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Table: 3�5�¢�¥§D∗

s Ú D∗ 0f�d3�PC¯~ê§Ù¥Br(Z 0→cc̄) ' 12% ,

f (c→D∗
s ) ' 5.5%, f (c→D∗+) ' 25%, f (c→D∗0) ' 23%, Br(Z 0→D∗0X/D

∗0
X ) =

Br(Z 0→D∗±X ) = (11.4±1.3)% "

experiment ND∗
s

ND∗ remarks

STCF 1010 8×1010 with 10 ab−1 data

SuperKEKB 5.5×109 2×1010 with 5×1010 charm quark pairs

CEPC 1.3×1010 1011 from 1012 Z0 boson decays

FCC-ee 1.3×1011 1012 from 1013 Z0 boson decays

LHCb@HL-LHC 4×1013 2×1014 with 300 fb−1 data

X. R. Lyu. (STCF Working Group). PoS BEAUTY2020, 060 (2021).

E. Kou, P. Urquijo, W. Altmannshofer, et al. (Belle-II ). PTEP 2019, 123C01 (2019); [erratum: PTEP 2020, 029201 (2020)].

A. Abada, M. Abbrescia, S. S. AbdusSalam, et al. (FCC Collaboration). Eur. Phys. J. C 79, 474 (2019).
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https://doi.org/10.22323/1.391.0060
https://doi.org/10.1093/ptep/ptz106
https://doi.org/10.1140/epjc/s10052-019-6904-3
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D∗q!D∗s0fÌ�ÏL>^�p�^?1PC

• mD∗0 = 2010.26± 0.05MeV
• mD∗+ = 2006.85± 0.05MeV
• mD∗s = 2112.2± 0.4MeV
• mDu,d

+ mK > mD∗s > mDs + mπ

ÏL>^�p�^?1PC�"�Ø´�£O
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D∗s → φπ§D∗ → Kπ+!K
∗
π+!Kρ+ PC"�N´�&ÿì£O

D∗s → φπ§D∗ → Kπ+!K
∗
π+!Kρ+ PCØ�3Cabibbo Ø$

• ¤ùã

(a) (b) (c)
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Heff =
GF√

2
V ∗cs Vud

{
C1 O1 + C2 O2

}
+ h.c.

PC�Ì

A(D∗q→M1M2) = 〈M1M2|Heff |D∗q〉

=
GF√

2
V ∗csVud

∑
i=1

Ci (µ)
〈
M1M2 |Oi (µ)|D∗q

〉
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3 pQCD �{e§D∗s → φπ PC�rfÝ
�����µ

〈φπ|Oi |D∗
s 〉 ∝

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

φD∗
s

(x1, b1) e−SD∗
s φφ(x2, b2) e−Sφ φπ(x3, b3) e−Sπ

¤ùã

(a) (b) (c) (d)

¥þì0f��fPC���ÆïÄ 7 / 15



ïÄ�{

©|'

Br(D∗s→φπ) =
1

24π

pc.m.

m2
D∗s

ΓD∗s

{
|M0|2 + |M‖|2 + |M⊥|2

}

Γ(D∗s→Dsγ) =
4

3
αem k3

γ µ
2
D∗s Ds

≈ 0.36 keV

Table: D∗
s → φπ PCL§�©|'ê�(J

PQCD NF

D∗s → φπ (1.51)× 10−7 (2.6)× 10−7
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PC�Ì

A (D∗s → φπ) = 〈φπ |Heff |D∗s 〉

=
GF√

2
V ∗csVuda1 〈φπ |(s̄c)V−A(ūd)V−A|D∗s 〉

=
GF√

2
V ∗csVuda1 〈π |(ūd)V−A| 0〉 〈φ |(s̄c)V−A|D∗s 〉

PC~ê

〈
0
∣∣d̄γµu∣∣π+(p)

〉
= 0

〈
0
∣∣d̄γµγ5u

∣∣π+(p)
〉

= ifπpµ
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/GÏf
〈
φ (ε2, p2)

∣∣s̄γµc∣∣D∗
s (ε1, p1)

〉
= −

(
ε1 · ε

∗
2

) {
PµV1

(
q2
)
− qµV2

(
q2
)}
− (ε1 · q) ε∗2,µV5

(
q2
)

+
(
ε
∗
2 · q

)
ε1,µV6

(
q2
)

+
(ε1 · q)

(
ε∗2 · q

)
m2

D∗
s
− m2

φ


Pµ − m2

D∗
s
− m2

φ

q2
qµ

 V3

(
q2
)

+
m2

D∗
s
− m2

φ

q2
qµV4

(
q2
) ,

〈
φ (ε2, p2)

∣∣s̄γµγ5c
∣∣D∗

s (ε1, p1)
〉

= −iεµναβε
α
1 ε

∗β
2


Pν − m2

D∗
s
− m2

φ

q2
qν

 A1

(
q2
)

+
m2

D∗
s
− m2

φ

q2
qνA2

(
q2
)

−
iεµναβP

αqβ

m2
D∗
s
− m2

φ

{(
ε
∗
2 · q

)
ε
ν
1 A3

(
q2
)
− (ε1 · q) ε

∗,ν
2 A4

(
q2
)}

,
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Table: 34:q2 = 0 ?�PC~êÚ/GÏf�ê�"

fπ = 130.2± 1.2 MeV fK = 155.7± 0.3 MeV fρ = 207.7± 1.6 MeV fK∗ = 202.5+6.5
−6.7 MeV

V
D∗ρ
1 = 0.65 V

D∗ρ
2 = 0.51 V

D∗ρ
3 = 0.29 V

D∗ρ
5 = 1.42

V
D∗ρ
6 = 0.68 A

D∗ρ
1 = 0.59 A

D∗ρ
3 = 0.22 A

D∗ρ
4 = 0.24

VD∗K∗
1 = 0.74 VD∗K∗

2 = 0.43 VD∗K∗
3 = 0.26 VD∗K∗

5 = 1.50

VD∗K∗
6 = 0.78 AD∗K∗

1 = 0.69 AD∗K∗
3 = 0.15 AD∗K∗

4 = 0.22

VD∗π = 0.92 AD∗π
0 = 0.68 AD∗π

1 = 0.74 AD∗π
2 = 0.61

VD∗K = 1.04 AD∗K
0 = 0.78 AD∗K

1 = 0.85 AD∗K
2 = 0.68

V
D∗
s φ

1 = 0.71 V
D∗
s φ

2 = 0.38 V
D∗
s φ

3 = 0.28 V
D∗
s φ

5 = 1.54

V
D∗
s φ

6 = 0.86 A
D∗
s φ

1 = 0.65 A
D∗
s φ

3 = 0.16 A
D∗
s φ

4 = 0.27

Q. Chang, L. T. Wang and X. N. Li. JHEP 12, 102 (2019).
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https://doi.org/10.1007/JHEP12(2019)102
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Br =
G2
F

48π |Vcs |2 |Vud |2 pcm
m2

D∗q
ΓD∗q

∑
si

MM†

Table: D∗ → PP PV PCL§�©|'ê�(J

mode Br mode Br
D∗+ → K

0
π+ 1.6× 10−10 D∗+ → K

∗0
π+ 4.4× 10−10

D∗+ → K
0
ρ+ 8.3× 10−10

D∗0 → K−π+ 7.3× 10−10 D∗0 → K ∗−π+ 2.0× 10−9

D∗0 → K−ρ+ 2.9× 10−9
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ΓD∗+ = 83.4± 1.8keV

Γ
(
D∗0 → D0π0

)
Γ (D∗+ → D+π0)

=
p3
cmD0π0

p3
cmD+π0

m2
D∗+

m2
D∗0

ΓD∗0 = ΓD∗+

Br
(
D∗+ → D+π0

)
Br (D∗0 → D0π0)

p3
cmD0π0

p3
cmD+π0

m2
D∗+

m2
D∗0

= 55.9+5.9
−5.4keV

¤ùã

(a) (b) (c)
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Table: 3�5¢�¥§D∗ → Kπ+!Kρ+!K
∗
π+§D∗

s → φπ PC�¯~ê"

experiment SuperKEKB STCF CEPC FCC-ee LHCb@HL-LHC

ND∗ 2×1010 8×1010 1011 1012 2×1014

ND∗
s

5.5×109 1010 1.3×1010 1.3×1011 4×1013

N
D∗+→K

0
π+ 3 13 16 160 3.2×104

N
D∗+→K

∗0
π+ 9 35 44 440 8.8×104

N
D∗+→K

0
ρ+ 17 66 83 830 1.66×105

ND∗0→K−π+ 14 58 72 720 1.44×105

ND∗0→K∗−π+ 40 160 200 2000 4.0×105

ND∗0→K−ρ+ 57 230 287 2870 5.74×105

ND∗
s →φπ+ 800 1500 2000 1.0×104 6.0×106
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