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We propose a phenomenological extended vector meson dominance model for the baryon electromag-
netic structure, and it is found that the current experimental data on the Σ and Ξ electromagnetic form
factors in the timelike region can be well described. Meanwhile, we can also reproduce the ratios of the total
cross sections of reactions eþe− → ΣþΣ̄−, Σ0Σ̄0, and Σ−Σ̄þ, which are 9.7� 1.3∶3.3� 0.7∶1 at center-of-
mass energies from 2.3864 GeV to 3.02 GeV. We also analytically continue the expression of the form
factors to spacelike region and estimate the charge radii of the Σ and Ξ hyperons. The obtained result of the
charge radius for the Σ− is in agreement with the experimental data.
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I. INTRODUCTION

The electromagnetic structure information of hadrons is
characterized by the electromagnetic form factors
(EMFFs), which are functions of the four-momentum
transfer squared q2, with q the four-momentum carried by
the exchanged virtual photon. Study of these EMFFs can
lead to a better understanding of fundamental structure of
hadrons. On the experimental side, most commonly the
baryon EMFFs in the spacelike region (q2 < 0) were
measured in the electron-baryon scattering [1–4], while
for these unstable hadrons, for example, these hyperons,
their EMFFs in the spacelike region are very difficult to be
experimentally measured. However, in the timelike region
(q2 > 0), their EMFFs can be measured through the
electron-positron annihilation reactions by the BESIII
and Belle Collaborations [5–12]. Meanwhile, the effective
form factor Geffðq2Þ of hyperons can be extracted from the
high-precision measured Born cross sections of the
reactions eþe− → YȲ (Y stands for hyperon; Ȳ is anti-
hyperon). It was pointed out that these baryon EMFFs in

the timelike region can be associated with the time
evolution of the charge and magnetic distributions inside
the baryon [13,14].
The hyperon effective form factors Geffðq2Þ are the

functions that parametrize the γYȲ vertex generated by
the strong interaction. Yet, the production vertex γYȲ is
very poorly understood so far [15,16]. The vector meson
dominance (VMD) model is a very successful tool for
studying the nucleon electromagnetic form factors, in both
the spacelike and timelike regions [17–19]. Within a
modified VMD model, the EMFFs of the Λ hyperon were
investigated in Refs. [20,21]. By considering the YȲ final
sate interactions, the EMFFs of hyperons in the timelike
region have been studied in Ref. [22]. It is worth to mention
that the enhancement of the effective form factor of the Λ
hyperon seen in the eþe− → ΛΛ̄ reaction was reproduced
within the two above different calculations in Refs. [20,21]
and Ref. [22], respectively. In the vector meson dominance
model for studying the electromagnetic form factors of
baryons, there is a phenomenological intrinsic form factor
gðq2Þ. From these studies of the nucleon and hyperon
EMFFs [17–29], it is found that a better choice of gðq2Þ is
the dipole form

gðq2Þ ¼ 1

ð1 − γq2Þ2 ; ð1Þ

with γ a free parameter. In the spacelike region, the dipole
form is consistent with the results obtained from perturba-
tive quantum chromodynamics calculations [30,31]. In the

*yanbing@impcas.ac.cn
†chencheng22@mails.ucas.ac.cn
‡xiejujun@impcas.ac.cn

Published by the American Physical Society under the terms of
the Creative Commons Attribution 4.0 International license.
Further distribution of this work must maintain attribution to
the author(s) and the published article’s title, journal citation,
and DOI. Funded by SCOAP3.

PHYSICAL REVIEW D 107, 076008 (2023)

2470-0010=2023=107(7)=076008(8) 076008-1 Published by the American Physical Society

https://orcid.org/0000-0002-3468-2957
https://orcid.org/0000-0001-9888-5924
https://crossmark.crossref.org/dialog/?doi=10.1103/PhysRevD.107.076008&domain=pdf&date_stamp=2023-04-11
https://doi.org/10.1103/PhysRevD.107.076008
https://doi.org/10.1103/PhysRevD.107.076008
https://doi.org/10.1103/PhysRevD.107.076008
https://doi.org/10.1103/PhysRevD.107.076008
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/


timelike region, it should be noticed that γ is a positive
parameter, thus gðq2Þ will have a pole in the position
γ ¼ 1=q2. Such pole could be restricted in the unphysical
region, if γ satisfies γ > 1=ð4m2

YÞ for hyperon Y.
For a long time, the simple dipole form parametrization

was very useful for the discussion of different baryons. For
example, the dipole form of gðq2Þ can well describe the
effective form factors of Λ [20,21], Σ [32], and Ξ [27],
while for the nucleon, a good general review is given in
Refs. [33–36], both from the theoretical and from the
experimental points of view. However, these determined
values of γ for different ground state octet baryons with spin
1=2 are very different, even for the triplet Σþ, Σ− and Σ0

[32]. The determined values of γ, from previous works, for
nucleon, Λ, Σ, and Ξ0 baryons are collected in Table I.
Nevertheless, the VMD model and the parametrization of
gðq2Þ can give a reasonable description of the experimental
data on the baryon EMFFs at the considered energy region.
Various experimental and theoretical efforts have been

contributed to the electromagnetic form factors. Very
recently, the EMFFs of Σþ, Σ−, and Σ0 hyperons in the
timelike region have been measured with high precision by
the BESIII Collaboration through eþe− → ΣþΣ̄− [9], Σ−Σ̄þ

[9], and Σ0Σ̄0 reactions [10] at center-of-mass energies
from 2.3864 GeV to 3.02 GeV. The resulting ratios of total
cross sections of these above three reactions are 9.7�
1.3∶1∶3.3� 0.7 [9,37,38], which disagree with various
theoretical model predictions [39,40]. After the experimen-
tal measurements of eþe− → ΣþΣ̄− and Σ−Σ̄þ [9], the
effective form factors of Σþ and Σ− were investigated by
using the VMD model [32], where the parameter γ was
taken with different values for Σþ and Σ−. In Ref. [22], by
considering the final state interactions of YȲ, the energy
dependence of the three reactions eþe− → ΣþΣ̄−, Σ0Σ̄0,
and Σ−Σ̄þ at low energies can be roughly reproduced, and it
was found that there is a strong interplay between ΣþΣ̄−,
Σ0Σ̄0, and Σ−Σ̄þ channel in the near-threshold region,
caused by the ΣΣ̄ final-state interactions.
In the present work, we revisit the EMFFs in the timelike

region of Σ and Ξ hyperons within an extended vector
meson dominance model, where the effects of the isospin
combinations from isovector ρ0 and isoscalar ω and ϕ
mesons are taken into account. Furthermore, we assume
that the values of model parameter γ are the same for Σ and
Ξ hyperons. In addition, a vector meson with mass around

2.7 GeV was considered for the sake of better fitting the
EMFFs of the Ξ0 and Ξ− hyperons. We then progress to an
analysis of the electromagnetic form factors in the spacelike
region and evaluate the electromagnetic radius of Σ hyper-
ons. The theoretical result for the Σ− hyperon is in agree-
ment with the experimental measurements.
This article is organized as follows: in the next section

we will show the theoretical formalism of the Σ and Ξ
electromagnetic form factors in the VMD model.
Numerical results about the effective form factors of Σ
and Ξ and total cross sections of eþe− → ΣΣ̄ and ΞΞ̄ are
shown in Sec. III, and a short summary is given in the final
section.

II. FORMALISM

As already pointed out, at fixed-energy eþe− colliders,
the EMFFs of hyperons in the timelike region were
extracted from the data on the differential cross section
of the process eþe− → YȲ. For analysis of the data, the
BESIII Collaboration used the energy scan method [41–
43], while the initial state radiation method was used by
Belle Collaboration [12] and BABAR collaboration
[44,45]. Besides, the effective form factors Geff can be
easily obtained from the data of the total cross sections.
The module squared of effective form factor jGeff j2 is a
linear combination of jGEj2 and jGMj2, and proportional to
the total cross section of eþe− → YȲ reaction. In this
work, we study the EMFFs of Σ and Ξ baryons in the
timelike region with the experimental measurements on
the eþe− → YȲ reactions. Based on parity conservation
and Lorentz invariance, the electromagnetic current of the
baryons with a spin of 1=2 characterize two independent
scalar functions F1ðq2Þ and F2ðq2Þ depending on q2,
which are the Dirac and Pauli form factors, respectively.
Then the corresponding electrical and magnetic form
factors GEðq2Þ and GMðq2Þ are written as [38,46,47],

GEðq2Þ ¼ F1ðq2Þ þ τF2ðq2Þ; ð2Þ

GMðq2Þ ¼ F1ðq2Þ þ F2ðq2Þ; ð3Þ

where M is the baryon mass and τ ¼ q2=ð4M2Þ. With
GEðq2Þ and GMðq2Þ, the magnitude of the effective form
factor jGeffðq2Þj is defined as

jGeffðq2Þj ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
2τjGMðq2Þj2 þ jGEðq2Þj2

1þ 2τ

s
: ð4Þ

In the timelike region, the effective form factors of
hyperons are experimentally studied via the electron-
positron annihilation processes. Under the one photon
exchange approximation, the total cross section of the

TABLE I. Values of γ (in GeV−2) for octet baryons used in
previous works.

Proton ([17–19]) Neutron ([24–27]) Λ ([20]) Λ ([21])

γ 1.408 1.408 0.336 0.48� 0.08
Σþ ([32]) Σ− ([32]) Σ0 ([27]) Ξ0 ([27])

γ 0.46� 0.01 1.18� 0.13 0.26� 0.01 0.21� 0.02
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annihilation reaction eþe− → ȲY can be expressed in terms
of the effective form factor Geff as [44,48,49]

σeþe−→ȲY ¼ 4πα2βCY

3s

�
1þ 1

2τ

�
jGeffðsÞj2; ð5Þ

with α ¼ e2=ð4πÞ ¼ 1=137.036 the fine-structure constant,
and β ¼

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1 − 4M2

Y=s
p

is a phase-space factor. Here, s ¼ q2

is the invariant mass square of the eþe− system. The
coulomb enhancement factor CY

1 accounts for the electro-
magnetic interaction of charged pointlike fermion pairs in
the final state [50], which is given by

CY ¼
� y

1−e−y for Σþ;Σ−; andΞ−;

1 for Σ0 andΞ0;
ð6Þ

with y ¼ απ
β

2MYffiffi
s

p . Considering the CY factor, it is expected

that the cross section of process eþe− → YȲ is nonzero at
the reaction threshold for charged hyperons pairs. As
plotted in Fig. 1 for the case of Ξ−,2 one can see that the
factor CY affects only at the energy region very close to the
reaction threshold. Moreover, it decreases very quickly as
the reaction energy growing and it follows that few MeV
above the reaction threshold it is CY ∼ 1, then its effect can
be safely neglected [50–53].

A. The EMFFs of Σ hyperon

In the VMD model, for the eþe− → ΣΣ̄ reaction, the
virtual photon couples to Σ and Σ̄ through isovector ρ0

meson and isoscalar ω and ϕ mesons. Since both the ω and
ϕ are far from the mass threshold of ΣΣ̄, the behavior of the
contributions from them are similar, thus we combine their

contributions. In this way, one can parametrize Dirac and
Pauli form factors for Σþ and Σ− in the timelike region as
follows [17,19],3

FΣþ
1 ¼ gðq2Þ

�
fΣ

þ
1 þ βρffiffiffi

2
p Bρ −

βωϕffiffiffi
3

p Bωϕ

�
; ð8Þ

FΣþ
2 ¼ gðq2Þ

�
fΣ

þ
2 Bρ −

αωϕffiffiffi
3

p Bωϕ

�
; ð9Þ

FΣ−

1 ¼ gðq2Þ
�
fΣ

−

1 −
βρffiffiffi
2

p Bρ −
βωϕffiffiffi
3

p Bωϕ

�
; ð10Þ

FΣ−

2 ¼ gðq2Þ
�
fΣ

−

2 Bρ −
αωϕffiffiffi
3

p Bωϕ

�
; ð11Þ

FΣ0

1 ¼ gðq2Þ
�
βωϕffiffiffi
3

p −
βωϕffiffiffi
3

p Bωϕ

�
; ð12Þ

FΣ0

2 ¼ gðq2ÞμΣ0Bωϕ; ð13Þ

with

Bρ ¼
m2

ρ

m2
ρ − q2 − imρΓρ

; ð14Þ

Bωϕ ¼ m2
ωϕ

m2
ωϕ − q2 − imωϕΓωϕ

; ð15Þ

where the widths of ρ, ω and ϕ are taken into account.
In this work, we take mρ ¼ 0.775 GeV, Γρ ¼ 149.1 MeV,
Γωϕ ¼ ðΓω þ ΓϕÞ=2 ¼ 6.4645 MeV, and mωϕ ¼ ðmωþ
mϕÞ=2 ¼ 0.9005 GeV, which are quoted in the review of
particle physics book [54].
In addition, at q2 ¼ 0, with the constraints GΣþ

E ¼ 1 and
GΣþ

M ¼ μΣþ , GΣ−

E ¼ −1 and GΣ−

M ¼ μΣ− , the coefficients fΣ
þ

1

and fΣ
þ

2 , fΣ
−

1 , and fΣ
−

2 can be calculated,

fΣ
þ

1 ¼ 1 −
βρffiffiffi
2

p þ βωϕffiffiffi
3

p ; fΣ
þ

2 ¼ μΣþ − 1þ αωϕffiffiffi
3

p ; ð16Þ

FIG. 1. The Coulomb factor for Ξ−. The dashed horizontal line
stands for CΞ− ¼ 1.

1It is also called Sommerfeld factor.
2The numerical results for Σþ and Σ− are similar.

3We have followed:

jΣþΣ̄−i ¼ 1ffiffiffi
2

p j1; 0i þ 1ffiffiffi
3

p j0; 0i þ 1ffiffiffi
6

p j2; 0i;

jΣ−Σ̄þi ¼ −
1ffiffiffi
2

p j1; 0i þ 1ffiffiffi
3

p j0; 0i þ 1ffiffiffi
6

p j2; 0i;

jΣ0Σ̄0i ¼ −
1ffiffiffi
3

p j0; 0i þ
ffiffiffi
2

3

r
j2; 0i; ð7Þ

with the basis of jIΣΣ̄; IZΣΣ̄i. In the one photon exchange
approximation, there is no contributions from the isospin tensor
terms.
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fΣ
−

1 ¼ −1þ βρffiffiffi
2

p þ βωϕffiffiffi
3

p ; fΣ
−

2 ¼ μΣ− þ 1þ αωϕffiffiffi
3

p : ð17Þ

In this work, we take μΣþ ¼ 3.112μ̂Σþ , μΣ− ¼ −1.479μ̂Σ− ,
μΣ0 ¼ 2.044μ̂Σ0 in natural unit [54], i.e., μ̂ ¼ e

2MΣ
.

Finally, the model parameters γ, the coefficients βρ, βωϕ,
and αωϕ will be determined by fitting them to the
experimental data on the timelike effective form factors
of Σþ, Σ0, and Σ−, which will be discussed in following.

B. The EMFFs of Ξ hyperon

For the case of eþe− → Ξ−Ξ̄þ and Ξ0Ξ̄0 reactions, since
Ξ− and Ξ0 are isospin doublets, we express the Ξ−Ξ̄þ and
Ξ0Ξ̄0 states in terms of isospin 0 and 1 components. The
mixtures of isoscalar and isovector for Ξ−Ξ̄þ and Ξ0Ξ̄0 of
equal relative weight but different sign are imposed by the
isospin symmetry as introduced by the underlying Clebsch-
Gordan coefficients [54]. Then, the Dirac and Pauli form
factors F1 and F2 for Ξ− and Ξ0 can be easily obtained as
before for the Σ hyperon,

FΞ−

1 ¼ gðq2Þ
�
fΞ

−

1 −
βρffiffiffi
2

p Bρ −
βV1ffiffiffi
2

p BV1

−
βV2ffiffiffi
2

p BV2
þ βωϕffiffiffi

2
p Bωϕ

�
; ð18Þ

FΞ−

2 ¼ gðq2Þ
�
fΞ

−

2 Bρ −
αV1ffiffiffi
2

p BV1

−
αV2ffiffiffi
2

p BV2
þ αωϕffiffiffi

2
p Bωϕ

�
; ð19Þ

FΞ0

1 ¼ gðq2Þ
�
fΞ

0

1 þ βρffiffiffi
2

p Bρ þ
βV1ffiffiffi
2

p BV1

þ βV2ffiffiffi
2

p BV2
þ βωϕffiffiffi

2
p Bωϕ

�
; ð20Þ

FΞ0

2 ¼ gðq2Þ
�
fΞ

0

2 Bρ þ
αV1ffiffiffi
2

p BV1

þ αV2ffiffiffi
2

p BV2
þ αωϕffiffiffi

2
p Bωϕ

�
; ð21Þ

with

BV1 ¼
M2

V1

M2
V1

− q2 − iMV1
ΓV1

; ð22Þ

BV2 ¼
M2

V2

M2
V2

− q2 − iMV2
ΓV2

; ð23Þ

where we have considered contributions from two more
excited vector mesons, V1 and V2, in addition to the

contributions from ground states ρ, ω and ϕ. Their mass
and width are MV1

(MV2
) and ΓV1

(ΓV2
), respectively. The

mass MV2
and width ΓV2

are taken as used in Ref. [7],
which areMV2

¼ 2.993 GeV and ΓV2
¼ 88 MeV. Besides,

the coefficients fΞ
−

1 , fΞ
−

2 , fΞ
0

1 , and fΞ
0

2 can be calculated as

fΞ
−

1 ¼ −1þ βρffiffiffi
2

p þ βV1ffiffiffi
2

p þ βV2ffiffiffi
2

p −
βωϕffiffiffi
2

p ; ð24Þ

fΞ
−

2 ¼ μΞ− þ 1þ αV1ffiffiffi
2

p þ αV2ffiffiffi
2

p −
αωϕffiffiffi
2

p ; ð25Þ

fΞ
0

1 ¼ −
βρffiffiffi
2

p −
βV1ffiffiffi
2

p −
βV2ffiffiffi
2

p −
βωϕffiffiffi
2

p ; ð26Þ

fΞ
0

2 ¼ μΞ0 −
αV1ffiffiffi
2

p −
αV2ffiffiffi
2

p −
αωϕffiffiffi
2

p : ð27Þ

We take μΞ− ¼ −0.915μ̂Ξ− , and μΞ0 ¼ −1.749μ̂Ξ0 in natural
unit [54].
The parameter γ will be fixed as the one determined from

the case of Σ, while the other free parameters βωϕ, βρ, βV1
,

βV2
, αωϕ, αV1

, αV2
, ΓV1

, and MV1
are determined by fitting

them to experimental data on the timelike effective form
factors of Ξ− and Ξ0.

III. NUMERICAL RESULTS

Under the above formulations, we perform a four-param-
eter ðγ; βρ; βωϕ; αωϕÞ-χ2 fit to the experimental data on the
effective form factorsGeff ofΣþ,Σ0, andΣ− hyperons. There
are 33 data points in total, which are extracted at the center-
of-mass energies from 2.3864GeV to 3.0200GeV. The fitted
parameters are γ¼ 0.527�0.024GeV−2,βρ ¼ 1.63� 0.07,
βωϕ ¼ −0.08� 0.06, and αωϕ ¼ −3.18� 0.77. The fitted
value of γ is consistent with the one obtained in Ref. [21] for
the case of hyperonΛ. However, it is different with the value
for Σ− obtained in Ref. [32], where the effect of the isospin
combination is not considered. The obtained χ2=dof is 1.69,
where dof is the number of dimension of the freedom. Note
that the obtained χ2=dof is larger than 1, since we have fitted
all the experimental data from BESIII [9,10], Belle [12], and
BABAR [45] Collaborations, by considering these contribu-
tions from only ground state of vector mesons. If we
considered only these data of BESIII Collaboration [9,10],
the obtained χ2=dof is 1.17.
In Fig. 2 we show the theoretical results of the effective

form factors of the Σþ, Σ0, and Σ−. The red, blue, and green
curves stand for the results for Σþ, Σ0, and Σ−, respectively.
The band accounts for the corresponding 68% confidence
level (CL) interval deduced from the distributions of the
fitted parameters. The experimental data from BESIII
[9,10], Belle [12], and BABAR Collaboration [45] are also
shown for comparing. One can see that, with same model
parameters, we can describe these data on the effective
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form factors of Σþ, Σ0 and Σ− quite well, especially for the
precise data measured by the BESIII Collaboration [9,10].
The total cross sections of eþe− → ΣΣ̄ are also calcu-

lated with these fitted parameters. The numerical results are
shown in Fig. 3, compared with the experimental data.
Since the effective form factors of Σ hyperons can be well
reproduced with our model, the total cross sections of
eþe− → ΣþΣ̄−, eþe− → Σ0Σ̄0 and eþe− → Σ−Σ̄þ reac-
tions can be also well described. Again, the 68% CL bands
are also shown.
For the case ofΞ− andΞ0 effective form factors, γ is taken

as the result of fitting to Σ hyperon, i.e., γ ¼ 0.527. Then we
have performed three different χ2 fits (A, B, and C) to the

experimental data on the effective form factors of the Ξ
baryons. There are in total 18 data points, and these data
correspond to the center-of-mass energies from2.644GeV to
3.080GeV. For fit A, neitherV1 orV2 is included. OnlyV2 is
considered in fit B. Both V1 and V2 are taken into account in
fit C. The fitted parameters and corresponding χ2=dof are
compiled in Table II. One can see that, the χ2=dof of fit C is
much smaller than the other two fits, and it is rather small.
This is because that there are too few data points around the
V1 peak.With the increase of parameters in fit C, the χ2=dof
becomes very low. Yet, with more data points being taken by
the experiments around the relevant mass region, motivated
by the theoretical studies here, the χ2=dof for fit C is expected
to become more natural, around one.
For the case of fit B, where V1 is not included, it is found

that the corresponding fitted results of effective form
factors of Ξ0 cannot be well reproduced, especially for
the two data points around 2.7 GeV and 2.8 GeV. Thus, a
new vector state around 2.742 GeV should be needed.
For fit C, there are nine free parameters. Since we have

more free parameters and the experimental data points are
limited, the uncertainties of these parameters obtained from
the χ2 fit are much large. To get reasonable errors for these
model parameters, for instance, the parameter βV1

, we do
the following:

(i) All the other eight parameters are fixed as their
central values shown in Table II. Then, for a given
value of Δ, we vary firstly the value of βV1

in the
range of ð0.099 − Δ; 0.099þ ΔÞ. For each value of
βV1

, we calculate the χ2best.
(ii) We collect these sets of βV1

, such that the corre-
sponding χ2best are below χ2min þ 1. With these col-
lected sets of βV1

, we obtain the standard deviation
of parameter βV1

, which is quoted in Table II (in the
brackets) as its statistical error.

(iii) In the same way, we get the errors for all the other
parameters.

In Fig. 4 we depict the effective form factor of the Ξ− and
Ξ0 using the fitted parameters of fit C shown in Table II.
The red curve stands for the results of Ξ0, while the green
curve is the fitted results for Ξ−. We also show the statistical
error bands for the fitted results. Again, one can see that the
experimental data on the effective form factors of Ξ− and
Ξ0 can be well reproduced. It is worth to mention that the
two resonances V1 and V2 are crucial to describe the
experimental data, and without their contributions, we
cannot get a good fit to the experimental data. In addition,
the total cross section of eþe− → Ξ−Ξ̄þ and eþe− → Ξ0Ξ̄0

are also calculated with the fitted parameters shown in
Table II, and the numerical results are shown Fig. 5. The
two peaks of V1 and V2 can be clear seen, and more precise
data around 2742 MeVand 2993 MeVare needed to further
study their properties.

FIG. 2. The obtained effective form factors of Σþ, Σ0, and Σ−,
compared with the experimental data. The bands account for the
corresponding 68% confidence-level interval deduced from the
distributions of the fitted parameters.

FIG. 3. The total cross section of Σþ, Σ0, and Σ− hyperons
compared with experimental data. The bands account for the
corresponding 68% confidence-level interval deduced from the
distributions of the fitted parameters.
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We next pay attention to the EMFFs at the spacelike
region, which can be straightforwardly obtained with these
parameters determined from the experimental data in the
timelike region. Since the EMFFs in the spacelike region
are real, we have to ignore the widths of the vector mesons.
Then one can calculate the mean squared charge radius,
which is defined by the relation [1,40,55]

hr2chi ¼
8<
:

−6
GEð0Þ

dGEðQ2Þ
dQ2

���
Q2¼0

; for Σþ;Σ− andΞ−;

−6 dGEðQ2Þ
dQ2

���
Q2¼0

; for Σ0 andΞ0;
ð28Þ

with Q2 ¼ −q2. With the parameters fitted above, the
calculated results of hr2chi of Σ and Ξ hyperons are shown
in Table III, where their errors are obtained with the
uncertainties of the fitted parameters. Our result for Σ− is
agreement with the experimental data within uncertainties:
hr2chiΣ− ¼ 0.61� 0.12� 0.09 [1], hr2chiΣ− ¼ 0.91� 0.32�
0.4 [2]. In Ref. [1] the Σ− charge radius was measured in the

spacelike Q2 range 0.035–0.105 GeV2 by elastic scattering
of a Σ− beam off atomic electrons. The measurement was
performed with the SELEX (E781) spectrometer using the
Fermilab hyperon beam at a mean energy of 610 GeV. In
Ref. [2] it was attracted from the elastic scattering of high-
energyΣ− off electrons from carbon and copper targets using
the CERN hyperon beam, where these events are identified
using a maximum likelihood technique exploring the kin-
ematical relations of the scattered particles. Theoretical
calculations with chiral perturbation theory (ChPT) [40,56]
and the nonlocal chiral effective theory (ChET) [57], and
chiral constituent quark model (ChCQM) [58] are also listed
for comparison. One can see that the orderings of the most
charge radii calculated by other works are in agreement with
our results. Moreover, our results are consistent with these
calculations in Refs. [56–58] that hr2chiΣþ > hr2chiΣ− . On the
contrary, the results obtained with chiral perturbation theory
predictions inRef. [40] indicate that the charge radius ofΣ− is

TABLE II. Fitted model parameters for the effective form factors of Ξ− and Ξ0. See more details about the
parameters errors of fit C in the text.

Parameter Fit A Fit B Fit C

βωϕ 0.708� 0.407 −0.270� 0.314 −0.774� 0.426ð0.023Þ
αωϕ −62.624� 13.961 −12.497� 11.337 9.346� 14.501ð0.837Þ
βρ 0.717� 0.020 0.328� 0.044 0.616� 0.676ð0.024Þ
βV1

� � � � � � 0.099� 0.775ð0.003Þ
αV1

� � � � � � −0.039� 0.76ð0.003Þ
βV2

� � � −0.047� 0.027 0.115� 0.102ð0.002Þ
αV2

� � � 0.053� 0.025 −0.113� 0.071ð0.002Þ
MV1

(GeV) � � � � � � 2.742� 0.015ð0.007Þ
ΓV1

(MeV) � � � � � � 71� 59ð28Þ
χ2=dof 2.27 1.70 0.29

FIG. 4. The obtained Ξ− and Ξ0 effective form factors of fit C
compared with the experimental data. The bands are obtained
from the corresponding statiscal errors of the fitted parameters.

FIG. 5. The obtained total cross sections of eþe− → Ξ−Ξ̄þ and
eþe− → Ξ0Ξ̄0 reactions with the fitted parameters of fit C
compared with experimental data. The bands are obtained from
the corresponding statistical errors of the fitted parameters.

BING YAN, CHENG CHEN, and JU-JUN XIE PHYS. REV. D 107, 076008 (2023)

076008-6



larger than the one of Σþ. In addition, the charge radius ofΞ0

calculated here is small and negative, which is in agreement
with the nonlocal chiral effective theory calculation in
Ref. [57]. It is expected that these results can be tested by
future experimental measurements.

IV. SUMMARY

In this work, we study the effective form factor of Σ and
Ξ hyperons in timelike region within the vector meson
dominance model, and we take a common model parameter
γ. In addition, the effect of the isospin combination is taken
into account. For the case of Σ hyperon, the contributions
from ρ, ω and ϕmesons are considered. Within same model
parameters, we can simultaneously describe the current
experimental data on the effective form factors of Σþ, Σ0,
and Σ−, while for the case of Ξþ and Ξ−, in addition to the
contributions of the ground states ρ, ω, and ϕ, it is found
that one needs also contributions from two new vector
states, and their masses and widths are MV1

¼ 2.742 GeV,
ΓV1

¼ 71 MeV,MV2
¼ 2.993 GeV, and ΓV2

¼ 88 MeV. It
is expected that new precise experimental data at BESIII
[59] can be used to further study their properties.
Especially, more data points around the V1 peak are crucial

to check the importance of the inclusion of the new
state V1.
Finally, we would like to stress that thanks to the effects

of the isospin combinations, the effective form factors of
Σþ, Σ0, and Σ− can be simultaneously reproduced within
the same model parameters by using the vector meson
dominance model. Again, the theoretical results obtained
here also indicate that the vector meson dominance model
is a valid tool for studying the baryonic electromagnetic
form factors at the timelike region. More precise data on the
eþe− → YȲ reactions can be used to improve our knowl-
edge of hyperon effective form factors and excited vector
mesons with mass above 2 GeV.
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