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We perform a systematic analysis of the mass and strong decays of the Ωð2012Þ resonance in a coupled-
channel approach of a bare three-quark state and a composite meson-baryon state. Besides the coupling of
the bare state and Ξ�K̄ channel, the effective meson-baryon interactions are also included. We find a pole
with a mass of 2008 MeV by solving the Bethe-Salpeter equation. The calculated decay widths and its

ratios of branching fractions RΞπK̄
ΞK̄ agree well with the new experimental measurement by the Belle

Collaboration. Our results suggest that both three-quark core and Ξ�K̄ channel are essential for the
description of the Ωð2012Þ resonance. We expect that present calculations can help us to better understand
the nature of Ωð2012Þ resonance.
DOI: 10.1103/PhysRevD.107.014025

I. INTRODUCTION

Searching for more missing baryons and understanding
their spectra and structures is an intriguing topic in hadron
physics. In recent years, significant progress has been
achieved in the baryon spectroscopy both experimentally
and theoretically, especially in the heavy quark sectors.
Under this circumstance, the study of multistrangeness
baryons is also experiencing a renaissance owing to the
discoveries of new Ξ and Ω resonances by the Belle,
BESIII, and LHCb Collaborations [1–5]. The spectroscopy
of multistrangeness baryons actually provides a connecting
bridge between light and heavy baryons, which helps us to
understand the variation due to different quark masses more
deeply. Even so, our knowledge about these multistrange-
ness baryons is still far from complete as compared with the
other baryons [6]. More experimental information in this
energy region is urgently needed, and it is also necessary to
carefully study the properties of every observed multi-
strangeness baryon so far.

In 2018, the Belle Collaboration observed a new struc-
ture Ωð2012Þ in the Ξ0K− and Ξ−K0

S invariant mass
distributions [2]. Subsequently, the Belle Collaboration
has analyzed the three-body decay of the Ωð2012Þ baryon
to K̄πΞ, and gives a 90% credibility level upper limits on
the ratios of the branching fractions relative to K̄Ξ decay
modes [7]. Also, the evidence of Ωð2012Þ in the Ωc weak
decay process was reported by Belle Collaboration in 2021
[8]. Recently, with the ϒð1SÞ, ϒð2SÞ, and ϒð3SÞ data
collected by the Belle detector, the branching fraction ratio
of the three-body decay to the two-body decay was
measured [9]. Until now, the observed mass and decay
widths of Ωð2012Þ are

M½Ωð2012Þ� ¼ 2012.5� 0.7� 0.5 MeV; ð1Þ

Γ½Ωð2012Þ� ¼ 6.4þ2.5
−2.0ðstatÞ � 1.6ðsystÞ MeV: ð2Þ

Defining the ratio of the branching fractions

RΞπK̄
ΞK̄ ≡ B½Ωð2012Þ → Ξð1530ÞK̄ → ΞπK̄�

B½Ωð2012Þ → ΞK̄� ; ð3Þ

one has the experimental data RΞπK̄
ΞK̄ < 11.9% [7] in 2019

andRΞπK̄
ΞK̄ ¼ 0.97� 0.24� 0.07 [9] in 2022. In the follow-

ing, we employ Ξ� to denote the Ξð1530Þ by convention.
Before the discovery of the Ωð2012Þ resonance, there

were already some predictions for the mass spectrum of the
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Ω family [10–28], which suggested that the first orbital
P-wave excitation should lie around 2 GeV. Then, the
observations of the new multistrangeness resonance
Ωð2012Þ have immediately interested a series of theoretical
investigations. Among these works, two interpretations
exist. One is the conventional three-quark state with
P-wave excitation with JP ¼ 3=2− [29–38], which is
denoted as Ωð12P3=2−Þ following the standard notation
n2Sþ1LJ of spectroscopy. The other is a meson-baryon
molecular picture mainly contributed by Ξ�K̄ because of
the proximity of their masses [39–50]. Actually, both
pictures seem to reasonably explain the experimental data,
such as mass, total decay width, and weak production from
Ωc. More details on theΩð2012Þ can be found in the review
article of the strange baryon spectrum [51].
The disagreement between these two pictures comes

from the predicted three-body decay. The conventional
baryon should mainly decay into the two-body mode ΞK̄
rather than the three-body channel ΞπK̄, while the three-
body final state ΞπK̄ are predicted to be significantly in
some molecular pictures owing to the large coupling
strength jgΩð2012ÞΞ�K̄j. To distinguish these two interpreta-
tions, the Belle Collaboration measures the branching
fraction ratio twice as shown above. The first result favors
the conventional interpretation [7], while the second one
favors the molecular picture [9]. Considering the uncer-
tainties of experiments and phenomenological models of
three-body decay, we hold the opinion that one cannot draw
a firm conclusion of its nature until now.
An essential fact is that both predicted masses of the

conventional Ωð12P3=2−Þ state and the molecular state are
located in the energy region of Ωð2012Þ. Thus, the conven-
tional Ωð12P3=2−Þ state may couple strongly with the
continuum, bound states, or resonances, and the converse
is also true. In Ref. [38], the authors calculated the coupled
channel effects for Ωð2012Þ and found that the conven-
tional three-quark state dominates. In the literature [52–78],
the coupled channel effects between the bare state and
hadron-hadron channels have been investigated for various
systems, such as the mysterious σ, Λð1405Þ, D�

s0ð2317Þ,
Λcð2940Þ, Xð3872Þ, and so on. However, many works
actually considered the bare state coupled by the hadron-
hadron continuum state without interactions between them.
Several works including the hadron-hadron interactions
suggested that the interactions might be important in the
coupled-channel approach [63–65,75–78]. Theoretically,
the hadron-hadron interactions may dynamically generate
the bound states or resonances, the dynamics of which is
quite different from that of the continuum states without
interactions. Thus, it is crucial to study the coupled-channel
effects by including the meson-baryon interactions in a
unified framework. Owing to the complexity of Ωð2012Þ,
we indeed have a suitable research platform to investi-
gate the coupled-channel effects involving meson-baryon

interactions; also, it is a good opportunity to study the
internal structure of this fantastic particle.
In this work, we perform a systematic analysis of the mass

and strong decays for the Ωð2012Þ resonance in a coupled-
channel approach. Beside considering the coupling between
the bare stateΩð12P3=2−Þ andΞ�K̄ continuum states, we also
include the effective Ξ�K̄ interaction via the Ωη loop. Our
approach has been employed in the study of the nature of
a1ð1260Þ and σ mesons [63–65], which figures out the bare
and composite components in these two states. Here the
composite states correspond to those dynamically generated
by the relevant hadron-hadron interactions. This unified
treatment can be easily extended to baryons, and suitable
for investigating the nature of Ωð2012Þ resonance. Our
results of mass, two-body decay, and three-body decay for
Ωð2012Þ are compatible with the current experimental data,
which indicates that both bare state Ωð12P3=2−Þ and Ξ�K̄
channel are important and give significant contributions to
the properties of the Ωð2012Þ resonance.
This paper is organized as follows. In Sec. II, The

effective interactions and couplings are derived, and the
frameworks of coupled-channel approach and strong
decays are introduced as well. We present the parameters,
numerical results, and discussions for the Ωð2012Þ reso-
nance in Sec. III. A summary is given in the last section.

II. FORMALISM

A. Effective Ξ�K̄ interaction via Ωη loop

The effective Ξ�K̄ interaction is obtained by the second
order process of the chiral Lagrangian going through an Ωη
loop. The starting point is the Weinberg-Tomozawa inter-
action for quark-meson transitions

LWT ¼ −
i

8f2p
q̄γμðϕμϕ − ϕϕμÞq; ð4Þ

with

ϕ≡ λ⃗ · M⃗p;

ϕμ ≡ λ⃗ · ∂μM⃗p: ð5Þ

Here, the M⃗p is the pseudoscalar meson octet field, λ⃗ is the
SU(3) Gell-Mann matrix, and fp stands for a decay
constant for a pseudoscalar meson. Given the leading order
term, the transitions between Ξ�K and Ωη at tree level can
be written as

M½Ξ�K̄ → Ξ�K̄� ¼ M½Ωη → Ωη� ¼ 0 ð6Þ

M½Ξ�K̄ → Ωη� ¼ M½Ωη → Ξ�K̄�

¼ −
3

4f2K
ð2 ffiffiffi

s
p

−MΩ −MΞ� Þ; ð7Þ
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where
ffiffiffi
s

p
is the energy of a meson-baryon pair in their

center of mass system. It is worth pointing that these energy
dependent interactions at the quark level leads to the
interaction for hadrons [39,44] when taking the baryon
matrix elements of (4) by the standard quark model wave
functions. The direct interaction of the Ξ�K̄ channel itself
vanishes. Hence, the effective potential vcom for Ξ�K̄
channel can be obtained through the Ωη loop, which is
shown in Fig. 1. After the nonrelativistic reduction, the
integrated Ωη two-body propagator can be expressed as

GΩηð
ffiffiffi
s

p Þ ¼ MΩ

2π2

Z
Λ

0

djqj q2

s − ðEΩ þ ωηÞ2 þ iϵ

×
EΩ þ ωη

EΩωη

�
1þ 2q2

9MΩ

�
; ð8Þ

where the EΩ ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
M2

Ω þ q2
p

and ωη ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
m2

η þ q2
q

are the

energies for intermediate Ω and η hadrons, respectively.
The Λ is the cutoff parameter to eliminate the ultraviolet
divergence, which reflects the finite size of baryons. The

term ð1þ 2q2

9MΩ
Þ arises from the propagator of spin-3=2

particle, which gives minor effects for a small momentum
jqj. The resulting effective potential for Ξ�K̄ composite
states is then given by

vcom ¼ M½Ξ�K̄ → Ωη�GΩηð
ffiffiffi
s

p ÞM½Ωη → Ξ�K̄�: ð9Þ

B. Interaction between the
bare state and Ξ�K̄ channel

To calculate the mixture between the bare state
Ωð12P3=2−Þ and Ξ�K̄ channel, one should extract the
effective interaction from quark-meson couplings. Here,
we adopt the axial-vector type coupling for the interaction
between the pseudoscalar meson and a light quark inside
the baryons. It can be written as

LMpqq ¼
gqA
2fp

q̄γμγ5ϕμq; ð10Þ

where gqA is the quark-axial-vector coupling strength. This
interaction is inspired by the low-energy theorem of chiral
symmetry and has been extensively employed in the
quark model calculations [29–31,79]. We note that the

interaction (10), when gqA ¼ 1, is found in the nonlinear
chiral meson-quark Lagrangian consistently with the
Weinberg-Tomozawa type interaction (4). To match the
nonrelativistic wave functions of conventional baryons,
the interaction operator should be expanded in powers of
1=m, and the terms up to order 1=m are enough for the
present low momentum phenomena. The nonrelativistic
form can be expressed as

HNR ¼ gqA
2fp

�
σ · qþ ω

2m
ðσ · q − 2σ · piÞ

�
: ð11Þ

Here, the m is the constituent quark mass, q ¼ ðω; qÞ
corresponds to the 4-momentum of the outgoing pseudo-
scalar meson, and pi stand for the momentum of a quark
inside the initial baryon.
The wave functions of theΩð12P3=2−Þ and Ξ� resonances

can be easily constructed in the standard quark model. For
the spatial part, the harmonic oscillator wave functions are
adopted here. Explicit formulas of these wave functions can
be found in Ref. [79]. Then, we can calculate the amplitude
Ωð12P3=2−Þ → Ξ�K̄ straightforwardly

M½Ωð12P3=2−Þ → Ξ�K̄� ¼ gqAωK̄α

fKm
e−

q2

9α2 ; ð12Þ

where the constant α is the inverse range parameter of the
harmonic oscillator wave functions. The Gaussian func-
tional form corresponds to a form factor, which plays the
role of making the relevant loop Ξ�K̄ integral finite. In
practice, as shown in (17), the Gaussian form factor is
replaced by the sharp cutoff Λ in momentum space, as
consistently done also for the Ωη loop function (8).
Finally, the tree diagram Ξ�K̄ → Ωð12P3=2−Þ → Ξ�K̄ as

shown in Fig. 2 for the bare state induced potential vbare can
be expressed as

vbare ¼
2M0g

q2
A α2ð ffiffiffi

s
p

−MΞ� Þ2
f2Km

2ðs −M2
0Þ

; ð13Þ

where the mass M0 is for the bare state Ωð12P3=2−Þ. Thus,
the full interaction vfull is

vfull ¼ vcom þ vbare: ð14Þ

FIG. 1. The Feynman diagram for the effective Ξ�K̄ interaction
via Ωη loop.

FIG. 2. The tree-level Feynman diagram for the interaction
between the bare state and Ξ�K̄ channel.
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C. The two-level problem

With the interactions vcom, vbare, and vfull, we can obtain
the amplitudes tcom and tfull by using the Bethe-Salpeter
equation

tcom ¼ vcom
1 − vcomGΞ�K̄

; ð15Þ

tfull ¼
vfull

1 − vfullGΞ�K̄
¼ vcom þ vbare

1 − ðvcom þ vbareÞGΞ�K̄
: ð16Þ

The loop function GΞ�K̄ has the similar structure to GΩη,
and can be written as

GΞ�K̄ð
ffiffiffi
s

p Þ ¼ MΞ�

2π2

Z
Λ

0

djqj q2

s − ðEΞ� þ ωK̄Þ2 þ iϵ

×
EΞ� þ ωK̄

EΞ�ωK̄

�
1þ 2q2

9M2
Ξ�

�
: ð17Þ

Then, we can find the solution of the full amplitude in these
composite and bare bases, and compare the obtained poles
with the physical state Ωð2012Þ. This problem is quite
similar to the two-level problem in quantum mechanics,
and the idea has been employed to study of the nature of
a1ð1260Þ and σ mesons [63–65]. Here, we briefly introduce
this approach.
Let us first express the amplitude tcom for Ξ�K̄ scatter-

ings by an s-channel pole term as

tcom ≡ gRðsÞ
1ffiffiffi

s
p

− ffiffiffiffiffispp gRðsÞ; ð18Þ

where ffiffiffiffiffispp is the pole position of the amplitude tcom, and
gRðsÞ is a function corresponding to the coupling strength
of the obtained composite particle at s ¼ sp. Next we see
that the relation between vbare and coupling strength gðsÞ of
the bare Ωð12P3=2−Þ state can be defined as

vbare ≡ gðsÞ 1ffiffiffi
s

p
−M0

gðsÞ: ð19Þ

Then, we can express the full scattering amplitude by

tfull ¼ ðgR; gÞ
1

D̂−1
0 − Σ̂

�
gR
g

�
; ð20Þ

with

D̂−1
0 ¼

� ffiffiffi
s

p
− ffiffiffiffiffispp

0

0
ffiffiffi
s

p
−M0

�
; ð21Þ

Σ̂ ¼
�

0 gRGΞ�K̄g

gGΞ�K̄gR gGΞ�K̄g

�
: ð22Þ

The diagonal elements of D̂0 are the free propagators of two
different states, one for the composite state and the other for
the bare state. The matrix Σ̂ represents the self-energy and
mixing interaction between these two states. The detailed
derivation can be found in Ref. [64], and a slight modi-
fication here arises from the different propagators between
baryons and mesons.
Now, the matrix

D̂ ¼ 1

D̂−1
0 − Σ̂

ð23Þ

is the full propagators of the physical states represented by
the two bases of the composite and bare ones. We adoptM�
to denote the poles obtained by the full tmatrix, tfull, which
corresponds to the physical states and can be compared
with the experimental observations. The residues of the
diagonal elements Dii are obtained by

zii ¼ 1

2πi

I
γ
DiiðsÞd ffiffiffi

s
p

; ði ¼ 1; 2Þ; ð24Þ

where γ are the closed circles around the poles M�. The
residues z11 and z22 reflect the information of the corre-
sponding components. For instance, D22 is the full propa-
gator of the bare state, and its residue z22 has the meaning
of the probability of finding the bare component in the
physical state. Thus, we can schematically express the
physical state Ωð2012Þ as

Ωð2012Þ ¼
ffiffiffiffiffiffi
z11

p
j1i þ

ffiffiffiffiffiffi
z22

p
j2i; ð25Þ

where the j1i and j2i are the composite Ξ�K̄ and bare
Ωð12P3=2−Þ states, respectively.

D. Strong decays

The physical state Ωð2012Þ can decay into the ΞK̄ and
ΞπK̄ channels. For the two-body decay, we can adopt the
transition operatorHNR together with the wave functions of
baryons to estimate the helicity amplitude Ah [79]. Then,
the width of the two-body decay Ωð2012Þ → ΞK̄ can be
written as

Γ½Ωð2012Þ → ΞK̄� ¼ z22
1

4π

jqj
2M2

i

1

2J þ 1

X
h

jAhj2; ð26Þ

where jqj is the momentum of outgoing meson, Mi and J
are the mass and spin of the initial baryon, respectively. We
emphasize that, in our model, the two-body ΞK̄ decay
arises from its coupling to the bare component. Because the
coupling is determined by (10), there is no free parameter.
In contrast, in the pure molecular (composite) picture, there
is no coupling for the transition Ξ�K̄ → ΞK̄. Therefore,
for instance, in Refs. [39,44], the authors introduced two
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parameters to describe this process by assuming that it
gives a dominating contribution to the total decay width.
To calculate the partial decay width of channel ΞπK̄, we

employ the same formula as Ref. [44]. The sequential
decay chain Ωð2012Þ → Ξ�K̄ → ΞπK̄ is assumed for this
process, the diagram of which is shown in Fig. 3. We can
obtain the coupling strengthen between the physical state
Ωð2012Þ and Ξ�K̄ by

g2Ωð2012ÞΞ�K̄ ¼ limffiffi
s

p
→M�

ð ffiffiffi
s

p
−M�Þtfull ¼

1

2πi

I
γ
tfullðsÞd

ffiffiffi
s

p
:

ð27Þ
Then, we take into account the phase space factor for the Ξ�
decay width in the convolution integral as

ΓΞ� ¼ ΓΞ�;on
jq̃πj3
jq̃π;onj3

θðMinvðπΞÞ −mπ −MΞÞ; ð28Þ

where jq̃πj, jq̃π;onj are the momentum with masses of
MinvðπΞÞ and MΞ� for the Ξ� baryon. Also, the other
choice of ΓΞ� is the constant width from the experimental
data, and we will discuss the differences between these two
ways in Sec. III. Finally, we can calculate the three-body
decay straightforwardly

dΓ½Ωð2012Þ → Ξ�K̄ → ΞπK̄�
dMinvðπΞÞ

¼ 1

ð2πÞ2
MΞ�

MΩð2012Þ
jq̃K̄jg2Ωð2012ÞΞ�K̄

×
ΓΞ�

jMinvðπΞÞ −MΞ� þ i ΓΞ�
2
j2 : ð29Þ

III. RESULTS AND DISCUSSIONS

A. Parameters

To investigate the mass and decay behaviors of the
Ωð2012Þ, several parameters should be fixed. For the
composite case, we need the decay constant fK and cutoff
Λ. In Ref. [44], the fπ ¼ 93 MeV and Λ ¼ 700 MeV are
adopted to generate a pole slightly below the Ξ�K̄ threshold.
If we use the same parameters and neglect the ΞK̄ decay

channel, we can also obtain the similar loosely bound state
that corresponds to the physical state Ωð2012Þ. This is
consistent with the molecular interpretations at the hadron
level. Since only strange mesons and multistrangeness
baryons are considered in this work, the choice fp ¼ fK ¼
111 MeV is more suitable in the Lagrangians (4) and (10)
[31]. Also, we employ the Λ ¼ 500 MeV here, which we
consider is a reasonable choice for conventional baryons.
The quark axial-vector coupling constant we employ

gqA ¼ 1. In some literatures [78–80], a smaller value was
used to effectively reproduce the decays of K� → Kπ,
D� → Dπ, Σc → Λcπ, and Ξ� → Ξπ. The reduction of gqA
from unity is also needed to explain the nucleon’s gA in the
quark model (there are many references for this; see for
instance [81]). One possible reason is the relativistic effect of
the quark motion in a hadron. All of these cases are
transitions of the hadrons with quarks in the orbitally ground
state. However, it was demonstrated in Refs. [31,82] that the
correction is not important for transitions between a P-wave
excited state to the ground state, which is the case that we
need. Lastly, for the interactions in theΩð12P3=2−Þ → Ξð�ÞK̄
processes, we adopt the average quark mass m ¼ 450 GeV
and harmonic oscillator parameter α ¼ 331 MeV following
the previous work [31].
In the literature, there are lots of calculations for the mass

spectrumofΩ family, and the estimatedmass forΩð12P3=2−Þ
state varies from to 1953 to 2142 MeV [10–14,24–26,29].
These masses correspond to the physical ones after the
renormalization due to the meson-baryon loops. In the
unquenched approach, the bare states are supposed to
be heavier than the physical states and the effects of
coupled channels or hadron loops reduce the masses such
that the bare states are pushed down to those of physical
states [57–59,66–71]. These mass shifts are predicted to be
from tens to hundreds MeV, depending on the physical
systems and phenomenological models. Hence, we should
choose a larger mass M0 for the bare state relative to the
theoretical predictions and experimental observation of
Ωð2012Þ. In the present study, we adopt M0 ¼ 2150 MeV
for the bare state Ωð12P3=2−Þ, and discuss the influence of
other choices.

B. Poles

By analyzing the amplitude tcom, we find a pole of
composite state in the second Riemann sheet above the Ξ�K̄
threshold. In doing so, we have defined the analytic
structure of the complex loop function

GSRS
i ð ffiffiffi

s
p Þ

¼ Gið
ffiffiffi
s

p Þ þ
(
0; for Reð ffiffiffi

s
p Þ < ffiffiffi

s
p

th

i Mijqj
2π

ffiffi
s

p ð1þ 2q2

9M2
i
Þ; for Reð ffiffiffi

s
p Þ > ffiffiffi

s
p

th
;

ð30Þ

FIG. 3. The diagram of sequential decay chain Ωð2012Þ →
Ξ�K̄ → ΞπK̄.
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with

jqj ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
½s − ðMi þmiÞ2�½s − ðMi −miÞ2�

p
2

ffiffiffi
s

p ; ð31Þ

where the i stands for Ξ�K̄ or Ωη channel. The pole locates
at 2139.2 − 124.3 MeV, which represents a broad reso-
nance generated by the effective Ξ�K̄ interaction vcom.
Obviously, such a state cannot be identified with the
observed Ωð2012Þ.
So, now we couple the bare stateΩð12P3=2−Þ to the broad

composite state by including the interaction (13). With the
amplitude tfull, we obtain two poles: one is located at
2007.9 MeV, and the other is at 2236.8 − 69.3i MeV. The
pole at 2007.9 MeV is below the Ξ�K̄ threshold, and exists
as a loosely bound state. This mass is consistent with the
experimental data 2012.5� 0.7� 0.5 MeV, which would
be a good candidate of Ωð2012Þ. Certainly, without
considering the decay channel ΞK̄ in full amplitude tfull,
we obtain a loosely bound state rather than a resonance.
The small decay width of Ωð2012Þ can be calculated
perturbatively by introducing the transition operators in
the following subsection.
The pole at 2236.8 − 69.3i MeV is far away from

Ωð2012Þ. It is tempting to identify it with other observed
excited Ω state. In the Review of Particle Physics [6], a
structure Ωð2250Þ exists, which has a mass of 2252�
9 MeV and a width of 55� 18 MeV. Also, this resonance
decays into Ξ�K̄ and ΞπK̄ channels experimentally. In the
previous theoretical studies [29,30], a possible interpreta-
tion as Ωð1DÞ was given. However, due to lack of detailed
experimental information, we cannot determine the nature
of the observed state Ωð2250Þ.
Moreover, we can obtain the composite and bare

components from the tfull. Focusing on the pole at
2007.9 MeV, we find that the probability of the bare
component is 28.7%. This result suggests that both com-
ponents of the bare state and Ξ�K̄ channel are important,
and the coupled-channel effect plays an essential role for
the better understanding of the nature of Ωð2012Þ.

C. Decays

With the formula (26) given in Sec. II, it is straightfor-
ward to evaluate the two-body decay width. We have found
that

Γ½Ωð2012Þ → ΞK̄� ¼ 3.02 MeV: ð32Þ
In comparison with the total decay width, this result is
consistent with the experimental measurement. Also, it
should be emphasized that in our model the two-body
decay width arises from the three-quark component in the
physical Ωð2012Þ state without introducing additional
parameters.

Now for three-body decays, we consider the sequential
process Ωð2012Þ → Ξ�K̄ → ΞπK̄. For this, we need the
coupling strength jgΩð2012ÞΞ�K̄j. Using (27), the coupling
near the physical pole is predicted to be 1.99, which is
similar to the result of chiral unitary approach [44]. This
indicates that we should get the analogous results to that of
molecular picture. We plot the invariant mass distribution
dΓ½Ωð2012Þ → Ξ�K̄ → ΞπK̄�=dMinvðπΞÞ in Fig. 4, where
both energy independent and dependent Ξ� widths are
considered as in Ref. [44]. After the integration over
MinvðπΞÞ, the three-body decay widths can be obtained.
Given the strong decays, the total decay width of Ωð2012Þ
equals to the sum of partial widths for two-body and three-
body channels. Also, we can estimate the theoretical ratio
of the branching fractions RΞπK̄

ΞK̄ . The decay properties for
Ωð2012Þ under various situations are listed in Table I. It
should be noted that the lower cut 1.49 GeV in MinvðπΞÞ
was implemented by Belle Collaboration in 2019 [7],
which should be included for the comparisons of ratio
of branching fractions.
It can be seen that the energy independent and dependent

Ξ� widths actually affect the three-body decay width
significantly. With the energy independent Ξ� width and
no lower cut case, the calculated total decay width and ratio
of branching fractions are

Γ½Ωð2012Þ� ¼ 6.29 MeV; ð33Þ

RΞπK̄
ΞK̄ ¼ 1.08; ð34Þ

FIG. 4. The invariant mass distribution dΓ½Ωð2012Þ → Ξ�K̄ →
ΞπK̄�=dMinvðπΞÞ for a three-body channel. The red solid and
blue dashed lines correspond to energy independent and depen-
dent Ξ� widths, respectively. The green vertical line is the
lower cut 1.49 GeV as implemented by Belle experiment in
2019 [7].
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which agree well with the observed total decay width [2]
and new experimental measurement RΞπK̄

ΞK̄ in 2022 [9].
Moreover, for the other three cases, the calculated ratio of
branching fractions RΞπK̄

ΞK̄ disagree with the experimen-
tal data.
Although the present calculations with energy indepen-

dent Ξ� width give good descriptions of new experimental
data, the energy dependent Ξ� width should be used for the
formula of a three-body decay theoretically. We find that
the three-body calculations are sensitive to the phenom-
enological models. Also, the two experimental measure-
ments aboutRΞπK̄

ΞK̄ by the Belle Collaboration are in conflict
with each other. It is hoped that more theoretical and
experimental efforts are needed to investigate the decay
behaviors of Ωð2012Þ resonance.

D. Further discussions

Our present choice of bare mass for Ωð12P3=2−Þ is
2150MeV, which is slightly higher than the pure composite
pole at 2139.2 − 124.3i MeV. Also, one may reduce the
quark axial-vector coupling constant gqA as in Refs. [78–81].
It is interesting to investigate the variations of these
parameters. An alternative choice with M0 ¼ 2070 MeV
and gqA ¼ 0.6 can also describe the properties of Ωð2012Þ.
In this case, the bare mass is smaller than the composite
pole, which reverses the mass order of the two-level
problem. The generating pole is at 2013.9 MeV with the
three-quark component of 46.7%, and the decay behaviors
also roughly agree with the Belle experiments. Moreover,
the cutoff parameter Λ can be varied around 500 MeV. It is
found that when we increase Λ, the energy of the pole near
Ξ�K̄ threshold decreases, and vice versa. Certainly, these
changes of pole positions induced by Λ can be adjusted by
the parameter M0 within reasonable range.
In the present calculation, we neglect the coupling

between the bare state Ωð12P3=2−Þ and baryon-meson
channel Ωη. Indeed, this coupling can cause some correc-
tions to the full amplitude tfull and positions of poles

indirectly. After including this coupling, we found that the
pole position at 2007.9 MeV change only slightly, which
does not affect our results and conclusions in present work.
For the second pole near Ωη, this coupling may affect
significantly, and it is expected to study this energy region
in future.
In theory, we can discuss the pole flow by varying the

coupling strength between the bare state and Ξ�K̄ like the σ
meson case. For this energy dependent interaction, under-
standing the pole flow and compositeness is a very
intriguing topic [65]. By changing the bare mass, cutoff,
and coupling strength, we can obtain various playgrounds
to investigate the specific behaviors of poles. This is
beyond the scope of the current study of Ωð2012Þ, and
we prefer to examine them in our future work.
Our present results of masses and decay behaviors are

consistent with current experimental observations of
Ωð2012Þ, which suggests that both three-quark and Ξ�K̄
components are significant and important. Indeed, without
the three-quark component, the pole generated by effective
Ξ�K̄ interaction is far away from the Ωð2012Þ, and no
leading order term contributes to the two-body decay
channel ΞK̄. Still, without the Ξ�K̄ component, the pure
three-quark core will give small three-body partial decay
width, which is not favored by new experimental meas-
urement RΞπK̄

ΞK̄ .
Interestingly, various interpretations in the literature,

such as the conventional Ωð1PÞ baryon, molecular picture,
and mixture dominated by bare state, seems to reasonably
or partly describe the experimental data with several model-
dependent parameters. In fact, these explanations together
with ours give different internal structures of Ωð2012Þ, but
current experiments are insufficient to distinguish them
irrefutably. More experimental information is needed, and
further theoretical investigations on other analogous sys-
tems may be also helpful to disentangle this puzzle.

IV. SUMMARY

In this work, we study the mass and strong decay
behaviors of the Ωð2012Þ resonance in a coupled-channel
approach. The mixture of bare Ωð12P3=2−Þ state and Ξ�K̄
channel are considered. Also, the meson-baryon inter-
actions are included, which manifests as the effective
Ξ�K̄ interaction. With these interactions, we obtain a pole
that has a mass of 2007.9 MeV by solving the Bethe-
Salpeter equation. The strong decay behaviors are also
investigated, and the predicted total decay widths and ratio
of branching fractions RΞπK̄

ΞK̄ agree well with the new
experimental measurement by the Belle Collaboration.
Our results indicate that both the three-quark core and
Ξ�K̄ channel are important and play essential roles in
describing the mass and strong decay behaviors ofΩð2012Þ
resonance.

TABLE I. Theoretical results of the strong decays for the
Ωð2012Þ resonance in MeV. The lower cut affects the three-
body decays, ratio of branching fractions, and total width.

Decays

No cut With cut

Independent Dependent Independent Dependent

ΞK̄ 3.02
ΞπK̄ 3.27 1.07 1.99 0.92
Γ½Ωð2012Þ� 6.29 4.09 5.01 3.94

RΞπK̄
ΞK̄

1.08 0.35 0.66 0.30

Γ½Ωð2012Þ�exp 6.4þ2.5
−2.0 � 1.6 [2]

RΞπK̄
ΞK̄ exp 0.97� 0.24� 0.07 [9] <0.119 [7]
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Despite these successes, we notice that the calculations
of three-body decay are sensitive to the phenomenological
models. Because of this sensitivity, the previous interpre-
tations in the literature can reasonably or partly describe the
experimental data. However, given the uncertainties of the
experimental data, it is still early to draw a final conclusion
for the structure of the Ωð2012Þ resonance. Besides the
mass and strong decay behaviors, the weak and electro-
magnetic properties may be helpful for us to differentiate
various interpretations. More experimental and theoretical
efforts on Ωð2012Þ resonance and other analogous systems
are needed to clarify its nature.
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