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Euclid space telescope

Launching: 11:12 a.m,Sat July 1, 2023

Mission: 3D map of the universe, with billions of galaxies that stretch 10 billion
light-years away
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Light Dark Matter

Dark matter from collider:

J/ψ/Υ → γ + invisible

CLEO(2010) BaBar(2011) Belle(2019)

BESIII,PRD,101,112005(2020) B(γ + invisible) < 7 × 10−7

BESIII,PRD,105,012008(2022) B(γA0)B(µ+µ−) < 1 × 10−9

BESIII,PLB,838,137698(2023) B(γa) < 8.3 × 10−8

SM background: J/ψ → γ + νν̄

(a) (b)

We provide an exact theoretical predication for the invisible decay.
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Introduction: ηc → 2γ

Experiments
Br ×105 Note

CLEO 0.7+1.6
−0.7 ± 0.2 PRL 101,101801(2008)

BESIII 2.7 ± 0.8 ± 0.6 PRD 87,032003(2013)
World average 2.2+0.9

−0.6 PDG-aver
Global fit 1.68 ± 0.12 PDG-fit

Theories: perturbative+nonperturbative
Γ(keV) Note

NRQCD 9.9 ∼ 10.6 PRL119,252001(2017)
DSE 6.32 ∼ 6.39 PRD95,016010(2017)

Lattice 6.04(68) CLQCD(2020)
PDG-fit 5.4(4) PDG-fit

High precision lattice simulation ⇐ new method+systematic
analysis
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ηc → 2γ

ηc

γ

γ

Amplitude:

M = e2ϵµ(p)ϵν(p′)Hµν(p, q)

Hµν(p, q) =
∫
d4xe−ipxHµν(x, q), Hµν = ⟨0|Tr[Jµ(x)Jν(0)]|ηc(q)⟩

Form factor: Hµν(p, q) = ϵµναβpαqβF (p2)

Decay width:

Γηcγγ = α2
em
π

4m
3
ηc |Fηcγγ |2, Fηcγγ = F (0)
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Metholodogy

Off-shell form factors by projecting discrete momentum p⃗ = 2πn⃗
L

F (p2) Cont.Limit−−−−−−−→ F (0), |p⃗| = mηc

2
Y.Chen et al(CLQCD), CPC44,083108(2020)

Systematics by momentum extraplation
Additional computation costs

Scalar function method: calculate on-shell form factor directly

Fηcγγ(∆t) = −
1

2mηc

∫
dtemηc t/2

∫
d3x⃗

j1(|p⃗||x⃗|)
|p⃗||⃗⃗x|

ϵµνα0xαHµν(x,∆t)

Finite-volume effect
Excited-state contamination
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Results: ηc → 2γ

NRQCD(NLO) ∼ 6.2
K.-T.Chao et al, PRD56,368(1997)

NRQCD(NNLO) ∼ 10
F.Feng et al, PRL119,252001(2017)

Lattice QCD ∼ 6.0(7)
CLQCD(2020)

DSE ∼ 6.4
J.Chen et al, PRD95,016010(2017)

Γ(ηc → 2γ) =

{ 6.67(16)(6) keV YM et al, accepted by Sci Bull
5.4(4) keV PDG-fit
7.04+2.9

−1.9 keV PDG-aver

The tension with PDG-fit is 2.9 σ
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Lattice & Experiments

PDG-update(2023)

H-P.Wang and C-Z.Yuan,New puzzle in charmonium decays, 2112.08545,
CPC46,071001(2022) 5.15(35) ⇒ 5.43

( +0.41
−0.38

)
HPQCD, Γηcγγ = 6.788(45)fit(41)syst keV, 2305.06231
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PDG global fit

The smaller errros of fitting may due to: (i)large uncertainties of ηc → 2γ; (ii)Highly
correlated with other decay channels ; 8 / 15



Discussion

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

J/ψ → γηc → 3γ

Using 1.06 × 108 ψ(3686) → π+π−J/ψ

The contribution of J/ψ → γηc is crucial
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J/ψ → γηc

J/ψ → γηc radiative transition from lattice QCD
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Experiments: J/ψ → γηc

1 1.5 2 2.5 3 3.5

KEDR(14)

CLEO(09)

CBALL(85)

PDG

KEDR(14), Γηc = 27.2 ± 3.1
( +5.4

−2.6
)

MeV

PDG(23), Bγηc = 1.7(4)%,Γηc = 32.0(0.7) MeV
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Lattice results

1.3 1.4 1.5 1.6 1.7 1.8 1.9 2 2.1

Dudek(2006)

CLQCD(2011)

D.Becirevic(2012)

HPQCD(2012)

L.C.Gui(2019)

This work(2022)

PDG

Our result Br(J/ψ → γηc) = 2.31(13)% [To appear] ⇐ 1.7(4)% PDG

Combining the BESIII(13), it gives

Γ(ηc → 2γ) = 6.2(1.7)(0.9)keV ⇐ 8.64(2.56)(1.92)keV PDG-BES
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J/ψ → γνν̄

J/ψ → γνν̄ decay width from lattice QCD
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Decay width

γ

ν

J/ψ

ν̄

iM = −i
(qce)GF√

2
[Hµνα(q, p)ϵαJ/ψ(p)ϵν∗(q)ū(q1)γµ(1 − γ5)v(q2)]

Hµνα(q, p) =
∫

d4xe−iqxHµνα(x, p), Hµνα(x, p) = ⟨0|T{Jem
µ (x)JZν (0)}|J/ψ(p)α⟩

≡ ϵµναβqβFγνν̄

Γ(J/ψ → γνν̄) =
q2
cαG

2
F

3π2

∫ mJ/ψ
2

0
|q⃗|3(mJ/ψ − |q⃗|)|Fγνν̄ |2d|q⃗|

.=
q2
cαG

2
F

3π2

NMC∑
i=1

(
E3
γ(mJ/ψ − Eγ)|Fγνν̄(Eγ)|2

)
i
, Eγ ≡ |q⃗|
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Metholodogy

Scalar function method

Fγνν̄(Eγ ,∆t) =
1

6p · q
ϵµναβpβHµνα(q, p)

= −
i

6Eγ

∫
eEγtdt

∫
d3x⃗j0(Eγ |x⃗|)ϵµνα0Hµνα(x,∆t)

Examining the finite-volume effects(R ≡ |x⃗|)

Removing the excited-state contamination
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Preliminary results

The first lattice QCD calculation [to appear]

Br[J/ψ → γνν̄] = 1.00(9)(7) × 10−10

Phenomenological estimation ∼ 0.7 × 10−10

Dao-Neng Gao,PRD 90,077501(2014)
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Summary and outlook

Summary
Lattice studies on ηc → 2γ, J/ψ → γηc and J/ψ → γνν̄ with the
novel method
New puzzle in ηc → 2γ, 2.9σ tension with the PDG value
Direct measurement with no-dependence on J/ψ → γηc is necessary

Outlook
Toward precision test + new physics in charmonium sector

BESIII,STCF,etc & Lattice QCD & Phenomenological

Thank you !
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