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By analyzing ð10087� 44Þ × 106J=ψ events collected with the BESIII detector at the BEPCII, the
decays J=ψ → Ξ0Λ̄K0

S þ c:c:, J=ψ → Ξ0Σ̄0K0
S þ c:c:, and J=ψ → Ξ0Σ̄−Kþ þ c:c: are observed

for the first time. Their branching fractions are determined to be BðJ=ψ → Ξ0Λ̄K0
S þ c:c:Þ ¼

ð3.76� 0.14� 0.23Þ × 10−5, BðJ=ψ → Ξ0Σ̄0K0
S þ c:c:Þ ¼ ð2.24� 0.32� 0.31Þ × 10−5, and BðJ=ψ →

Ξ0Σ̄−Kþ þ c:c:Þ ¼ ð5.64� 0.17� 0.28Þ × 10−5, where the first uncertainties are statistical and the second
systematic.

DOI: 10.1103/lhnb-lgmr

I. INTRODUCTION

Charmonium resonances lie within the transition region
between the perturbative and nonperturbative regimes of
quantum chromodynamics (QCD) [1,2]. Below the open
charm threshold, both J=ψ and ψð3686Þ decay into light
hadrons through the annihilation of the cc̄ pair into three
gluons or one single virtual photon, with the decay width
proportional to the square of the charmonium wave
function [3]. While QCD has been extensively tested in
the high energy region where the strong interaction
coupling constant is small, its perturbative calculations
in the low energy region require supplementary
nonperturbative contributions. To address this, various
effective field theories have been developed [4–6]. The
study of charmonium decays can provide valuable insights
for enhancing our understanding of the internal charmo-
nium structure and for testing phenomenological
mechanisms of nonperturbative QCD. Additionally, the
violation of the perturbative QCD 12% rule, namely
Bðψð3686Þ→hÞ
BðJ=ψ→hÞ ¼ Bðψð3686Þ→eþe−Þ

BðJ=ψ→eþe−Þ ¼ 12.7%, was first observed

by the Mark-II Collaboration in the ρπ mode [7], which
later became known as the ρπ puzzle. Since then, numerous
decay channels have been employed to investigate the ρπ
puzzle. Combining the branching fractions of
J=ψ → Ξ0Λ̄K0

S, J=ψ → Ξ0Σ̄0K0
S, and J=ψ → Ξ0Σ̄−Kþ

presented here and future measurements of their counter-
parts in ψð3686Þ decays will provide an additional test of

the 12% rule and improve our understanding of QCD
effects in charmonium decays [8].
The decays of J=ψ → BB̄0P, where B denotes baryons

and P pseudoscalar mesons, offer a unique platform to
search for intermediate states such as baryonia [9,10] and
excited baryons that remain unobserved [11]. This is
particularly relevant for Ξ hyperons with strangeness
S ¼ −2. More than 30 excited Ξ states have been predicted
by theoretical models [12–15], but very few of them have
been observed and well established due to the small
production cross sections and the complicated topology
of the final states.
In recent years, partial wave analysis (PWA) has been

performed on the ψð3686Þ → K−ΛΞ̄þ [16,17]. However,
no studies of J=ψ ½ψð3686Þ� → Ξ0B̄P have been reported
to date. In this paper, we present the first observation
and branching fraction measurements of the decays
J=ψ → Ξ0Λ̄K0

S, J=ψ → Ξ0Σ̄0K0
S, and J=ψ → Ξ0Σ̄−Kþ,

using ð10087� 44Þ × 106J=ψ events collected with the
BESIII detector [18]. Throughout this paper, charge con-
jugations are always implicitly included.

II. BESIII EXPERIMENT AND MONTE CARLO
SIMULATION

The BESIII detector [19] records symmetric eþe−
collisions provided by the BEPCII storage ring [20] in
the center-of-mass energy (

ffiffiffi
s

p
) range from 1.84 to

4.95 GeV, with a peak luminosity of 1.1 × 1033 cm−2 s−1

achieved at
ffiffiffi
s

p ¼ 3.773 GeV. BESIII has collected large
data samples in this energy region [8,21,22]. The cylin-
drical core of the BESIII detector covers 93% of the full
solid angle and consists of a helium-based multilayer drift
chamber (MDC), a time-of-flight (TOF) system, and a
CsI(Tl) electromagnetic calorimeter (EMC), which are all
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enclosed in a superconducting solenoidal magnet providing
a 1.0 T magnetic field. The magnetic field was 0.9 T in
2012, which affects 11% of the total J=ψ data. The solenoid
is supported by an octagonal flux-return yoke with resistive
plate counter muon identification modulus interleaved with
steel. The charged-particle momentum resolution at
1 GeV=c is 0.5%, and the dE=dx resolution is 6% for
electrons from Bhabha scattering. The EMC measures
photon energies with a resolution of 2.5% (5%) at
1 GeV in the barrel (end cap) region. The time resolution
in the plastic scintillator TOF barrel region is 68 ps, while
that in the end cap region was 110 ps. The end cap TOF
system was upgraded in 2015 using multigap resistive plate
chamber technology, providing a time resolution of 60 ps,
which benefits 87% of the data used in this analysis [23].
Simulated samples are produced with a Geant4-based [24]

Monte Carlo (MC) package, which includes the geometric
description of the BESIII detector and the detector response.
The simulation models the beam energy spread and initial-
state radiation in the eþe− annihilations with the generator
KKMC [25]. To estimate background contributions, an inclu-
sive MC sample is generated including the production of the
J=ψ resonance incorporated inKKMC [25].All particle decays
are modeled with EvtGen [26] using branching fractions either
taken from the Particle Data Group (PDG) [27], when
available, or otherwise estimated with LUNDCHARM [28].
Final-state radiation from charged final-state particles is
incorporated using the PHOTOS package [29].
The signal decays J=ψ → Ξ0Λ̄K0

S and J=ψ → Ξ0Σ̄0K0
S

are generated with a phase space (PHSP) model, as no
significant intermediate structures are observed. However
the PHSP model fails to describe the data in the signal
decay J=ψ → Ξ0Σ̄−Kþ, hence the helicity amplitude model
is adopted for simulation [30–32], including contributions
from the Ξ0Ξ̄0ð1690Þ, Ξ0Ξ̄0ð1720Þ, and Σþð1890ÞΣ̄−. The
masses and widths of Ξ̄0ð1690Þ and Σþð1890Þ are fixed to
their respective PDG values [27], while for Ξ̄0ð1720Þ, its
mass and width are fixed at m ¼ 1.720 GeV=c2 and
Γ ¼ 0.031 GeV, respectively. All subsequent decays of
Λ, Σ0, Ξ0, Σþ, K0

S, and π0 are generated with the PHSP
model. These exclusive MC events are used to determine
the detection efficiency. Due to the limited statistics and the
large systematic uncertainty arising from the low momen-
tum Λ, the PWA result is not reported and only used to
determine the detection efficiency.
In addition, the data sample collected at

ffiffiffi
s

p ¼
3.080 GeV with an integrated luminosity of 167.1 pb−1

[18] is used to estimate the contribution from continuum
processes.

III. EVENT SELECTION

The Λ, Σ0, Ξ0, Σþ, K0
S, and π0 candidates are recon-

structed via the Λ → pπ−, Σ0 → γΛ, Ξ0 → Λπ0,
Σþ → pπ0, K0

S → πþπ−, and π0 → γγ decays, respectively.

Charged tracks detected in the MDC are required to be
within a polar angle (θ) range of jcos θj < 0.93, where θ is
defined with respect to the z axis, which is the symmetry
axis of the MDC. For charged tracks not originating from
K0

S or Λ decays, the distance of closest approach to the
interaction point (IP) must be less than 10 cm along the z
axis, jVzj, and less than 1 cm in the transverse plane, jVxyj.
Particle identification (PID) for charged tracks combines
measurements of the energy deposited in the MDC (dE=dx)
and the flight time in the TOF to form likelihoods
LðhÞðh ¼ p;K; πÞ for each hadron h hypothesis. Tracks
are identified as protons when the proton hypothesis has the
greatest likelihood [LðpÞ > LðKÞ and LðpÞ > LðπÞ],
while charged kaons are identified by LðKÞ > LðπÞ. No
PID is performed on charged pions.
Photon candidates are identified using isolated

showers in the EMC. The deposited energy of each shower
must be more than 25 MeV in the barrel region
(jcos θj < 0.80) and more than 50 MeV in the end cap
region (0.86 < jcos θj < 0.92). To exclude showers that
originate from charged tracks, the opening angle subtended
by the EMC shower and the position of the closest charged
track at the EMC must be greater than 10° as measured
from the IP. To suppress electronic noise and showers
unrelated to the event, the difference between the EMC
time and the event start time is required to be within
[0, 700] ns.
Candidates for K0

S and Λ are reconstructed from two
opposite charged tracks, each required to satisfy
jVzj < 20 cm. The tracks are assumed to be πþπ− for
K0

S, while pπ− for Λ. A common vertex constraint is
imposed for both K0

S and Λ candidates, and their decay
lengths are required to be greater than twice the vertex
resolution away from the IP [33]. The quality of the
secondary vertex fit is ensured by a requirement of
χ2 < 200, with no χ2 condition applied to the primary
vertex fit.
The π0 candidates are formed by photon pairs with

invariant mass in the range (0.115, 0.150) GeV=c2.
A kinematic fit is performed imposing four-momentum

conservation (4C) and an additional mass constraint (1C)
for each π0 in the final state to its nominal mass. This
results in a 5C fit for the decay J=ψ → ðγÞΛπ0Λ̄K0

S and a
6C fit for J=ψ → Λπ0p̄π0Kþ. To improve the agreement in
the χ2 distributions between data and MC simulation, the
helix parameters of charged tracks in the MC are corrected
using the method described in Ref. [34]. Events are selected
based on the following χ2 requirements: χ25C < 50 for
J=ψ → Λπ0Λ̄K0

S, χ25C < 200 for J=ψ → γΛπ0Λ̄K0
S, and

χ26C < 50 for J=ψ → Λπ0p̄π0Kþ. These thresholds are
optimized to maximize the figure of merit, defined as
S=

ffiffiffiffiffiffiffiffiffiffiffiffi
Sþ B

p
, where S and B denote the signal and back-

ground yields estimated from the inclusive MC sample,
normalized according to the data luminosity and known
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branching fractions. In events with multiple combinations,
only the candidate with the smallest χ25C or χ26C is
retained.
For the decay J=ψ → Λπ0Λ̄K0

S, each candidate event
must contain one Λ and one Λ̄. Since the true Λ (Λ̄) from
Ξ0 → Λπ0 (Ξ̄0 → Λ̄π0) must be paired with the correspond-
ing π0, two possible assignments exist: one where the Λ̄ (Λ)
is prompt, and the other where it is the daughter of a Ξ0

(Ξ̄0), or vice versa. The correct assignment is determined by
minimizing the quantity

Δ ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
ðMðΛpromptÞ −mΛÞ2 þ ðMðπ0ΛΞ0Þ −mΞ0Þ2

q
; ð1Þ

where mΛ and mΞ0 are the nominal masses from Ref. [27].
To further reduce background, both Λ and Λ̄ are required to
lie within a mass window of jMpπ −mΛj < 7 MeV=c2,
corresponding to a 3σ region around the nominal Λmass as
determined from the signal MC sample.
For the decay J=ψ → γΛπ0Λ̄K0

S, the Λ (Λ̄) may originate
from a Σ0 or Ξ0 (Σ̄0 or Ξ̄0). The assignment is chosen by
minimizing

Δ ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
ðMðγΛΣ0Þ −mΣ0Þ2 þ ðMðπ0ΛΞ0Þ −mΞ0Þ2

q
; ð2Þ

with mΣ0 taken from Ref. [27]. Background suppression
is enhanced by requiring Λ candidates to satisfy
jMpπ −mΛj < 9 MeV=c2 and K0

S candidates to satisfy
jMπþπ− −mK0

S
j < 7 MeV=c2, both corresponding to 3σ

intervals based on the signal MC.
In the case of J=ψ → Λπ0p̄π0Kþ, the Σ̄− and Ξ0

candidates are selected by minimizing

Δ ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
ðMðp̄π0Σ̄−Þ −mΣ̄−Þ2 þ ðMðΛπ0Ξ0Þ −mΞ0Þ2

q
; ð3Þ

where mΣ̄− is the nominal mass from Ref. [27].
The Λ candidate is required to lie within jMpπþ −mΛj <
9 MeV=c2 (3σ).
Potential background sources are studied using the

inclusive MC sample with Topoana [35]. The dominant
background for J=ψ → Ξ0Λ̄K0

S is found to be J=ψ →
Ξ̄þΞ�ð1530Þ−, with Ξ̄þ → πþΛ̄ and Ξ�ð1530Þ− → π−Ξ0.
This process peaks in the Λ̄ and Ξ0 mass distributions but is
flat in the K0

S spectrum. A similar background affects
J=ψ → Ξ0Σ̄0K0

S, peaking in the Ξ0 mass and flat in
Σ̄0 and K0

S. For J=ψ → Ξ0Σ̄−Kþ, all backgrounds are
combinatorial, with no peaking components. The main
combinatorial background is J=ψ → π0K�ð892Þþp̄Λ [with
K�ð892Þþ → Kþπ0], accounting for about 50% of the total.
The continuum background is examined using off-reso-
nance data samples; only one event passes the selection for
J=ψ → Ξ0Λ̄K0

S, indicating that continuum contributions
are negligible.

IV. BRANCHING FRACTION MEASUREMENT

A. Signal yields in data

The signal yields of the J=ψ → Ξ0Λ̄K0
S, J=ψ →

Ξ0Σ̄0K0
S, and J=ψ → Ξ0Σ̄−Kþ decays are determined

through an unbinned maximum likelihood fit to their
respective two-dimensional (2D) invariant mass distribu-
tions:Mπþπ− vs MΛπ0 for J=ψ → Ξ0Λ̄K0

S,MγΛ̄ vs MΛπ0 for
J=ψ → Ξ0Σ̄0K0

S, and Mp̄π0 vs MΛπ0 for J=ψ → Ξ0Σ̄−Kþ.
Events are divided into four categories: the “signal”
describes candidates with both dimensions correctly recon-
structed; the “BKGI” denotes candidates where the x-axis
mass is true signal and the y-axis mass comes from
combinatorial background; the “BKGII” is similar to the
BKGI with y-axis mass being true signal and the x-axis
mass coming from combinatorial background; the
“BKGIII” encompasses candidates where both masses arise
from combinatorial backgrounds, as well as the incorrectly
reconstructed events with different final states.
The probability density functions of signal, BKGI,

BKGII, and BKGIII are constructed as
(i) Signal: Sx × Sy;
(ii) BKGI: Sx ×Ay;
(iii) BKGII: Ax × Sy; and
(iv) BKGIII: Ax ×Ay.

Here, x and y correspond to the two dimensions of
the 2D fit. The Sx and Sy are the signal shapes derived
from signal MC simulation and convolved with a Gaussian
resolution function with free parameters, while Ax and Ay

are the second order polynomials which characterize the
combinatorial background shape in the corresponding
invariant mass distributions. The signal yields are
982� 37, 91� 13, and 1284� 39 for J=ψ → Ξ0Λ̄K0

S,
J=ψ → Ξ0Σ̄0K0

S, and J=ψ → Ξ0Σ̄−Kþ, respectively. The
fit projections are illustrated in Fig. 1. The statistical
significance for each channel is found to exceed 5σ,
evaluated by comparing the change in negative log-like-
lihood between fits with and without the signal component,
taking into account the difference in the number of degrees
of freedom.

B. Detection efficiencies

The detection efficiencies of the J=ψ → Ξ0Λ̄K0
S,

J=ψ → Ξ0Σ̄0K0
S, and J=ψ → Ξ0Σ̄−Kþ decays are evaluated

by analyzing the signal MC samples. Figure 2 shows the
Dalitz plots of the candidates selected in data and signalMC
samples,with additional requirements of jMπþπ− −mK0

S
j< 3

and jMΛπ0 −mΞ0 j < 30 MeV=c2 for J=ψ → Ξ0Λ̄K0
S,

jMγΛ̄−mΣ0 j<6 and jMΛπ0 −mΞ0 j<15MeV=c2 for J=ψ →
Ξ0Σ̄0K0

S, as well as jMp̄π0 −mΣ̄− j < 12 and jMΛπ0 −mΞ0 j <
12 MeV=c2 for J=ψ → Ξ0Σ̄−Kþ, to enhance the signal
purity. The signal purities increase to 93.2%, 80.1%, and
93.4%, respectively. Figures 3–5 show the comparisons of
the momenta and cosines of polar angles of all final-state
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particles between data and MC simulation, as well as the
two-body invariant mass distributions. The consistencies
between data andMC simulation are good, thereby ensuring
the reliability of the signal MC samples.

The detection efficiencies of J=ψ → Ξ0Λ̄K0
S,

J=ψ→Ξ0Σ̄0K0
S, and J=ψ→Ξ0Σ̄−Kþ are determined

to be ð0.926� 0.005Þ%, ð0.144� 0.002Þ%, and
ð0.704� 0.004Þ%, respectively. Efficiency correction
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FIG. 1. One-dimensional projections of the 2D fit to (top) the Mπþπ− vs MΛπ0 distribution of J=ψ → Ξ0Λ̄K0
S, (middle) the

MγΛ̄ vs MΛπ0 distribution of J=ψ → Ξ0Σ̄0K0
S, and (bottom) theMp̄π0 vs MΛπ0 distribution of J=ψ → Ξ0Σ̄−Kþ. The dots with error bars

are data events, the red solid curves are the total fit results, while the blue curves are the signal contributions of the fit and other curves
represent the different background contributions. For each projection, the χ2/nbins are provided, with χ2 being calculated from the
difference between the binned data points and the total fit projection, and nbins representing the number of bins.
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factors have been applied to account for the data-MC
deviation arising from tracking and PID efficiencies for K
and p, as well as the Λ reconstruction, as listed in Sec. V.

C. Branching fractions

The branching fractions of J=ψ → Ξ0Λ̄K0
S,

J=ψ → Ξ0Σ̄0K0
S, and J=ψ → Ξ0Σ̄−Kþ are determined as

Bsig ¼
Nsig

NJ=ψBprodϵsig
; ð4Þ

where Nsig is the signal yield of each signal decay extracted
from the fit to the data sample taken at

ffiffiffi
s

p ¼ 3.097 GeV.
The total number of J=ψ events is indicated as NJ=ψ , and
Bprod is the product of the branching fractions of the
corresponding intermediate states (BðK0

S → πþπ−Þ ¼
ð69.20� 0.05Þ%, Bðπ0 → γγÞ ¼ ð98.823� 0.034Þ%,
BðΛ̄ → pπ−Þ ¼ ð64.1� 0.5Þ%, BðΣ̄0 → γΛ̄Þ ¼ 100%,
BðΞ0 → Λπ0Þ ¼ ð99.542� 0.012Þ%, BðΣ̄− → p̄π0Þ ¼
ð51.47� 0.30Þ%) taken from the PDG [27]. The symbol
ϵsig stands for the detection efficiency based on MC
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FIG. 2. Dalitz plots of (top) M2
Λ̄Ξ0 vs M2

Λ̄K0
S
of the candidates for J=ψ → Ξ0Λ̄K0

S, (middle) M2
Σ̄0Ξ0 vs M2

Σ̄0K0
S
of the candidates for

J=ψ → Ξ0Σ̄0K0
S, and (bottom) M2

Σ̄−Ξ0 vs M2
Σ̄−Kþ of the candidates for J=ψ → Ξ0Σ̄−Kþ.
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simulation. The branching fraction of J=ψ → Ξ0Λ̄K0
S,

J=ψ → Ξ0Σ̄0K0
S, and J=ψ → Ξ0Σ̄−Kþ are determined

to be ð3.76� 0.14Þ × 10−5, ð2.24� 0.32Þ × 10−5, and
ð5.64� 0.17Þ × 10−5, where the uncertainties are statistical
only.

V. SYSTEMATIC UNCERTAINTIES

The systematic uncertainties in the measurements of the
branching fractions of J=ψ → Ξ0Λ̄K0

S, J=ψ → Ξ0Σ̄0K0
S,

and J=ψ → Ξ0Σ̄−Kþ are discussed below.
The total number of J=ψ events in data has been

determined to be NJ=ψ ¼ ð10087� 44Þ × 106 with inclu-
sive hadronic events as described in Ref. [18]. This entails a
systematic uncertainty of 0.4%.
The systematic uncertainties of theK tracking and PID are

studied with the control sample of ψð3686Þ → πþπ−J=ψ
with J=ψ → 2ðKþK−Þ [36]. The differences of K tracking
and PID efficiencies between data and MC simulation are
obtained in different transverse momentum intervals. The
data-MC differences are then weighted according to the
distribution of the transverse momentum of kaon in the signal

decay. The data to MC ratios of the reweighted tracking and
PID efficiencies are ð99.7� 0.4Þ% and ð99.5� 0.1Þ%,
respectively. Here the errors originatemainly from the limited
statistics of the control sample. The detection efficiency
estimated from the signal MC sample is corrected with the
data to MC ratios, and the residual uncertainties of the ratios,
0.4% and 0.1%, are taken as the systematic uncertainties of
the tracking and PID per K, respectively.
The systematic uncertainties of p tracking and PID are

studied with the control sample of J=ψ → pp̄πþπ−. The
differences of p tracking and PID efficiencies between data
and MC simulation are obtained in different two dimen-
sional intervals of polar angle and transverse momentum.
The data to MC ratios of the reweighted tracking and PID
efficiencies are ð100.0� 0.2Þ% and ð100.7� 0.2Þ%,
respectively. After weighting them according to the dis-
tribution of the polar angle and transverse momentum of p
in the signal decay, we correct the MC efficiency and the
residual uncertainty, 0.2% is taken as the systematic
uncertainty of both tracking and PID per p.
The photon efficiency is studied with the sample of

ψð3686Þ → πþπ−J=ψ , J=ψ → ρ0π0 by the three methods
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listed in Ref. [37]. The difference of photon detection
efficiency between data and MC simulation, 1.0%, is taken
as the systematic uncertainty.
The efficiencies of Λ reconstruction, including the

tracking efficiencies of the pπ− pair, decay length cut,
mass window cut, vertex fit, and secondary vertex fit, are
studied by using the control samples of J=ψ → pK−Λ̄ and
J=ψ → ΛΛ̄ [38]. The obtained efficiencies in the 2D
intervals of momentum and cos θ are then weighted to
match our signal MC events. The differences of the
reweighted efficiencies between data and MC simulation
are ð96.6� 1.0Þ% for Λ and ð95.8� 1.0Þ% for Λ̄ in
J=ψ → Ξ0Λ̄K0

S, ð93.8� 1.2Þ% for Λ and ð91.9� 1.3Þ%
for Λ̄ in J=ψ → Ξ0Σ̄0K0

S, and ð91.3� 1.0Þ% in
J=ψ → Ξ0Σ̄−Kþ, respectively. We correct the Λ
reconstruction efficiency of MC simulation to data and
assign 2.0%, 2.5%, and 1.0% as the uncertainties of the
correction factors.
The efficiency of the K0

S reconstruction incorporating
the tracking and the mass window selection is studied
using the control sample of J=ψ → K�ð892Þ�K∓, with

K�ð892Þ� → K0
Sπ

�. The difference of K0
S reconstruction

efficiency between data and MC simulation, 2.0%, is taken
as the systematic uncertainty.
The systematic uncertainty due to the π0 selection is

determined from a high purity control sample of
J=ψ → πþπ−π0. The difference of π0 reconstruction
efficiency between data and MC simulation gives an
uncertainty of 1.0% per π0 [39], which includes the γ
reconstruction.
The systematic uncertainty of the 2D fit is considered in

two aspects. The background shape is changed from a
second to either a first or a third order polynomial. The
differences between our nominal branching fractions and
alternative results are 3.1%, 9.7%, and 0.6%, which are
assigned as the systematic uncertainties.
In the channel J=ψ → Ξ0Λ̄K0

S, the decay J=ψ →
Ξ0Σ̄0K0

S produces a fully peaking background in the mass
distributions. To estimate the effect of this background, we
calculate the misidentification rate using the signal MC
sample of J=ψ → Ξ0Σ̄0K0

S that passes the event selection
criteria for J=ψ → Ξ0Λ̄K0

S. The misidentification rate is
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0.001%. Combining this with the signal efficiency of
J=ψ → Ξ0Λ̄K0

S and the branching fraction obtained in this
analysis, we assign an uncertainty of 2.0% to account for
the influence of this background.
In the nominal analysis, the helix parameters of charged

tracks in the 5C or 6C kinematic fit have been corrected
with the parameters derived with the control sample of
J=ψ → ϕf0ð980Þ;ϕ → KþK−; f0ð980Þ → πþπ− [34], and
ψð3686Þ → π0pp̄. The differences of detection efficiencies
with and without helix parameter correction, 2.6%, 8.8%,
and 2.0% for the three signal channels, are assigned as the
corresponding systematic uncertainties. The uncertainty for
the second channel is larger than the other two mainly due
to the miscombinations of signal candidate.
For each signal decay, the uncertainty due to the MC

statistics is defined by

1ffiffiffiffi
N

p
ffiffiffiffiffiffiffiffiffiffiffiffiffiffi
ð1 − ϵÞ

ϵ

r
; ð5Þ

where ϵ is the detection efficiency andN is the total number
of signal MC events. The assigned systematic uncertainty
is 0.1%.
The Λ, Σþ, Ξ0 are generated in the PHSP in the nominal

analysis. Alternative signal MC samples are generated with
the decay parameters quoted from PDG [27] containing
S-wave and P-wave. The relative changes in detection
efficiencies, 1.6%, 0.1%, 1.1%, are assigned as the sys-
tematic uncertainties for MC model.
The branching fractions BK0

S→πþπ− ¼ ð69.2� 0.05Þ%,
BΛ→pπ− ¼ ð64.1� 0.5Þ%, and BΣ̄−→p̄π0 ¼ ð51.5� 0.3Þ%
are quoted from the PDG [27]. They contribute with uncer-
tainties of 1.6%, 1.6%, and 1.4% for J=ψ → Ξ0Λ̄K0

S,
J=ψ → Ξ0Σ̄0K0

S, and J=ψ → Ξ0Σ̄−Kþ, respectively.
All systematic uncertainties are summarized in Table I.

Assuming that all sources are independent, the total
systematic uncertainties for each signal decay are
calculated by adding all systematic uncertainties
quadratically.
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VI. SUMMARY

By using ð10087� 44Þ × 106 J=ψ events taken at the
BESIII detector, we have measured the branching fractions
of the decays J=ψ → Ξ0Λ̄K0

S, J=ψ → Ξ0Σ̄0K0
S, and J=ψ →

Ξ0Σ̄−Kþ for the first time to be

BðJ=ψ → Ξ0Λ̄K0
SÞ ¼ ð3.76� 0.14� 0.23Þ × 10−5;

BðJ=ψ → Ξ0Σ̄0K0
SÞ ¼ ð2.24� 0.32� 0.31Þ × 10−5;

BðJ=ψ → Ξ0Σ̄−KþÞ ¼ ð5.64� 0.17� 0.28Þ × 10−5;

where the first uncertainties are statistical and the second
systematic. The ratio of the branching fractions between
J=ψ → Ξ0Σ̄0K0

S and J=ψ → Ξ0Σ̄−Kþ is determined to be
R ¼ 0.40� 0.07, which deviates by 2.1σ from the isospin
conservation number 1=4. Here, the correlated systematic
uncertainties associated with the reconstruction of Λ and
π0, kinematic fit, MC statistics, as well as the quoted
branching fractions and NJ=ψ , largely cancel out. When
combined with the branching fractions of the ψð3686Þ
decays into the same final states, which will be obtained at
BESIII in the near future, they will offer valuable infor-
mation to understand the ρπ puzzle in the ψ decays. The
excited hyperon, Ξð1690Þ0, can be seen in the MK−Σþ

distributions, where a potential Ξð1720Þ0 contribution is
also indicated. However, due to the limited statistics and the

large systematic uncertainty arising from the low momen-
tum Λ, no definitive conclusion can be obtained. No
baryon-antibaryon threshold enhancement is observed.
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TABLE I. Systematic uncertainties (in unit of %) in the
branching fraction measurements. Symbol denoted by “...”
indicates that no systematic uncertainty is considered.

Source Ξ0Λ̄K0
S Ξ0Σ̄0K0

S Ξ0Σ̄−Kþ

NJ=ψ 0.4 0.4 0.4
Tracking � � � � � � 0.6
PID � � � � � � 0.3
γ detection � � � 1.0 � � �
K0

S reconstruction 2.0 2.0 � � �
Λ reconstruction 2.0 2.5 1.0
π0 reconstruction 2.0 2.0 4.0
2D fit 3.1 9.7 0.6
Kinematic fit 2.6 8.8 2.0
MC statistics 0.1 0.1 0.1
MC model 1.6 0.1 1.1
Quoted branching fractions 1.6 1.6 1.4
Peaking background 2.0 � � � � � �
Total 6.1 13.8 5.0
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