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➢ Electromagnetic Dalitz decays, such as ψ → 𝑙+𝑙−𝑃 (P = 𝜋0, 𝜂, 𝜂′), proceed via an 

offshell photon (𝛾∗).

✓ Four-momentum transfer square (q2) dependent decay rate of an electromagnetic 

Dalitz decay

𝒅𝑩(𝝍 → 𝒍+𝒍−𝑷)

𝒅𝒒
=

𝒅𝑩(𝝍 → 𝒍+𝒍−𝑷)

𝒅𝒒 𝑷𝒐𝒊𝒏𝒕−𝒍𝒊𝒌𝒆

|𝑭 𝒒 |𝟐

Experimentally measured differential decay rate. Predicted by Quantum electrodynamics (QED)

Transition form factor 

(TFF)

✓ Within the Vector Meson Dominance (VMD) model, coupling of the 𝛾∗ to the 𝜓 is governed by the TFF through  

intermediate vector mesons 𝑉′ in the time-like region. 

𝑭𝑨𝑩(𝒒𝟐)

Possible rho-omega interference arises because the ρ and ω mesons have nearly degenerate masses but different isospin properties 

(I=1 for ρ, I=0 for ω), leading to quantum mechanical interference in processes like e+e−→π+π−.

where ϵ represents the relative coupling strength 

(ϵ∼1/10 due to isospin suppression for ω→π+π−).

Motivation

𝝍

𝑷
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Why VMD
➢ The VMD provides a very accurate prediction for the production of pions in e+e− annihilation processes.

Eur. Phys. J. C 77, 827 (2017) Phys. Rev. Lett. 132, 231903 (2024)

Hadronic cross-section measurements 

are used for the evaluation of the 

hadronic vacuum polarization 

contribution to the muon g-2

▪ Discrepancy in Standard Model (SM) 

predictions of the muon g-2 arises 

from inconsistencies in the 

measurements of the cross-section of 

e+e−→π+π− by various e+e− collider 

experiments.

▪ Observing the ρ–ω interference 

pattern in J/ψ→V 0 (where V=ρ,ω)

would be useful for understanding this 

discrepancy
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VMD prediction of 𝝍 → ℓ+ℓ− 𝑷(= 𝝅𝟎, 𝜼, 𝜼′)
➢ Expected decay rate of EM Dalitz decays 𝜓 → ℓ+ℓ− 𝑃 :

➢ The form factor may be parameterized in the simple pole 

approximation as

Decay mode 𝑒+𝑒− 𝜇+𝜇−

VMD prediction Experiment VMD prediction Experiment

𝐽/𝜓 → ℓ+ℓ−𝜋0 (3.89−0.33
+0.37) × 10−7 (8.06 ± 0.31 ± 0.38) × 10−7 (1.01−0.09

+0.10) × 10−7

𝐽/𝜓 → ℓ+ℓ−𝜂 (1.21 ± 0.04) × 10−5 (1.39 ± 0.06 ± 0.07) × 10−5 (0.30 ± 0.01) × 10−5

𝐽/𝜓 → ℓ+ℓ−𝜂′ (5.66 ± 0.04) × 10−5 (6.59 ± 0.07 ± 0.17) × 10−5 (1.31 ± 0.04) × 10−5

Some other BESIII measurements:
cap J over psi goes to e to the plus , e to the minus , eta open paren 1405 close paren psi open paren 3686 close paren goes to ℓ to the plus , ℓ to the minus , eta sub c h sub c goes to e to the plus , e to the minus , eta sub c eta over eta prime goes to e to the plus , e to the minus , gamma J over psi goes to ℓ to the plus , ℓ to the minus , cap X open paren 1835 , close paren ,, cap X open paren 2120 , close paren ,cap X open paren 2370 close paren

𝐽/𝜓 → 𝑒+𝑒−𝜂(1405), 𝜓(3686) → ℓ+ℓ−𝜂𝑐 , ℎ𝑐 → 𝑒+𝑒−𝜂𝑐 , η/𝜂′ → 𝑒+𝑒−𝛾, J/ψ → ℓ+ℓ−𝑋 1835 , 𝑋 2120 , 𝑋(2370) etc.

➢  Large discrepancy between experimental and theoretical results in 𝑱/𝝍 → ℓ+ℓ−𝝅𝟎 decay.

𝜋0

𝜂
𝜂′

Int. J. Mod. Phys. A 34,1950129(2019) 

Mod. Phys. Lett. A 27, 1250223 (2012).

Phys. Rev. D 100, 016018 (2019)

Phys. Rept.  B128, 301 (1985)

Our objective is to update the VMD predictions of 𝝍 → ℓ+ℓ−𝝅𝟎 including 𝝆 − 𝝎 interference using a Data-driven method

https://doi.org/10.48550/arXiv.2501.04344
https://doi.org/10.1103/PhysRevD.104.099901
https://doi.org/10.1103/PhysRevD.99.012013
https://doi.org/10.1103/PhysRevD.109.012007
https://doi.org/10.1103/PhysRevD.106.112002
https://doi.org/10.1103/PhysRevD.110.L111101
https://doi.org/10.1103/PhysRevD.109.072001
https://doi.org/10.1103/PhysRevLett.129.022002
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TFF measurements of 𝐉/𝝍 → 𝒆+𝒆−𝜼/𝜼′

Erratum: Phys. Rev. D 104, 099901 (2021)
Phys. Rev. D 89, 092008 (2014)

For 𝐉/𝝍 → 𝒆+𝒆−𝜼′ (based on 225 million 𝑱/𝝍 events) For 𝐉/𝝍 → 𝒆+𝒆−𝜼 (based on 1310.6 million 𝑱/𝝍 events)

Phys. Rev. D 99, 012006 (2019)

Precision of these measurements can be improved using 10 billion 𝐉/𝝍 events collected by the BESIII experiment
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J/ψ → 3π P-wave 

amplitude

Pion vector 

form factor

Phys. Rev. D 91, 036004 (2015)

Dispersive theory Khuri–Treiman analysis

Only the isospin conserving decay 

𝐽/𝜓 → 𝜌𝜋 was considered

Theoretical status of 𝝍 → ℓ+ℓ− 𝝅𝟎

Effective Lagrangian-based analysis

Phys. Rev. D 108, 014035 (2023).

Phys. Rev. D 91, 014010 (2015)Phys. Rev. D 107, 034022 (2023) Mod. Phys. Lett. A 27, 1250223 (2012).

Effective Lagrangian models also fall short. Large inconsistency in predictions  underscores the need for a data-driven update.
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Experimental status of 𝐉/𝝍 → 𝒆+𝒆−𝝅𝟎

Previous BESIII measurement: B J/𝜓 → 𝑒+𝑒−𝜋0 =(7.56 ± 1.32 ± 0.50) × 10−7 for 𝑚𝑒+𝑒− < 0.4 GeV/c2 

Phys. Rev. D 89, 092008 (2014)

Mod. Phys. Lett. A 27, 1250223 (2012).Non-resonant VMD prediction: B J/𝜓 → 𝑒+𝑒−𝜋0 = (3.89−0.33
+0.37) × 10−7

New BESIII measurement (in full 𝒎𝒆+𝒆− spectrum) BESIII Collaboration: arXiv:2501.04344 (2025)

A clear 𝝆 − 𝝎 interference pattern

(@ 225 million J/𝜓 events)

(@ 10 billion J/𝜓 events)
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New BESIII measurement of 𝐉/𝝍 → 𝒆+𝒆−𝝅𝟎

BESIII Collaboration: arXiv:2501.04344 (2025)

New BESIII measurement (in full 𝑚𝑒+𝑒− spectrum)

B J/𝜓 → 𝑒+𝑒−𝜋0 =(8.06 ± 0.31 ± 0.38) × 10−7

Large deviation from non-resonant VMD prediction: B(
)

J/𝜓
→ 𝑒+𝑒−𝜋0 = (3.89−0.33

+0.37) × 10−7

Results @ 10 billion 𝑱/𝝍 events

TFF is an important input in the calculation of the hadronic light 

by-light contribution of the anomalous magnetic moment of the 

muon, aµ = (gµ−2)/2 J. High Energy Phys. 09, 074 (2015)

𝐹𝑉
𝜋

Takes into account 

of ρ-ω interference
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VMD formula for pion form factor

V

Gounaris-Sakurai (GS) model takes into account for the energy dependent ρ width

𝜌 − 𝜔 interference term Phys. Rev. Lett. 21, 244 (1968).

VMD formula for the pion form factor taken from BaBar’s paper [Phys. Rev. D 86, 032013 (2012)]

Higher-order 𝜌 resonances  

Measured parameters by BaBar

[Phys. Rev. D 86, 032013 (2012)]
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TFF of 𝐉/𝝍 → 𝒆+𝒆−𝝅𝟎 versus pion form  factor

ρ width of the TFF of J/𝜓 → 𝑒+𝑒−𝜋0  data seems to be narrow 

than the pion form factor (measured by BaBar measurement).

BESIII data reveals both

• Non-resonant component

• Resonant contributions via 

intermediate vector mesons

But, need to understand the reason of narrow ρ resonance 

(𝑱/𝝍 → 𝒆+𝒆−𝝅𝟎)

𝒆−

𝐉/𝝍

𝐉/𝝍

𝝅𝟎

𝝅𝟎
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𝐹𝜓𝜋0(𝑞2) = 𝑁 

𝑉′

𝑚𝑉′
2

𝑚𝑉′
2 + 𝑞2 − 𝑖Γ𝑉′𝑚𝑉′

≈ 𝐹𝜋
𝑉(𝑞2) + 𝐴Λ

1

1 − 𝑞2/Λ2

TFF of 𝐉/𝝍 → 𝒆+𝒆−𝝅𝟎 versus pion form  factor
Use this modified TFF formula to take into account of resonant and non-resonant processes of J/𝜓 → 𝑒+𝑒−𝜋0 

BESIII BaBar measurement

(values of 𝐴Λ and Λ are taken from the BESIII measurement and rest of the other parameters are taken from BaBar measurement) 

BaBar BESIII

BESIII

Perfect agreement between BaBar and BESIII 

measurements in the ρ/ω mass region.

Thus, BESIII measurement about TFF of                     

J/𝜓 → 𝑒+𝑒−𝜋0 can provide an alternative way to 

extract the hadronic vacuum polarization (HVP) 

contribution to the muon g-2.

STCF can play an important role to develop the ρ-

ω interference in the leptonic-sector via EM Dalitz 

decays of 𝝍 → 𝒆+𝒆−𝑷 and to extract the HVP 

contribution of muon g-2

 

https://arxiv.org/abs/2501.04344
https://arxiv.org/pdf/1205.2228
https://arxiv.org/pdf/1205.2228
https://arxiv.org/abs/2501.04344
https://arxiv.org/abs/2501.04344
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BESIII vs. Super Tau-Charm Facility (STCF) experiments
https://stcf.ustc.edu.cn

Chin. Phys. C 44, 040001 (2020)
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Multipole Transition form factor of 𝝍 → ℓ+ℓ−𝝅𝟎

𝑭𝑨𝑩(𝒒𝟐)✓ VMD Prediction:

✓ TFF function (including ρ-ω interference):

Gounaris-Sakurai function including higher-order ρ resonances) Pole mass

BESIII Collaboration: arXiv:2501.04344 (2025)BaBar Collaboration, Phys. Rev. D 86, 032013 (2012)

Λ = 𝑚𝜓(3773)

Λ = 𝑚𝜓(2𝑆)
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Expected branching fraction 𝑱/𝝍 → ℓ+ℓ−𝝅𝟎

Decay mode Branching fraction (10-8) Efficiency 

(%)

Expected 𝑵𝒔𝒊𝒈 

(events)

QED Single pole Resonant (BaBar) Resonant BESIII Experiment BESIII STCF (104)

𝐽/𝜓 → 𝑒+𝑒−𝜋0 36.52±0.86 37.83±3.07 69.20±5.62 66.44±5.40 80.6±3.1±3.8 26.3 1814.5±147.5 61.16±5.00

𝐽/𝜓 → 𝜇+𝜇−𝜋0 8.58±0.20 9.86±1.10 42.07±3.4 39.77±3.23 26.3 1102.8±89.6 37.17±3.02

Nsig prediction is based on the parameters of BaBar’s measurement 

BESIII Collaboration: arXiv:2501.04344 (2025)

BaBar Collaboration, Phys. Rev. D 86, 032013 (2012)

𝒅
𝑩
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Expected branching fraction 𝝍(𝟐𝑺) → ℓ+ℓ−𝝅𝟎

Decay mode Branching fraction (10-9) Efficiency 

(%)

Expected 𝑵𝒔𝒊𝒈 

(events)

QED Single pole Resonant (BaBar) Resonant BESIII Experiment BESIII STCF

𝜓(2𝑆) → 𝑒+𝑒−𝜋0 11.50±2.43 12.09±2.56 20.30±3.60 19.50±3.50 26.3 14.2±2.5 3374±604

𝜓(2𝑆) → 𝜇+𝜇−𝜋0 2.91±0.62 3.50±0.74 12.60±2.30 12.20±2.30 26.3 8.9±1.6 2204±377

Large uncertainty occurs because of 𝑩 𝝍 𝟑𝟔𝟖𝟔 → 𝜸𝝅𝟎 = (𝟏. 𝟎𝟒 ± 𝟎. 𝟐𝟐) × 𝟏𝟎−𝟔

Nsig prediction is based on the parameters of BaBar’s measurement 

BESIII Collaboration: arXiv:2501.04344 (2025)

BaBar Collaboration, Phys. Rev. D 86, 032013 (2012)
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Summary and future plan 
➢ The study of electromagnetic Dalitz decays of charmonium mesons is important for understanding the internal structure 

of the involved hadrons..

➢ A significant discrepancy is observed between experimental measurement of   𝐽/𝜓 → ℓ+ℓ−𝜋0 and the predction based on 

a simple pole approximation within the VMD model. 

➢  This discrepancy can’t be explained without including contributions from possible intermediate light unflavored vector 

meson resonances and the interference between ρ and ω.

➢ Try to update the VMD predictions for 𝜓 → ℓ+ℓ−𝜋0 by incorporating ρ-ω interference using a data-driven method.

➢ Numerical study indicates that J/𝜓 → 𝜇+𝜇−𝜋0 can be observed at BESIII, and 𝜓(2𝑆) → ℓ+ℓ−𝜋0 decays can be observed 

at STCF.

➢ STCF can play an important role in making a precise measurement of the ρ-ω interference pattern in the leptonic sector.

➢ Next to do: 

Try to extract the HVP contribution to the muon (g-2) from the TFF of 𝐽/𝜓 → 𝑒+𝑒−𝜋0 



7/3/2025 STCF-2025 conference 17

Thanks! 
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