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Baryon Time-like Electromagnetic Form Factors
In Vector Meson Dominance model
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= Introduction: Electromagnetic Form Factors

m | he model: Vector Meson Dominance

mm Baryon electromagnetic form factors
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Electromagnetic form factors (space-like)
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Electromagnetic form factors (time-like)
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Form Factors
Dirac: F1(q?)

Pauli: Fa(q?)
K 2

Gg = F1 + gizF2

Gm = F1 + kF»
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From QED to QCD

Both QED and QCD




Experimental measurements (time-like)

Energy Scan Initial State Radiation

Both techniques can be used

on the experimental side.




VMD: vector meson dominance model
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VMD for nucleon
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Several theoretically interesting forms of the nucleon EM form factor have been considered and found to
provide quantitative descriptions of available data with as few as three adjustable parameters.
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Threshold enhancement: final state interaction

| ¢ $(2170)

(a) (b) (c)

FSI-meson exchange *-excitation (A)  First flavorless vector meson
N > T > N N > T > N
| G |
I I
N . N N -l < N

OBE I1,OBE TBE I,41o1,TBE
Vin = (1) Vyn~., Vegn = (D172 Vgy

Trogs (pﬂa p’; Ey) =V (p”,p')
dpp? 1
V 17 H‘ T P . ’: E )
+ZL:/ (2m)3 " L(p ’p)zEk—zEpr L pp Ei)

I.T. Lorenz, H.W. Hammer and U.G. Meissner, Phys. Rev. D92, 034018 (2015).
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EMFFs of A in the VMD (new proposal)
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Figure: Cross section of the reaction e te™— AA.
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Phys. Lett. 39, 011201 (2022).
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] BaBar(2007)
¢ BESII(2018)

Blue: without X(2231)

* BESII new(2019) .
Red: with X(2231)

Green: only dipole
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Table: Values of model parameters determined in this work.
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Flattéformula for the X(2231)

S.M. Flatte, Phys. Lett. B 63, 224-227 (1976).
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Where Is the X(2231)?
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EMFFs of * ¥, and=° (VMD)
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EMFFs of X*, ¥, and X° : Numerical results
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With the same value of y, we can describe

all the current experimental data on £*, X,
and X° EMFFs.

Bing Yan, Cheng Chen, and J. J. Xie, Phys. Rev. D107, 076008 (2023).
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EMFFs of 2~ and =Z° : Numerical results
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_Dipole behavior of baryon effective form factors
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“ Oscillation” of baryon effective form factors

2015, Andrea Bianconi et al., Phys. Rev. Lett.,

2015, 114(23): 232301.
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New parametrization for the “oscillation”
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New experimental results

Eur.Phys.J.C  (2022)82:761
https://doi.org/10.1 140/epjc/s10052-022-10696-0
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Regular Article - Experimental Physics

Experimental study of the e*e™ — nii process at the VEPP-2000

eTe™ collider with the SND detector

SND Collaboration
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EMFFs of proton and neutron (VMD) =
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Bing Yan, Cheng Chen, Xia Li, Ju-Jun Xie, Phys. Rev. D109, 036003 (2024).
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Cross section of the process e™e™ — nii near the threshold
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The results of BESIII revealed that there is no peak around /s = 4.63 GeV but a long flat from the
threshold to 4.68 GeV, diverging from the Belle measurements

The threshold enhancement The long plateau figure is about 90 MeV

The oscillation behavior of the ratio
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A possible state near 4.9 GeV
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Including the following charmoniumlike states:

w(4500), y(4660), y(4790), w(4900)
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Summary

1. Threshold enhancement

a) Final state interaction b) Flatté&(strong coupling)

2. “Oscillation” of baryon effective form factors

a) Phenomenology  b) VVector excited states

We conclude that
The nonmonotonic structures observed in the line shape of thee*e~
— BB total cross sections can be naturally explained within the
vector meson dominance model.
The ee™ - BB reactions can be used to study the excited vector states.

Thank you very much for your attentionl
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