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Outline

Introduction

A puzzle in charmonium decays
ηc → 2γ
J/ψ → γηc

Radiative decay
D∗

s → Dsγ

Weak decay
J/ψ → Ds/Dlνl

Conclusion and outlook
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Motivation
Charmed hadron: a meson containing at least one charm or anti-charm quark

”November Revolution”— The discovery of J/ψ particle in 1974,
greatly facilitated the establishment of the Standard Model.
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Motivation

Why charmed hadron decays ?

Precise test for the standard model
— The world’s largest τ -charm factory—BESIIII

Test various perturbative and non-perturbative approaches
— intermediate energy scale

More possibilities for the search of new physics
— rare decays
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ηc → 2γ

PRL97,172001(2006)

EPJC76,358(2016)

CPC44,083108(2020)

PRD102,034502(2020)

Sci.Bull68,1880(2023)

PRD108,014513(2023)

Lattice

PDG2024

NRQCD PRL119,252001(2017)

2 4 6 8 10 12

Γ(ηc → 2γ) =

{ 6.67(16)(6) keV Y.M et al, Sci Bull 68,1880(2023)
5.1(4) keV PDG-fit(2024)
7.04+2.9

−1.9 keV PDG-aver(2023)

H-P.Wang and C-Z.Yuan, New puzzle in charmonium decays,CPC46,071001(2022)

Ours is verified by HPQCD, Γηcγγ = 6.788(45)fit(41)syst keV, PRD108,014513(2023)
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Lattice & Experiments
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The PDG-aver and PDG-fit are wrong before 2023 since the CLEO(08) experimental value is misused.
PDG-fit(2024) is lower since the Γtotal

ηc
is changed: 32.0(7) → 30.5(5) MeV.

PDG-aver is removed from the PDG listing since 2024.

5 / 20



Discussion

CLEO(08) and BESIII(13) extract the branching fraction of
ηc → 2γ by

J/ψ → γηc → 3γ

PDG23, Br(ηc → 2γ)
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ηc → 2γ :PDG24-update

Br(J/ψ → γηc) : 1.7(4)% → 1.41(14)%
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J/ψ → γηc

New method for J/ψ → γηc without momentum extrapolation

V (0) = 1.90(4), Br(J/ψ → γηc) = 2.49(11)lat(5)exp%
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A puzzle in charmonium decay
Individual channel: Ours vs PDG

ηc → 2γ: 3.6 σ tension
J/ψ → γηc: 5.9 σ tension

Combined channel: Br(J/ψ → γηc) × Br(ηc → 2γ)

Ours: 5.43(42) × 10−6

BESIII: 5.23(40) × 10−6

2412.12998
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D∗
s decay mode

Branching fraction first determined by BESIII PRL131,141802(2023)

Br(D∗,+
s → e+νe) = (2.1+1.2

−0.9stat.
± 0.2syst.) × 10−5

Radiative decay D∗
s → Dsγ can be used to estimate the D∗

s total decay width.
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D∗
s → γDs from lattice QCD

⟨Ds(p)|Jem
ν (0)|D∗

s,µ(p′)⟩ =
2Veff(q2)

mDs +mD∗
s

ϵµναβpαp
′
β

The right farmost points are included with the new method
Y.M et al, PRD109,074511(2024)
It gives Γ(D∗

s → γDs) = 0.0549(54) keV, much precise than 0.066(26) keV by HPQCD
PRL112,212002(2014)
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New constraint on fD∗
s
|Vcs|

BESIII+ HPQCD

fD∗
s
|Vcs| = (207.9+59.4

−44.6stat. ± 9.9syst.exp ± 41.5syst.latt)MeV

where Γtotal
D∗
s

= 0.0700(280) keV.

BESIII+ Ours

fD∗
s
|Vcs| = (190.5+55.1

−41.7stat. ± 9.1syst.exp ± 8.7syst.latt)MeV

where Γtotal
D∗
s

= 0.0589(54) keV.
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J/ψ → D/Dslνl

Current measurements

channels Upper limit J/ψ number Refs
J/ψ → Dseνe 4.9 × 10−5 5.8 × 107 PLB639,418(2006)
J/ψ → Dseνe 1.3 × 10−6 2.3 × 108 PRD90,112014(2014)
J/ψ → Deνe 7.1 × 10−8 1.01 × 1010 JHEP06,157(2021)
J/ψ → Dµνµ 5.6 × 10−7 1.01 × 1010 JHEP01,126(2024)

BES & BESIII collaboration

Future measurements ?

channels Upper limit J/ψ number Refs
J/ψ → Dseνe — 1.01 × 1010 BESIII
J/ψ → Dsµνµ — 1.01 × 1010 BESIII
J/ψ → Dseνe — ∼ 1012 STCF
J/ψ → Dsµνµ — ∼ 1012 STCF
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J/ψ → D/Dslνl

The amplitude
iM = −i

GF√
2
Vcs(d)ϵα(p′)Hµα(p, p′)gµν ūlγν(1 − γ5)uνl

with the nonperturbative hadronic interaction ZPC46,93(1990)

Hµα(p, p′) ≡ ⟨D/Ds(p)|JW
µ |J/ψα(ϵ, p′)⟩

= F1(q2)gµα +
F2(q2)
Mm

p
′
µpα +

F3(q2)
m2

pµpα −
iF0(q2)
Mm

ϵµαρσp
′
ρpσ

The decay width

Γ =
G2

F V
2

cs(d)

12M2
1

32π3

∫ (M−m)2

m2
l

dq
2 ×

[
c0(E+

l
− E

−
l

)

+
c1

2
((E+

l
)2 − (E−

l
)2) +

c2

3
((E+

l
)3 − (E−

l
)3)

]
with E±

l
= 1

2M

[
q2 + m2

l
− 1

2q2

(
(q2 − M2 + m2)(q2 + m2

l
) ∓ 2M|p⃗|(q2 − m2

l
)
)]
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J/ψ → D/Dslνl decay width

The branching fraction Y.M et al,PRD110,074510(2024)
Br(J/ψ → Dseνe) = 1.90(6)stat(5)Vcs × 10−10

Br(J/ψ → Deνe) = 1.21(6)stat(9)Vcd
× 10−11

The ratio between µ and e
RJ/ψ(Ds) = 0.97002(8)stat

RJ/ψ(D) = 0.97423(15)stat
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Differential decay width

The experimental inputs mJ/ψ = 3.09690(1) GeV, mDs = 1.96834(7) GeV, and mD = 1.86966(5) GeV
A potential test by future Super Tau Charm Facility with expected 1012 J/ψ samples
Front. Phys. (Beijing) 19, 14701(2024)
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CLQCD gauge ensembles

PRD109,054507(2024) PRD111,054504(2025)

High precision lattice calculation
Five lattice spacings for continuum limit a → 0
Three pion masses for chiral limit mπ → mphys

π
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Conclusion and outlook

Conclusion
A puzzle in ηc → 2γ and J/ψ → γηc

The most precise Γ(D∗
s → Dsγ) = 0.0549(54) keV and Ree = 0.624(3)% for the Dalitz decay

D∗
s → Dse

+e−

The methodology of J/ψ → D/Dslνl can be applied to various P → V semileptonic decay

Outlook
√ Disconnected contribution in charmed radiative decays

J/ψ → γηc, D
∗
s → γDs, D

∗ → γD

√ Charmed P → V semileptonic decay: D → K∗ and Ds → ϕ

More systematic continuum limit a → 0 and chiral limit mπ → mphys
π
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