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Based on a sample of ð10087� 44Þ × 106 J=ψ events collected with the BESIII detector, a partial-
wave analysis of J=ψ → ΛΣ̄0ηþ c:c: is performed for the first time. The dominant contributions are found
to be excited Λ states with JP ¼ 1=2− and JP ¼ 1=2þ in the ηΛ mass spectra. The measured masses and
widths are M ¼ 1668.8� 3.1� 21.2 MeV=c2 and Γ ¼ 52.7� 4.2� 17.8 MeV for the Λð1670Þ, and
M ¼ 1881.5� 16.5� 20.3 MeV=c2 and Γ ¼ 82.4� 18.2� 8.9 MeV for the Λð1810Þ, respectively.
The branching fraction is determined to be BðJ=ψ → ΛΣ̄0ηþ c:c:Þ ¼ ð3.44� 0.11� 0.13Þ × 10−5.
The first uncertainties are statistical and the second systematic.
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I. INTRODUCTION

The spectra and structure of excited light-flavor baryons
provide information that can improve our understanding of
confinement, chiral symmetry breaking, and other non-
perturbative aspects of quantum chromodynamics [1]. Due
to their unstable nature, excited baryons strongly couple to
meson-baryon continuum states, thereby forming resonant
structures such as the nucleon resonances (N�, Δ�) with
strangeness S ¼ 0 and excited hyperon resonances (Λ�, Σ�)
with strangeness S ¼ 1. These systems therefore serve as
key probes into the underlying QCD dynamics [1].
While the quark model predicts numerous Λ� baryon

resonance states, the Λð1670Þ, which has a mass near the
ηΛ threshold, has inspired a wide range of theoretical
interpretations, including: the SU(3) octet partner of the
Nð1535Þ [2], a KΞ bound state using a meson-baryon
framework [3], and a mixture of three-quark and five-
quark components [4]. However, experimental information
remains sparse. The interpretation of K̄N scattering data
relies on model-dependent partial-wave analysis (PWA)
[1,5], and the Belle Collaboration observed Λð1670Þ in the
decay Λþ

c → ηΛπþ based on a one-dimensional fit of the
ηΛ spectrum [6]. Regarding the Λð1810Þ resonance, there
are currently different viewpoints on its existence. In this
case, the existence of the Λð1810Þ resonance remains
controversial, highlighting the need for further experimen-
tal confirmation. Additionally, its key properties such as

quantum numbers and branching fractions remain poorly
constrained, as summarized in the Particle Data Group
(PDG) [7]. The relativistic quark model with instanton-
induced quark forces predicted the existence of Λð1810Þ
[8]. The hyperon is set to be a 3-star state in the PDG [7],
but the NK̄ scattering experiment sets Λð1810Þ to be a
1-star state [9]. The NK̄ scattering experiments provide
weak evidence for the predictions of the quark model
regarding Λð1810Þ. Observations of the Λð1810Þ in the
mass distributions of NK̄, Σπ, and Λσ and searches for the
Λð1810Þ in the mass distribution of ηΛ are thus crucial for
clarifying its structural properties.
The charmonium vector meson J=ψ is an SU(3) singlet

cc̄ bound state with isospin I ¼ 0. It provides a unique
laboratory for baryon spectroscopy and investigations of
SU(3) flavor symmetry. The J=ψ → ΛΣ̄0η decay is an
isospin-violating process, which offers a good opportunity
for the study of baryonic states. At the level of J=ψ decays,
isospin violation can usually be ascribed to electromagnetic
decays, such as in the cases of J=ψ → ρη, J=ψ → Λ̄Σ0, and
J=ψ → Λ̄ð1520ÞΣ0 [10,11]. In the decays of baryons,
isospin violation could happen in either weak or electro-
magnetic decays, such as in Λ → pπ and Σ → γp.
However, the dominant contribution to the excited baryon
decays comes from the strong interactions, where isospin is
conserved.
The high production rate of baryons in charmonium

decays presents an excellent opportunity for the study of
excited baryons. By analyzing a sample of ð10087�
44Þ × 106 J=ψ events collected with the BESIII detector
[12], we perform a PWA of the decay J=ψ → ΛΣ̄0η to
measure its branching fraction and to investigate excited
states of the Λ. Charge-conjugate processes are implied
throughout.
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II. BESIII DETECTOR AND MONTE
CARLO SIMULATION

The BESIII detector [13] records symmetric eþe−
collisions provided by the BEPCII storage ring [14] in
the center-of-mass energy range from 1.84 to 4.95 GeV,
with a peak luminosity of 1.1 × 1033 cm−2 s−1 achieved atffiffiffi
s

p ¼ 3.773 GeV. BESIII has collected large data samples
in this energy region [15]. The cylindrical core of the
BESIII detector covers 93% of the full solid angle and
consists of a helium-based multilayer drift chamber
(MDC), a plastic scintillator time-of-flight system (TOF),
and a CsI(Tl) electromagnetic calorimeter (EMC), which
are all enclosed in a superconducting solenoidal magnet
providing a 1.0 T magnetic field. The magnetic field was
0.9 T in 2012, which affects 10% of the total J=ψ data. The
solenoid is supported by an octagonal flux-return yoke with
resistive plate countermuon identification modules inter-
leaved with steel. The charged-particle momentum reso-
lution 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 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, provid-
ing a time resolution of 60 ps [16], which benefits 87% of
the data used in this analysis.
Simulated data samples produced with a GEANT4-based

[17] Monte Carlo (MC) package, which includes the geo-
metric description of the BESIII detector and the detector
response, are used to determine detection efficiencies and to
estimate backgrounds. The simulation models the beam
energy spread and initial state radiation in the eþe− annihi-
lations with the generator KKMC [18,19]. All particle decays
are modeled with EVTGEN [20,21] using branching fractions
either taken from the PDG [7], when available, or otherwise
estimated with LUNDCHARM [22,23]. Final state radiation
from charged final state particles is incorporated using the
PHOTOS package [24]. Possible backgrounds are studied using
a sample of J=ψ inclusive events in which the known decays
of the J=ψ are modeled with branching fractions set to be the
world average values from the PDG [7]. MC samples are
generated uniformly in phase space.

III. EVENT SELECTION

The decay J=ψ → ΛΣ̄0η is studied using the subsequent
decays Λ → pπ−, Σ̄0 → γΛ̄, Λ̄ → p̄πþ, and η → γγ, result-
ing in the final state γγγpp̄πþπ−. Each event is thus
required to contain at least three good photon candidates
and four charged track candidates with net charge zero.
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.

Photons are reconstructed from showers in the EMCwith
a deposited energy of at least 50 MeV in the barrel region
(jcos θj < 0.8) and 50 MeV in the end cap regions
ð0.86 < jcos θj < 0.92Þ. The opening angle between the
shower position and the charged tracks extrapolated to the
EMC must be greater than 10 degrees. Finally, photons
are required to arrive within 700 ns from the event start time
to reduce background from photons that do not originate
from the same event.
The Λ and Λ̄ candidates are reconstructed by combining

pairs of oppositely charged tracks with pion and proton
mass hypotheses and by imposing a secondary vertex
constraint [25,26]. Events with at least one pπ− candidate
for the Λ decay and one p̄πþ candidate for the Λ̄ are
retained. In the case of multipleΛΛ̄ pair candidates, the one
with the minimum value of χ2svtxðΛÞ þ χ2svtxðΛ̄Þ is chosen,
where χ2svtxðΛÞ and χ2svtxðΛ̄Þ are the χ2 of the secondary
vertex fits for the Λ and Λ̄, respectively. To improve the
momentum and energy resolution and to reduce back-
ground contributions, a four-constraint (4C) energy-
momentum conservation kinematic fit is applied to the
event candidates under the hypothesis ofΛΛ̄γγγ. For events
with more than three photons, the combination with the
best fit quality is selected. To reject possible background
events from J=ψ → ΛΛ̄γγ and J=ψ → ΛΛ̄γγγγ, we require
the χ2 of fits to theΛΛ̄γγ andΛΛ̄γγγγ hypotheses be greater
than the χ2 for the ΛΛ̄γγγ hypothesis.
After satisfying the above requirements, a five-constraint

(5C) kinematic fit is performed, incorporating energy-
momentum conservation and a mass constraint on the
η → γγ decay [7]. The combination with the smallest
χ25CðΛΛ̄ηðγγÞγÞ is kept for further analysis, and we require
χ25CðΛΛ̄ηðγγÞγÞ < 50 for the J=ψ → ΛΣ̄0η candidates.
To suppress background events from J=ψ → ΛΛ̄π0γ,

another 5C kinematic fit is performed under the hypothesis
of ΛΛ̄π0γ, incorporating a constraint on the four-momen-
tum of the final state to that of the initial J=ψ (4C) and an
additional mass constraint (1C) on the π0 → γγ decay. The
χ25C of the 5C kinematic fit under the hypothesis of ΛΛ̄ηγ is
required to be less than that of ΛΛ̄π0γ.
After applying the above selection criteria, the invariant

mass distributions of pπ− and p̄πþ are shown in Fig. 1. We
require 1.111 < Mðpπ−=p̄πþÞ < 1.121 GeV=c2 to selectΛ
and Λ̄ candidates. To suppress background arising from
miscombinations of the charge-conjugated channel, the
invariant mass of γΛ from J=ψ → ΛΣ̄0η is required to not
be in the Σ0 signal regionMðγΛÞ ∉ ð1.179; 2.204Þ GeV=c2.
To investigate possible background contributions, the

same selection criteria are applied to an inclusive MC
sample of 10 billion J=ψ events. The background channels
exhibit smooth distributions without significant peaking
structures around the nominal Σ̄0 mass, as shown in Fig. 2.
An off-resonance data sample of 167.06 pb−1 taken at a

center-of-mass energy of 3.08 GeV is used to estimate the
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possible background from continuum processes [27]. After
applying the same selection criterion as for J=ψ data, only
two events survive. Therefore, the background from con-
tinuum processes is ignored and possible interference
effects are also ignored. This is expected to have a
negligible impact on the branching fraction measurement.

IV. PARTIAL WAVE ANALYSIS

The Dalitz plots in Fig. 3 show M2ðηΛÞ versus M2ðηΣ̄0Þ
for the decay J=ψ → ΛΣ̄0η andM2ðηΛ̄Þ versusM2ðηΣ0Þ for
the charge-conjugated mode, where theΛ� resonances would
be visible as horizontal bands. An additional requirement on
the γΛ̄ invariant mass, MðγΛ̄Þ∈ ð1.184; 1.199Þ GeV=c2, is
applied to improve the signal purity, as shown in Fig. 2,
where the red arrows are used for the signal definition. A total
of 1617 candidates are retained for the subsequent PWA. The
background in the signal region is estimated using events in
the Σ̄0 sideband regions, defined as 1.157 < MðγΛ̄Þ <
1.164 GeV=c2 and 1.215<MðγΛ̄Þ<1.223GeV=c2, yield-
ing Nside

Σ ¼ 140� 12 events, as shown in Fig. 2, where the
green arrows are used for the sidebands definition. The decay
amplitude is constructed using the helicity amplitude for-
malism, and the full procedure is implemented based on the
open-source framework TF-PWA [28].

A. Analysis method

To construct the decay amplitude of J=ψ → ΛΣ̄0η, the
helicity formalism is used based on the isobar model
describing the three-body decay as a two-step sequential
quasitwo-body decay. For each two-body decay A → Bþ C,
the helicity amplitude can be written as

AA→BþC
λA;λB;λC

¼ HA→BþC
λB;λC

DJA⋆
λA;λB−λCðϕ; θ; AÞ: ð1Þ

In the Wigner D-function, DJA�
λA;λB−λCðϕ; θ; AÞ, the ϕ and θ

represent the polar and azimuthal angles, respectively, of the
momentum of particle B defined in the rest frame of particle
A. The definitions can be found in Ref. [29]. The amplitude
HA→BþC

λB;λC
is given by the LS coupling formula [30] along

with barrier factor terms

HA→BþC
λB;λC

¼
X
ls

gls

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
2lþ 1

2JA þ 1

s
hl0; sδjJAδi

· hJBλB; JC − λCjsδiqlB0
lðq; q0; dÞ; ð2Þ
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FIG. 2. The distributions of (a) MðγΛ) and (b) MðγΛ̄Þ. Dots
with error bars represent data, the blue line is the simulated signal
shape, and the yellow line denotes the background from the
inclusive MC sample. The Σ0 and Σ̄0 signal region is shown with
the red arrows and Σ0 and Σ̄0 sideband ranges are shown with the
short green arrows.
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FIG. 1. The distributions of (a) Mðpπ−Þ and (b) Mðp̄πþÞ. Dots
with error bars represent data, the blue line is the simulated signal
shape, and the yellow line denotes the background from the inclusive
MC sample. The red arrows denote the Λ and Λ̄ mass windows.
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where gls is the fitting parameter, JA;B;C are the spins of the
particles A, B and C, λB;C are the helicities for the particles
B and C, and δ ¼ λB − λC is the helicity difference.
B0
lðq; q0; dÞ is the reduced Blatt-Weisskopf barrier factors

[7,31,32], the radius d is chosen as d ¼ 0.73 fm, which is
the same as in Ref. [33]. The normalization factor q0 is
calculated at the nominal resonance mass.
The amplitude for a complete decay chain is constructed

as the product of each two-body decay amplitude and the
resonant propagator R. For example, in the sequential decay
A → Rþ B with R → CþD, the amplitude is written as

AA→RþB;R→CþD
λA;λB;λC;λD

¼
X
λR

AA→RþB
λA;λR;λB

RðmRÞAR→CþD
λR;λC;λD

: ð3Þ

The propagator R includes different models. The Breit-
Wigner formula is taken as

RðmÞ ¼ 1

m2
0 − s − im0Γ

; ð4Þ

where m0 and Γ are the mass and width of resonances, and
m ¼ ffiffiffi

s
p

is the mass of ηΛ.
The probability density to observe the ith event with

kinematic variables ξi is

PðξiÞ ¼
ωðξiÞϵðξiÞR
ωðξÞϵðξÞdξ ; ð5Þ

where ωðξiÞ is the differential cross section, ϵðξiÞ is the
detection efficiency,

ωðξÞ≡ dσ
dΦ

¼
����X

j

Aj

����2; ð6Þ

where Aj is the amplitude of the jth process, dΦ is the
standard element of phase space and σ ≡ R

ωðξÞϵðξÞdξ is
the measured total cross section. The detection efficiency is
denoted by ϵðξiÞ.
The joint probability for observing the N events in the

data sample is:

L≡ Pðξ1; ξ2 � � � ; ξnÞ ¼
YN
i¼1

PðξiÞ

¼
YN
i¼1

ωðξiÞϵðξiÞR
ωðξÞϵðξÞdξ : ð7Þ

The detection efficiency function ϵðξÞ in the above
expression can be separated by taking the negative natural
logarithm

− lnL≡ − lnPðξ1; ξ2 � � � ; ξnÞ

¼ −
XN
i¼1

ln

�
ωðξiÞR

ωðξÞϵðξÞdξ
�
−
XN
i¼1

ln ϵðξiÞ: ð8Þ

For the determined MC and data samples, the detection
efficiency ϵðξiÞ can be regarded as a constant and has no
effect on the fitting results, so it can be omitted: − lnL is
then given as

− lnL ¼ −
XN
i¼1

ln
�

ωðξiÞR
ωðξÞϵðξÞdξ

�

¼ −
XN
i¼1

ln

�
dσ
dΦ

=σ

�
: ð9Þ

The background contribution is estimated using events in
the Σ sideband region and is subtracted from the log-
likelihood function in the Σ signal region, i.e.,

− lnL ¼ −ðlnLdata − lnLbkgÞ: ð10Þ
The observed cross section σ is calculated by MC

integration and is given as

σobs ¼
Z

ωðξÞϵðξÞdξ

¼
X
i

ΔξiωðξiÞϵðξiÞ

¼ 1

Ngen

X
i

NgenΔξiωðξiÞϵðξiÞ: ð11Þ
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FIG. 3. The Dalitz plots of (a) J=ψ → Λ̄Σ0η and (b) J=ψ →
ΛΣ̄0η events in the Σ signal region from data.

M. ABLIKIM et al. PHYS. REV. D 113, 052012 (2026)

052012-4



Because Nξi ≡ NgenΔξiϵðξiÞ, the observed cross section is
then given as

σobs ¼
1

Ngen

X
i

NξiωðξiÞ ¼
1

Ngen

XNacc

k¼1

ωðξiÞ; ð12Þ

where Ngen is the total number of MC events, Nacc is the
number of MC events that satisfy the event selections, and k
denotes the kth event.
The construction of the probability density function, the

calculation of the fit fraction, and the corresponding stat-
istical uncertainty for each component follow Ref. [3]. The
combined branching fraction is obtained according to

BðJ=ψ → XΣ̄0 → ΛΣ̄0ηÞ ¼ NX

NJ=ψ · Bsub · ϵX

¼ Ntotal

NJ=ψ · Bsub · ϵtotal
·
ϵtotal · NX

ϵX · Ntotal

ð13Þ

Here, Bsub denotes the product branching fraction of
BðΣ0 → γΛÞ · B2ðΛ → pπ−Þ · Bðη → γγÞ, NJ=ψ , Ntotal and
NX represent the number of J=ψ , PWA data and resonance
X, ϵX is the detection efficiency for decays involving the
resonance X, while ϵtotal is the total detection efficiency. The
equation simplifies to

BðJ=ψ → XΣ̄0 → ΛΣ̄0ηÞ ¼ ðJ=ψ → ΛΣ̄0ηÞ · FFX; ð14Þ

where FFX is the fit fraction of resonance X.
Based on TF-PWA, we perform a combined fit for the

charge-conjugate modes J=ψ → ΛΣ̄0η and J=ψ → Λ̄Σ0η.
In the fit, the likelihood of each decay mode is calculated
using the MC integral and data sample, while these two
decay modes share the same set of resonance and wave
parameters, namely the amplitude and phase of each wave.
The total likelihood value is then constructed by the
product of the likelihood value for each mode.

B. PWA results

To obtain a good description of the data one needs to test
for the presence and significance of numerous resonances
and their combinations in the PWA parametrization. The
goal is to minimize the total number of required resonances,
i.e., to find the simplest parametrization that describes the
data within uncertainties. However, the number of possible
resonance combinations is usually far beyond what can be
tested in the traditional way, such as manually inserting
Breit-Wigner resonant terms into simple parametrizations.
Since no obvious structure is evident in the Σ0�η mass

spectrum, as shown in Fig. 4(c), we only consider the excited
Lambda hyperon (Λ� → Λη) in the PWA. TheΛ� candidates
allowed, given the constraints of the limited phase space, are
listed in Table I. Since many of them are not well established,
extensive checks have been performed to verify the reliabil-
ity of this analysis. In particular, we tested alternative spin-
parity (JP) assignments for each state to find the optimized
solution. Only components with a statistical significance
exceeding 5σ are kept in the baseline solution.
It is found that two resonant contributions, with JP ¼

1=2− and JP ¼ 1=2þ, are sufficient to describe the data
well. Comparisons between data and the PWA fit projec-
tions for the distributions of MðηΛÞ, MðηΣ̄Þ, and MðΛΣ̄Þ
are shown in Fig. 4. The fit projections of the angular
distributions are shown in Fig. 5, demonstrating good
consistency between data and the PWA results. The pull

(a) (b) (c)

FIG. 4. The distributions of (a) MðηΛÞ, (b) MðΛΣ̄0Þ and (c) MðηΣ̄0Þ. The black lines are the total PWA results, the gray histograms
represent the background, while the red lines are Λð1=2−Þ and the orange lines are Λð1=2þÞ. The blue bars represent the pull
distribution.

TABLE I. The possible intermediate states of Λ� states
(PDG [7]).

Resonance MðMeV=c2Þ Γ (MeV) JP Existence

Λð1600Þ 1600� 30 200� 50 1=2þ ****
Λð1670Þ 1674� 4 30� 5 1=2− ****
Λð1690Þ 1690� 5 70� 10 3=2− ****
Λð1710Þ 1713� 13 180� 40 1=2þ *
Λð1800Þ 1800� 50 200� 50 1=2− ***
Λð1810Þ 1790� 50 110� 60 1=2þ ***
Λð1890Þ 1890� 20 120� 40 3=2þ ****
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is displayed on each figure to demonstrate the goodness of
fit. The extracted parameters and statistical significances
for each resonance are presented in Table II. The statistical
significance is evaluated using the change in the log-
likelihood value (denoted as ΔS) and the corresponding
number of degrees of freedom (denoted as Δndf) in the fits
with and without the specific component. A resonance with
spin-parity assignment of 1

2
− is observed near 1.67 GeV=c2

in the ηΛmass spectrum. The measured mass and width are
consistent with the estimated value of the Λð1670Þ in the
PDG [7]. The second observed resonance could be iden-
tified as the Λð1810Þ based on its 1

2
þ spin-parity. Its mass is

about 90 MeV=c2 higher than the estimated value of
1790 MeV=c2 in PDG [7] but remains compatible within
two standard deviations. Moreover, the second observed
resonance is that the mass and width also match those of the
Λð1890Þ, which has 3

2
þ spin-parity in the PDG [7]. To test

this possibility, we assign JP ¼ 3
2
þ to the second resonance

and find that the fit quality is just slightly worse with a
change of log-likelihood value of ΔS ¼ 5, the distributions
of mass and angular momentum are shown in the
Appendix. Thus, while we cannot definitively claim that
the second resonant component is the Λð1810Þ, the
Λð1810Þ possibility is slightly favored over the Λð1890Þ.
The measured masses, widths, and product branching
fractions for each component are summarized in Table II.

C. Branching fraction measurement of J=ψ → ΛΣ̄0η

To extract the number of J=ψ → ΛΣ̄0η → ΛΛ̄γη events,
an unbinned maximum likelihood fit is performed to the
γΛ̄ invariant mass spectrum. The signal component is

modeled with the MC simulated signal shape convolved
with a Gaussian function to account for a potential differ-
ence in the mass resolution between data and MC simu-
lation. The combinatorial background is parametrized by a
first-order Chebychev polynomial function. The resulting
fit result, presented in Fig. 6, yields Nobs

Σ ¼ 1553� 44
signal events.
The branching fraction is determined as

BðJ=ψ → ΛΣ̄0ηÞ

¼ Nobs
Σ

NJ=ψ · BðΣ0 → γΛÞ · B2ðΛ → pπ−Þ · Bðη → γγÞ · ϵ ;

ð15Þ

where Nobs
Σ is the signal yield determined in the fit, ε is the

detection efficiency for the decay, BðΣ → γΛÞ;BðΛ →
pπ−Þ and Bðη → γγÞ are the corresponding branching
fractions from the PDG [7], and NJ=ψ is the total number
of J=ψ events in the data, ð10087� 44Þ × 106 [34]. With a
detection efficiency of 2.78%, the branching fraction of
J=ψ → ΛΣ̄0η is calculated to be ð3.44� 0.11Þ × 10−5.
Using the same approach to determine the detection
efficiency, the product branching fraction for each compo-
nent is given in Table III.

V. SYSTEMATIC UNCERTAINTIES

A. Uncertainties from event selection

Table IV lists all the systematic uncertainty sources and
values. These systematic uncertainties are statistically
independent and can be summed up in quadrature. The

(a) (b) (c)

FIG. 5. The distributions of (a) cos θη=ηΛ, (b) cos θΛ=ΛΣ̄ and (c) cos θΣ̄=ηΣ̄. The black lines are the total PWA results. The gray
histograms represent the background. The red and orange lines show the components of Λð1=2−Þ and Λð1=2þÞ, respectively. The blue
bars represent the pull distribution.

TABLE II. The resonant parameters, the fitted fractions and the detection efficiencies for each component in the baseline solution,
where the first uncertainties are statistical and the second systematic.

Resonance MðMeV=c2Þ Γ (MeV) BðJ=ψ → Λ�Σ̄0 → ΛΣ̄0ηÞ Significance

Λð1670Þ 1668.8� 3.1� 21.2 52.7� 4.2� 17.8 ð2.47� 0.09� 0.44Þ × 10−5 > 20σ
Λð1810Þ 1881.5� 16.5� 20.3 82.4� 18.2� 8.9 ð1.02� 0.13� 0.14Þ × 10−5 10.9σ
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different sources of systematic uncertainties for the meas-
urement of the branching fraction are considered and
described below.

(i) Λ=Λ̄ reconstruction: The efficiency of Λ=Λ̄
reconstruction, incorporating both the MDC tracking
and the ΛðΛ̄Þ mass window requirement, is studied
using a control sample of J=ψ → ΛΛ̄ decays, and a
correction factor of 0.997� 0.004 [35] is applied to
the efficiencies obtained from MC simulation. After
efficiency correction we take 0.8% as the systematic
uncertainty due to the Λ=Λ̄ reconstruction.

(ii) Photon detection: The systematic uncertainty from
the reconstruction of photons has been studied
extensively in the process eþe− → γμþμ−. The
relative difference in efficiency between data and

MC simulation, 0.5%, is assigned as the systematic
uncertainty. Since there are three photons in the final
state of interest, the uncertainty from photon detec-
tion is 1.5%.

(iii) Kinematic fit: To investigate the systematic uncer-
tainty associated with the kinematic fit, the track
helix parameter correction method [36] is used. The
difference in the detection efficiencies with and
without the helix correction is taken as the system-
atic uncertainty.

(iv) Fit range: The systematic uncertainty from the fit
range is estimated by changing the fit range by
�3 MeV=c2. The difference in the branching frac-
tion with different fit ranges is taken as the system-
atic uncertainty.

(v) Background shape: To estimate the systematic un-
certainty due to choice of background shape, we
change the order of the Chebychev polynomial from
first order to second order in the fit. The maximum
difference in the fitted signal yield, 1.9%, is taken as
the associated systematic uncertainty.

(vi) Branching fraction uncertainties: The uncertainties
from the branching fraction uncertainties of the
intermediate decays of Λ → pπ− and η → γγ are
quoted from the PDG [7].

(vii) Number of J=ψ events: The total number of J=ψ
events is determined to be ð10087� 44Þ × 106 by
counting inclusive hadronic events, and its uncer-
tainty is 0.4% [34].

B. Uncertainties from the PWA

The systematic uncertainties in the PWA, listed in
Table V, are discussed in detail below. Assuming all sources
are independent, the total systematic uncertainty is deter-
mined by adding them in quadrature.

(i) Extra resonances: To evaluate the effect on the PWA
results from other possible components, the PWA is
reperformed by adding an additional Λð3

2
−Þ reso-

nance. The largest changes of the masses, widths,
and fitted fractions of each resonance are taken as
the systematic uncertainties.

(ii) Background estimation: The uncertainty due to the
background estimation is evaluated by using differ-
ent sideband regions, and changing the background
level through changing the sideband normalization
factors by one standard deviation. The sideband
normalization factors are increased or decreased by
one standard deviation and the maximum difference
is taken as the systematic uncertainty.

(iii) Mass resolution: Uncertainties from the mass reso-
lution are estimated by adding resolution in the
PWA. The impacts on the masses and widths of
Λð1

2
−Þ, Λð1

2
þÞ, and the branching fractions of inter-

mediate states are taken as the uncertainties from
mass resolution.
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FIG. 6. Fit to the invariant mass distribution of γΛþ γΛ̄. The red
line is the MC signal shape of Σ0, dots with error bars represent the
data, the blue line represents that background and the black line is
the result of the fit including signal and background.

TABLE III. The signal yields (Nobs), detection efficiencies and
branching fractions for each product branching fraction, where
the uncertainties are statistical only.

Resonance Nobs ϵð%Þ Bð×10−5Þ
Λð1670Þ 1257� 45 3.14 2.47� 0.09
Λð1810Þ 353� 45 2.13 1.02� 0.13

TABLE IV. Systematic uncertainties in the measurement of the
branching fraction for J=ψ → ΛΣ̄0η.

Source Uncertainty (%)

Λ=Λ̄ reconstruction 0.8
Photon detection 1.5
Kinematic fit 1.7
Fit range 1.7
Background shape 2.0
Branching fraction uncertainties 1.6
Number of J=ψ events 0.4

Total 3.9

AMPLITUDE ANALYSIS AND BRANCHING FRACTION … PHYS. REV. D 113, 052012 (2026)

052012-7



(iv) Resonance parametrization: The uncertainties due to
the parametrizations of resonance states are estimated
by replacing the constant width with amass-dependent
width ΓðmÞ in the Breit-Wigner parametrization [7].

VI. SUMMARY

Based on a sample of ð10087� 44Þ × 106 J=ψ events
collected with the BESIII detector, a PWA of J=ψ →
ΛΣ̄0η is performed for the first time to investigate excited
Λ states. The results show that the dominant contributions
arise from Λð1670Þ and Λð1810Þ. The measured masses,
widths, and product branching fractions for each compo-
nent are summarized in Table II. The resonant parameters
of Λð1670Þ are consistent with the estimated values in
PDG [7]. For the Λð1810Þ component, the fitted mass is
approximately 90 MeV=c2 higher than the estimated value
of 1790 MeV=c2 in PDG [7] but remains compatible
within two standard deviations. This measured mass is
also in agreement with predictions from the quark model
[8]. Given that its mass is close to that of Λð1890Þ with
JP ¼ 3

2
þ, an alternative fit was performed by replacing

Λð1810Þ with Λð1890Þ. The fit quality becomes slightly
worse, and with the currently limited statistics, the
possibility of Λð1890Þ cannot be excluded. In addition,
the branching faction of J=ψ → ΛΣ̄0η is measured to
be BðJ=ψ → ΛΣ̄0ηÞ ¼ ð3.44� 0.11� 0.13Þ × 10−5.
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TABLE V. The systematic uncertainties on the masses, widths, and fitted fractions of Λð1670Þ and Λð1810Þ.
Λð1670Þ Λð1810Þ

Source ΔMðMeV=c2Þ ΔΓðMeVÞ ΔBð%Þ ΔMðMeV=c2Þ ΔΓðMeVÞ ΔBð%Þ
Extra resonances 3.9 14.2 17.2 18.9 7.2 11.9
Background estimation 0.2 0.5 0.1 0.9 0.1 1.3
Mass resolution 1.0 3.1 1.5 2.8 4.5 5.3
Resonance parametrization 20.8 10.3 1.1 6.9 2.7 4.0

Total 21.2 17.8 17.3 20.3 8.9 13.7
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APPENDIX

The distributions ofMðηΛÞ,MðηΣ̄Þ, andMðΛΣ̄Þ for the test PWA fit of Λð1=2−Þ þ Λð3=2þÞ are shown in Fig. 7 and the
angular distributions are shown in Fig. 8.
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