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A R T I C L E I N F O A B S T R A C T

Editor: A. Ringwald We propose a novel method for measuring the charge radii of charged stable hadrons, with which the first 
measurement of the charge radii of the Σ+ and the Ξ− is foreseen. The method explores the facts that the Dalitz 
decay 𝜓(2𝑆) → 𝑌 𝑌 𝑒+𝑒− contains the hyperon form factors and the lowest measurable four-momentum transfer 
squared can be as low as ∼ 4𝑚2

𝑒
= 1.05 ×10−6 GeV2 in the time-like region. We identify a kinematic region where 

the hyperon form factors are essential and propose a method for subtracting the background from the data. It is 
estimated that the hyperon charge radii can be measured to a precision of about 0.2 fm with the BESIII experiment 
and one order of magnitude better at the future Super 𝜏-Charm Facility. Moreover, the same method can be used 
to measure the charge radius of the proton, which provides an independent cross-check on the extraction of 
proton radius from elastic 𝑒𝑝 scattering or leptonic hydrogen spectroscopy.
1. Introduction

The size of a hadron, a consequence of the confinement of quarks 
and gluons inside a finite volume, is one of the most fundamental and 
simplest static properties. It is, however, not an unambiguously defined 
observable but depends on the probe used in experiments. The electric 
charge radius of a hadron defines its size seen by a photon probe and is 
encoded in its electromagnetic form factors (EMFFs). Systematic inves-

tigations of the hadron EMFFs from both theoretical and experimental 
perspectives have led to a better understanding of the internal structure 
of hadrons and the nonperturbative nature of quantum chromodynam-

ics (QCD) at low energies. For recent reviews, see, e.g., Refs. [1–3].

Over the past decade, a remarkable surge in research dedicated to 
the nucleon EMFFs has been witnessed, which was spurred by the report 
of the first extraction of the proton charge radius from the spectro-

scopic measurement of muonic hydrogen with unprecedented precision 
in 2010 [4]. This value, 0.84184(67) fm [4,5], unexpectedly exhibited a 
5𝜎 deviation from the previously accepted one, 0.8768(69) fm [6], which 
was based on electron scattering and ordinary hydrogen spectroscopy 

* Corresponding authors.

measurements. Recently, a high-precision analysis, based on dispersion 
relations, of the world data of the nucleon EMFFs in the space- and 
time-like regions led to 𝑟𝑝

𝐸
= 0.840(3)(4) fm [7], which fully agrees with 

the latest CODATA value, 0.8414(19) fm [8]. An important ingredient 
in this analysis is the isovector spectral function [9,10]. For reviews on 
the progress on the determination of the proton charge radius, we refer 
to [11–16].

It is important to highlight that the definition of the charge radius, 
⟨(𝑟𝑝

𝐸
)2⟩ = −6 𝑑𝐺𝑝

𝐸
∕𝑑𝑄2|𝑄2=0, where 𝐺𝑝

𝐸
is the electric Sachs form fac-

tor of the proton, implies a greater sensitivity to the data at lower 
four-momentum transfer squared. This underscores the significance of 
measurements conducted at low momentum transfers in accurately de-

termining the charge radius. Currently, the lowest accessible value of 
the four-momentum transfer squared for the proton charge radius ex-

traction is reached by the PRad experiment, 𝑄2 = 2.1 ×10−4 GeV2 [17]. 
The follow-up program PRad-II under construction aims to reach values 
of 𝑄2 as low as 10−5 GeV2 [18].

While notable progress towards measuring the proton charge radius 
has been made in recent years, the experimental knowledge of the elec-
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tromagnetic structure of other baryons and, in particular, of those with 
strangeness (the hyperons) is scarce due to absence of stable hyperon 
targets. So far, only the charge radius of the Σ−, among all hyperons, 
has been measured to be 0.78(10) fm using a Σ− beam at a mean energy 
of 610 GeV [19]. The fact that the kaon charge radius (0.560±0.031 fm) 
has been found to be smaller than that of the pion (0.659±0.004 fm) [20]

suggests a flavor dependence of the hadron size [2,19,21,22]. There is 
also a large spread of theoretical predictions for the hyperon charge 
radii, covering the range from 0.6 to 1.0 fm for the Σ+ and from 0.4 to 
0.7 fm for Ξ− [23–27]. To clarify how the hadron structure depends on 
the valence quark content and how the flavor SU(3) symmetry of QCD 
is broken, a systematic study of the charge radii of hyperons is neces-

sary. Measurements of the hyperon and hyper-nucleus charge radii can 
also shed light on the baryon-baryon interactions; one particular exam-

ple of this point is provided by the precise determination of ⟨(𝑟𝑛
𝐸
)2⟩ from 

the measurement of ⟨(𝑟𝑑
𝐸
)2⟩ − ⟨(𝑟𝑝

𝐸
)2⟩ using the state-of-the-art nucleon-

nucleon potentials [28], where the superscripts 𝑛 and 𝑑 denote neutron 
and deuteron, respectively. Additional interest on hyperons comes from 
the growing evidence that strange particles can have significant impli-

cations for astrophysics, such as the reduction of the maximum value of 
neutron star mass by the hyperon degrees of freedom [3,29].

In this Letter, we propose a novel method to determine the charge 
radii of charged hyperons, namely, to measure it in the time-like region 
in the four-body Dalitz decay 𝜓(2𝑆) → 𝑌 𝑌 𝑒+𝑒−, making use of the huge 
𝜓(2𝑆) data sets, 2.7 × 109, collected at BESIII [30] and 6.4 ×1011 at the 
potential Super 𝜏-Charm Facility (STCF) [31]. Here, 𝑌 denotes the Σ+

and the Ξ−. It opens an opportunity to access the hyperon EMFFs ex-

perimentally at an extremely low four-momentum transfer squared, i.e., 
𝑞2 ≡ −𝑄2 ∼ 4𝑚2

𝑒 = 1.05 ×10−6 GeV2, since the electron and positron can 
be detected with a high efficiency as long as their transverse momenta 
are larger than a few tens of MeV (about 50 MeV at BESIII). The low 
𝑞2 ≃ 4𝑚2

𝑒 can be reached by detecting the electron and positron pro-

duced with a small relative momentum. The resulting determination of 
the charge radii of charged hyperons will exhibit a high accuracy once 
sufficient events are collected. Furthermore, similar reactions with 𝑌 𝑌
replaced by 𝑝�̄� can be used to measure the proton charge radius, which 
provides an independent cross-check on the extraction of proton radius 
from elastic 𝑒𝑝 scattering or leptonic hydrogen spectroscopy, although 
the precision of this novel approach may not be competitive with that 
of existing high-accuracy measurements, such as the PRad experiment 
in 𝑒𝑝 scattering and the CREMA experiment in muonic hydrogen spec-

troscopy.

2. Dalitz decay 𝝍(𝟐𝑺) → 𝒀 𝒀 𝒆+𝒆−

The considered Dalitz decay can happen through several mechanisms 
shown in Fig. 1, following the notation of Ref. [32]:

• type-X: 𝜓(2𝑆) → 𝛾∗𝑋(𝑋→ 𝑌 𝑌 ), see diagrams (a) and (b);

• type-A: 𝜓(2𝑆) → 𝑌 𝐴(𝐴 → 𝛾∗𝑌 ), see diagram (c);

• type-B: 𝜓(2𝑆) → 𝑌 𝐵(𝐵→ 𝛾∗𝑌 ), see diagram (d).

In diagrams (a) and (b), the virtual photon is emitted from the charm or 
anti-charm quark in the 𝜓(2𝑆), and the 𝑌 𝑌 pair is then mainly produced 
through two gluons. In diagrams (c) and (d), the 𝑐𝑐 pair first annihilates 
into three gluons (or one virtual photon) that hadronize into a hyperon-

antihyperon pair, the virtual photon, which converts to 𝑒+𝑒−, is emitted 
from the antihyperon or hyperon, respectively, via the final-state radi-

ation (FSR), 𝜓(2𝑆) → 𝑌 𝑌 𝛾∗FSR(𝛾
∗
FSR → 𝑒+𝑒−). The hyperon EMFFs are 

embodied in the decay amplitude of the type-A and type-B diagrams.

The differential rate of the decay process 𝜓(2𝑆) → 𝑌 𝑌 𝑒+𝑒− can be 
written as

𝑑Γ
2

𝑑𝑚𝑒+𝑒−𝑑𝑚𝑌 𝑌 𝑑 cos𝜃∗𝑑 cos𝜃′𝑑𝜙
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Fig. 1. Diagrams for the 𝜓(2𝑆) → 𝑌 𝑌 𝑒+𝑒− process. The diagrams (a) and (b) 
are denoted as type-X, for which the 𝑌 𝑌 pair is produced via two gluons, (c) 
as type-A and (d) as type-B, for which the light hadrons are produced via three 
gluons (or one virtual photon).

=
|�⃗�𝑒+𝑒− ||�⃗�∗𝑌 ||�⃗�′𝑒− |
(2𝜋)616𝑀2

𝜓(2𝑆)

𝐶(𝑞2)
3

∑
spins

||2, (1)

where ⃗𝑘𝑒+𝑒− , ⃗𝑘∗
𝑌

and ⃗𝑘′𝑒− are the three-momentum of 𝑒+𝑒− in the 𝜓(2𝑆)
rest frame, that of 𝑌 in the 𝑌 𝑌 center-of-mass (c.m.) frame, and that 
of 𝑒− in the 𝑒+𝑒− c.m. frame, respectively. (𝜃∗, 𝜙∗) and (𝜃′, 𝜙′) pa-

rameterize the directions of three-momentum �⃗�∗
𝑌

and �⃗�′𝑒− in their re-

spective center-of-mass frames. For the process under study, only one 
independent azimuthal angle is required, as illustrated in Fig. 2, and 
we adopt the convention 𝜙′ = 𝜙 and 𝜙∗ = 0. 𝐶(𝑞2) ≡ 𝑦∕(1 − 𝑒−𝑦) is the 
Sommerfeld-Gamow factor with 𝑦 ≡ 𝜋𝛼𝑚𝑒∕|�⃗�′𝑒− | and 𝛼 the fine-structure 
constant, and

||2 = |||signal
|||
2
+ ||𝑋

||2 , (2)

|||signal
|||
2
≡ ||𝐴+𝐵||2 + 2Re

(


𝐴+𝐵
∗
𝑋

)
. (3)

The decay 𝜓(2𝑆) → 𝑌𝑛𝑌𝑛𝑒
+𝑒−, where 𝑌𝑛 denotes the neutral isospin 

partner of the charged hyperon 𝑌 , is dominated by the type-X dia-

grams since 𝑌𝑛 and 𝑌𝑛 are charge neutral.1 Because the two-gluon ex-

change is isospin symmetric, the type-X contribution to the decay rate 
of 𝜓(2𝑆) → 𝑌 𝑌 𝑒+𝑒− should equal to that of 𝜓(2𝑆) → 𝑌𝑛𝑌𝑛𝑒

+𝑒− up to 
tiny corrections. Therefore, the contribution from ||𝑋

||2 in Eq. (2) to 
the differential decay rate of 𝜓(2𝑆) → 𝑌 𝑌 𝑒+𝑒− can be eliminated by 
subtracting the differential decay rate of 𝜓(2𝑆) → 𝑌𝑛𝑌𝑛𝑒

+𝑒− from that 
of 𝜓(2𝑆) → 𝑌 𝑌 𝑒+𝑒− (since both charged and neutral Σ and Ξ hyperons 
can be reconstructed from proton, 𝜋− and photon(s), they can be easily 
detected). Then the hyperon EMFFs are contained in all the left terms, 
denoted as |||signal

|||
2
, in the decay rate after subtraction.

However, not only the hyperon EMFFs but also the transition form 
factors from excited resonances to 𝛾∗𝑌 ∕𝑌 can contribute to diagrams 
(c) and (d). Therefore, it is crucial to identify a kinematic region 
where the ground state octet hyperon contribution dominates over such 
background. When the 𝑌 𝑌 invariant mass 𝑚𝑌 𝑌 is large, the energy-

momentum conservation forces both 𝑚𝑌 𝛾∗ and 𝑚𝑌 𝛾∗ to be small, and 
thus the hyperon/anti-hyperon pole should dominate the type-A and 
type-B amplitudes. In the subsequent analysis, we will show that this is 
indeed the case. Given that the Σ(1385)+ and Ξ(1530)− are the lowest-

lying resonance that can couple to Σ+𝛾∗ and Ξ−𝛾∗, respectively, we 
investigate the Σ(1385)+ and Ξ(1530)− contributions to pinpoint the 

1 Due to charge neutrality, the leading coupling of 𝑌𝑛 to the photon vanishes. 
The EMFF of the neutral hyperon starts from the mean square charge radius 
term, and is thus much smaller than that of the charged hyperon in the small 
𝑄2 region. When precise data become available, such contributions can, in prin-
ciple, be included in the analysis.
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Fig. 2. Kinematics for the 𝜓(2𝑆)→ 𝑌 𝑌 𝑒+𝑒− process.

Fig. 3. Differential ratio 𝑅 defined in Eq. (4) for Σ+ (left) and Ξ−. The projected 
subplots show the corresponding ratio with 𝑚Σ+Σ̄− and 𝑚Ξ−Ξ̄+ integrated out from 
2.8 and 2.9 GeV, respectively.

kinematic regions dominated by the Σ+ and Ξ− poles, respectively. We 
define the following differential ratio

𝑑𝑅

𝑑𝑚𝑒+𝑒−𝑑𝑚𝑌 𝑌
=

∫ 𝑑 cos𝜃∗𝑑 cos𝜃′𝑑𝜙𝑑Γ𝑌
𝐴+𝐵

∫ 𝑑 cos𝜃∗𝑑 cos𝜃′𝑑𝜙𝑑Γ𝑌+𝑌 ∗
𝐴+𝐵

. (4)

The amplitude of 𝜓(2𝑆)(𝑝0) → 𝑒−(𝑝1) + 𝑒+(𝑝2) + 𝑌 (𝑝3) + 𝑌 (𝑝4) can 
be written as,

𝑖(𝑖) =𝐻
𝜇

(𝑖)𝐿
𝜈
−𝑖𝑔𝜇𝜈
𝑞2

, (5)

where 𝑞 = 𝑝0 − 𝑝3 − 𝑝4 the four-momentum of the virtual photon, 
(𝑖) =(a), (b), (c) or (d) refers to the corresponding diagram in Fig. 1, 
and the whole decay amplitude is decomposed into a hadronic (𝐻𝜇) 
and a leptonic (𝐿𝜈 ) contribution. The leptonic operator is given by

𝐿𝜈 = −𝑖𝑒�̄�𝑠𝑒− (𝑝1)𝛾
𝜈𝑣𝑠𝑒+

(𝑝2) . (6)

The EMFFs are contained in the hadronic operators, for which the ver-

tices 𝜓(2𝑆)𝑌 𝑌 , 𝜓(2𝑆)𝑌 ∗𝑌 and 𝜓(2𝑆)𝑌 𝑌 ∗ are constructed within the 
orbital-spin partial-wave framework, incorporating both 𝑆- and 𝐷-wave 
contributions [33–35]. The 𝛾𝑌 ∗𝑌 interaction is parameterized with a 
magnetic dipole form factor 𝑔𝑌 ∗

𝑀
normalized to the partial width of 

𝑌 ∗ → 𝑌 + 𝛾 [36], and the electric quadrupole and Coulomb quadrupole 
terms have been neglected as they were found to be at the percent level 
for the analogous Δ →𝑁𝛾∗ [37,38]. Technical details, including gauge 
invariance and off-shell effects [39–41], are provided in the Supplemen-

tal Material [42].

Using the dipole hypothesis for the elastic hyperon EMFFs and setting 
the charge radius to 0.8 fm, in the ballpark of the proton and Σ− radii, 
we present the resulting ratio 𝑅, as defined in Eq. (4), in Fig. 3 for Σ+ and 
Ξ− hyperons. It is shown that for 𝑚Σ+Σ̄− > 2.8 GeV (𝑚Ξ−Ξ̄+ > 2.9 GeV), 
the Σ+ (Ξ−) pole contributes at least 85% (74%) to the type-A and type-

B mechanisms, which is similar with the proton case where there are no 
any visible 𝑚𝑝𝛾 or 𝑚�̄�𝛾 bands in the Dalitz plot of 𝐽∕𝜓 → 𝑝�̄�𝛾 [32]. We 
checked that this ratio is insensitive to the input hyperon charge radius.

Therefore, it is feasible to extract the Σ+ and Ξ− EMFFs from the 
kinematic region of 𝑚Σ+Σ̄− > 2.8 GeV of the decay 𝜓(2𝑆) → Σ+Σ̄−𝑒+𝑒−
3

and 𝑚Ξ−Ξ̄+ > 2.9 GeV of the decay 𝜓(2𝑆) → Ξ−Ξ̄+𝑒+𝑒−, respectively. 
Physics Letters B 856 (2024) 138887

The process can be measured at BESIII and at the potential STCF with 
two-orders-of-magnitude more events. One notable advantage is the 
ability to reach an unprecedented low momentum transfer squared 
(4𝑚2

𝑒 ) through this decay, which offers a way for measuring of the un-

known charge radii of the Σ+ and Ξ−.

3. Sensitivity to the charge radii of 𝚺+ and 𝚵−

By subtracting the type-X contribution using the Σ0Σ̄0 and Ξ0Ξ̄0

measurements, as discussed above, and employing a parameterization 
for the elastic EMFFs of Σ+ and Ξ−, the differential decay rates, ob-

tained within the previously described formalism, can be fitted to the 
event distribution in the low 𝑚2

𝑒+𝑒−
region to extract the shape parame-

ters of Σ+ and Ξ− hyperons, respectively. It is instructive to investigate 
the sensitivity of the 𝑒+𝑒− invariant-mass distribution to the hyperon 
charge radius. We now calculate the 𝑚𝑒+𝑒− distribution in the range 
of 𝑚2

𝑒+𝑒−
< 0.1 GeV2 with 𝑚Σ+Σ̄− > 2.8 GeV for the decay 𝜓(2𝑆) →

Σ+Σ̄−𝑒+𝑒− (𝑚Ξ−Ξ̄+ > 2.9 GeV for the decay 𝜓(2𝑆) → Ξ−Ξ̄+𝑒+𝑒−) using 
a dipole EMFF as input. Specifically, we utilize the simple dipole form 
for 𝐺𝐸 in conjunction with the Kelly description [43] for 𝐺𝑀 .

In a full experimental analysis, both the type-X contribution can be 
accounted for by a partial wave analysis similar to that performed in 
Ref. [32]. Here, to be concrete, we construct the type-X amplitude to get 
the signal amplitude of Eq. (3). Prior experimental studies indicate that 
the type-X contribution in the suggested kinematic region is saturated 
by four charmonia: 𝜂𝑐 , 𝜒𝑐0, 𝜒𝑐1 and 𝜒𝑐2 [44]. Transitions among the ini-

tial 𝜓(2𝑆) and these 𝑋 charmonia are consistently parameterized with 
two couplings: one for 𝜂𝑐 and the other for the three 𝜒𝑐𝐽 states, which 
is facilitated by an effective Lagrangian grounded in heavy quark spin 
symmetry [45,46]. Moreover, a phenomenological transition form fac-

tor 𝑓𝜓 (𝑞2) = 1∕(1 −𝑞2∕Λ2
𝑋
) with Λ𝑋 =𝑚𝜔 is introduced, which has been 

widely used in analyzing the 𝐽∕𝜓 Dalitz decay [47–49]. Subsequent 
decays of 𝑋 → 𝑌 𝑌 are described within the orbital-spin partial-wave 
framework [33,35], similar to that of 𝜓(2𝑆) → 𝑌 𝑌 vertices. All the ef-

fective couplings are determined by the relevant partial widths listed 
in the Review of Particle Physics (RPP) [20]. Technical details can be 
found in the Supplemental Material [42].

First, we estimate the expected event yields for the radii extractions 
of the Σ+ and Ξ− from the 𝜓(2𝑆) data sets at BESIII and STCF by inte-

grating the differential decay rate given in Eq. (1) over the relevant 
kinematic region of interest. It is found that there would be around 
(102) events for both the Σ+ and Ξ− cases at BESIII, and about 300 
times more for both cases at STCF. To better investigate the sensitiv-

ity to charge radii of Σ+ and Ξ−, we generate synthetic data following 
the distribution of the dipole form factor (for simplicity) for the Σ+ and 
Ξ− with 𝑟Σ+

𝐸
= 𝑟Ξ−

𝐸
= 0.80 fm using the von Neumann rejection method. 

We generate two sets of samples with 2 × 102 and 2 × 104 events, corre-

sponding to simulations of the BESIII [50] and STCF [31] experiments. 
Fitting to the synthetic data leads to 1.02(23) fm for Σ+ and 1.13(23) fm 
for Ξ− in the context of the BESIII experiment, see Fig. 4. Results for the 
STCF experiment are presented in Fig. 5, yielding 0.78(4) fm for Σ+ and 
0.80(3) fm for Ξ−. Notice that the point-like ansatz for Σ+ and Ξ− is used 
as a reference in Fig. 4 and Fig. 5. Consequently, effects from sources 
other than the elastic EMFFs of hyperons get largely neutralized. The 
reduced invariant mass distribution of 𝑒+𝑒− exhibits a kink behavior at 
the right endpoints of the three 𝜒𝑐𝐽 resonances when projected onto the 
𝑚𝑒+𝑒− axis, attributed to their narrow widths.

We also test the robustness of the simulation results by conserva-

tively varying the involved parameter values, which can be fixed in a 
real analysis of the experimental data. The gray bands in Fig. 4 and 
Fig. 5 count the effects of amplitude parameters to the radii extractions, 
which are obtained by varying the 𝑆∕𝐷 ratio of the 𝜓(2𝑆)𝑌 𝑌 vertex 
by 20% (the uncertainty as determined in Ref. [34] is only 2%), varying 
the charmonium transition couplings by 15% and Λ𝑋 in the transition 
form factors 𝑓𝜓 (𝑞2) by 0.2 GeV. That the gray bands are within the 1𝜎

region of the optimal charge radii suggests that the charge radius of Σ+
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Fig. 4. Fit to 200 synthetic Monte Carlo events using 0.8 fm as the input radius 
value: Σ+ (left) and Ξ− (right). The extracted radii from fitting to the two data 
sets are 1.02(23) fm for Σ+ and 1.13(23) fm for Ξ−, respectively. Three vertical 
dashed lines denote the right endpoints of the three 𝜒𝑐𝐽 resonances (from left 
to right: 𝜒𝑐2, 𝜒𝑐1 and 𝜒𝑐0) projected onto the 𝑚𝑒+𝑒− axis. The gray bands show 
the effects of model parameters to the radii extractions, as detailed in the text.

Fig. 5. Fit to 2 × 104 synthetic Monte Carlo events using 0.8 fm as the input 
radius value: Σ+ (left) and Ξ− (right). The extracted radii from fitting to the two 
data sets are 0.78(4) fm for Σ+ and 0.80(3) fm for Ξ−, respectively. For notations, 
refer to Fig. 4.

or Ξ− predominates over these amplitude parameters in dictating the 
𝑒+𝑒− invariant-mass distribution in the low 𝑚𝑒+𝑒− region, given the cur-

rent experimental precision. As event counts increase, a combined fit 
incorporating all amplitude parameters and the charge radius becomes 
essential for a precise radius extraction using the proposed methodol-

ogy.

This novel approach may also be checked by extracting the proton 
charge radius from the analogous Dalitz decay 𝐽∕𝜓 → 𝑝�̄�𝑒+𝑒− at the 
BESIII and STCF experiments; details of the applicability study can be 
found in the Supplemental Material [42].

4. Summary and prospect

In this Letter, we propose to measure the charge radii of charge 
hyperons Σ+ and Ξ− from the time-like region of the Dalitz decays 
𝜓(2𝑆) → 𝑌 𝑌 𝑒+𝑒−. The −𝑄2 value can reach ∼ 4𝑚2

𝑒 = 1.05 ×10−6 GeV2, 
which is unprecedentedly low even for the proton charge radius mea-

surements, making use of the advantage that the electron and positron 
with transverse momenta can be detected with very efficiency.

The optimal kinematic region for extracting the elastic EMFFs of Σ+

and Ξ− is identified to be 𝑚Σ+Σ̄− > 2.8 GeV for the decay 𝜓(2𝑆) →
Σ+Σ̄−𝑒+𝑒− and 𝑚Ξ−Ξ̄+ > 2.9 GeV for the decay 𝜓(2𝑆) → Ξ−Ξ̄+𝑒+𝑒−, 
where the involved photon-baryon coupling is dominated by the elastic 
EMFFs of Σ+ and Ξ− and a clean background subtraction can in princi-

ple be performed. The latter is achievable through measuring the decays 
4

into neutral hyperons 𝜓(2𝑆) → Σ0Σ̄0𝑒+𝑒− and 𝜓(2𝑆) → Ξ0Ξ̄0𝑒+𝑒− and 
Physics Letters B 856 (2024) 138887

subtracting their event distributions from those of 𝜓(2𝑆) → Σ+Σ̄−𝑒+𝑒−

and 𝜓(2𝑆) → Ξ−Ξ̄+𝑒+𝑒−, respectively.

From a Monte Carlo simulation, we find that already with the BE-

SIII data sample of 𝜓(2𝑆), the charge radii of the Σ+ and Ξ− can be 
extracted with an uncertainty of 20% level. The precision can be signif-

icantly improved with two orders of magnitude more events at STCF. 
First measurements of the charge radii of Σ+ and Ξ−, which have not 
been achieved so far, are foreseen employing this novel approach.
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