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Baryon Time-like Electromagnetic Form Factors
in Vector Meson Dominance model
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m Introduction: Electromagnetic Form Factors




Electromagnetic form factors (space-like)
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Electromagnetic form factors (time-like)
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From QED to QCD
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VMD: vector meson dominance model
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Neutral Vector Mesons and the Hadronic Electromagnetic Current®
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FINITE-WIDTH CORRECTIONS TO THE VECTOR-MESON-DOMINANCE PREDICTION
FOR p—ete—*

G J. Gounaris and J. J Sakurai
Department of Physics, and The Enrico Fermi Institute, The University of Chicago, Chicago, Illinois
(Received 17 May 1968)

Finite-width corrections based on a generalized effective range formula for pion-pion
scattering modify by a non-negligible amount the well-known relation between I'(p—ete ™)
and I'(op— mwr) derived on the basis of vector-meson dominance. We also present a new
current-algebra prediction for the shape and magnitude of o(e e~ — 7"7r™) and estimate
the p-meson contribution to the Schwinger term.

VMD: A virtual (real) photon transforms into a vector before interacting with a target.

The vector can be taken as a part of a “hadronic structure” of the photon.




VMD: vector meson dominance model
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VMD for nucleon
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SEMI-PHENOMENOLOGICAL FITS TO NUCLEON ELECTROMAGNETIC FORM FACTORS
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Received 31 August 1972

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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EMFFs of A in the V (new proposal)
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Figure: Cross section of the reaction e te™— AA.
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Table: Values of model parameters determined in this work.

Blue: without X(2231)
Red: with X(2231)
Green: only dipole

Parameter Value Parameter Value
Y (GeV_z) 0.43 B —1.13
B 1.35 (Vg —0.40
B 0.0015 ma (MeV) 22309
[ (MeV) 4.7

New state
X(2231) ?

Z.Y. Li, A. X. Dai and Ju-
Jun Xie, Chin. Phys. Lett. 39,
011201 (2022).
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The ratio 21tY~ : 39820 . =%+ jsabout 9.7+1.3: 33+0.7: 1.

BESIIIL, Phys. Lett. B 814, 136110 (2021) ; Phys. Lett. B 831, 137187 (2022).

11



EMFFs of =+, ¥, andX° (VMD)
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EMFFs of X, X7, and X° : Numerical results
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Bing Yan, Cheng Chen, and Ju-Jun Xie, Phys. Rev. D107, 076008 (2023).

13



PHYSICAL REVIEW LETTERS 132, 081904 (2024)

New experimental results

Determination of the X* Timelike Electromagnetic Form Factors

M. Ablikim ez al.”
(BESIII Collaboration)

TABLE 1.  Fit results for @, A®(°), sin(A®), and |G/G,,| at each energy point.

Vs (GeV) 2.3960 2.6454 2.9000

a -0.47£0.18 £0.09 0.41 £0.12+0.06 035+0.17+0.15
AD(°) -42+22+14 (=138 +22 £+ 14) 55£19+14 78 +£22+9
sin A® -0.67+£0.29 £0.18

\Ge/Guyl 1.69 £0.38 £ 0.20 0.72 £0.11 £0.06 0.85+0.16 £0.15

PHYSICAL REVIEW D 109, 034029 (2024)

Measurements of X electromagnetic form factors in the timelike region using
the untagged initial-state radiation technique

TABLE III.  The cross sections (ox: 5 ) and the effective FFs (|G.g|) for the process e e~ — Z "X at all datasets.
Nsig is the total number of signal events. £ is the average detection efficiency of all datasets weighted by the effective
ISR luminosity. £ s is the total effective ISR luminosity. For ox-5- and |Ggg|, the first and second uncertainties are
statistical and systematic, respectively; for N*%  the uncertainties are statistical only. The values in brackets for N,
ox-5- and |G.g| correspond to the upper limits at 90% confidence level.

My s (GeV/c?) N8 E(%) Lo (pb™") oxis- (pb) |Gere|(x1072)
2.379-2.44 2.7115(<6.8) 0.91 15.13 74420 £ 5(<190) 141428 £ 0.5(<22.7)
2.44-2.50 16 £ 4 2.07 15.77 190 £ 50 & 20 182 +24+ 1.0
2.50-2.56 30+ 6 3.69 16.82 187 + 37 + 19 16.6 + 1.7 + 0.8
2.56-2.62 28+ 6 5.33 17.96 112 £24 + 11 123+ 1.3+ 06
2.62-2.68 26+ 6 6.49 19.22 79+ 18+ 8 102 1.2+ 0.5
2.68-2.74 20+ 5 7.24 20.62 524+ 14+ 4 814 1.1 +0.3
2.74-2.80 16 + 5 7.85 22.16 36 10+ 3 6.7+ 1.0+0.3
2.80-2.86 134 8.19 23.90 26 =842 55+09+02
2.86-2.92 19+5 8.62 25.83 33842 6.5+0.8=+02
2.92-298 —0.743:2(<7.7) 8.96 28.01 —1.178% £ 0.1(<11.7) —1.2738 £ 0.1(<3.9)
2.98-3.04 11+6 9.23 30.50 154+ 841 4.4+ 1.14+0.1
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New theoretical results

Our previous work.

Chinese Physics Letters 42, 120201 (2025)

The Electromagnetic Form Factors of ¥ and X% — A Transition

in the Timelike Region

Cheng Chen'2, Bing Yan?, Bing-Wei Long™®*, and Ju-Jun Xie!-2:4*

HH KA HH

o (1)

=

Belle 2023
BESIII 2021
BESIII 2024

g

e |

0.5

BESIIT 2021
BESIII 2024

Including w(3D) with M =
2300 MeVand ' = 100 MeV.

Including p(3D) with M =
2300 MeVand ' = 160 MeV.

PHYSICAL REVIEW D 104, 054045 (2021)
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Deciphering the light vector meson contribution to the cross sections of e* e~
annihilations into the open-strange channels through a combined analysis

Jun-Zhang Wang,"** Li-Ming Wang,>*" Xiang Liu®,"**" and Takayuki Matsuki**
'School of Physical Science and Technology, Lanzhou University, Lanzhou 730000, China
*Research Center for Hadron and CSR Physics, Lanzhou University
and Institute of Modern Physics of CAS, Lanzhou 730000, China
3I'('ey Laboratory for Microstructural Material Physics of Hebei Province, School of Science,
Yanshan University, Qinhuangdao 066004, China
*Lanzhou Center for Theoretical Physics, Key Laboratory of Theoretical Physics of Gansu Province,
and Frontiers Science Center for Rare Isotopes, Lanzhou University, Lanzhou 730000, China
Tokyo Kasei University, 1-18-1 Kaga, ltabashi, Tokyo 173-8602, Japan

®  (Received 29 June 2021; accepted 7 September 2021; published 28 September 2021)
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EMFFs of 2~ and ZY : Numerical results
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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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A.X. Dai, Z.Y. L1, L. Chang and Ju-Jun Xie, Chin. Phys. C 46, 073104 (2022).
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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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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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Including the following charmoniumlike states:

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

Masses and widths of the charmoniumlike states
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Express Letter

ete~ — AF A7 Cross Sections and the A} Electromagnetic Form Factors
within the Extended Vector Meson Dominance Model
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Summary

1. Threshold enhancement

_I_
a) Final state interaction
| Other
b) vector states (Flatte: strong coupling)
models

2. “Oscillation” of baryon effective form factors

|
1 —~g?)?

a) Phenomenology q(¢?) =
b) Vector excited states (

We conclude that

The nonmonotonic structures observed in the line shape of the ete™
— BB total cross sections can be naturally explained within the VMD model.

The ete™ — BB reactions can be used to study the excited vector states.

Thank you very much for your attention!
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   F 1 N  


   F 2 N :    


   Γ 𝜇  (   q 2 ) =  𝛾 𝜇  F 1 p  (   q 2 ) + i    F 2 p (  q 2 )  2  M p  𝜎  𝜇 𝜈  q 𝜈


   G E N    (   Q 2 ) =  F 1 N  (   Q 2 ) − 𝜏  F 2 N  (   Q 2 )


   G M N    (   Q 2 ) =  F 1 N  (   Q 2 ) +  F 2 N  (   Q 2 )


  𝜏 =    Q 2  4  M N 2


   q 2 > 0


   ℒ  V 𝛾 = e  ∑ V     M V 2   f V  V  𝜇 𝜈  F  𝜇 𝜈


  Including   𝜔  (  3 D )   w i t h   M = 2300   MeV   a n d   Γ = 100   MeV


  Including   𝜌  (  3 D )   w i t h   M = 2300   MeV   a n d   Γ = 160   MeV


  𝜑  (  4 D ) = 2 . 744


   G  e f f =  F  3 p +  F  o s c       →


   F  o s c = d a t a   −  G D


  d a t a =  G  e f f =  G D +  F  o s c


  →


   F  o s c = d a t a   −  G D


  d a t a =  G  e f f =  G D +  G  o s c


  →


   G  o s c = d a t a   −  G D


   c 0 = 5 . 54 ± 0 . 02


   c 0 = 4 . 08 ± 0 . 04


  𝛾 =  1  0 . 71     GeV  − 2


  𝛾 = 0 . 147 ± 0 . 017     GeV  − 2
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  T h e
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