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• ÏLüÞÚHÞ�B0f��PC���|Vcb|�#��m� ��
�3.0σ[3]"

|Vcb| = (42.2± 0.5)× 10−3 (inclusive),

|Vcb| = (39.8± 0.6)× 10−3 (exclusive).

• HFLAV�#ê�[4]µ

R(D)SM = 0.296± 0.004, R(D)Exp = 0.342± 0.026.

R(D∗)SM = 0.254± 0.005, R(D∗)Exp = 0.286± 0.005.

3R(D)−R(D∗)�éÜ©Ù¥§ÿþ²þ�ÚIO�.Ï"��
m� ��u 3.0σ"

• ù«y�Úå
<�é/�f�Ê·50�'5"
[3]PDG, Phys. Rev. D, 2024, 110: 030001

[4]arXiv: 2411.18639 [hep-ex]

Figure: B(s) → D
(∗)
(s) + `− + ν̄`P
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nØµe
$Uk�M�îþ�µ

Heff =
GF√

2
Vcb c̄ γµ (1− γ5) b ¯̀γµ (1− γ5) ν` =

GF√
2
Vcb jh,µ j

µ
` ,

PC�Ì�Ïfz�üÜ©§

A0 = 〈D(∗)
(s) `

− ν̄` |Heff |B(s) 〉 =
GF√

2
VcbHµ L

µ,

�\��5'Xµ

εW ∗(λ) · ε∗W ∗(λ′) = εµW ∗(λ) ε∗ νW ∗(λ
′) gµν = gλ,λ′ ,∑

λ,λ′

εµW ∗(λ) ε∗ νW ∗(λ
′) gλ,λ′ = gµν .

Ú^Ý�Ìµ

Hλ = ε∗µW (λ)Hµ, Lλ = ενW (λ)Lν .

Figure: B(s) → D
(∗)
(s) + `− + ν̄`P

C�¤ùã
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B→ D + `− +ν̄`PCµ

〈D |V µ |B 〉 = f+(q2)
[
(pµB + pµD)−

m2
B −m2

D

q2
qµ
]

+ f0(q2)
m2
B −m2

D

q2
qµ,

BGL/GÏf�ëêz[5]�µ

fi(z) =
1

Pi(z)φi(z)

∑
n

ai,n z
n,

Ú^Ý�Ì�L«�µ

H± = 0,

H0 =
2mB |p|√

q2
f+(q2),

Ht =
m2
B −m2

D√
q2

f0(q2).

[5]Phys. Rev. D, 2015, 92: 034506
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form fractor for B-  D0 transition
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Figure: /GÏf£�>¤ÚÚ^Ý�Ì£m>¤� q2 Cz�/G­�"
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B→ D∗ + `− +ν̄`PCµ

〈D∗ |Vµ |B 〉 = −i εµ ν αβ ε∗ νD pαB p
β
D∗ g(z),

〈D∗ |Aµ |B 〉 = ε∗ νD∗ f(z) + (ε∗D · pB)
{
(pµB + pµD∗) a+(z) + (pµB − p

µ
D∗) a−(z)

}
,

/GÏf�|Ü´µ

2mD∗ F1 = (m2
B −m2

D∗ − q2) f(z) + 4m2
B |p|2 a+(z),

mD∗ F2 = f(z) + (m2
B −m2

D∗) a+(z) + q2 a−(z).

BGL/GÏf�ëêz[6]�µ

fi(z) =
1

Pi(z)φi(z)

∑
n

ai,n z
n, (fi = f, g, F1, F2),

Ú^Ý�Ì�L«�µ

H± = f(z)∓mB |p| g(z),

H0 =
1√
q2
F1(z),

Ht =
mB |p|√

q2
F2(z).

[6]Phys. Rev. D, 2024, 109: 074503
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Figure: /GÏf� q2 Cz�/G­� Figure: Ú^Ý�Ì� q2 Cz�/G­�
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B(s) → D
(∗)
(s) + `− + ν̄`PC��©°Ý[7]µ

dΓ

d q2 d cosθ
= |ηEW|2

G2
F |Vcb|2 |p| q2

256π3m2
B

(
1−

m2
`

q2

)2{[
HU (1 + cos2θ) + 2HL sin2θ + 2HP cosθ

]
+
m2
`

q2

[
2HS + 2HL cos2θ + 4HSL cosθ +HU sin2θ

]}
,

Ù¥µ

HU = |H+|2 + |H−|2,
HP = |H+|2 − |H−|2,
HL = |H0|2,
HS = |Ht|2,
HSL = Re(HtH

∗
0 ).

écosθÈ©

dΓ

d q2
= |ηEW|2

G2
F |Vcb|2 |p| q2

96π3m2
B

(
1−

m2
`

q2

)2{
(HU +HL)

(
1 +

m2
`

2 q2

)
+

3m2
`

2 q2
HS
}

= |ηEW|2
G2
F |Vcb|2 |p| q2

96π3m2
B

(
1−

m2
`

q2

)2{
(|H+|2 + |H−|2 + |H0|2)

(
1 +

m2
`

2 q2

)
+

3m2
`

2 q2
|Ht|2

}
.

[7]Z. Phys. C, 1990, 46: 93-109
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ηEW = 1 +
3αem

4π
(1 + 2Q̄) ln

mZ

µ
.

[8]Nucl. Phys. B,1982, 196: 83-92.
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QEDË�?�

(a)

(b)

(c)

Figure: b → c + `− +

ν̄`PC�¤ùã"

�Ì�±?U�µ

A = A0 ηEW,

A = A0 η̃EW = A0 (1 + αem η) = A0{1 + αem (ηb + ηc)}.

M(b) = jh,µ j
µ
`

{QbQ` αem

4π

[ 1

εuv
−
tb + sb

tb − sb
ln
( tb
sb

) 1

εir

]
+ αem ηb

}
.

ηb : ln
( tb
sb

)
= ln

( t2b
sbtb

)
∝ ln(

m2
b

m2
`

)

• η̃EW ´�f�þ!q2Úcosθ�¼ê
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Table: ØÓÚ^Ý�ÌéB− → D∗0 + `+ ν PC��z£±z©'�ü ¤§Ù¥ΓB ´B
−0f�o°Ý§Γ ´¤'5

���PC�©°Ý§Γi§i = U , L, P , S"f⊥ = ΓU/Γ,fL = ΓL/Γ,fS = ΓS/Γ"

case f⊥ fL fS f
exp.[9]
L

` = e 49.1 50.9 ∼ 0 50.5±2.8

` = µ 49.1 50.4 0.5 52.2±2.6

` = τ 55.4 36.1 8.4

ΓU / ΓB %:

ΓL / ΓB %:

ΓP / ΓB %:

B-D*0e-νe
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Figure: ØÓÚ^Ý�Ìé B− → D∗0 + `+ ν PC��z§Ù¥¢�£J�¤éAu η̃EW (ηEW)��¹"

[9]Phys. Rev. D, 2023, 108: 012002
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Table: B(s) → D

(∗)
(s) + `− + ν̄` ��PC�©|'£±z©'�ü ¤"

decay mode ηEW = 1.0066 η̃EW (this work) PDG data

B− → D0 + e− + ν̄ 2.29+0.33
−0.31 2.85+0.42

−0.38 2.29± 0.08

B− → D0 + µ− + ν̄ 2.28+0.33
−0.30 2.38+0.35

−0.32 2.29± 0.08

B− → D0 + τ− + ν̄ 0.69± 0.04 0.69± 0.04 0.77± 0.25

B
0 → D+ + e− + ν̄ 2.14+0.31

−0.28 2.67+0.39
−0.35 2.25± 0.08

B
0 → D+ + µ− + ν̄ 2.13+0.31

−0.28 2.22+0.32
−0.29 2.25± 0.08

B
0 → D+ + τ− + ν̄ 0.64± 0.04 0.64± 0.04 0.99± 0.21

B
0
s → D+

s + e− + ν̄ 2.23± 0.12 2.77± 0.15 −−
B

0
s → D+

s + µ− + ν̄ 2.22± 0.12 2.31+0.13
−0.12 2.31± 0.21

B
0
s → D+

s + τ− + ν̄ 0.66± 0.04 0.67± 0.04 −−
B− → D∗0 + e− + ν̄ 5.08+1.73

−1.34 6.32+2.15
−1.67 5.58± 0.26

B− → D∗0 + µ− + ν̄ 5.06+1.70
−1.33 5.27+1.78

−1.38 5.58± 0.26

B− → D∗0 + τ− + ν̄ 1.28+0.19
−0.17 1.28+0.19

−0.17 1.88± 0.20

B
0 → D∗+ + e− + ν̄ 4.85+1.64

−1.28 6.04+2.05
−1.59 5.11± 0.15

B
0 → D∗+ + µ− + ν̄ 4.83+1.62

−1.26 5.04+1.69
−1.31 5.11± 0.15

B
0 → D∗+ + τ− + ν̄ 1.22+0.18

−0.16 1.22+0.18
−0.16 1.48± 0.18

B
0
s → D∗+s + e− + ν̄ 5.09+2.24

−1.64 6.33+2.79
−2.04 −−

B
0
s → D∗+s + µ− + ν̄ 5.06+2.20

−1.62 5.28+2.30
−1.69 5.20± 0.50

B
0
s → D∗+s + τ− + ν̄ 1.26+0.26

−0.23 1.26+0.26
−0.23 −−

�:Â�wÄxÚ½"
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Table: B(s) → D

(∗)
(s) + `− + ν̄` ��PC�©|'£±z©'�ü ¤"

decay mode ηEW = 1.0066 η̃EW (this work) PDG data

B− → D0 + e− + ν̄ 2.29+0.33
−0.31 2.85+0.42

−0.38 2.29± 0.08

B− → D0 + µ− + ν̄ 2.28+0.33
−0.30 2.38+0.35

−0.32 2.29± 0.08

B− → D0 + τ− + ν̄ 0.69± 0.04 0.69± 0.04 0.77± 0.25

B
0 → D+ + e− + ν̄ 2.14+0.31

−0.28 2.67+0.39
−0.35 2.25± 0.08

B
0 → D+ + µ− + ν̄ 2.13+0.31

−0.28 2.22+0.32
−0.29 2.25± 0.08

B
0 → D+ + τ− + ν̄ 0.64± 0.04 0.64± 0.04 0.99± 0.21

B
0
s → D+

s + e− + ν̄ 2.23± 0.12 2.77± 0.15 −−
B

0
s → D+

s + µ− + ν̄ 2.22± 0.12 2.31+0.13
−0.12 2.31± 0.21

B
0
s → D+

s + τ− + ν̄ 0.66± 0.04 0.67± 0.04 −−
B− → D∗0 + e− + ν̄ 5.08+1.73

−1.34 6.32+2.15
−1.67 5.58± 0.26

B− → D∗0 + µ− + ν̄ 5.06+1.70
−1.33 5.27+1.78

−1.38 5.58± 0.26

B− → D∗0 + τ− + ν̄ 1.28+0.19
−0.17 1.28+0.19

−0.17 1.88± 0.20

B
0 → D∗+ + e− + ν̄ 4.85+1.64

−1.28 6.04+2.05
−1.59 5.11± 0.15

B
0 → D∗+ + µ− + ν̄ 4.83+1.62

−1.26 5.04+1.69
−1.31 5.11± 0.15

B
0 → D∗+ + τ− + ν̄ 1.22+0.18

−0.16 1.22+0.18
−0.16 1.48± 0.18

B
0
s → D∗+s + e− + ν̄ 5.09+2.24

−1.64 6.33+2.79
−2.04 −−

B
0
s → D∗+s + µ− + ν̄ 5.06+2.20

−1.62 5.28+2.30
−1.69 5.20± 0.50

B
0
s → D∗+s + τ− + ν̄ 1.26+0.26

−0.23 1.26+0.26
−0.23 −−
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Table: B(s) → D

(∗)
(s) + `− + ν̄` ��PC�©|'£±z©'�ü ¤"

decay mode ηEW = 1.0066 η̃EW (this work) PDG data

B− → D0 + e− + ν̄ 2.29+0.33
−0.31 2.85+0.42

−0.38 2.29± 0.08

B− → D0 + µ− + ν̄ 2.28+0.33
−0.30 2.38+0.35

−0.32 2.29± 0.08

B− → D0 + τ− + ν̄ 0.69± 0.04 0.69± 0.04 0.77± 0.25
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−0.35 2.25± 0.08
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B
0
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B− → D∗0 + µ− + ν̄ 5.06+1.70
−1.33 5.27+1.78

−1.38 5.58± 0.26

B− → D∗0 + τ− + ν̄ 1.28+0.19
−0.17 1.28+0.19

−0.17 1.88± 0.20
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0 → D∗+ + e− + ν̄ 4.85+1.64

−1.28 6.04+2.05
−1.59 5.11± 0.15
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0 → D∗+ + µ− + ν̄ 4.83+1.62

−1.26 5.04+1.69
−1.31 5.11± 0.15
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0 → D∗+ + τ− + ν̄ 1.22+0.18

−0.16 1.22+0.18
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−1.64 6.33+2.79
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s → D∗+s + µ− + ν̄ 5.06+2.20

−1.62 5.28+2.30
−1.69 5.20± 0.50
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s → D∗+s + τ− + ν̄ 1.26+0.26
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(∗)
(s) + `− + ν̄` ��PC�©|'£±z©'�ü ¤"

decay mode ηEW = 1.0066 η̃EW (this work) PDG data
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−0.31 2.85+0.42

−0.38 2.29± 0.08

B− → D0 + µ− + ν̄ 2.28+0.33
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−0.17 1.88± 0.20

B
0 → D∗+ + e− + ν̄ 4.85+1.64

−1.28 6.04+2.05
−1.59 5.11± 0.15
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HFLAV 1σ 3σ R(D)=0.342±0.026 R(D*)=0.287±0.012

Belle-II 1σ R(D*)=0.262±0.053 Belle 1σ R(D)=0.307±0.040 R(D*)=0.283±0.023

LHCb 1σ R(D)=0.441±0.089 R(D*)=0.281±0.030 BaBar 1σ R(D)=0.440±0.072 R(D*)=0.332±0.030

PDG l

ηEW l

η

EW l

η

EW e

η

EW μ

0.20 0.25 0.30 0.35 0.40 0.45 0.50 0.55

0.20

0.25

0.30

0.35

R(D)

R
(D

*
)

Figure: R(D)-R(D∗)�éÜ©Ù§Ù¥�:Ú�©OéAu¥%�ÚØ�"¢�£J�!:�¤©OéAulB
0
(B−!B

0
s)

0f��PC¥���'�"R(D(∗))`�eI` = eÚµ"
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• η̃EW ´��f�þ!=£Äþ q2 Ú�Cþ cosθ �'�¼ê§ù��3vkÚ\#Ôn��¹e
k�ÍÜg,/�6uäN�PCL§"

• η̃EW é©|'��z¬�X�>�f��þ
u)Cz"�>�f�þ��§é©|'�Or�J
Ò��§éu¹>f���PC§η̃EW �J�±�ÑØO"ùÒ��
 R(D(∗)) �~�§¿k'
X R(D(∗))e < R(D(∗))µ"

• ©|'�Ì�nØØ(½55g B(s) → D
(∗)
(s) �[/GÏf"
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Table: B(s) → D
(∗)
(s) + `− + ν̄` ��PC�©|''�§Ù¥nØØ(½5=5g/GÏf"

ratios ηEW = 1.0066 η̃EW (this work) PDG data HFLAV

R(D0)e 0.300+0.026
−0.022 0.241+0.021

−0.018

0.336± 0.110

0.342± 0.026

R(D0)µ 0.301+0.026
−0.022 0.289+0.025

−0.021

R(D0)` 0.300+0.026
−0.022 0.263+0.023

−0.019

R(D+)e 0.298+0.025
−0.022 0.240+0.020

−0.018

0.440± 0.095R(D+)µ 0.299+0.025
−0.022 0.287+0.024

−0.021

R(D+)` 0.298+0.025
−0.022 0.261+0.022

−0.019

R(D+
s )e 0.298+0.019

−0.016 0.240+0.015
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−0.035
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−0.032
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Table: ØÓÚ^Ý�ÌéB− → D∗0 + `+ ν PC��z£±z©'�ü ¤§Ù¥ΓB ´B
−0f�o°Ý§Γ ´¤'5

���PC�©°Ý§Γi§i = U , L, P , S"f⊥ = ΓU/Γ,fL = ΓL/Γ,fS = ΓS/Γ"

case ΓU/ΓB ΓL/ΓB ΓP /ΓB ΓS/ΓB Γ/ΓB f⊥ fL fS fexp.
L

` = e
ηEW 2.494 2.587 — ∼ 0 5.081 49.1 50.9 ∼ 0

50.5±2.8
η̃EW 3.100 3.218 0.0025 ∼ 0 6.320 49.1 50.9 ∼ 0

` = µ
ηEW 2.485 2.551 — 0.023 5.059 49.1 50.4 0.5

52.2±2.6
η̃EW 2.588 2.658 0.0019 0.024 5.272 49.1 50.4 0.5

` = τ
ηEW 0.710 0.463 — 0.108 1.281 55.4 36.1 8.4
η̃EW 0.711 0.464 ∼ 0 0.108 1.283 55.4 36.2 8.4
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Figure: ØÓÚ^Ý�Ìé B− → D∗0 + `+ ν PC��z§Ù¥¢�£J�¤éAu η̃EW (ηEW)��¹"


