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Form Factors

Scattering of electrons in a charge distribution

2
Differential cross section 0‘;_0 — e |—e/U(r)e"5'7d37~’|2

47 €
‘ p(r)
charge distribution
Electric form factor F¥(¢*)= E/p(r)eﬁ'?d?’?
€
- VZU(’I") = — 47Tp(7") (Poisson equation)
| [romar ‘*
Charge radius (r?) = q

2
= =—6 d|zj|2)||620 Jowet =i [t as
/p(r)d?’?
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Electromagnetic Form Factors

The scattering channel (spacelike region ¢*<0) e”
2
FM:,YMFl(q2)+’[:F22(]\q4_)O-MV = i[H
y*

Fl ‘ Dirac Form Factor F2 Pauli Form Factor (FF

2

Gp=F+71F5, G,=F +F 7:4;1\42 B B
e B—e B

G is electric FF, and G,, is magnetic FF. In the limit ¢ — 0, the electrons are insensitive
to the internal structure of baryons. Therefore, the Gz and G, should be equal to the
charge and magnetic at ¢®> =0, respectively.

Gz(0) =es, Gu(0) = s



Electromagnetic Form Factors

The annihilation channel (timelike region ¢* > 0) N

FQ(q ) /J,Vq
2M i v

Gp=F, + TF,, Gy =F +F,

F'LL:”}/'MFl( 2)—‘1_7/

2M?

o= P 1Gua) 2+ 22 Ga(a))?)

e et — BB
The f 1s the velocity of baryon B, and C is the Sommerfeld-Gamow factor

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

2\ 2 2\ 2 4 23C 1
Guq?)] = [ ZACHLNLICEN ey = FTEE (14 iG]
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Effective form factor
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Cross Section of ete™ - XX

GBorn (pb)
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, : oclefe” =»2"E) o(efe — X%

Ratio of the cross section =9.71t1.3 =3.3x£0.7
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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

e B ZBMVV AH

vy Vv / Loy = 9oy, V" + 200, (0" V" — V")

Ky
ot B L =gvy.+ ZWU (BBV vertex)

. Fy(q 1 "My — g v fv
L= Filg) £ 22(]\/[) T = M — o~ 7 _{
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Vector Meson Dominance model

1
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Vector Meson

Dominance model

Behavior for the large Q*

1 1
Qv g

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

1
(1—~g?)?

Intrinsic form factor (dipole) ¢(¢*)=

Y =g(¢*)(fI" + \[F1V+f
P =9(a)(F — = F)

Flzg(q2)(f1—%F +7F>

Volume 43B, number 3 PHYSICS LETTERS 5 February 1973

SEMI-PHENOMENOLOGICAL FITS TO NUCLEON ELECTROMAGNETIC FORM FACTORS
F.IACHELLO* and A.D. JACKSON**
The Niels Bohr Institute, University of Copenhagen, Copenhagen, Denmark 2100
and

A. LANDE
Institute for Theoretical Physics, University of Groningen, Groningen, The Netherlands

g(n) P x(T,=0  x(T,=112MeV)
(1 -y~ ! 3 8.79 2.63
5 1.75 1.40
(1 - vt)~2 3 3.00 0.945
5 1.79 0.924
Eikonal, 3 9.36 1.80
eqs. (5—6) 5 1.65 1.08
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Y Electromagnetic Form Factors

Vector mesons: P, W, @
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(ground states)
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Bing Yan, Cheng Chen, Ju-Jun Xie Phys. Rev. D 107, 076008 (2023)
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Y Electromagnetic Form Factors

Y average square radius of charge: (rz) =— GEG(O) deEéQQ)
(r2) [fm2]  This work ChPT [1] ChPT [2] ChPT[3] ChCQM [4]
xt 0.80 + 0.02 0.60 + 0.02 099+ 0.03 0.791 £+ 0.116 0.825
>0 0.10 £ 0.01 —0.03 £ 0.01 0.10+0.02 0.010 + 0.004 0.089
X 0.70 £ 0.02 0.67 +£0.03 0.780 0.700 + 0.124 0.643

(rg)s-=0.61+0.124+0.09 fm?

[1] B. Kubis and U. G. Meissner, Eur. Phys. J. C 18, 747 (2001).

[2] A. N. Hiller Blin, Phys. Rev. D 96, 093008 (2017). (rﬁ > +~=0.914+0.32+0.4 fm 2
[3] M. Yang and P. Wang, Phys. Rev. D 102, 056024 (2020). .
Eur. Phys. J. C 8, 59 (1999),(WAS89 Collaboration).

[4] G. Wagner, A. J. Buchmann, and A. Faessler, Phys. Rev. C 58, 3666 (1998).
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Y Electromagnetic Form Factors

(a)

G./Gy

(b)

AD ()

2026/5/16

100

-100

|
|
|
|
|
24 2.6 28

M N N i M M M 1 3
Vs GeV
Phys. Rev. Lett. 132, 081904 (2024)
|
F
N } +
.
| t
C i
L, e BESIII solution |
o } o BESIII solution I
: I+ BESIII 2021
24 26 28 3
Vs GeV

oe’e — ') [pb]

20264F 2B F EFFIL ‘

= =8~ This work
-#- Belle
— =8= BESIIL
n — Fit with Eq. 11
— Fit with Eq. 13
200 pQCD
| = = Resonance
= Interference
— - == Threshold
o
-200—
— 1 1 i 1 L

400

2.4 2.6 2.8 3
Vs GVl phos Rev. D 109, 034029 (2024)

€ Nonzero relative phase

@ A larger cross section at /s = 2.5 GeV
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Y Electromagnetic Form Factors

Light excited vector mesons
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L.-M. Wang, S.-Q. Luo, and X. Liu, Phys. Rev. D 105, 034011 (2022)

) (nb)
N
s
—o—
——
) (nb)

0.

o

+ - + - 0,
ole’'e->on nn
-
N

——
=
——
——
——
—e—
——
—e—
—e—
(e'e->

3.0 +
| s 251 6D 2861 65 2.871 ii i'iz whi i 'T ++ +++++++++ pHt
69 9613 5D 2.681 55 2.671 . 2'519 0324 25 26 27 28 29 30 24 25 25 27 zs 29 3.0
2.5k 4D 2.504 : 5 4(4S) 4(3D) 0(5S) #(4D) 4(6S)4(5D) (4S) $(3D) $(55) $(4D) 4(6S)
S W TN R P A
e ”150 3D 2.283 2D 2.236 x o02p + H‘ : + N * * ++ : 0o P
< 20F »(1900) szom ¥ o g«» 01- + * +H ++ + + H f 01 + ++++++ +++ '
© LS e R 10 ) S ™ P B XTI
3 38 1.862 Lo a0 1D 1.860 il + l + + y | y t +++ ++t++§++
% 1D—t—1633 25— 1665 Y'Y S R 0.0 AR S R
S 5k p1450) e gl R
o ORI R Sl
1.0F 15 ——1.020 ﬁ, + ++ ; ',‘I?' + :
(770) T . +++++ ++§+++++++++ e 4T H++

L 1S ———0.775 0.0 : :. | .:I P .:IE 0.00 | |E. Loy .EI'
P/w ¢ 2.3 24 25 26 27 28 29 30 23 24 25 26 27 28 29 30

E_,. (GeV) E,. (GeV)

0.5

Modified Godfrey-Isgur Model Experimental evidence

2026/5/16 2026 258 FE AT S 13



Y electromagnetic form factors

State Mass (MeV) Width (MeV)
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Cheng Chen, Bing Yan, Bing-Wei Long, and Ju-Jun Xie Chin. Phys. Lett. 42, 120201 (2025)
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Y Electromagnetic Form Factors
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AX° Electromagnetic Transition Form Factors

Fi=g(q*)(f™ + 8,7 B, + B2 Bosp)) 0.43
_ _ v=0. Chin. Phys. Lett. 39, 011201(2022)
+ - <0 F,=9(q*)(f2¥ B, + a0 B,3p))
e e — AY _(Q  Phys Rev. 155, 1562 (1967)
Ao s gas 9pAx Phys. Rev. C 74, 045201 (2006)
1 — 7 Pp T Pp(3D)
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=K—« k=—1.98
: P(s0) x2/dof: 4.0 = 1.0
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Summary

» The EMFFs of X in the timelike region were investigated within the VDM model
> Reproduced the cross section of ete™ - XX 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 (rEZ)Z_ agree with the experimental data

> Light vector excited mesons were involved w(3D), p(3D), $(3D), p(2850)
» The experimental data can be described by two isospin configurations

> Threshold enhancement of the reaction e*e~ — AZ® may be coasted by p(3D)
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