > Γ

Υ(3S)
tot � (ii)(Ï	�mΥ(1S) < mΥ(2S) < mΥ(3S)�

+�øzô�@��ÏPpn �� �� � 1å
�àüô�>�I§sû�
B(Υ(1S)→ BcV ) < B(Υ(2S)→ BcV ) < B(Υ(3S)→ BcV ).

• :��Mb¶àP�qÍ��ì�I��*Ô<sû�
RV ≡ Γ(Υ(nS)→BcV )

dΓ(Υ(nS)→Bc`ν̄`)/dq2|q2=m2
V

' 6π2f2
V |Vuq|2|α1|2�Ô<:RV ' 2.91GeV2�
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B∗q → D∗qV Υ(nS)→ BcV Bu,d,s → SM (M = P , V )

pØS ,� �.[2] pØS ,� �.[2]

Υ(1S)→ Bcρ 86.5+0.6
−0.6 82 Υ(1S)→ BcK

∗ 83.0+0.7
−0.7 76

11.1+0.3
−0.3 — 14.1+0.4

−0.4 —

Υ(2S)→ Bcρ 89.6+0.4
−0.4 — Υ(2S)→ BcK

∗ 86.8+0.5
−0.5 —

8.5+0.3
−0.3 — 10.9+0.4

−0.4 —

Υ(3S)→ Bcρ 90.2+0.4
−0.4 — Υ(3S)→ BcK

∗ 87.5+0.4
−0.5 —

8.1+0.2
−0.2 — 10.3+0.3

−0.3 —
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B∗q → D∗qV Υ(nS)→ BcV Bu,d,s → SM (M = P , V )

3.4 ���ÓÓÓ

• (QCDàP�F¶�¡��Υ(nS)→ Bcρ�BcK∗ µ�/E�*�/E�NLO QCD
îc��!Ùú��tb��/EåÊ�/ÔIi�ïÂKÏ�

• =¡Ù�pØ/«µ�/E;ü��F/(t*!.-B!�N�*�îc�6`
�10% æó�ÔÍ�Ù_h�*�/E�!./ïýe��

• )(��	(�Ô<sû���RV�ý�	H0MN�ºn�¦�
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B∗q → D∗qV Υ(nS)→ BcV Bu,d,s → SM (M = P , V )

Bu,d,s → SM (M = P , V )pØ��v

4.1 ���vvv¨̈̈:::

• ýE
�!ÂK0BsËP0�*�Ï+��pØ�

B(B0
s → K∗0 (1430)+K− + c.c.) = (31.3± 2.3± 0.7± 25.1± 3.3)× 10−6,

B(B0
s → K̄∗0 (1430)0K0 + c.c.) = (33.0± 2.5± 0.9± 9.1± 3.5)× 10−6 .

• ùB → SMpØ�¾n¡�Ê/a��Å	©��º
�v�Ï�P�'(��(û
~B → SM pØÇ�-ïýX(�Í8°aåÊ°i��ô¥á÷I¹bw	Í��Ñf�
I�

27 / 42



B∗q → D∗qV Υ(nS)→ BcV Bu,d,s → SM (M = P , V )

4.2 ���ºººFFF¶¶¶
åB̄0

s → K̄∗00 (1430)K0:��

AB̄0
s→K̄∗00 (1430)K0 =BK∗0K [bp4 −

1

2
bp4,EW ] +AKK∗0 [αp4 −

1

2
αp4,EW + βp3 + βp4 −

1

2
βp3,EW −

1

2
βp4,EW ]

=
GF√

2

∑
p=u,c

λ(s)
p

{(
(ap4 − γ

K̄∗00
χ ap6)− 1

2
(ap10 − γ

K̄∗00
χ ap8)

)
KK∗0

× fK̄∗00
FBsK0 (m2

K∗0
)(m2

B −m2
K0) + fBsfK̄∗00

fK

(
(bp4 −

1

2
bp4,EW )K∗0K

+ (bp3 + bp4 −
1

2
bp3,EW −

1

2
bp4,EW )KK∗0

)}
, (33)

• 	Hûp�

api (M1M2) =

(
Ci +

Ci±1

Nc

)
Ni(M2)

+
Ci±1

Nc

CFαs
4π

[
Vi(M2) +

4π2

Nc
Hi(M1M2)

]
+ P pi (M2), (34)
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B∗q → D∗qV Υ(nS)→ BcV Bu,d,s → SM (M = P , V )

• Vi(M2)�Pi(M2)(B → SP�SVpØ-�h¾��+ßB → PP �PV �7�

• lÁÂ�c��nmþ�h¾�(Ñwl����à-òÏæÆÙú7�s�B → SP�nmþ
è�-���Ó��ì_ÛL�îc8�

• ËP���/E�
twist-2�

ΦM (x, µ) =fM6x(1− x)

[
1 +

∞∑
n=1

αMn (µ)C3/2
n (2x− 1)

]
,

ΦS(x, µ) =fS6x(1− x)

[
1 + µ̄S

∞∑
m=1

bSm(µ)C3/2
m (2x− 1)

]
. (35)

twist-3�

φP,S =1,

φV (x, µ) ≡
∫ x

0

dv
Φ⊥(v)

v̄
−
∫ 1

x

Φ⊥(v)

v
= 3

∞∑
n=0

aVn,⊥(µ)Pn+1(2x− 1). (36)

7
Phys. Rev. D 73 (2006) 014017; Phys. Rev. D 77 (2008) 014034.

8
b
p
4 :A

f
2 → Ai2; b

p
3,EW

:Ai3 → A
f
3 .
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B∗q → D∗qV Υ(nS)→ BcV Bu,d,s → SM (M = P , V )

• nmþîc

A
i
1(PS) ≈ 2παs

{
9

[
a0(XA − 4 +

π2

3
) + a1(3XA + 4− π2

)+a2(6XA −
107

3
+ 2π

2
)

+ a3(10XA +
23

18
−

10

3
π
2
)

]
− γPχ γ

S
χX

2
A

}
, (37)

A
i
2(PS) ≈ 2παs

{
− 9

[
a0(XA − 4 +

π2

3
) + a1(XA + 29− 3π

2
)+a2(XA − 119 + 12π

2
)

+ a3(XA +
2956

9
−

100

3
π
2
)

]
+ γ

P
χ γ

S
χX

2
A

}
, (38)

A
i
3(PS) ≈ 6παs

{
γ
P
χ

[
a0(X

2
A − 2XA +

π2

3
) + 3a1(X

2
A − 4XA + 4 +

π2

3
)

+6a2(X
2
A −

16

3
XA +

15

2
+
π2

3
) + 10a3(X

2
A −

19

3
XA +

191

18
+
π2

3
)

]

+ γ
S
χ (X

2
A − 2XA +

π2

3
)

}
, (39)

A
f
3 (PS) ≈ 6παsXA

{
γ
P
χ

[
a0(2XA − 1) + a1(6XA − 11)+a2(12XA − 31)

+ a3(20XA −
187

3
)

]
− γSχ (2XA − 1)

}
(40)

Ai1(SP ) = Ai2(PS), Ai2(SP ) = Ai1(PS), Ai3(SP ) = −Ai3(PS), A
f
3 (SP ) = A

f
3 (PS)

Ai1(SP ) = −Ai2(PS), Ai2(SP ) = −Ai1(PS), Ai3(SP ) = Ai3(PS), A
f
3 (SP ) = −Af3 (PS)
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B∗q → D∗qV Υ(nS)→ BcV Bu,d,s → SM (M = P , V )

A
i
1(V S) ≈ 6παs

{
3

[
a0(XA − 4 +

π2

3
) + a1(3XA + 4− π2

)+a2(6XA −
107

3
+ 2π

2
)

+ a3(10XA +
23

18
−

10

3
π
2
)

]
− γVχ γ

S
χXA(XA − 2)

}
, (41)

A
i
2(V S) ≈ 6παs

{
3

[
a0(XA − 4 +

π2

3
) + a1(XA + 29− 3π

2
)+a2(XA − 119 + 12π

2
)

+ a3(XA +
2956

9
−

100

3
π
2
)

]
− γVχ γ

S
χXA(XA − 2)

}
, (42)

A
i
3(V S) ≈ 6παs

{
− γVχ

[
3a0(X

2
A − 2XA + 4−

π2

3
) + 9a1(X

2
A − 4XA − 4 + π

2
)

+3a2(6X
2
A − 32XA + 79− 2π

2
) + 10a3(3X

2
A − 19XA +

61

6
+ 3π

2
)

]

− γSχ (X
2
A − 2XA +

π2

3
)

}
, (43)

A
f
3 (V S) ≈ 6παs

{
− 3γ

V
χ (XA − 2)

[
a0(2XA − 1) + a1(6XA − 11)+a2(12XA − 31)

+ a3(20XA −
187

3
)

]
+ γ

S
χXA(2XA − 1)

}
(44)

Ai1(SV ) = −Ai2(V S), Ai2(SV ) = −Ai1(V S), Ai3(SV ) = Ai3(V S), A
f
3 (SV ) = −Af3 (V S)

Ai1(SV ) = Ai2(V S), Ai2(SV ) = Ai1(V S), Ai3(SV ) = −Ai3(V S), A
f
3 (SV ) = A

f
3 (V S)
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B∗q → D∗qV Υ(nS)→ BcV Bu,d,s → SM (M = P , V )

•

XH = ln

(
mB

Λh

)
(1 + ρHe

iφH ), XA = ln

(
mB

Λh

)
(1 + ρAe

iφA ) . (45)

�Ï�P�pØ8p�b¶àP�

• pØ8p:

〈S(p)|q̄γµq|0〉 = fSpµ, 〈S(p)|q̄q|0〉 = fS µ̄S = MS f̄S .

v-�f̄S = µ̄SfS = µS
MS

fS = MS
m1(µ)−m2(µ)

fS�

• b¶àP�

〈S(p′′)|q̄′′γµγ5b|B(p′)〉 =− i
[(
Pµ −

m2
B −m

2
S

q2
qµ

)
UBS1 (q2)

+
m2
B −m

2
S

q2
qµU

BS
0 (q2)

]
.

• s��Ï�P�pØ8p�b¶àP��ìß�Ç(CLFQM ÙúpØÇ�-(0�øsp<�
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B∗q → D∗qV Υ(nS)→ BcV Bu,d,s → SM (M = P , V )

4.3 ppp<<<ÓÓÓ������������

9n�Ï�P(Ï�'�ïå��ì��${�

• (Ï< 1GeV�Ô��a0(980) , f0(980) , κ/K∗0 (700) I	�

• (Ï> 1GeV�Ô��a0(1450) , f0(1370) ,K∗0 (1430) I	�

($Í¹H�ù�Ï�P�Ó�'(ÛL���

• SI¹H��M��\qq̄ú�����\qq̄ÀÑ��

• SII¹H��M��\qqq̄q̄�����\qq̄ ú��
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B∗q → D∗qV Υ(nS)→ BcV Bu,d,s → SM (M = P , V )

Bu,d,s → K∗0 (1430)P
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B∗q → D∗qV Υ(nS)→ BcV Bu,d,s → SM (M = P , V )

Bu,d,s → K∗0 (1430)V
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B∗q → D∗qV Υ(nS)→ BcV Bu,d,s → SM (M = P , V )

pØS S2 S1 QCDF(S2) pQCD(S2) HFAG.

B− → K∗−0 K0 0.08+0.00+0.01+0.03
−0.00−0.02−0.03 0.06 0.11+0.05

−0.04 0.38± 0.22

B− → K∗00 K− 3.19+0.18+0.36+1.73
−0.14−0.62−1.39 0.54 3.37+1.03

−0.85 3.99± 1.38 0.38± 0.13

B− → K̄∗00 π− 33.37+1.48+4.28+18.52
−1.04−7.29−14.95 5.85 12.9+4.6

−3.7 47.6+11.3
−10.1 39+6

−5
36.6± 11.3

B− → K∗−0 π0 18.42+0.82+2.18+9.52
−0.58−3.73−7.80 3.41 7.4+2.4

−1.9 28.8+6.8
−6.1 11.9+2.0

−2.3
12.7± 4.2

B̄0
d → K̄∗00 K0 0.08+0.00+0.01+0.04

−0.00−0.02−0.03 0.06 0.24+0.12
−0.09 0.49± 0.33

B̄0
d → K∗00 K̄0 2.97+0.16+0.33+1.61

−0.13−0.57−1.29 0.50 4.05+1.34
−1.08 4.61± 1.50

B̄0
d → K∗−0 K+ 0.08+0.01+0.02+0.04

−0.01−0.02−0.03 0.02 0.11+0.07
−0.05 0.09± 0.06

B̄0
d → K∗+0 K− 0.09+0.01+0.02+0.05

−0.01−0.03−0.04 0.05 0.06+0.05
−0.03 0.62± 0.40

B̄0
d → K∗−0 π+ 30.55+1.36+3.85+16.97

−0.97−6.56−13.70 5.31 13.8+4.5
−3.6 43.0+10.2

−9.1 33.5+3.9
−3.8

33.4± 10.2

B̄0
d → K̄∗00 π0 13.78+0.61+1.89+8.24

−0.44−3.20−6.54 2.26 5.6+2.6
−1.3 18.4+4.4

−3.9
22.4± 6.6

B̄0
s → K̄∗00 K0 + c.c. 33.46+1.48+4.26+16.81

−0.93−6.37−13.32 5.40 33.0± 10.1

B̄0
s → K∗−0 K+ + c.c. 33.82+1.51+4.21+16.82

−1.08−7.15−13.58 5.37 31.3± 25.4

B̄0
s → K∗+0 π− 6.41+0.49+0.04+1.22

−0.44−0.02−1.14 4.51 37.0+14.0
−10.0

B̄0
s → K∗00 π0 0.70+0.05+0.07+0.31

−0.04−0.12−0.26 0.21 0.41+0.10
−0.07

• ,�*�ºïîeêCKM Âp�,�*ïîeê8K(Ï�,	*ïîeêpØ8p�b¶àP�Ö9Ý�é�
• ¯nm-'pØÇ��B̄0

d → K∗0 (1430)−K+ê�^àP�nmÂpXiA	s�1��MËùð�àP�nmÂp�1��Ù�pQCD�
Ó�/�ô��
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B∗q → D∗qV Υ(nS)→ BcV Bu,d,s → SM (M = P , V )

•

ANF+V+P (B− → K∗0 (1430)0K−) ∝ (au4 − γ
K∗00
χ au6 ) · fK∗00

FBK0 (m2
B −m2

K)

=0.24 + 0.08i, (46)

ANF+V+P (B− → K∗0 (1430)−K0) ∝ (au4 − γK
0

χ au6 ) · fKUBK
∗
0

0 (m2
B −m2

K∗0
)

=0.03 + 0.01i. (47)
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B∗q → D∗qV Υ(nS)→ BcV Bu,d,s → SM (M = P , V )

pØS S2 S1 QCDF(S2) pQCD(S2) HFAG

B− → K∗−0 K∗0 0.24+0.01+0.01+0.05
−0.01−0.01−0.04 0.07 0.01+0.01

−0.01 1.3+0.5
−0.3

B− → K∗00 K∗− 2.48+0.14+0.30+1.38
−0.11−0.52−1.12 0.43 2.17+0.55

−0.47 1.5+0.5
−0.3

B− → K̄∗00 ρ− 51.81+2.29+5.64+28.39
−1.62−9.71−22.86 8.66 39.0+34.5

−35.8 12.1+2.8
−0.0

B− → K∗−0 ρ0 20.99+0.93+2.55+12.72
−0.66−4.35−10.02 3.15 14.8+3.7

−3.2 8.4+2.3
−0.0

B− → K∗−0 ω 25.08+1.11+2.82+13.98
−0.78−4.84−11.20 4.11 21.5+5.8

−4.9 7.4+2.1
−1.5 24.0± 5.1

B− → K∗−0 φ 4.97+0.22+0.21+1.08
−0.16−0.37−0.96 1.29 3.80+0.7

−0.6 25.6+6.2
−5.4 7.0± 1.6

B̄0
d → K̄∗00 K∗0 0.22+0.01+0.01+0.05

−0.01−0.01−0.04 0.06 < 3.3

B̄0
d → K∗00 K̄∗0 2.30+0.13+0.28+1.28

−0.10−0.48−1.03 0.39 2.01+0.54
−0.45

B̄0
d → K∗−0 K∗+ 0.03+0.00+0.00+0.02

−0.00−0.00−0.01 0.01 0.18+0.13
−0.08

B̄0
d → K∗+0 K∗− 0.04+0.00+0.00+0.03

−0.00−0.00−0.02 0.05 0.01+0.01
−0.01

B̄0
d → K∗−0 ρ+ 45.92+2.03+5.05+25.14

−1.43−8.69−20.24 7.67 36.3+8.5
−7.4 10.5+2.7

−0.0 28.0± 11.0

B̄0
d → K̄∗00 ρ0 27.95+1.24+2.78+13.95

−0.87−4.82−11.45 5.10 23.4+5.1
−4.5 4.8+1.1

−0.0 27.0± 5.0

B̄0
d → K̄∗00 ω 24.71+1.10+2.74+13.76

−0.78−4.71−11.03 4.06 21.9+5.9
−5.0 9.3+2.1

−2.0 16.0± 3.4

B̄0
d → K̄∗00 φ 4.80+0.21+0.21+1.46

−0.15−0.38−1.18 1.25 3.7+0.8
−0.6 23.6+5.6

−5.0 4.2± 0.5

B̄0
s → K̄∗00 K∗0 29.87+1.32+3.28+17.95

−0.93−5.64−14.51 5.08

B̄0
s → K∗00 K̄∗0 5.11+0.23+0.29+1.43

−0.16−0.50−1.17 2.15

B̄0
s → K∗−0 K∗+ 28.39+1.26+3.15+17.04

−0.89−5.42−13.77 4.83

B̄0
s → K∗+0 K∗− 5.42+0.28+0.32+1.63

−0.21−0.56−1.34 2.17

B̄0
s → K∗+0 ρ− 17.77+1.36+0.12+2.74

−1.22−0.07−2.56 12.57 108+25
−23

B̄0
s → K∗00 ρ0 1.28+0.10+0.11+0.56

−0.09−0.20−0.46 0.35 0.96+0.22
−0.20

B̄0
s → K∗00 ω 1.45+0.11+0.12+0.57

−0.10−0.20−0.48 0.44 0.86+0.21
−0.18

B̄0
s → K∗00 φ 1.90+0.11+0.22+1.03

−0.08−0.38−0.84 0.35 0.95+0.25
−0.17 38 / 42



B∗q → D∗qV Υ(nS)→ BcV Bu,d,s → SM (M = P , V )

• 1�SU(3)sùð�B− → K̄∗0 (1430)π�B̄0
d → K∗0 (1430)π�/E�Ô<�

A(B− → K̄∗0 (1430)0π−) 'A(B̄0
d → K∗0 (1430)−π+), (48)

A(B− → K̄∗0 (1430)−π0) 'A(B̄0
d → K∗0 (1430)0π0). (49)

å�QpØÿ}��	å�sû�

Rud =
B(B− → K̄∗0 (1430)0π−/π0)

BB̄0
d → K∗0 (1430)−π+/π0)

τB0

τB−
≈ 1, (50)

Î�ìÙú��/ÔÓ��ïå�0Rud ≈ 1.02/1.23�

• rA¸�þÇ�B̄0
s → K∗0 (1430)+π−/ρ− ÔB̄0

s → K∗0 (1430)0π0/ρ0 ��/Ô'�*Ï§�à:
��/r�N�Ç��øÔB̄s → Kπ9�B̄s → K+π− = (10.2+4.5

−3.9)× 10−6 _
ÔB̄s → K0π0 = (0.49+0.28

−0.24)× 10−6 �Ç�'��*Ï§�

9
Nucl. Phys. B 675 (2003) 333.
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B∗q → D∗qV Υ(nS)→ BcV Bu,d,s → SM (M = P , V )

4.4 ���ÓÓÓ

• (S1�S2$Í¹H���ìùBu,d,s → K∗
0 (1430)P ,K∗

0 (1430)VpØ��vÓ�ÛL
ùÔK��ïå�úS2 ¹HùK∗

0 (1430)������ô �ô�Ùô��
¸K∗

0 (1430)1qq̄ú��G¾/����

• îM��
d�Bs → K̄∗
0 (1430)0K0 + c.c.�Bs → K∗

0 (1430)+K− + c.c. K��Ø¡	
vÖ�s�Bs → K∗

0 (1430)M (M = P , V )�pØ«KÏ0�F/�ì��/Ô_
ý& 10−6�	�«*e���KÏ0�
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5 ;;;ÓÓÓ���UUU���

• (NFF¶���ìùB∗ → D∗V�pØÛL��v�Ùú�ø��p<Ó��v�ù
��7*ºË¦/EÛL����

• (QCDFF¶�ùΥ(nS)→ BcV�Bu,d,s → K∗
0 (1430)M �pØÛL��v��ì�

!Ùú�Υ(nS)→ Bcρ�BcK∗*�/E�NLO QCD îc�

• Ù�å\ù�ìÊ��ãbsËP1pØÐ���	�I�Â��v�s�B → SM
�º���
�ÛUý:�ì*eô}0�v��ãÍsi�`��Z��ú@�
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���"""���MMM���¶¶¶yyyÄÄÄ���ccc���
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