
陈 诚

中国科学院近代物理研究所
Institute of Modern Physics, Chinese Academy of Sciences

Electromagnetic Form Factors

Based on: Phys. Rev. D 107, 076008; Chin. Phys. Lett. 42, 120201

合作者：闫冰，龙炳蔚，谢聚军

2026年轻强子专题研讨会

商丘 2026年5月16日



Outline

 Background

 The Vector Meson Dominance Model

 Σ Electromagnetic Form Factors

 Summary

2026/5/16 22026年轻强子专题研讨会



Form Factors
Scattering of electrons in a charge distribution

Differential cross section

Electric form factor

Charge radius

charge distribution

(Poisson equation)
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Electromagnetic Form Factors
The scattering channel (spacelike region           )

: Dirac Form Factor : Pauli Form Factor (FF)

𝐺𝐺𝐸𝐸 is electric FF, and 𝐺𝐺𝑀𝑀 is magnetic FF. In the limit             , the electrons are insensitive 
to the internal structure of baryons. Therefore, the 𝐺𝐺𝐸𝐸 and 𝐺𝐺𝑀𝑀 should be equal to the 
charge and magnetic at             , respectively.     
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Electromagnetic Form Factors
The annihilation channel (timelike region           )

The 𝛽𝛽 is the velocity of baryon 𝐵𝐵, and 𝐶𝐶 is the Sommerfeld-Gamow factor

For charged baryons, the 𝐶𝐶 factor leads to an unvarnished cross section at the threshold 

Effective form factor
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Cross Section of 𝑒𝑒+𝑒𝑒− → Σ�Σ
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Phys. Lett. B 814, 136110 (2021). Phys. Lett. B 831 137187 (2022) 

Ratio of the cross section 
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Vector Meson Dominance model
In the VMD model, the coupling of photon and baryons needs to be through intermediate vector mesons

(𝐵𝐵𝐵𝐵𝐵𝐵 vertex)
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Vector Meson Dominance model
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Isospin decomposition

No isospin tensor vector mesons Timelike Spacelike
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Intrinsic form factor (dipole)
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Vector Meson Dominance model

Behavior for the large 𝑄𝑄2

Phys. Rev. Lett. 43. 545 (1979); Phys. Rev. Lett. 91. 092003 (2003)

pQCD
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Σ Electromagnetic Form Factors
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Total cross section Effective form factors

Vector mesons: (ground states)
Bing Yan, Cheng Chen, Ju-Jun Xie Phys. Rev. D 107, 076008 (2023)
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Σ Electromagnetic Form Factors
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𝑟𝑟𝐸𝐸2 [fm2] This work ChPT [1] ChPT [2] ChPT[3] ChCQM [4]

Σ+ 0.80 ± 0.02 0.60 ± 0.02 0.99 ± 0.03 0.791 ± 0.116 0.825
Σ0 0.10 ± 0.01 −0.03 ± 0.01 0.10 ± 0.02 0.010 ± 0.004 0.089
Σ− 0.70 ± 0.02 0.67 ± 0.03 0.780 0.700 ± 0.124 0.643

Σ average square radius of charge:
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Σ Electromagnetic Form Factors
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Phys. Rev. Lett. 132, 081904 (2024)

Phys. Rev. D 109, 034029 (2024)

 Nonzero relative phase

 A larger cross section at 𝑠𝑠 = 2.5 GeV
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Σ Electromagnetic Form Factors
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L.-M. Wang, S.-Q. Luo, and X. Liu, Phys. Rev. D 105, 034011 (2022)

Modified Godfrey-Isgur Model

Light excited vector mesons

Experimental evidence
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Σ electromagnetic form factors
State Mass (MeV) Width (MeV)
𝜔𝜔(3𝐷𝐷) 2300 100
𝜌𝜌(3𝐷𝐷) 2300 160
𝜙𝜙(3𝐷𝐷) 2500 170
𝜌𝜌(2850) 2850 150

Scenario I

Scenario II

Close to the value in 
Chin. Phys. Lett. 39, 011201(2022)

I

II

2026/5/16

Cheng Chen, Bing Yan, Bing-Wei Long, and Ju-Jun Xie Chin. Phys. Lett. 42, 120201 (2025)
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Σ Electromagnetic Form Factors
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Λ�Σ0 Electromagnetic Transition Form Factors
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Phys. Rev. 155, 1562 (1967)
Phys. Rev. C 74, 045201 (2006)

Chin. Phys. Lett. 39, 011201(2022)

Excited vector meson:
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Summary
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 The EMFFs of Σ in the timelike region were investigated within the VDM model

 Reproduced the cross section of 𝑒𝑒+𝑒𝑒− → Σ�Σ ratio 9.7 ± 1.3: 3.3 ± 0.7 ± 1

 Extended form factors to the spacelike region, the charge radii are consistent with
other theoretical works, and 𝑟𝑟𝐸𝐸2 Σ− agree with the experimental data

 Light vector excited mesons were involved 𝜔𝜔 3𝐷𝐷 ,𝜌𝜌 3𝐷𝐷 ,𝜙𝜙 3𝐷𝐷 ,𝜌𝜌(2850)

 The experimental data can be described by two isospin configurations

 Threshold enhancement of the reaction 𝑒𝑒+𝑒𝑒− → Λ�Σ0 may be coasted by 𝜌𝜌(3𝐷𝐷)
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Thanks!
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