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∆B = 0, mB∗q −mBq . 50 MeV

∆B = 1, τB∗q ∼ O(10−17s)
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Table 1: 3Υ(5S)���e�)B∗q�¯~ê

B∗u,d B∗s

SuperKEKB(10ab−1) 3.3× 109 1.2× 109

LHC(1ab−1) 9.8× 1013 2.2× 1013

Ed.A.Bevan et al, Eur.Phys.J.C.74,3026
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Benjamin Grinstein �<O�
B∗ → `ν̄,uyB∗−
u → `−ν̄

�©|'�0.6+0.3
−0.2 × 10−9"

ïÄ�B∗
q�üN��fPCÌ�´b → c �L§"

Bq → DM���.�Kþ·^uB∗
q → DM"�X�

6QCD, QCDÏfz�{,^��k�nØ§��"

B.Grinstein and J.Martin Camalich, Phys.Rev.Lett 116 141801(2016)
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B∗
q → DMPCL§�k�M�îþ�µ

Heff =
GF√

2

∑
q′=d,s

VcbV
∗
uq′{C1(µ)Q1(µ) + C2(µ)Q2(µ)}+ H.c .

Q1 = [c̄αγµ(1− γ5)bα][q̄′βγ
µ(1− γ5)uβ]

Q2 = [c̄αγµ(1− γ5)bβ][q̄′βγ
µ(1− γ5)uα]

VcbV
∗
ud = Aλ2(1− λ2/2− λ4/8) +O(λ7)

VcbV
∗
us = Aλ3 +O(λ7)

7 / 24



Outline

rfÝ
�

Ø�;��9�õ�UI§mb,mW ,ΛQCD , òo§��Îr

fÝ
�¥�¹��6Ú��6�z?1k��©l§8c

æ^ÄuMÑ��{òrfÝ
��¤MÑ�ØÚrfÅ¼

ê�òÈ/ª"PC�Ì=Ïfz�nÜ©"

Ai ∝
∫ ∏

j

dxjdbjCi (t)Hi (ti , xj , bj )Φj (xj , bj )e
−Sj
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B̄∗
q → DqM(T)

Figure 1: B̄∗q → DqMÚ#Nã
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B̄∗
q → D0Mq(C)

Figure 2: B̄∗q → D0MqÚØ$ã
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B̄∗q → DM(A)

Figure 3: B̄∗q → DM�«ã
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Table 2: B∗q → DP

L§ ã� CKM
1 B∗−u → D0π− T!C VcbV

∗
ud ∼ λ2(I)

2 B∗−u → D0K− T!C VcbV
∗
us ∼ λ3 (II)

3 B̄∗0d → D+π− T!A VcbV
∗
ud ∼ λ2(I)

4 B̄∗0d → D+K− T VcbV
∗
us ∼ λ3 (II)

5 B̄∗0d → D0π0 C!A VcbV
∗
ud ∼ λ2(I)

6 B̄∗0d → D0K̄ 0 C VcbV
∗
us ∼ λ3(II)

7 B̄∗0d → D+
s K− A VcbV

∗
ud ∼ λ2(I)

8 B̄∗0s → D+
s π
− T VcbV

∗
ud ∼ λ2 (I)

9 B̄∗0s → D+
s K− T VcbV

∗
us ∼ λ3 (I)

10 B̄∗0s → D+π− A VcbV
∗
us ∼ λ3 (II)

11 B̄∗0s → D0π0 A VcbV
∗
us ∼ λ3 (II)

12 B̄∗0s → D0K 0 C VcbV
∗
ud ∼ λ2 (I)
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〈0|q̄i (z)bj (0)|B̄∗q (p, ε‖)〉 =
fB∗q
4

∫
d4ke−ik·z{6 ε‖[mB∗q Φv

B∗q
(k)− 6 pΦt

B∗q
(k)]}ji

〈0|q̄i (z)bj (0)|B̄∗q (p, ε⊥)〉 =
fB∗q
4

∫
d4ke−ik·z{6 ε⊥[mB∗q ΦV

B∗q
(k)− 6 pΦT

B∗q
(k)]}ji

〈Dq(p)|c̄i (0)qj (z)|0〉 = i
fDq

4

∫
d4ke+ik·z{γ5[6 pΦa

Dq
(k) + mDq Φp

Dq
(k)]}ji
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〈P(p)|q̄i (0)q′j (z)|0〉 =
1

4

∫
d4ke+ik·z{γ5[6 pΦa

P (k) + µP Φp
P (k)

+µP ( 6 n+ 6 n− − 1)Φt
P (k)]}ji

〈V (p, ε‖)|q̄i (0)q′j (z)|0〉 =
1

4

∫
d4ke+ik·z{6 ε‖mV Φv

V (k)

+ 6 ε‖ 6 pΦt
V (k) + mV Φs

V (k)}ji

〈V (p, ε⊥)|q̄i (0)q′j (z)|0〉 =
1

4

∫
d4ke+ik·z{6 ε⊥mV ΦV

V (k)+ 6 ε⊥ 6 pΦT
V (k)

+
imV

p · n+
γ5εµναβγ

µε⊥νpαnβ+ΦA
V (k)}ji
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DAs

Φv ,T
B∗q

(x) = Axx̄exp
{
− 1

8ω2
B∗q

(
m2

q

x
+

m2
b

x̄
)
}

Φa
P (x) = ifP 6xx̄

∑
i=0

aP
i C

3/2
i (ξ)

Φv
V (x) = ifV 6xx̄

∑
i=0

a
‖
i C

3/2
i (ξ)

C j
0(ξ) = 1

C j
1(ξ) = 2jξ

C j
2(ξ) = 2j(j + 1)ξ2 − j

Ù¥ωB∗q ≈ mB∗q αs(mB∗q ), ξ = x − x̄ = 2x − 1
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B̄∗q → DP

A(B∗−u → D0
uπ
−) = FVcbV

∗
ud

{∑
i

MT
i,P +

∑
j

MC
j,P

}
A(B̄∗0d → D+

s K−) = FVcbV
∗
ud

∑
i

MA
i,P

F =
GF√

2

πCF

Nc
fB∗q fD

MT
a,P = 2m1p

∫ 1

0

dx1

∫ 1

0

dx2

∫ ∞
0

b1db1

∫ ∞
0

b2db2H
T
f (αT , β

T
a , b1, b2)ET

f (tT
a )

×αs(tT
a )a1(tT

a )φv
B∗q

(x1){φa
D(x2)(m2

1x̄2 + m2
3x2) + φp

D(x2)m2mb}

Jf.Sun,et al Phys Rev d96,036010(2017)
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iAλ(B∗−u → D0
uρ
−) = FVcbV

∗
ud

{∑
i

MT
i,λ +

∑
j

MC
j,λ

}
Aλ(B∗q → DV )

= AL(ε
‖
B∗q
, ε
‖
V ) +AN (ε⊥B∗q , ε

⊥
V ) + iAT εµναβε

µ
B∗q
ενV p

α
B∗q

pβV

MT
a,L =

∫ 1

0

dx1

∫ 1

0

dx2

∫ ∞
0

b1db1

∫ ∞
0

b2db2H
T
f (αT , β

T
a , b1, b2)ET

f (tT
a )αs(tT

a )

×a1(tT
a )φv

B∗q
(x1){φa

D(x2)(m2
1sx̄2 + m2

3tx2) + φp
D(x2)m2mbmu}

MT
a,N = m1m3

∫ 1

0

dx1

∫ 1

0

dx2

∫ ∞
0

b1db1

∫ ∞
0

b2db2H
T
f (αT , β

T
a , b1, b2)

×ET
f (tT

a )αs(tT
a )a1(tT

a )φV
B∗q

(x1)φa
D(x2)
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Table 3: B̄∗q → DPPCL§�Ñ\ëê

CKM parameter A = 0.811± 0.026 λ = 0.22506± 0.00050

mass of the particles m
π± = 139.57MeV m

K± = 493.677± 0.016MeV

mb = 4.78± 0.06GeV m
π0 = 134.98MeV m

K0 = 497.611± 0.013MeV

mc = 1.67± 0.07GeV mρ = 775.26MeV m
K∗0 = 895.81± 0.19MeV

ms ' 0.51GeV m
K∗± = 891.66± 0.26MeV mB∗s

= 5415.4+1.8
−1.5MeV

mu,d ' 0.31GeV mB∗
u,d

= 5324.65± 0.25MeV mDs = 1968.27± 0.10MeV

−−− mDd
= 1869.58± 0.09MeV mDu = 1864.83± 0.05MeV

decay constant fπ = 130.2± 1.7MeV fK = 155.6± 0.4MeV

fK∗ = 220± 5MeV f T
K∗ = 185± 10MeV fρ = 216± 3MeV

f T
ρ = 165± 9MeV fDs = 249.0± 1.2MeV fDu,d

= 211.9± 1.1MeV

−−− fB∗
u,d

= 175± 6MeV fB∗s
= 213± 7MeV

Gegenbauer moment a
π,K
2 = 0.25± 0.15 a

‖,ρ
2 = 0.15± 0.07

aK
1 = −0.06± 0.03 a

⊥,ρ
2 = 0.14± 0.06 a

‖,K∗
1 = −0.03± 0.02

a
‖,K∗
2 = 0.11± 0.09 a

⊥,K∗
1 = −0.04± 0.03 a

⊥,K∗
2 = 0.10± 0.08

P.Ball and G.Jones,JHEP,0703,069
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Br(B∗q → DP) =
∑
Spin

1

8π

p

mB∗q ΓB∗q

|A(B∗q → DP)|2

Br(B∗q → DV ) =
∑
Spin

1

8π

p

mB∗q ΓB∗q

{|H0|2 + |H‖|2 + |H⊥|2}

H0 = AL(ε
‖
B∗q
, ε
‖
V ), H‖ = AN (ε⊥B∗q , ε

⊥
V ), H⊥ =

√
2mB∗q pAT

ΓB∗u ∼ Γ(B̄∗u → B̄uγ) ∼ 450eV

ΓB∗d
∼ Γ(B̄∗d → B̄dγ) ∼ 150eV

ΓB∗s ∼ Γ(B̄∗s → B̄sγ) ∼ 100eV

V.Simonis, Eur Phys J A 52,90(2016)
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Table 4: B̄∗q → DPPCL§�©|'

PC�ª a. ü  ê�

1 B∗−u → D0
uπ
− T-I 10−10 6.61+0.25+0.11+0.16

−0.92−0.79−0.69

2 B∗−u → D0
u K− T-II 10−11 5.38+1.97+0.05+0.55

−0.85−0.63−0.51

3 B̄∗0
d → D+

d
π− T-I 10−9 2.22+0.52+0.02+0.27

−0.20−0.23−0.24

4 B̄∗0
d → D+

d
K− T-II 10−10 1.69+0.38+0.01+0.15

−0.15−0.18−0.14

5 B̄∗0
d → D0

uπ
0 C-I 10−12 4.04+3.19+0.38+1.32

−2.47−0.39−1.05

6 B̄∗0
d → D0

u K̄ 0 C-II 10−13 2.19+4.55+0.72+2.30
−0.44−0.51−1.40

7 B̄∗0
d → D+

s K− A-I 10−12 0.64+0.05+0.17+1.09
−0.04−0.16−0.42

8 B̄∗0
s → D+

s π
− T-I 10−9 5.68+1.17+0.09+0.60

−0.46−0.50−0.56

9 B̄∗0
s → D+

s K− T-II 10−10 4.30+0.89+0.09+0.40
−0.35−0.37−0.38

10 B̄∗0
s → D+

d
π− A-II 10−14 0.16+1.17+0.75+2.36

−0.02−0.15−0.08

11 B̄∗0
s → D0

uπ
0 A-II 10−14 0.08+0.09+0.38+1.19

−0.01−0.08−0.04

12 B̄∗0
s → D0

u K 0 C-I 10−11 3.31+2.07+0.12+1.09
−1.88−0.24−0.77
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Table 5: B̄∗q → DVPCL§�©|'

PC�ª a. ü  this work QCDF

1 B∗−u → D0
uρ
− T-I 10−9 2.02+0.55+0.02+0.23

−0.23−0.22−0.21

2 B∗−u → D0
u K∗− T-II 10−10 1.14+0.32+0.01+0.16

−0.13−0.13−0.14

3 B̄∗0
d → D+

d
ρ− T-I 10−9 6.80+1.55+0.03+0.79

−0.60−0.66−0.72 15.1+2.5
−2.4

4 B̄∗0
d → D+

d
K∗− T-II 10−10 3.87+0.87+0.01+0.51

−0.33−0.36−0.46 8.7+1.5
−1.4

5 B̄∗0
d → D0

uρ
0 C-I 10−11 2.55+1.26+0.15+0.57

−1.06−0.09−0.47

6 B̄∗0
d → D0

u
¯K∗0 C-II 10−12 3.58+1.77+0.22+1.14

−1.52−0.16−0.89

7 B̄∗0
d → D+

s K∗− A-I 10−12 5.55+0.94+0.50+2.57
−0.46−0.48−1.68

8 B̄∗0
s → D+

s ρ
− T-I 10−8 1.72+0.35+0.03+0.19

−0.14−0.13−0.17 2.89+0.48
−0.45

9 B̄∗0
s → D+

s K∗− T-II 10−9 1.00+21+0.02+0.13
−0.08−0.09−0.12 1.66+0.28

−0.27

10 B̄∗0
s → D+

d
ρ− A-II 10−13 2.39+0.79+0.47+0.90

−31−0.20−0.53

11 B̄∗0
s → D0

uρ
0 A-II 10−13 1.19+0.40+0.24+0.45

−0.15−0.10−0.27

12 B̄∗0
s → D0

u K∗0 C-I 10−10 1.69+0.67+0.07+0.51
−0.61−0.09−0.41

Q.Chang,et al Eur Phys J C 76,523(2016)
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Br(B̄∗q → DM)�Br(B̄q → DM)�'���5�þ?

Br(T-I)> Br(C-I)> Br(A-I)

Br(X-I)> Br(X-II),X=T,C,A

Br(B̄∗−u →D0
uπ
−)

Br(B̄∗−u →D0
u K−)

≈ f 2
π

λ2f 2
K

,
Br(B̄∗−u →D0

uρ
−)

Br(B̄∗−u →D0
u K∗−)

≈ f 2
ρ

λ2f 2
K∗

Br(B̄∗q → DV ) > Br(B̄∗q → DP)

f0 ≈ 90%,f‖ ≈ 9%,f⊥ ≈ 1%

Br(B̄∗0s → D+
s ρ
−)©|'�é��§O(10−8)
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