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We perform an analysis on the electromagnetic form factors of Λ hyperon in the timelike reaction
eþe− → ΛΛ̄ by using a modified vector meson dominance model. We consider both the intrinsic structure
components and the meson clouds components. For the latter one, we not only include the contributions
from the ϕ and ω mesons, but also take into account the contributions from the resonance states ωð1420Þ,
ωð1650Þ, ϕð1680Þ, and ϕð2170Þ. We extract the model parameters by combined fit to the timelike effective
form factor jGeff j, the electromagnetic form factor ratio jGE=GMj of Λ hyperon from BABAR and BESIII
Collaborations. We find that the vector meson dominance model can simultaneously describe these
observables. Particularly, the inclusion of the resonance states in the model is necessary for explaining the
ratio jGE=GMj in a wide range of

ffiffiffi
s

p
as well as the form factor ratio. With the fitted parameter, we predict

the relative phase ΔΦ, which is consistent with the recent measurement from BES III Collaboration.
Moreover, we predict the single and double polarization observables, which could be measured in polarized
annihilation reactions. We also analytically continue the expression of the form factors to spacelike region
and estimate the spacelike form factors of Λ hyperon.

DOI: 10.1103/PhysRevD.100.073007

I. INTRODUCTION

The electromagnetic form factors (EMFFs) GE and GM
of hadrons are fundamental quantities for probing the
internal structure of hadrons and understanding the per-
turbative and nonperturbative quantum chromodynamics
(QCD) effects encoded in hadrons [1–4]. They contain the
information on the distribution of electric charge and
magnetic moment of the hadron. In the past decades the
experimental and theoretical investigations on nucleon
(proton and neutron) EMFFs [3–23], particularly the
effective form factor, have been performed in both the
spacelike and timelike regions, e.g., in the ep elastic
scattering, p̄p annihilation or eþe− annihilation processes.
A reasonable theoretical approach to understand the
nucleon EMFFs in the spacelike region is the vector meson
dominance (VMD) model, which has been extended to
study the timelike data [5,6,24–27]. In the framework of the
VMD model, the EMFFs can be naturally expressed as
the product of the two components: an intrinsic structure
(the valance quark) and the meson cloud (qq̄ pairs). Other

than the VMD model, the pQCD inspired model has
also been applied to parametrize the nucleon EMFFs
[14,17,28–30], which have an analytical form that can
also be extended to the timelike region.
In recent years, there is also increasing interest on the

EMFFs of Λ hyperon from both the theoretical [31–38] and
experimental side [8,39,40]. In contrast to the nucleon, it is
rather difficult to explore the scattering cross section and
the EMFFs of Λ hyperon in the spacelike region [8,39–41],
since the hyperons are unstable and hyperon targets are
unfeasible. The EMFFs of hyperons in the spacelike region
are hardly to be measured by exclusive experiments,
therefore, the timelike form factors in reaction eþe− →
ΛΛ̄ can offer a unique opportunity to study the electro-
magnetic property of Λ hyperon. Experimentally, the cross
sections for the eþe− → ΛΛ̄ have been measured by
BABAR and BESIII Collaborations [39,40,42], a notable
feature of the extracted effective form factor Geff is the near
threshold enhancement. Similar enhancement effect can
also be observed in the timelike effective form factor of
proton [15,18,20,22] and such phenomena can be inter-
preted by the Coulomb final-state interactions [43,44],
since the proton is a charged particle. As for Λ hyperon,
Λ hyperon is neutral, thus, such kind of final-state inter-
actions vanish. Then decoding the source of the near
threshold of enhancement in the Λ hyperon effective
form factor will be a intriguing question. Moreover, GE
and GM in the timelike region are complex, there is a
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relative phase angle ΔΦ between these two form factors.
During preparation the present work, a preliminary
measurement [45] from the BESIII Collaboration demon-
strates a rather large phase ΔΦ ¼ 42°� 16°� 8° atffiffiffi
s

p ¼ 2.396 GeV. However, there is very little theoretical
implication on the relative phase ΔΦ other than the ΛΛ
potential model [31].
In the present work, we aim at simultaneously describ-

ing the available data on the effective form factor jGeff j
and the ratio jGE=GMj from both BABAR and BESIII
Collaborations in light of the VMD model. Due to the
isoscalar property of the Λ, the contribution of ρ meson
and its resonances should be excluded. Furthermore, the
threshold of ΛΛ̄ is about 2231 MeV, thus ω and ϕ, as well
as their resonances below the threshold should be
involved. In the present work, we take into account the
contributions from the resonance states ωð1420Þ,
ωð1650Þ, ϕð1680Þ, and ϕð2170Þ. The formula of timelike
form factors are obtained by an analytic continuation of
the spacelike form factors, and in the timelike region, we
take into account the decay widths of the vector mesons
and their resonance states in order to introduce a complex
structure for GE and GM [43].
The work is organized as follows: an analysis of Λ

hyperon form factors in the VMD model is performed after
the Introduction. In Sec. III, we present our fit to the
timelike form factor of Λ hyperon and our predictions for
the single and double polarization observables as well as
spacelike form factors and Sec. IV is devoted to a short
summary.

II. ANALYSIS OF FORM FACTORS
OF Λ HYPERON IN THE VMD MODEL

Encouraged by the success of the VMD model for
nucleon (proton and neutron) in Ref. [27], we extend the
model to investigate the EMFFs of the Λ hyperon. First, we
introduce the Λ form factors in the spacelike region, where
q2 ¼ −Q2 < 0. Considering the relativistic invariance of
the EMFFs, one can write down the electromagnetic current
of a baryon with spin-1=2 in terms of the Dirac form factor
F1ðQ2Þ and Pauli form factor F2ðQ2Þ as

Jμ ¼ γμF1ðQ2Þ þ iσμνqν
2mΛ

F2ðQ2Þ: ð1Þ

In the VMD model, Fi can be further decomposed as

Fi ¼ FS
i þ FV

i ð2Þ

where FS
i and FV

i denote the isoscalar and isovector
components of the form factors, respectively. As for Λ
hyperon, there is only isoscalar contribution, i.e., FV

i ≡ 0,
since Λ hyperon is a isospin singlet.

Based on the above consideration, the observed EMFFs
of Λ hyperon can be expressed in terms of the FS

i by,

GM ¼ FS
1 þ FS

2; GE ¼ FS
1 − τFS

2; ð3Þ

where τ ¼ Q2=4m2
Λ. We note that these relations satisfy

the kinematical constraint GEð−4m2
ΛÞ ¼ GMð−4m2

ΛÞ. This
constraint is important in the timelike region [26].
In the VMDmodels for the nucleon [5,6,25,27], the form

factors are attributed to two parts. One is the intrinsic
structure which is determined by the valence quarks, the
other is the meson cloud. The nature of the intrinsic
structure has been discussed in details in Refs. [6,25]. In
those studies the form factors satisfy the asymptotic
behavior of pQCD [30,46]. While, the meson cloud term
was used to describe the interaction between the bare
nucleon and the photon in the framework of the vector
meson dominance (ρ, ω and ϕ) [5,26].

A. Spacelike form factors

In light of the VMD, we consider the isoscalar compo-
nents of the form factors which receive contributions from
the ω and ϕ meson. The Dirac and Pauli form factors of Λ
hyperon are expressed as the product of the intrinsic form
factor gðQ2Þ and the terms from VMD. In addition, we will
also consider the contributions from the resonance states
of ϕ and ω, which are ωð1420Þ, ωð1650Þ, ϕð1680Þ, and
ϕð2170Þ. The expressions of the form factors from these
resonance states are assumed to be the same as those from
the vector meson ωð782Þ and ϕð1020Þ in our modified
model. The Dirac and Pauli form factors of Λ hyperon are
normalized at Q2 ¼ 0 as,

F1ð0Þ ¼ 0; F2ð0Þ ¼ GMð0Þ ¼ μΛ: ð4Þ

It should be noticed the magnetic moment of Λ hyperon
is the origin of the magnetic form factor, which can be in
unit of baryon natural magneton, i.e., μ̂Λ ≡ e=ð2mΛÞ, or
nucleon magneton, i.e., μ̂N ≡ e=ð2mNÞ. The experimental
measurement indicate μΛ ¼ −0.613μ̂N ¼ −0.723μ̂Λ [47].
Here and after, we will use the baryon neutral magneton as
the unit of electromagnetic momentum if there is no special
declaration.
For large values of Q2, the development of pQCD has

put constraints to the asymptotic behavior of form factors,
F1 ∼ 1=Q4 and F2 ∼ 1=Q6 [5,28,29]. These constraints
lead to the parametrized forms of the isoscalar Dirac and
Pauli form factors in the VMD model as follows,

FS
1ðQ2Þ ¼ gðQ2Þ

3
ΣN
i¼1

�
−βωi

− βϕi
þ βωi

m2
ωi

m2
ωi
þQ2

þ βϕi

m2
ϕi

m2
ϕi
þQ2

�
ð5Þ
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FS
2ðQ2Þ ¼ gðQ2Þ

3
ΣN
i¼1

�
ðμΛ − αϕi

Þ m2
ωi

m2
ωi
þQ2

þ αϕi

m2
ϕi

m2
ϕi
þQ2

�
ð6Þ

where N ¼ 3 and μΛ ¼ −0.723μ̂Λ. ωi (i ¼ 1, 2, 3) denotes
the vector meson states ωð782Þ, ωð1420Þ, and ωð1650Þ,
and ϕi (i ¼ 1, 2, 3) denotes the vector meson states
ϕð1020Þ, ϕð1680Þ, and ϕð2170Þ. In the present VMD
scenario, the virtual photon couples to the hyperon via
vector mesons. It should be noted that there exist the
mechanism where the virtual photon couples to the pseu-
doscalar meson cloud surrounding the baryon as discussed
in Refs. [48–51]. Such kind of mechanism is not included
in the present work due to insufficient experimental data of
Λ hyperon form factors.
In the VMD model, the intrinsic structure factor is

characterized by a three-valence-quark [6] and is chosen
in a dipole form gðQ2Þ ¼ ð1þ γQ2Þ−2, which enables a
good fit to the nucleon EMFFs [25,27]. With the particular
expression of gðQ2Þ, one can find for the large value of Q2,
F1 ∼ gðQ2Þ ∼ 1=Q4 and F2 ∼ gðQ2Þ=Q2 ∼ 1=Q6, which is
consistent with the asymptotic behavior of F1 and F2

estimated by leading order of pQCD [5,28,29].
In the present scenario, the parameter γ in gðQ2Þ and the

coefficients βωi
, βϕi

, αϕi
in Eqs. (5)–(6) are free parameters,

which can be fitted by the data of timelike electromagnetic
form factors. These coefficients can be explained as the
products of a Vγ coupling constant and VBB coupling
constant [27]. The VMD model is valid in both spacelike
and timelike region, the parameters in both regions are
usually considered to be unified, thus these parameters
should be real since the form factors in the spacelike region
are real. In the present work, our main purpose is to
investigate the existing data for timelike form factors, we
do not further elaborate the spacelike expressions. We will
extend the expressions of the form factor to the timelike
region in the next subsection.

B. Timelike form factors

The general expression of the Born cross section for the
reaction of eþe− → B̄B has been given in Ref. [21] under
the one-photon exchange approximation with B as a spin- 1

2

baryon. The integrated cross section of the Λ hyperon pairs
production is governed by the electric and magnetic form
factors GE and GM as,

σðsÞ ¼ 4πα2β

3s
CΛ

�
jGMðsÞj2 þ

1

2τ
jGEðsÞj2

�
ð7Þ

where GEðsÞ and GMðsÞ are the EMFFs in the timelike
region, s is the square of the center of mass (c.m.) energy,
τ ¼ s=4M2

Λ. The variable β ¼ ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1 − 1=τ

p
is a phase-space

factor. The Coulomb enhancement factor CΛ [38,52],
accounting for the electromagnetic interaction of the point-
like baryon pairs in the final state, is CΛ ¼ 1 for a neutral
baryon pair. Another quantity used in various analyses is
the effective form factor GeffðsÞ. The effective form factor
is equivalent to jGMj under the hypothesis GE ¼ GM [17].
In general cases, the effective form factor can be expressed
in terms of the moduli of the EMFFs [15]:

jGeffðsÞj ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
2τjGMðsÞj2 þ jGEðsÞj2

1þ 2τ

s

¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
σeþe−→Λ̄ΛðsÞ

4πα2β
3s CΛ½1þ 1

2τ�

s
: ð8Þ

It is proportional to the square root of the Born cross
section, which can be extracted from experimental mea-
surements on the cross section for eþe− → ΛΛ̄.
By an appropriate analytic continuation in the complex

plane, the form factors of Eqs. (5)–(6) can be used to
analyze the form factors in the timelike region [5,17]. For
the intrinsic structure, the analytical continuation to the
timelike region is based on the following relation [17]:

Q2 ¼ −q2 ¼ q2eiπ: ð9Þ

Therefore, in the timelike region, gðq2Þ has the form of an
analytical continuation form:

gðq2Þ ¼ 1

ð1 − γq2Þ2 : ð10Þ

It should be noticed that γ is a positive parameter, thus
gðq2Þ will have a pole in the position q2 ¼ 1=γ, such pole
could be removed from the real axes by changing the
relations in Eq. (9) with Q2 → q2eiθ, where θ ≠ π. In such
scenario, the analytical continuation of the form factor will
be destroyed in a certain extend. To evade this problem,
one can restrict the pole in the unphysical region of the
form factors, which indicate γ should satisfy γ > 1=ð4m2

ΛÞ
for Λ form factor.
For the meson cloud part, we take into account the width

of vector mesons [43] to introduce the complex structure in
the timelike region. By the following replacement,

βωi

m2
ωi

m2
ωi
þQ2

→ βωi

m2
ωi

m2
ωi
− q2 − imωi

Γωi

;

βϕi

m2
ϕi

m2
ϕi
þQ2

→ βϕi

m2
ϕi

m2
ϕi
− q2 − imϕi

Γϕi

; ð11Þ

we can obtain the modified VMD model in the timelike
region. It should be noticed that in the case of nucleon,
the timelike form factors have been analyzed in a VMD

ELECTROMAGNETIC FORM FACTORS OF Λ HYPERON … PHYS. REV. D 100, 073007 (2019)

073007-3



model [5,6], where only the ground vector mesons were
included. It was found that the complex structure of
nucleon timelike form factors came from a undetermined
phase angle θ in gðq2Þ as well as the width of ρmeson [53].
In the present model, we include the excited states of the
vector meson states and the widths of involved states are
crucial for reproducing the relative phase angle ΔΦ, which
is similar to the case of the pion form factor studied in
Ref. [54] through the VMD model. In the present model,
we do not consider the phase angle in intrinsic gðq2Þ to
keep the validity of the fit. Moreover, the decay properties
of these ω and ϕ resonances are not well determined
experimentally. Thus, in the present work, we still use a
constant decay width as approximation.

III. NUMERICAL RESULTS AND DISCUSSIONS

A. Fit the timelike form factors

The masses and widths of the involved vector mesons are
listed in Table I, which are taken from the most recent
experimental measurements from BABAR [55,56], CMD-3
[57], and BESIII [58] Collaborations. With the expressions
of F1 and F2 in Eqs. (5)–(6) and the replacements in
Eq. (11), we perform a combined fit to the effective form
factor Geff in the region 2.2324 GeV <

ffiffiffi
s

p
< 3.08 GeV,

the electromagnetic form factor ratio. It should be notice
that the newly measured relative phase has a large uncer-
tainty [45], thus in the present work, we only fit the data of
the effect form factor and form factor ratio [39,40,42]. With
the fitted parameters, we can predict the relative phase. By
comparing our prediction with the experimental from BES
III [45], we can further check the reliability of the present
fit. In the present scenario, there are 16 experimental data
and 10 free parameters. The value of intrinsic parameter γ is
fitted to be 0.336 GeV−2 and the other parameters are
summarized in Table II. It should be noticed that gðq2Þ
has a pole in the position q2 ¼ 1=γ, corresponding q2 ¼
2.976 GeV2 or q ¼ 1.725 GeV. Since that pole is below

the threshold and we are working above the threshold, we
can ignore the effect of the pole in first approximation.
In Fig. 1, we present our fit to the Λ effective form factor

jGeff j in the energy range 2.2324 GeV <
ffiffiffi
s

p
< 3.08 GeV.

For comparison, we also present the theoretical estimations
from the potential model up to

ffiffiffi
s

p ¼ 2.4 GeV [31]. After
including the resonances of ω and ϕ mesons, the fit
demonstrates that our model can accurately describe the
effective form factor jGeff j of the Λ hyperon. Additionally,
the new BESIII data [45] is plotted as a star in Fig. 1, which
is also consistent with our fit curve. In particular, we also
present the intrinsic and meson cloud contributions in
Fig. 1. We find that the intrinsic contribution is much
smaller than the meson cloud in our VMD model.
In Fig. 2, we present our result of the electromagnetic

form factor ratio. This ratio is determined to be 1 at the
threshold due to the kinematical restriction. With

ffiffiffi
s

p
increasing, this ratio increased at first and then decreased,
which is similar to estimation of the ΛΛ̄ potential model
[31]. Our fitted results reach up its maximum ∼1.25 atffiffiffi
s

p
≃ 2.28 GeV, which is consistent with the estimation of

ΛΛ̄ potential model. It should be noticed that for large value
of Q2 the asymptotic behaviors of form factors satisfy,

F1 ∼
gðq2Þ
3

XN
i

ð−βωi
− βϕi

Þ − τF2

∼ −
gðq2Þ
3

XN
i

�
ðμΛ − αϕi

Þ m
2
ωi

4m2
Λ
þ αϕi

m2
ϕi

4m2
Λ

�
; ð12Þ

TABLE I. The masses and widths of the involved vector
mesons in unit of MeV [55–58].

State Mass Width State Mass Width

ωð782Þ [55] 782 8.1 ϕð1020Þ [56] 1019 4.2
ωð1420Þ [57] 1418 104 ϕð1680Þ [57] 1674 165
ωð1650Þ [57] 1679 121 ϕð2170Þ [58] 2171 128

TABLE II. The parameters obtained from the combined fit.

Parameter Value Parameter Value Parameter Value

βωð782Þ 1.248 βωð1420Þ 0.712 βωð1650Þ 1.0129
βϕð1020Þ −1.902 βϕð1680Þ −0.581 βϕð2170Þ −0.584
αϕð1020Þ −2.224 αϕð1680Þ 2.748 αϕð2170Þ 0.615

FIG. 1. Our fit to the effective form factor jGeff j of Λ hyperon
(solid curve). The black dotted and dashed-dotted curves refer to
contributions from the intrinsic component and meson cloud,
respectively. The rectangles, circles, and star represent the data
from BABAR [39], BESIII [40,42] Collaborations and recent
measurement from BESIII [45], respectively. For comparison, we
also present the result from the ΛΛ̄ potential model [31] (blue
dashed curve).
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which indicate the form factor ratio is a constant in the
limit of q2 → ∞.
Our result of the relative phase ΔΦ is presented in Fig. 3.

We find that the new experimental measurement from
BES III Collaboration [45] is consistent with our result
(the red solid line). It should be noticed that GE ¼ GM on
the ΛΛ̄ threshold, thus, ΔΦ ¼ 0 on the threshold. In the
combined fit, we find that the inclusion of the vector
resonance states is crucial for describing the data on jGeff j
and jGE=GMj. After including these vector resonances, the
near threshold enhancements of effective form factor, the

large electromagnetic form factor ratio can be well repro-
duced. The widths of these resonances lead to a complex
form factor in the timelike region and the relative phase
angle also consistent with the experimental measurement,
which further indicates the reliability of the present
scenario.

B. Polarization observables in timelike region

With the fitted GE and GM, we can estimate the spin
polarized observables appearing in the reaction eþe− →
Λ̄Λ [35,36]. Under one-photon exchange approximation,
the single and double polarization observables can be
related to electromagnetic form factors by,

Ay ¼
−2mΛ

ffiffiffi
s

p
sinð2θÞImðGMG�

EÞ
Dc −Dssin2ðθÞ

;

Axz ¼
2mΛ

ffiffiffi
s

p
sinð2θÞReðGMG�

EÞ
Dc −Dssin2ðθÞ

;

Axx ¼
½Dc −Ds�sin2ðθÞ
Dc −Dssin2ðθÞ

;

Ayy ¼
−Dssin2ðθÞ

Dc −Dssin2ðθÞ
;

Azz ¼
½Dssin2ðθÞ þDccos2ðθÞ�

Dc −Dssin2ðθÞ
; ð13Þ

where Dc ¼ 2sjGMj2, Ds ¼ sjGMj2 − 4m2
ΛjGEj2, and θ is

the scattering angle defined in the c.m. frame. In this work,
we present the polarized observables with θ ¼ 45°. From
above expressions of the spin polarization observables,
one can find that the observables Axx, Ayy and Azz depend
on moduli of the EMFFs only. As for Ay and Axz, they
not only depend on the moduli of the EMFFs, but also on
the relative phase, since GE=GM ¼ jGE=GMjeiΔΦ [35].

FIG. 2. The same as Fig. 1 but for the electromagnetic form
factor ratio. The experimental data from BABAR Collaborations
[39] are considered in the present fit, while the one from BESIII
Collaboration [45] is presented for comparison. The red solid
curve is our fit results. For comparison, we also present the result
from the ΛΛ̄ potential model [31] (blue dashed curve).

FIG. 3. The same as Fig. 1 but for the relative phase ΔΦ. The
red star with error bar indicates the experimental data from
BESIII Collaboration [45]. The red solid curve is the prediction of
the present model. For comparison, we also present the result
from the ΛΛ̄ potential model [31] (blue dashed curve).

FIG. 4. Prediction for the single polarization observable Ay vsffiffiffi
s

p
in eþe− → ΛΛ̄ at the fixed angle θ ¼ 45°.
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Therefore, precise measurements on these observables will
be very useful for discriminating different models. In Fig. 4,
we present the single polarization observable Ay as function
of

ffiffiffi
s

p
. Since ImðGMG�

EÞ ∼ sinðΔΦÞ, the shape of Ay can be
directly related to the relative phase ΔΦ, which indicates
the precise measurement of the single spin polarization Ay

can provide a way to obtain the exact information of the
relative phase ΔΦ. The double polarization observables
depending on

ffiffiffi
s

p
are presented in Fig. 5.

C. Form factors in spacelike region

It is straightforward to extend our estimation to the
spacelike region with the fitting parameters. Unlike the
case of the nucleon, the Λ hyperon spacelike EMFFs are
hard to measure experimentally and no experimental data
is available expect μΛ until now. But there are some
theoretical investigations on EMFFs of Λ hyperon in the
spacelike region. In Ref. [59], EMFFs of Λ hyperon in the
spacelike region are estimated by using a combination of
Dyson-Schwinger equation and Bethe-Salpeter equation,
where the former equation is used to calculate the quark

propagator and the latter one is adopted to describe the
baryons as bound states of three valence quarks. The
EMFFs were also estimated in a relativistic quark model,
where both contributions from the quark core and meson
cloud are considered [60]. The lattice QCD estimated the Λ
hyperon EMFFs at Q2 ¼ 0.227ð2Þ GeV2 with unphysical
pion mass [61].
With the fitted parameters in Table II, we also predict

EMFFs in the spacelike region. It should be notice that
the estimations in Refs. [59–61] are in unit of nucleon
magneton μ̂N . To compare our predictions with the esti-
mation in previous literatures, we convert the unit of the
results in Refs. [59–61] into natural baryon magneton.
In Fig. 6, we present our numerical results of spacelike
EMFFs and also show the estimations ofΛ hyperon EMFFs
from different model [59,60] and lattice QCD [61] for
comparison. Our estimation indicate the lineshape of GE

has a zero crossing at Q2 ¼ 0.25 GeV2 and it becomes
positive in the region of Q2 > 0.25 GeV2. Such property is
similar to the one estimated in Ref. [60], whose zero
crossing is located around 1 GeV2. While the estimation in
Ref. [59] indicated that there are no zero crossing in the

FIG. 5. Predictions for the double polarization observables Axz, Axx, Ayy and Azz vs
ffiffiffi
s

p
in eþe− → ΛΛ̄ at the fixed angle θ ¼ 45°.
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estimated Q2 range. As for the magnetic form factor, its
magnitude and shape are consistent with other model
predictions [59,60].
With the electromagnetic form factors, one could esti-

mate the magnetic and charge radius by,

hr2iM ¼ −6
1

μΛ

dGM

dQ2

����
Q2¼0

; hr2iE ¼ −6
dGE

dQ2

����
Q2¼0

: ð14Þ

With the parameters in the present work, the magnetic and
charge radius are estimated to be,

rM¼
ffiffiffiffiffiffiffiffiffiffiffi
hr2iM

q
¼0.42 fm; rE¼

ffiffiffiffiffiffiffiffiffiffiffi
hr2iE

q
¼0.11 fm: ð15Þ

The estimated charge radius are consistentwith the theoretical
estimation in the chiral constitute quark model [62,63],
which are 0.131 fm. However, the estimated magnetic radius
is much smaller than the one estimated in Refs. [62,63]
and the PDG average of neutron magnetic radius [47], which
are 0.801 fm and 0.864þ0.009

−0.008 fm, respectively.

IV. SUMMARY

In the present work, we have presented an analysis on the
EMFFs of the Λ hyperon in a modified VMD model. We
take into account the contributions of two components,
which are the valence quarks and the meson cloud in the
VMD model. Different from the case of the nucleon, the
isovector parts of the Dirac and Pauli form factors vanish
due to the isoscalar nature of the Λ hyperon. We further
analytically continue the EMFFs from the spacelike region
to the timelike region.
To fit the timelike effective form factor Geff and electro-

magnetic form factor ratio jGE=GMj, we involve all the
isospin singlet vector meson below the ΛΛ̄ threshold, which

are ωð782Þ, ωð1420Þ, ωð1650Þ, ϕð1020Þ, ϕð1680Þ, and
ϕð2170Þ. With these vector mesons, we can well reproduce
the experimental data, and we also find the vector reso-
nances, ωð1420Þ, ωð1650Þ, ϕð1680Þ, and ϕð2170Þ, are
crucial in depicting the experimental data.
With the parameters obtained by the combined fit of

jGeff j and jGE=GMj, we compared the preliminary results
of jGeff j, jGE=GMj and ΔΦ from BESIII Collaboration
with our model, these new data are also consistent with our
fit results. We predicted the single and double spin
polarization observables of eþe− → ΛΛ̄ process, which
could be tested by further precise measurements. Moreover,
we analytically continue the expressions of the form
factors from the timelike region to the spacelike region.
Our estimations are qualitatively similar to other model
calculations and lattice estimation but slight different
quantitatively.
The estimations of Λ form factors in the present work

and proton form factors in Refs. [5,6,25,27] indicate that
the VMD model could provide us a good way to describe
the electromagnetic form factors of the baryons. Naturally,
we could extend the present estimation to investigate the
form factors of Σ baryon. It should be noticed that the
isospin of Σ is one, thus the contributions from ρmeson and
its excited states should also be considered.
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FIG. 6. The EMFFs of Λ hyperon from the present estimation (solid lines) comparing with the predictions of Ref. [59] (shadow area),
Ref. [60] (dashed lines) and the lattice data (triangles point with error bar) from Ref. [61].
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