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Jpsi Photoproduction at 
high energies
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Near-threshold Jpsi Photoproduction
- Before New Results from Jlab
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J/psi-N Resonance Pc(4440)
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GlueX: PRL 123, 072001 (2019) 
arXiv:1905.10811
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Jlab-Hall D
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No observation of Pc(4440)!



8

2 2

1 1 2( ) ; ( )W s q p t p p= = + = −



Mass Radius of  Protons
arXiv:2102.00110
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Energy Momentum Tensor 𝑇𝜇𝜈
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Trace of  the EMT: T=𝑇𝜇
𝜇
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Lorentz-invariant scalar gravitational form factor

Mass radius



Scale (Trace) Anomaly of  QCD
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In QCD, quantum effects lead to a nonvanishing trace of 
the EMT even for massless quarks.



Measurements of  G(t): 
Photoproduction of  vector heavy quarkonium states, J/ψ and ϒ close 
to the threshold
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Measurements of  G(t): 
Photoproduction of  vector heavy quarkonium states, J/ψ and ϒ close 
to the threshold
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Mass Radius of  Protons
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Differential cross section 𝑑𝜎/𝑑𝑡 is related to G(t)!



Photoproduction of  Jpsi in GPDs 
Diagrams 
(PRD 103, 096010 (2021))

16https://journals.aps.org/prd/abstract/10.1103/PhysRevD.103.096010

Gluon GPDs

GPDs

GPDs

Differential cross section 𝑑𝜎/𝑑𝑡 is related to gluon GPDs!

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.103.096010


A, B and C Form Factors
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The cross section of heavy vector-meson photoproduction can be expressed in
terms of the (gravitational) form factors, A2, B2 and C2. 



A, B and C Form Factors and 
𝑇𝜇𝜈
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Extraction of  A and C
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Scalar and Mass Radius
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Scalar Radius of  the Proton
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‘’007’’: Nature 615 (2023) 7954, 813

arXiv:2207.05212
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Jlab-Hall C
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Eur. Phys. J. C (2020) 80:1053
https://doi.org/10.1140/epjc/s10052-020-08620-5
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https://doi.org/10.1140/epjc/s10052-020-08620-5


Coupled-channel Mechanism & 
Hadronic Interactions
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Open-charm exchange



Threshold cusps
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GlueX: PRC 108, 025201 
(2023)
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Differential Cross Sections
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Differential Cross Sections
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Total Cross Sections
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PLB 856, 138904 (2024)
https://www.sciencedirect.com/science/article/pii/S0370269324004623
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https://www.sciencedirect.com/science/article/pii/S0370269324004623


Model of  Pomeron Exchange
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Model of  Pomeron Exchange
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arXiv:2210.02154

40



t-dependence
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EIC could help!
arXiv:2210.02154



Summary

• No signal of Pc(4440) in the energy dependence of total 
cross sections.

• Gluon exchange is speculated to dominate in the 
reaction of near-threshold Jpsi photoproduction. 
Within this picture, the differential cross sections 
𝑑𝜎/𝑑𝑡 could be used for the extraction of gravitational 
form factors, A and C, of the proton. The mass and 
scalar radius of protons are determined accordingly.

• Models of open-charm or Pomeron exchange are not 
ruled out by the data. Future EIC measurements of 
𝑑𝜎/𝑑𝑡 at large |t| could differentiate the correct 
modeling.
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