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Using ð2.712� 0.014Þ × 109 ψð3686Þ events collected with the BESIII detector at the BEPCII collider,
we report an evidence of Ξ0 transverse polarization with a significance of 4.4σ, a precise measurement of
the branching fraction and the ratios between the S-wave and D-wave contributions of ψð3686Þ → Ξ0Ξ̄0.
The weak decay parameters (ϕΞ0=Ξ̄0 , αΞ0=Ξ̄0 ) and the angular distribution (αψ ) are also measured with higher
precision compared to the previous measurements. Furthermore, two the CP observables are also

determined to be AΞ0

CP ¼ −0.014� 0.030� 0.010 and ΔϕΞ0

CP ¼ 0.000� 0.028� 0.003 rad, which are still
consistent with CP conservation at 1σ level under the current statistics.
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The study of hyperon pair production in charmonium
decay that occurs in eþe− annihilations is an ideal
laboratory for exploring hyperon properties such as their
polarization and decay, and for conducting tests of funda-
mental symmetries. The hyperon-spin polarization in a
vector-charmonium decay into a baryon-antibaryon pair
was initially explored in Ref. [1]. Such an effect requires
complex decay amplitudes with a significant relative phase
ΔΦ. To effectively observe the hyperon polarization, the
hyperon spin is projected onto a chosen quantization axis,
with different spin components manifesting distinct angular
dependences in cos θΞ0 . Such a situation occurs when the
state is produced in eþe− annihilation with unpolarized
beams. It lies in the fact that the photon and the subsequent
charmonium can only have �1 helicities. This specific
characteristic provides a potential avenue for the study
of the hyperon polarization phenomenon. The BESIII
Collaboration has conducted numerous measurements of
the spin and polarization of Ξ, Λ, and Σ [2–20], and finds
opposite transverse polarization of the Σ0 between J=ψ and
ψð2SÞ decays [2–7], clear transverse polarization of the Ξ0

hyperon in J=ψ decay [14] and no transverse polarization
of Ξ0 in ψð3686Þ decay [8], while no such effect has been
observed in other hyperons in J=ψ and ψð3686Þ decays
[5–7,9–17]. This has led to a renewed interest in both
theoretical and experimental investigations in hyperon
physics [2–17,21–23]. Although these studies provide
essential insights into the spin and polarization properties

of hyperons, a complete understanding of these phenomena
is still lacking. Taking advantage of the large data samples
of J=ψ and ψð3686Þ as well as the excellent performance of
the BESIII detector, comprehensive measurement of
hyperon-antihyperon pair decays can be performed, pro-
viding valuable insights into these phenomena.
One of the fundamental open questions in modern

physics is the matter-antimatter asymmetry in the
Universe. A crucial ingredient for generating this imbal-
ance is the violation of CP symmetry [24,25]. CP viola-
tion (CPV) has been firmly established in meson decays
[26–29], whose sources are insufficient to account for the
observed matter-antimatter asymmetry. In the Standard
Model (SM), the Cabibbo-Kobayashi-Maskawa mecha-
nism predicts hyperon CPV effects at the 10−4 ∼ 10−5

level [30–32], making hyperon decays an important
system for studying CPV. The BESIII Collaboration
has recently conducted a series of studies on CPV in
hyperon-antihyperon pairs [5–9,11–14,16,18–20,33].
Although no evidence for CPV has been observed so
far, hyperon decays are still expected to be sensitive to
CPV effects [6,7,12,14].
In this paper, we present an evidence of the spin

polarization of the Ξ0 hyperon and a precise measurement
of the branching fraction for ψð3686Þ → Ξ0Ξ̄0 through a
multidimensional angular distribution analysis. The data
statistics, corresponding to ð2.712� 0.014Þ× 109 ψð3686Þ
events [34] collected with the BESIII detector [35] at the
BEPCII collider [36], are approximately five times that
used in the previous study [8].
To describe the reaction of eþe− → ψð3686Þ → Ξ0Ξ̄0 →

π0π0ΛΛ̄, it is essential to acquire information about each
particle in the coordinate system of the parent particle. As
shown in Fig. 1, this employs a right-handed coordinate
system, aligning with that provided in Ref. [37] to describe
the hyperon decay and the orientation of p=p̄. The joint

*Full author list given at the end of the article.

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 113, L091501 (2026)
Letter

2470-0010=2026=113(9)=L091501(11) L091501-1 Published by the American Physical Society

https://crossmark.crossref.org/dialog/?doi=10.1103/wrv9-t9vv&domain=pdf&date_stamp=2026-05-01
https://doi.org/10.1103/wrv9-t9vv
https://doi.org/10.1103/wrv9-t9vv
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/


angular distribution function is described by the vector
ξ ¼ ðθΞ; θΛ;φΛ; θΛ̄;φΛ̄; θp;φp; θp̄;φp̄Þ as defined in Fig. 1
and Ω as

W ¼ Wðξ;ΩÞ ¼
X3

μ;ν̄¼0

X3

μ0¼0

X3

ν̄0¼0

Cμν̄aΞμμ0a
Λ
μ00a

Ξ̄
ν̄ν̄0a

Λ̄
ν̄00; ð1Þ

where Cμν̄ denotes the production spin density matrix, aμν
represents the joint decay amplitude, and the set of decay
parameters, denoted as Ω ¼ ðαψð3686Þ;ΔΦ; αΞ0 ;ϕΞ0 ; αΛ;
αΛ̄; αΞ̄0 ;ϕΞ̄0Þ. Detailed definitions of both Cμν̄ and aμν
can be found in Ref. [37].
The polarization observable Py is defined as follows [38]:

Py ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1 − α2ψð3686Þ

q
sin 2θΞ sinΔΦ

2ð1þ αψð3686Þ cos2 θΞÞ
; ð2Þ

which is dependent on the transverse polarization
parameters αψ and ΔΦ, and the spin correlations
Cijði; j ¼ x; y; z andC0y → PyÞ, are related to the Cμν̄ in
Eq. (1) as

Cμν̄ ¼ ð1þ αψð3686Þ cos2 θΞÞ

0
BBB@

1 0 Py 0

0 Cxx 0 Cxz

−Py 0 Cyy 0

0 −Cxz 0 Czz

1
CCCA:

ð3Þ
The two CP asymmetry observables AΞ

CP, ΔϕΞ
CP are

defined by

AΞ
CP ¼ αΞ þ ᾱΞ

αΞ − ᾱΞ
; ð4Þ

ΔϕΞ
CP ¼ ϕΞ þ ϕ̄Ξ

2
: ð5Þ

Candidate events are selected by fully reconstructing
the subsequent decays of Ξ0ðΞ̄0Þ → π0Λðπ0Λ̄Þ, ΛðΛ̄Þ →
pπ−ðp̄πþÞ and π0 → γγ. To estimate the detection effi-
ciency, a Monte Carlo (MC) sample of 3 × 107 simulated
ψð3686Þ → Ξ0Ξ̄0 events is generated according to phase
space (PHSP) using the KKMC generator [39,40], where the
subsequent decays for Ξ0 and Ξ̄0 are also generated with the
PHSP model. The potential backgrounds are investigated
by analyzing the inclusive MC sample of ψð3686Þ with the
same size as the real data, where the production of the
ψð3686Þ resonance is simulated with the KKMC generator,
the subsequent decays are processed via EvtGen [41,42]
in accordance with the measured branching fractions
provided by the Particle Data Group (PDG) [43], and
the remaining unmeasured decay modes are generated with
Lundcharm [44,45]. The response of the BESIII detector is
modeled with MC simulations using a framework based on
Geant4 [46,47].
Charged tracks are required to be reconstructed in the

multilayer drift chamber within its angular coverage of
jcos θj < 0.93, where θ represents the polar angle with
respect to the positron beam direction. Particle identifica-
tion is carried out based on the track momentum. The tracks
where the momentum is greater than 0.5 GeV=c are
considered to be protons and as pions otherwise. Events
with at least one πþ, one π−, one p and one p̄ are retained
for further analysis.
To reconstruct Λ and Λ̄ candidates, a secondary vertex

fit is applied to all pp̄πþπ− combinations. The best
ΛΛ̄ combination is selected by the minimal value offfiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
ðMpπ− −mΛÞ2 þ ðMp̄πþ −mΛÞ2

q
, where Mpπ− (Mp̄πþ)

is the invariant mass of the pπ− (p̄πþ) pair and mΛ is
the Λ mass taken from the PDG [43]. The pπ− (p̄πþ)
invariant mass is required to be within 5 MeV=c2 of the
nominal Λ (Λ̄) mass, which is determined by optimizing
the figure of merit (FOM) S=

ffiffiffiffiffiffiffiffiffiffiffiffi
Sþ B

p
based on the MC

simulation, where S represents the number of signal MC
events and B is the number of the background events
derived from the inclusive simulation. To further suppress

FIG. 1. Definition of the coordinate system used to describe the
ψð3686Þ → Ξ0Ξ̄0 process. In the eþe− rest frame, the ẑe axis
points in the direction of the positron, while the ẑΞ0 axis is aligned
with the momentum direction of the Ξ0. In the Ξ0 rest frame, the
polar axis is directed along ẑΞ0 , the ŷΞ0 axis is defined as the cross
product ẑe × ẑΞ0 , and ẑΛ is oriented in the direction of the
momentum of the Λ. For the Λ rest frame, the polar axis is
ẑΛ, with the ŷΛ axis given by the cross product ẑΞ0 × ẑΛ. The
vector P̂Ξ0 × ẑΛ runs parallel to the ŷΛ axis. The definition for
the Ξ̄0 polarization vector is analogous, with the ẑΞ̄0 axis against
the ẑΞ0 direction. The quantity vLTΞ0=Λ signifies the Lorentz

transformation (LT) corresponding to the velocity vΞ0=Λ.
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non-Λ background, the decay length of ΛðΛ̄Þ is required to
be greater than zero, where the decay length refers to the
distance between its production and decay positions.
Photons are reconstructed from isolated showers in the

electromagnetic calorimeter (EMC). The energy deposited
in the nearby time of flight counter is incorporated to
enhance the reconstruction efficiency and energy resolu-
tion. The energies of photons are required to be greater
than 25 MeV in the EMC barrel region (jcos θj < 0.8),
and greater than 50 MeV in the EMC end-cap region
(0.86 < jcos θj < 0.92). Moreover, to suppress electronic
noise and showers not related to the event, the difference
between the EMC time and the event start time is required
to fall within the range of (0,700) ns. Events with at least
four photons are retained for further analysis.
In order to further suppress the potential backgrounds

and enhance the mass resolution, a six-constraint (6C)
kinematic fit is implemented for all γγγγΛΛ̄ combinations,
imposing energy-momentum conservation from the initial
eþe− to the selected final states, combined with two
additional constraints to the mass of two pairs of photons
to form the two π0 candidates. Events with χ26C < 200 are
retained based on the FOM optimization.
To reconstruct Ξ0 and Ξ̄0 candidates, the one charac-

terized by the mass minimization, defined as the quantityffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
ðMπ0Λ −mΞ0Þ2 þ ðMπ0Λ̄ −mΞ0Þ2

p
, is utilized for all

π0π0ΛΛ̄ combinations. Here, Mπ0Λ (Mπ0Λ̄) represents the
invariant mass of the π0Λ (π0Λ̄), and mΞ0 (mΞ̄0) is the Ξ0

mass taken from the PDG [43]. Figure 2 presents the
distribution of Mπ0Λ versus Mπ0Λ̄ based on the above event
selection. A distinct enhancement around the known Ξ0

(Ξ̄0) mass can be observed. The π0Λ (π0Λ̄) invariant mass is
required to be within 15 MeV=c2 of the known Ξ0 (Ξ̄0)
mass, which is determined through the FOM.
After applying the above event selection criteria to the

data, combined with an event type analysis of the inclusive
ψð3686Þ MC sample [48], the remaining backgrounds
are found to mainly come from ψð3686Þ → π0π0J=ψ
(J=ψ → ΛΛ̄), which distributes smoothly in the signal
region. The background yield is evaluated by averaging
the three sideband regions Bi (i ¼ 1, 2, 3) as

P
3
i¼1 Bi=3 in

the Mπ0Λ versus Mπ0Λ̄ windows, as depicted in Fig. 2:

B1∶ ½1.2549; 1.2849� and ½1.2549; 1.2849� GeV=c2;
B2∶ ½1.3449; 1.3749� and ½1.2549; 1.2849� GeV=c2;
B3∶ ½1.2549; 1.2849� and ½1.3449; 1.3749� GeV=c2:

The B4 region is in close proximity to the region of
Σ0ð1385ÞΣ̄0ð1385Þ background, thus not suitable for back-
ground evaluation. The number of background events 1

3
NBi

estimated from the aforementioned method is 554� 24.
The number of observed events in data, Nobs ¼ NS − 1

3
NBi

,
is determined to be 15172� 128. The branching fraction is

evaluated to be B ¼ Nobs
Nψ ·ε·B2ðΞ0→π0ΛÞ·B2ðΛ→pπ−Þ·B2ðπ0→γγÞ ¼

ð2.59� 0.02Þ × 10−4, only with statistical uncertainty.
Here Nobs is the number of observed signal events, Nψ

is the number of total ψð3686Þ events, and ε is the detection
efficiency incorporating the measured parameters related to
the Ξ0 polarization, angular distribution and the Ξ decay
parameters listed in Table I. B represents the branching
fractions for the subsequent decays Ξ0 → π0Λ, Λ → pπ−,
and π0 → γγ, respectively, as provided by the PDG [43].
To determine the set of Ξ0 spin polarization parameters

Ω, an unbinned maximum likelihood fit is implemented. In
the fit, the αΛ=Λ̄ is fixed at �ðαΛ − αΛ̄Þ=2 ¼ �0.754 by
referring to Ref. [12] assuming CP conservation. Here the
likelihood function L is constructed from the probability
density function, PðξiÞ, for the event i characterized by the
measured angles ξi, as follows:

L ¼
YN

i¼1

Pðξi;ΩÞ ¼
YN

i¼1

CWðξi;ΩÞϵðξiÞ; ð6Þ

where N is the number of events in the signal region. The
joint angular distribution Wðξi;ΩÞ is given in Eq. (1), and
ϵðξiÞ is the detection efficiency. The normalization factor
C−1 ¼ 1

NMC

PNMC
j¼1 Wðξj;ΩÞ is calculated as a sum of the

corresponding amplitudes W from the accepted PHSP MC
events NMC, applying the same event selection criteria as
the data. The minimization of the objective function
defined as

S ¼ − lnLS þ
1

3
lnLB; ð7Þ
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FIG. 2. Distribution of Mπ0Λ versus Mπ0Λ̄, where the red box
(S) indicates the signal region and the blue boxes Bi (i ¼ 1, 2, 3)
represent the selected sideband regions, while the magenta box
B4 is close to the region of the Σ�0Σ̄�0 background and is not
utilized.
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is conducted using the Minuit package from the CERN
library [49]. In Eq. (7), LS and LB represent the likelihood
function for events chosen in the signal and sideband
regions. Figure 3 shows the resulting polarization param-
eter Py and spin correlations together with the fit results
with respect to cos θΞ0 in 10 intervals, where the first and
last intervals are ignored due to extremely low statistics.
Table I summarizes the numerical results in the fit. The
relative phase ΔΦ for ψð3686Þ → Ξ0Ξ̄0 decay differs from
zero with a significance of larger than 4.4σ. Other param-
eters are measured with higher precision and are in agree-
ment with the previous measurement [8].
Systematic uncertainties in the measurement of branch-

ing fraction for ψð3686Þ → Ξ0Ξ̄0 mainly stem from the
differences in detection efficiency between data and
MC simulation. The uncertainties related to the Ξ0ðΞ̄0Þ
reconstruction efficiency are evaluated using the same
strategy as described in Refs. [50–56], and are found to
be 5.6%. The systematic uncertainty due to the 6C

kinematic fit is investigated by correcting the helical-track
parameters [57] for each charged particle. The difference of
0.2% from the corrections is regarded as the systematic
uncertainty. To evaluate the uncertainty related to the
background for sideband, a systematic analysis is carried
out by shifting the selected sideband regions Bi (i ¼ 1, 2, 3)
upwards, to the right, and diagonally by 2 MeV. The largest
difference of 0.2% between new and nominal results is
taken as the systematic uncertainty. The uncertainty arising
from the continuum background eþe− → Ξ0Ξ̄0 is assessed
by evaluating the difference with and without considering
the continuum process backgrounds, and is found to be
0.3%. The uncertainties related to the branching fraction of
the intermediate decays Ξ0 → π0Λ, Λ → pπ− and π0 → γγ,
and the number of ψð3686Þ events are quoted to be 0.8%
and 0.4% from the PDG value [43] and Ref. [34]. The
uncertainty related to angular distribution is evaluated by
adjusting the measured parameters of Ξ0 transverse polari-
zation and the spin correlation within 1σ, which induces a
maximum difference of 0.2% and is taken as the systematic
uncertainty. Assuming all sources to be independent, the
total systematic uncertainty in the measurement of the
branching fraction is determined to be 5.9% as the sum in
quadrature of the mentioned sources.
Systematic uncertainties in the measurement of Ξ0

hyperon polarization and asymmetric decay parameters
stem from various sources, such as Ξ0 reconstruction,
kinematic fit, background contributions, decay parameters
of Λ → pπ, and fit method. The uncertainties related to the
Ξ0 reconstruction, including tracking, the requirements on
the mass window and decay length of Λ, are determined
using a control sample of ψð3686Þ → Ξ0Ξ̄0 events. The
assessment approach of uncertainties arising from the
correction procedure is the same as that in Ref. [13],
and the discrepancy between the nominal and average
values obtained from variations is regarded as the system-
atic uncertainty. The uncertainties due to the backgrounds,
including the sideband region which represents the non-
Ξ0ðΞ̄0Þ process and continuum process, are estimated by
comparing the fits with and without considering these

TABLE I. Numerical results for the measured parameters for polarization and angular distribution compared with
other measurements [8,14]. Here the first uncertainty is statistical and the second is systematic.

Parameter This work Other measurements

αψð3686Þ 0.768� 0.029� 0.025 0.665� 0.086� 0.081 [8]
ΔΦ (rad) 0.257� 0.061� 0.009 −0.050� 0.150� 0.020 [8]
αΞ0 −0.345� 0.015� 0.003 −0.375� 0.003� 0.002 [14]
ϕΞ0 (rad) 0.008� 0.041� 0.002 0.005� 0.010� 0.002 [14]
αΞ̄0 0.355� 0.015� 0.002 0.379� 0.003� 0.002 [14]
ϕΞ̄0 (rad) −0.009� 0.040� 0.004 −0.005� 0.010� 0.002 [14]
ξP − ξS (rad) 0.001� 0.076� 0.011 0.000� 0.017� 0.002 [14]
δP − δS (rad) −0.022� 0.078� 0.011 −0.013� 0.017� 0.004 [14]
AΞ0

CP
−0.014� 0.030� 0.010 −0.005� 0.007� 0.003 [14]

ΔϕΞ0

CP (rad) 0.000� 0.028� 0.003 0.000� 0.007� 0.001 [14]
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FIG. 3. Polarization Py and spin correlations Cxx, Cyy and Czz

in ψð3686Þ → Ξ0Ξ̄0 as a function of cos θΞ0 . The dots with error
bars represent the experimental data, and the red line indicates the
global fit result.
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background contributions. The systematic uncertainty asso-
ciated with the 6C kinematic fit is assigned based on
the results with and without helical-track parameter cor-
rections [13]. The uncertainty resulting from the fixed
decay parameters of αΛ=Λ̄ is estimated by varying the mean
values obtained from averaging the results in Ref. [12]
within �1σ. The reliability of the fit method is verified by
conducting an input and output check based on 100 pseu-
doexperiments using the helicity amplitude formula from
Ref. [12]. The mean values of polarization and asymmetric
decay parameters measured in this analysis are employed as
input in the formula, and the number of events in each
generated MC sample is 100 times that of the data sample.
The differences between the input and output results are
assigned as the systematic uncertainties. Assuming all
sources to be independent, the total systematic uncertainty
is determined by the square root of the quadratic sum. All
systematic uncertainties are listed in Table II.
In summary, we report an evidence of spin polarization

of the Ξ0 hyperon for the first time and the branching
fraction measurement for ψð3686Þ → Ξ0Ξ̄0 using ð2.712�
0.014Þ × 109 ψð3686Þ events collected with the BESIII
detector achieves improved precision over the previous
measurements [4,8]. The relative phase of the psionic form
factors [38] and the branching fraction are measured to be
ΔΦ ¼ ð0.257� 0.061� 0.010Þ rad, which is found to
differ from zero with a significance of 4.4σ, and B ¼
ð2.59� 0.02� 0.15Þ × 10−4, which is determined with
improved precision, and consistent with the previous
BESIII measurement [4] within the uncertainty of 1σ. The
previous result [4] was based on only a subsample of the data

used in the present analysis, and the different tagging and
reconstruction strategies introduce systematic uncertainties
from different sources. Therefore, the two results can be
treated as essentially uncorrelated. Also, it is found that
theΔΦ inψð3686Þ decay is obviously different from the one
in J=ψ decay (ΔΦ ¼ ð1.168� 0.019� 0.018Þ rad) [14],
which could be due to the energy dependence and requires
more investigations in theoretical aspects. However, both
decays in the Ξ0 sector give the same sign for ΔΦ, which is
different from the one observed in theΣ hyperon sector. Spin-
1=2 hyperons produced in a hypreon-antihyperon pair can
have either the same or opposite helicity. In this study, the
nonvanishing ΔΦ, representing the relative phase between
the helicity transition amplitudes, is found to be nonzero,
indicating a transverse polarization of the Ξ0 hyperon in
ψð3686Þ decays. Besides, the angular distribution parameter
for the ψð3686Þ → Ξ0Ξ̄0 decay and the weak decay param-
eters of Ξ0 and Ξ̄0 are measured with higher precision than
those reported in Ref. [8] and are in good agreement with the
previous BESIII measurements [4,8,14].
Moreover, following Ref. [23], with the measured

parameters αψ and ΔΦ, the ratio of the D-wave to S-wave
coupling constants gD=gS, the relative phase δ between the
S and D waves, the fraction of the S-wave contribution
ΓS=Γtotal, and the effective radius reff of the decay ψð2SÞ →
Ξ0Ξ̄0 are determined for the first time. Here, L̄ ¼ reff × p,
where L̄ and p denote the average orbital angular momen-
tum and the relative momentum of the Ξ0 and Ξ̄0 in the
ψð2SÞ center-of-mass system, respectively. The results are
summarized in Table III, together with the corresponding
parameters for ψ → Ξ−ð0ÞΞ̄þð0Þ, which are obtained for the

TABLE II. Systematic uncertainties related to the polarization and asymmetric decay parameters. Note that the
“� � �” indicates that the result is less than 0.001.

Program αψð3686Þ ΔΦ αΞ0 ϕΞ0 αΞ̄0 ϕΞ̄0

The Ξ0 reconstruction 0.023 0.009 0.001 0.001 0.001 0.001
The 6C kinematic fit � � � 0.001 � � � 0.002 � � � 0.001
Sideband subtraction 0.004 0.002 � � � � � � � � � � � �
Continuum background 0.006 0.002 � � � � � � � � � � � �
Decay parameters of Λ 0.003 0.003 0.001 � � � 0.001 � � �
Fit method 0.006 � � � 0.002 0.001 � � � 0.003

Total 0.025 0.009 0.003 0.002 0.002 0.004

TABLE III. Parameters of the ψ → Ξ−ð0ÞΞ̄þð0Þ processes, including the ratio between the coupling constants of D wave and S wave
(gD=gS), the relative phase between S wave andDwave (δ), the ratio between partial width of S wave and total width (ΓS=Γtotal), and the
effective radius (reff ). The first and second uncertainties in this paper are statistical and systematic, respectively.

Mode gD=gS ðGeV−2Þ δ (rad) ΓS=Γtotal ð%Þ reff (fm)

ψð3686Þ → Ξ0Ξ̄0 0.126� 0.008� 0.005 −0.180� 0.060� 0.021 86.5� 1.4� 1.0 0.041� 0.004� 0.003
J=ψ → Ξ0Ξ̄0 [14] 0.460� 0.007� 0.007 −0.821� 0.007� 0.017 74.8� 0.6� 0.6 0.122� 0.041� 0.004
ψð3686Þ → Ξ−Ξ̄þ [13] 0.138� 0.015� 0.011 −0.490� 0.110� 0.080 84.3� 2.9� 2.1 0.048� 0.009� 0.006
J=ψ → Ξ−Ξ̄þ [11] 0.491� 0.017� 0.006 −0.743� 0.015� 0.012 73.4� 1.3� 0.5 0.130� 0.006� 0.002
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first time following the same procedure [23] and using the
values of αψ and ΔΦψ from Refs. [11,13,14]. Notably, the
differences in gD=gS and reff between the decays J=ψ →
Ξ0Ξ̄0 and ψð3686Þ → Ξ0Ξ̄0 are approximately the same as
those between J=ψ → Ξ−Ξ̄þ and ψð3686Þ → Ξ−Ξ̄þ, which
differs from the pattern observed in the case of Σ baryons
[7]. These results indicate that additional, yet unexplored,
mechanisms may contribute to hyperon-antihyperon pair
production and merit further study. These results offer
important insight into the decay dynamics of charmonium
states and the production mechanism of Ξ0Ξ̄0 pairs,and
serve as useful input for investigations of excited nucleon
resonances.
In addition, according to Ref. [11], AΞ

CP is proportional to
the product of the weak phase difference (ξP − ξS) and the
strongphasedifference (δP − δS) of the final state interaction.
Therefore, in the case of a tiny strong phase difference, AΞ

CP
would vanish even if the weak phase difference is nonzero.
However,ΔϕΞ

CP does not have this problem [58] and is more
sensitive thanAΞ

CP for testingCPV, because the strong-phase
difference is found to be small for this process (see Table I).
Two CP observables, AΞ0

CP and ΔϕΞ0

CP, as well as strong and
weak phase differences, δP − δS and ξP − ξS, are determined
and reported in Table I. It is found that the current
measurements are consistent with the scenario of CP
conservation within the uncertainty of 1σ under the current
statistics. It is expected that the test of CPV will reach
sensitivities comparable to the SM prediction at future super
τ-charm factories [59,60]. This measurement serves as an
opportunity to study the hyperon structure, providing addi-
tional insights into production mechanism of hyperon pairs.
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