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0f©a

0f«a JPC J S L

�Iþ0f(P) 0−+ 0 0 0

¥þ0f(V) 1−− 1 1 0

¶¥þ0f((A)1P1) 1+− 1 0 1

¶¥þ0f((A)3P1) 1++ 1 1 1

Üþ0f(T) 2++ 2 1 1

Iþ0f(S) 0++ 0 1 1

P�¡Ú>Ö�ÝC(C�¡)�©Od(−1)L+1Ú(−1)L+S¦Ñ"
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IO�.¥ØÓ��f�5�ÀÚfA�äkÓ��ÍÜrÝ§
��¡��fÊ·5"
Cc5<�3½0f��PC¢�¥*	�
�
�fÊ·5»
��,�:

R ≡ B
(
B̄ → D(∗)τ ν̄τ

)
/B
(
B̄ → D(∗)`ν̄`

)
IO�.¥D+

s → τ+ντÚD+
s → µ+νµ�PCAÇ�'��µ

R ≡ Γ (D+
s → τ+ντ )

Γ
(
D+
s → µ+νµ

) =

m2
τ+

(
1− m2

τ+

m2

D+
s

)2

m2
µ+

(
1−

m2
µ+

m2

D+
s

)2

òµ�f!τ�fÚD+
S0f��þ�\þª§�±�

�R = 9.74± 0.01"
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nØµe

�>0fX�PC�k�M�îþ�±��µ

Heff =
GF√

2
Vq1q2 [q̄1γµ (1− γ5) q2]

[
¯̀γµ (1− γ5) ν`

]
+ h.c.

ÙPC�Ì�±�¤¶

〈`ν̄` |Heff |M〉 =
GF√

2
Vq1q2

〈
`ν̄`
∣∣¯̀γµ (1− γ5) ν`

∣∣ 0
〉
〈0 |q̄1γµ (1− γ5) q2|M〉
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nØµe

3�$�e§�Iþ0fÚ¥þ0f�PC°Ý�±��µ

Γ (P → `ν̄`) =
G 2
F

8π
|Vq1q2 |

2 f 2
PmPm

2
`

(
1−

m2
`

m2
P

)2

Γ (V → `ν̄`) =
G 2
F

12π
|Vq1q2 |

2 f 2
Vm

3
V

(
1−

m2
`

m2
V

)2(
1 +

m2
`

2m2
V

)
O��PCL§:

ρ− → `−ν̄` K ∗− → `−ν̄`
D∗−
d → `−ν̄` D∗−

s → `−ν̄`
B∗−
u → `−ν̄` B∗−

c → `−ν̄`
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ρ− → `−ν̄`PC

|^�Ý��5Ñ�(DVP)!QCD¦Ú5K(SR)!�éØ§��
.(RQM)!1c§��.(LFQM)!�:QCD(LQCD)��{��
PC~êfρ(±MeV�ü )"

DVP 143[11]a 147[11]b 153[11]c 161[11]d

SR 201± 5[15]e 205± 10[15]f 194[15]g 198± 7[18]
RQM 168.3[20]h 151.3[20]i 190.1[20]j 175.4[20]k

LFQM 246[23]l 215[23]m 205[24]l 166+2
−4[25]n

LFQM 215± 5[26] 242+23
−24[27]

LQCD 239.4± 7.3[28] 210± 15[29] 239± 18[30] 199± 4[31]
other 490[22] 207[33] 254[34]
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ρ− → `−ν̄`PC

mρ = 775.11(34)MeV .
3O�¥·�^�°(�PC~êf expρ = 207.7± 1.6MeV
ÚoPC°ÝΓρ = 149.1± 0.8MeV

Γ
(
ρ− → e−ν̄e

)
= 68.8± 1.2µeV,

Γ
(
ρ− → µ−ν̄µ

)
= 66.9± 1.1µeV,

B
(
ρ− → e−ν̄e

)
= (4.6± 0.1)× 10−13,

B
(
ρ− → µ−ν̄µ

)
= (4.5± 0.1)× 10−13,
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ρ− → `−ν̄`PC

BaBar¢�|3�C�%Uþ
√
s = 10.58GeV?(½

�σ (e+e− → ρ+ρ−)�¡�19.5± 19.6± 3.58fb
b��)�¡σ ∝ 1/s�±íÿ33�C

√
s = 3.1GeV

?σ (e+e− → ρ+ρ−) ��)�¡�230fb"
y3Bellek7.7× 108Υ(4S)�¯~ê§BES-IIIk1010�J/ψ �¯
~ê§KLOE/KLOE-2k2.4× 1010�φ �¯~ê"ýO
3SCTF½STCF þ�UÈ\��5× 1010Υ(4S)¯~ê
Ú1013J/ψ¯~ê"
B (Υ(4S)→ ρ+ρ−) < 5.7× 10−6

B (J/ψ → ρ+ρ−) ∼ 10−3

B (J/ψ → ρ±π∓) ∼ 10−2

B (φ→ ρ±π∓) ∼ 10−1,
b�LHCb3

√
s = 13TeV?=��)�ρ± 0f��¹�¡

�O(10mb)§@o3LHCbþ\È�3× 1015 �ρ± ¯~ê"
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K ∗− → `−ν̄`PC

PDG¥�CKMÝ
�|Vus |��.
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K ∗− → `−ν̄`PC

mK∗± = 895.5(8)MeV
3O�¥·�^�PC~êf expK∗ = 202.5+6.5

−6.7MeV
ÚoPC°ÝΓK∗ = 46.2± 1.3MeV

Γ
(
K ∗− → e−ν̄e

)
= 5.5± 0.4µeV,

Γ
(
K ∗− → µ−ν̄µ

)
= 5.3± 0.4µeV,

B
(
K ∗− → e−ν̄e

)
= (1.2± 0.1)× 10−13,

B
(
K ∗− → µ−ν̄µ

)
= (1.2± 0.1)× 10−13,
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K ∗− → `−ν̄`PC

J/ψPC�)K ∗±�©|'©O�µ
B (J/ψ → K ∗±K∓) = (6.0+0.8

−1.0)× 10−3

B
(
J/ψ → K ∗±K∓π0

)
= (4.1± 1.3)× 10−3

B
(
J/ψ → K ∗±K 0

Sπ
∓) = (2.0± 0.5)× 10−3

B (J/ψ → K ∗±K ∗
2 (1430)∓) = (3.4± 2.9)× 10−3,

B (J/ψ → K ∗±K ∗(700)∓) = (1.0+1.0
−0.6)× 10−3
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D∗−d → `−ν̄`PC

PDG¥�CKMÝ
�|Vcd |��.
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D∗−d → `−ν̄`PC

mD∗
d

= 2010.26(5)MeV

D∗
d0fÌ�ÏLr�p�^PC

B
(
D∗±
d → D±

d π
0
)
/B
(
D∗±
d → Duπ

±) = 1/2

3O�¥·�^�PC~êfD∗
d

= 230± 29MeV

ÚoPC°ÝΓD∗
d

= 83.4± 1.8MeV

Γ
(
D∗−
d → `−ν̄`

)
= 79+22

−19µeV, for` = e, µ

Γ
(
D∗−
d → τ−ν̄τ

)
= 5± 1µeV,

B
(
D∗−
d → `−ν̄`

)
= (9.5+2.9

−2.4)× 10−10, for` = e, µ

B
(
D∗−
d → τ−τ̄µ

)
= (0.6± 0.2)× 10−10,

Henan Normal University �>¥þ0fX�PC�ïÄ



D∗−d → `−ν̄`PC

B(Z → D∗±
d X ) = 11.4± 0.13%

3�5�STCF¥§nÜÈ©�Ý10ab−1?òk�1011�D∗±
d ¯

~ê"
3SuperKEKB ¥§òÈ\�5× 1011�D∗±

d ¯~ê"
d	§CEPCòXÏ�)�1012ZÀÚf±9�5(FCC-ee)þ�
)1013Z ÀÚf"
3LHCbþ§�È©�Ý�300fb−1�§�±\È
�2× 1014�D∗±

d ¯~ê"
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D∗−s → `−ν̄`PC

PDG¥�CKMÝ
�|Vcs |��.
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D∗−s → `−ν̄`PC

'uΓD∗
s
kNõnØO�,^ó4�[�PC°Ý����µ

Γ(V → Pγ) =
4

3
αemk3

γµ
2
VP

�â^ó4ÝµVP�½ÂÚ¥þ0f3·��IX¥1fÄ
þkγ�½Â

µVP = 〈P |µ̂z |V 〉 =
〈
P
∣∣∣∑i

Qi
2mi

σ̂z

∣∣∣V〉
kγ =

m2
V−m2

P
2mV

,

�±��µ

µD∗
dDd

= 1
6

(
2
mc
− 1

md

)
µD∗

s Ds = 1
6

(
2
mc
− 1

ms

)
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D∗−s → `−ν̄`PC

mD∗
s

= 2112.2(4)MeV
3O�¥·�^�PC~êfD∗

s
= 274± 7MeV

ÚoPC°ÝΓD∗
s

= 0.36keV

Γ
(
D∗−
s → `−ν̄`

)
= 2.4± 0.1meV, for` = e, µ

Γ
(
D∗−
s → τ−ν̄τ

)
= 0.28± 0.02meV,

B
(
D∗−
s → `−ν̄`

)
= (6.7± 0.4)× 10−6, for` = e, µ

B
(
D∗−
s → τ−ν̄τ

)
= (7.8± 0.4)× 10−7,
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B∗−u → `−ν̄`PC

¢�þ'uB∗−
u 0f�&E�~�"

®�&E´§��§�|©bū
Ó ^I = 1/2§JPþfê�1−

�þmB∗
u = 5324.7021MeV (PDG)"

dHÞÚüÞPCÿ½�|Vub| ��#��:
|Vub| × 103 = 4.25± 0.12 +0.15

exp−0.14theo ± 0.23∆Bf
= 4.25+0.30

−0.29

|Vub| × 103 = 3.70± 0.10exp ± 0.12theo = 3.70± 0.16
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B∗−u → `−ν̄`PC

3O�¥·�^�PC~êfB∗
u

= 185.9± 7.2MeV
ÚoPC°ÝΓB∗

u
' 820eV

Γ
(
B∗−
u → `−ν̄`

)
= 0.25+0.04

−0.03µeV, for` = e, µ

Γ
(
B∗−
u → τ−ν̄τ

)
= 0.20+0.03

−0.02µeV,

B
(
B∗−
u → `−ν̄`

)
= (3.0± 0.4)× 10−10, for` = e, µ

B
(
B∗−
u → τ−τ̄µ

)
= (2.5± 0.4)× 10−10,
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B∗−u → `−ν̄`PC
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B∗−c → `−ν̄`PC

8c§A�¤k'uB∗
c0f5��&E£X�þ!PC~ê!

Æ·!PC�ª�¤Ñ5gunØ�O"·�¦^�:QCDO
�(J§mB∗

c
= 6331± 7MeV§�Ù¦�OÄ���"

dHÞb → c`ν̄` ÚüÞB → D(∗)`ν̄` PCL§ÿ½�|Vcd | ��
#��:
|Vcd | × 103 = 42.2(8)
|Vcd | × 103 = 39.5(9)
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B∗−c → `−ν̄`PC

3O�¥·�^�PC~êfB∗
c

= 387± 12MeV
ÚoPC°ÝΓB∗

c
' 60eV

Γ
(
B∗−
c → `−ν̄`

)
= 225+25

−21µeV, for ` = e, µ

Γ
(
B∗−
c → τ−ν̄τ

)
= 198+22

−18µeV,

B
(
B∗−
c → `−ν̄`

)
=
(
3.8+0.4

−0.3

)
× 10−6, for ` = e, µ,

B
(
B∗−
c → τ−ν̄τ

)
=
(
3.3+0.4

−0.3

)
× 10−6
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(1)éuρ±ÚK ∗±0f§durPC�`³§§��PC°Ý�
�"§�X�PC�©|'�O�O

(
10−13

)
"

(2)D∗
sPCÉ�CKMÝ
�|Vcs |�K�"§��©|'�

�O
(
10−6

)
"

(3)éuB∗
uÚB∗

c0f§§�Ì�ÏL^ó4�[
PC"É
�CKM Ý
�|Vcb| K��B∗

cX�PC�©|'��O
(
10−6

)
"
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