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In this work, the Ωc-like molecular states are systematically investigated in a quasipotential Bethe-

Salpeter equation approach. The relevant interactions Ξð�;0Þ
c K̄ð�Þ, Ξð�ÞDð�Þ, and Ωð�Þ

c ðπ=η=ρ=ωÞ are
described by light meson exchanges with the help of the effective Lagrangians with SU(3), chiral, and
heavy quark symmetries. The obtained potential kernels of considered interactions are inserted into the
quasipotential Bethe-Salpeter equation, and coupled-channel calculations are performed to find possible
molecular states and its couplings to the channels considered. The results suggest that an isoscalar state
can be produced from the Ξ�

cK̄ interaction with spin parity 3=2−, which can be related to state
Ωcð3120Þ. And its isoscalar partner is predicted with a dominant decay in the Ω�

cπ channel. The
isoscalar and isovector states with 1=2− can be produced from the Ξ0

cK̄ interaction with a threshold
close to the mass of the Ωcð3050Þ and Ωcð3065Þ. Their couplings to the ΞcK̄ channel are very weak,
and the isovector one has strong coupling to Ωcπ. High-precision measurement is helpful to confirm or
search such molecular states. Experimental search of states with higher masses generated from

interactions Ξð�;0Þ
c K̄� and Ξ�Dð�Þ are also suggested by the current results.

DOI: 10.1103/PhysRevD.105.094036

I. INTRODUCTION

In 2017, LHCb reported five narrow structures named
Ωcð3000Þ, Ωcð3050Þ, Ωcð3065Þ, Ωcð3090Þ, and Ωcð3120Þ
in the Ξþ

c K− mass projection of the Ω−
b → Ξþ

c K−π−

decays [1]. The Belle Collaboration confirmed the former
four structures [2]. Many theoretical works were inspired
by the observations to interpret their origins and internal
structures, including calculations in the potential model
[3–7], constituent quark model [8–21], QCD sum rule
[22–24], lattice QCD [25], and other phenomenological
approaches [26,27]. One of the most popular interpreta-
tions is that the observed five peaks correspond to five
excited Ωc baryons with spin parities JP ¼ 1=2−, 1=2−,
3=2−, 3=2−, and 5=2−, respectively. The Ωcð3120Þ and
Ωcð3050Þ=Ωcð3065Þ are close to the Ξ�

cK̄ and Ξ0
cK̄

thresholds, respectively. The molecular states picture
was also applied to interpret some of five peaks as
baryon-meson bound states [4–7,19–21]. For example, in
the chiral unitary approach, the theoretical masses and

widths of a Ξ�
cK̄ state with 3=2−, a ΞD state with 1=2−,

and a Ξ0
cK̄ state with 1=2− are in remarkable agreement

with the experimentally observed Ωcð3120Þ, Ωcð3090Þ,
and Ωcð3050Þ [4]. In Ref. [6], a coupled-channel calcu-
lation indicates that either Ωcð3090Þ or Ωcð3120Þ is
possibly related to the isoscalar Ξ�

cK̄=Ωcη=Ω�
cη=

ΞcK̄�=Ξ0
cK̄�=Ωcω state with spin parity 3=2−.

In 2021, the LHCb Collaboration updated its measure-
ment about the Ωc structures [28]. The new analysis
suggests that the spins of Ωcð3050Þ and Ωcð3065Þ tend
not to be 1=2. However, Ωcð3050Þ and Ωcð3065Þ are close
to the Ξ0

cK̄ threshold. If we assign them as molecular states
composed of Ξ0

cK̄, only spin parity 1=2− can be obtained in
the S-wave. Hence, the new result is inconsistent with the
prediction of spin of the Ωcð3050Þ in previous theoretical
works [4,15,22,25]. In the Belle experiment [2] and new
experiment at LHCb [28], the Ωcð3120Þ was not observed,
though it is a good candidate of the Ξ�

cK̄ molecular state
with 3=2−. In Ref. [28], it was suggested that the Ωcð3120Þ
would be a state being either one of the 2S doublet or a
ρ-mode P-wave excitation, which decays to Ξþ

c K− in the
D-wave, and then the decay width is suppressed.
Up to now, the internal structures of these Ωc-like states

are still not well understood. We should answer why the
Ωcð3120Þ is so difficult to observe if it is a molecular state.
If we accept the new LHCb results about the spin parities,
the Ξ0

cK̄ molecular states should not be Ωcð3050Þ or
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Ωcð3065Þ. Where should we find them? In this work, we
will investigate all Ωc-like baryon-meson interactions
with flavor numbers C ¼ 1, S ¼ −2 under 3.6 GeV to
find all possible molecular states from these interactions
and discuss their relations to the experimentally observed
structures. The couplings of these molecular states to the
channels considered will also be studied through coupled-
channel calculation. Besides, more molecular states
will be predicted from these interactions, which are
helpful to understand existing states and future exper-
imental research.
Based on such consideration, we will consider inter-

actions Ξð�;0Þ
c K̄ð�Þ, Ξð�ÞDð�Þ, and Ωð�Þ

c ðη=ω=π=ρÞ in the
current work. As usual, only spin parities JP of the
interactions which can be produced in the S-wave will
be included in the calculation. However, we would like to
note that contributions from higher partial waves will also
be included in our models for an interaction considered.
All possible isospins and spin parities of all considered
interactions are listed in Table I in order of mass threshold
from large to small. Eighteen interactions are considered in
the current work, and 48 channels will be involved after
different isospins and spin parities are considered. In the
calculation, these interactions can be divided into two
categories:

(i) category I: Ξð�ÞDð�Þ;
(ii) category II: Ξð�;0Þ

c K̄ð�Þ, Ωð�Þ
c ðπ=η=ρ=ωÞ.

In the current work, the one-boson-exchange model will
be adopted to describe the interactions. The interactions
in category I are composed of a light baryon and a
charmed meson, while the interactions in category II
are composed of a charmed baryon and a light meson.
The couplings between channels belonging to different
categories intermediate only by exchanges of charmed
mesons. It should be heavily suppressed and can be
ignored compared with the couplings between the
channels in the same category where light meson

exchanges provide the dominant contribution. Besides,

the Ωð�Þ
c ðπ=η=ρ=ωÞ interaction in category II will be

excluded in single-channel calculation in the current
model due to the absence of possible meson exchange
to provide attraction. However, these channels are not
trivial in coupled-channel calculation.
This article is organized as follows. In the next section,

the effective Lagrangians will be provided to construct

potentials of considered interactions Ξð�ÞDð�Þ, Ξð�;0Þ
c Kð�Þ,

andΩð�Þ
c ðπ=η=ρ=ωÞ in the one-boson-exchange model. The

quasipotential Bethe-Salpeter equation approach adopted
in the current work will be also introduced briefly in that
section. The results with single-channel calculation will be
presented in Sec. III. And couplings between different
interactions will be specifically described and discussed
in Sec. IV. Finally, the article ends with summary and
discussion in Sec. V.

II. THEORETICAL FRAME

All systems considered in the current work are com-
posed of a charmed and a light hadron. The Lagrangians for
the charmed and light hadrons will be presented in the
following.

A. Lagrangians for charmed hadrons

The Lagrangians for the vertex of charmed hadrons
and light mesons have been constructed under the heavy
quark limit and chiral symmetry in the literature [29–32].
The couplings of heavy-light charmed mesons Pð�Þ ¼
ðDð�Þ0; Dð�Þþ; Dð�Þþ

s Þ and light exchange mesons can be
depicted as

LP�PP ¼ i
2g

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
mPmP�

p
fπ

ð−P�†
aλPb þ P†

aP�
bλÞ∂λPab;

LP�P�P ¼ −
g
fπ

ϵαμνλP
�μ†
a ∂↔α

P�λ
b ∂νPba;

LP�PV ¼
ffiffiffi
2

p
λgVελαβμð−P�μ†

a ∂↔λ
Pb þ P†

a∂
↔λ

P�μ
b Þð∂αVβÞab;

LPPV ¼ −i
βgVffiffiffi
2

p P†
a∂
↔

μPbV
μ
ab;

LP�P�V ¼ i
βgVffiffiffi
2

p P�†
a ∂↔μP�

bV
μ
ab

− i2
ffiffiffi
2

p
λgVmP�P�μ†

a P�ν
b ð∂μVν − ∂νVμÞab;

LPPσ ¼ −2gsmPP
†
aPaσ;

LP�P�σ ¼ 2gsmP�P�†
a P�

aσ; ð1Þ

where mPð�Þ is the mass of Pð�Þ and ∂↔ ¼ ∂⃗ − ∂⃖. The P and
P� satisfy the normalization relations h0jPjQ̄qð0−Þi ¼ffiffiffiffiffiffiffi
mP

p
and h0jP�

μjQ̄qð1−Þi ¼ ϵμ
ffiffiffiffiffiffiffiffi
mP�

p
. The P and V are

the pseudoscalar and vector matrices,

TABLE I. The possible isospins and spin parities of all
considered interactions. The thresholds are in the unit of MeV.

Channel Ω�
cω Ξ�D� Ω�

cρ Ξ�
cK̄� Ωcω Ξ0

cK̄�
Threshold 3550.9 3541.8 3541.2 3540.2 3480.1 3470.7
I ¼ 0; JP ð1

2
; 3
2
; 5
2
Þ− ð1

2
; 3
2
; 5
2
Þ− � � � ð1

2
; 3
2
; 5
2
Þ− ð1

2
; 3
2
Þ− ð1

2
; 3
2
Þ−

I ¼ 1; JP � � � ð1
2
; 3
2
; 5
2
Þ− ð1

2
; 3
2
; 5
2
Þ− ð1

2
; 3
2
; 5
2
Þ− � � � ð1

2
; 3
2
Þ−

Channel Ωcρ Ξ�D ΞcK̄� ΞD� Ω�
cη Ωcη

Threshold 3470.5 3400.6 3363.3 3326.5 3315.8 3245.0
I ¼ 0; JP � � � 3

2
− ð1

2
; 3
2
Þ− ð1

2
; 3
2
Þ− 3

2
− 1

2
−

I ¼ 1; JP ð1
2
; 3
2
Þ− 3

2
− ð1

2
; 3
2
Þ− ð1

2
; 3
2
Þ− � � � � � �

Channel ΞD Ξ�
cK̄ Ξ0

cK̄ ΞcK̄ Ω�
cπ Ωcπ

Threshold 3185.3 3142.0 3072.5 2965.1 2903.1 2832.4
I ¼ 0; JP 1

2
− 3

2
− 1

2
− 1

2
− � � � � � �

I ¼ 1; JP 1
2
− 3

2
− 1

2
− 1

2
− 3

2
− 1

2
−
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P¼

0
BBB@

ffiffi
3

p
π0þηffiffi
6

p πþ Kþ

π− −
ffiffi
3

p
π0þηffiffi
6

p K0

K− K̄0 −2ηffiffi
6

p

1
CCCA; V ¼

0
BBB@

ρ0þωffiffi
2

p ρþ K�þ

ρ− −ρ0þωffiffi
2

p K�0

K�− K̄�0 ϕ

1
CCCA:

ð2Þ
The Lagrangians for the couplings between charmed

baryon and light exchanged meson can also be constructed
under the heavy quark limit and chiral symmetry, and the
explicit forms of these Lagrangians can be written as [33]

LBBP ¼ −
3g1

4fπ
ffiffiffiffiffiffiffiffiffiffiffiffiffi
mB̄mB

p ϵμνλκ∂νP
X
i¼0;1

B̄iμ∂
↔

κBjλ;

LBBV ¼ −i
βSgV

2
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
2mB̄mB

p Vν
X
i¼0;1

B̄μ
i ∂
↔

νBjμ

− i
λSgVffiffiffi

2
p ð∂μVν − ∂νVμÞ

X
i¼0;1

B̄μ
i B

ν
j;

LBBσ ¼ lSσ
X
i¼0;1

B̄μ
i Bjμ;

LB3̄B3̄V ¼ −i
gVβB

2
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
2mB̄3̄

mB3̄

p VμB̄3̄∂
↔

μB3̄;

LB3̄B3̄σ
¼ lBσB̄3̄B3̄;

LBB3̄P ¼ −i
g4
fπ

X
i

B̄μ
i ∂μPB3̄ þ H:c:;

LBB3̄V ¼ gVλIffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
2mB̄mB3̄

p ϵμνλκ∂λVκ

X
i

B̄iν∂
↔

μB3̄ þ H:c:: ð3Þ

where Sμab read

Bab
0μ ¼ −

ffiffiffi
1

3

r
ðγμ þ vμÞγ5Bab; Bab

1μ ¼ B�ab
μ ;

B̄ab
0μ ¼

ffiffiffi
1

3

r
B̄abγ5ðγμ þ vμÞ; B̄ab

1μ ¼ B̄�ab
μ ; ð4Þ

with the charmed baryon matrices being defined as

B3̄¼

0
B@

0 Λþ
c Ξþ

c

−Λþ
c 0 Ξ0

c

−Ξþ
c −Ξ0

c 0

1
CA; B¼

0
BB@

Σþþ
c

1ffiffi
2

p Σþ
c

1ffiffi
2

p Ξ0þ
c

1ffiffi
2

p Σþ
c Σ0

c
1ffiffi
2

p Ξ00
c

1ffiffi
2

p Ξ0þ
c

1ffiffi
2

p Ξ00
c Ω0

c

1
CCA:

B� ¼

0
BB@

Σ�þþ
c

1ffiffi
2

p Σ�þ
c

1ffiffi
2

p Ξ�þ
c

1ffiffi
2

p Σ�þ
c Σ�0

c
1ffiffi
2

p Ξ�0
c

1ffiffi
2

p Ξ�þ
c

1ffiffi
2

p Ξ�0
c Ω�0

c

1
CCA: ð5Þ

The masses of particles involved in the calculation are
chosen as suggested central values in the Review of Particle
Physics (PDG) [34]. The mass of the broad scalar σ meson
is chosen as 500 MeV. The coupling constants involved are
listed in Table II.

B. Lagrangians for light hadrons

In the following, we will present the Lagrangians for the
vertex of the constituent light hadrons K̄ð�Þ or Ξð�Þ and
the exchanged light hadrons m. The vertices K̄ð�ÞK̄ð�Þm
and Ξð�ÞΞð�Þm can be related to vertices ππm, ρρm, ρωm,
NNm, ΔΔm, and NΔ under SU(3) flavor symmetry
[38–40]. First, the Lagrangians for K̄ð�ÞK̄ð�Þm are shown as

LK̄ K̄ V ¼ igK̄ K̄ VK̄
†Vμ∂↔μK̄;

LK̄ K̄ σ ¼ −gK̄ K̄ σK̄
†σK̄;

LK̄�K̄�P ¼ gK̄�K̄�Pϵ
μναβ∂μK̄

�†
ν ∂αPK̄�

β;

LK̄�K̄�V ¼ −i
gK̄�K̄�V

2
ðK̄�μ†VμνK̄�ν þ K̄�†

μνVμK̄�ν

þ K̄�μ†VνK̄�
νμÞ;

LK̄�K̄�σ ¼ gK̄�K̄�σK̄
�μ†σK̄�μ;

LK̄K̄�P ¼ igK̄K̄�PK̄
�†
μ P∂μK̄ þ H:c:;

LK̄K̄�V ¼ gK̄K̄�Vϵ
μναβ∂μK̄

�†
ν ∂αPK̄β; ð6Þ

where the P and Vμ in the Lagrangians stand for the
pseudoscalar meson (τ⃗ · π⃗ or η) and vector meson (τ⃗ · ρ⃗μ,
ωμ, or ϕμ), respectively; Vμν ¼ ∂μVν − ∂νVμ. The coupling
constants can be obtained by the SU(3) relation and are
listed in Table III.

TABLE II. The coupling constants adopted in the calculation,
which are cited from the literature [33,35–37]. The λ, λS;I , and fπ
are in the unit of GeV−1. Others are in units of 1.

β g gV λ gs fπ
0.9 0.59 5.9 0.56 0.76 0.132

βS lS g1 λS βB lB g4 λI
−1.74 6.2 −0.94 −3.31 −βS=2 −lS=2 3g1=ð2

ffiffiffi
2

p Þ −λS=
ffiffiffi
8

p

TABLE III. The coupling constants determined with SU(3)
symmetry. The values are in the unit of GeV. The three
basic constants are chosen as gPPV ¼ 3.02, gVVP ¼ 5.6, and
gVVV ¼ 3.25 [39].

Coupling
SU(3)
relation Values Coupling

SU(3)
relation Values

gK̄�K̄�π gVVP 5.6 gK̄�K̄�η −
ffiffiffi
3

p
gVVP −9.7

gK̄�K̄�ρ gVVV 3.25 gK̄�K̄�ω −gVVV −3.25
gK̄�K̄�ϕ −

ffiffiffi
2

p
gVVV −4.6 gK̄�K̄�σ � � � 3.65

gK̄ K̄ ρ gPPV 3.02 gK̄ K̄ ω −gPPV −3.02
gK̄ K̄ ϕ −

ffiffiffi
2

p
gPPV −4.27 gK̄ K̄ σ � � � 3.65

gK̄πK̄� −gPPV −3.02 gK̄ηK̄�
ffiffiffi
3

p
gPPV 5.23

gK̄�ρK̄ gVVP 5.6 gK̄�ωK̄ −gVVP −5.6
gK̄�ϕK̄ −

ffiffiffi
2

p
gVVP −7.92
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The Lagrangians for vertices of light baryon
coupling with a light exchanged mesons Ξð�ÞΞð�Þm are
written as

LΞΞP ¼ −
gΞΞP
mP

Ξ̄γ5γμ∂μPΞ;

LΞΞV ¼ −Ξ̄
�
gΞΞVγμ −

fΞΞV
2mΞ

σμν∂ν

�
VμΞ;

LΞΞσ ¼ −gΞΞσΞ̄σΞ;

LΞ�Ξ�P ¼ −
gΞ�Ξ�P

mP
Ξ̄�αγ5γμ∂μPΞ�

α;

LΞ�Ξ�V ¼ −Ξ̄�α
�
gΞ�Ξ�Vγ

μ −
fΞ�Ξ�V

2mΞ�
σμν∂ν

�
VμΞ�

α;

LΞ�Ξ�σ ¼ gΞ�Ξ�σΞ̄�μσΞ�
μ;

LΞΞ�P ¼ gΞΞ�P

mP
Ξ̄�μ∂μPΞþ H:c:;

LΞΞ�V ¼ −i
gΞΞ�V

mV
Ξ̄�μγ5γνVμνΞþ H:c:: ð7Þ

With the help of the SU(3) symmetry, the values of the
coupling constants are given in Table IV. Here, we choose
αBBV ¼ 1.15 as in Ref. [39] based on the NNω coupling
constant given in Refs. [41,42] differing from the standard
value αBBV ¼ 1, which introduces a small SU(3) symmetry
breaking in all vector-meson couplings. Furthermore, we
adopt fNNω ¼ 0 with fBBV ¼ gBBVκV , fDDV ¼ gDDVκV ,
and κρ ¼ 6.1.

C. Potential kernels

The isospin wave functions for the systems considered in
the current work can be written as

jΞð�ÞDð�Þ; I ¼ 0i ¼ −
1ffiffiffi
2

p jΞð�Þ0Dð�Þ0 þ Ξ−Dþi;

jΞð�ÞDð�Þ; I ¼ 1i ¼ −
1ffiffiffi
2

p jΞð�Þ0Dð�Þ0 − Ξ�−Dþi;

jΞð�;0Þ
c K̄ð�Þ; I ¼ 0i ¼ −

1ffiffiffi
2

p jΞð�;0Þþ
c Kð�Þ− þ Ξð�Þ0

c K̄ð�Þ0i;

jΞð�;0Þ
c K̄ð�Þ; I ¼ 1i ¼ −

1ffiffiffi
2

p jΞð�;0Þþ
c Kð�Þ− − Ξð�Þ0

c K̄ð�Þ0i;

jΩð�Þ
c ωðηÞ; I ¼ 0i ¼ jΩð�Þ0

c ωðηÞi;
jΩð�Þ

c ρðπÞ; I ¼ 1i ¼ jΩð�Þ0
c ρ0ðπ0Þi: ð8Þ

Here, the isospin multiplets are defined as

Dð�Þ ¼
�

Dð�Þþ

−Dð�Þ0

�
; Ξð�Þ ¼

�
Ξð�Þ0

Ξð�Þ−

�
;

K̄� ¼
�

K̄ð�Þ0

−Kð�Þ−

�
; Ξð�Þ

c ¼
�
Ξð�Þþ
c

Ξð�Þ0
c

�
; Ξ0

c ¼
�
Ξ0þ
c

Ξ00
c

�
:

ð9Þ
With the vertices obtained from the above Lagrangians,

the potential kernels of coupled-channel interactions can be
constructed easily with the help of the standard Feynman
rules. In this work, following the method in Refs. [43–45],
we input vertices Γ and propagators P into the code
directly. The potential can be written as

VP;σ ¼ IP;σΓ1Γ2PP;σfðq2Þ; VV ¼ IVΓ1μΓ2νP
μν
V fðq2Þ:

ð10Þ
The propagators are defined as usual as

PP;σ ¼
i

q2 −m2
P;σ

; Pμν
V ¼ i

−gμν þ qμqν=m2
V

q2 −m2
V

: ð11Þ

TABLE IV. The values of coupling constants and SU(3) relations. The values are in the unit of GeV. The basic
constants gBBP ¼ 0.989, gBBV ¼ 3.25, αBBP ¼ 0.4, αBBV ¼ 1.15, and gBBσ ¼ 6.59; gDDP ¼ 13.79, gDDV ¼ 59.41,
gBDP ¼ 9.48, and gBDP ¼ 71.69 [39,40].

Coupling SU(3) relation Values Coupling SU(3) relation Values

gΞΞπ ð2α − 1ÞgBBP −0.20 gΞΞη −
ffiffi
3

p ð1þ2αÞ
3

gBBP
−1.03

gΞΞρ ð2α − 1ÞgBBV 4.23 gΞΞω ð2α − 1ÞgBBV 4.23
gΞΞσ gBBσ 6.59 gΞ�Ξ�σ gBBσ 6.59
gΞ�Ξ�π

1

4
ffiffiffiffi
15

p gDDP 0.89 gΞ�Ξ�η − 1

4
ffiffi
5

p gDDP −1.54
gΞ�Ξ�ρ

1

4
ffiffiffiffi
15

p gDDV 3.84 gΞ�Ξ�ω
1

4
ffiffiffiffi
15

p gDDV 3.84

gΞΞ�π
1

2
ffiffiffiffi
30

p gBDP 0.87 gΞΞ�η − 1

2
ffiffiffiffi
10

p gBDP −1.50
gΞΞ�ρ

1

2
ffiffiffiffi
30

p gBDV 6.54 gΞΞ�ω − 1

2
ffiffiffiffi
30

p gBDV −6.54
fΞΞρ 1

2
ðfNNω − fNNρÞ −9.9 fΞΞω 1

2
ðfNNω − fNNρÞ −9.9

fΞ�Ξ�ρ
1

4
ffiffiffiffi
15

p fΔΔρ 29.4 fΞ�Ξ�ω
1

4
ffiffiffiffi
15

p fΔΔρ 29.4

ZHU, KONG, SONG, and HE PHYS. REV. D 105, 094036 (2022)

094036-4



The form factor fðq2Þ is adopted to compensate the off-
shell effect of exchanged meson as fðq2Þ ¼ e−ðm2

e−q2Þ2=Λ2
e

with me and q being the mass and momentum of the
exchanged meson. The flavor factor Iex can be obtained
with the wave functions and Lagrangians as listed in
Table V.
The potential kernel obtained in Eq. (10) can be

projected into fixed spin-parity by partial-wave decom-
position as

VJP
λ0λðp0; pÞ ¼ 2π

Z
d cos θ½dJλλ0 ðθÞVλ0λðp0; pÞ

þ ηdJ−λλ0 ðθÞVλ0−λðp0; pÞ�; ð12Þ

where η ¼ PP1P2ð−1ÞJ−J1−J2 with P and J being
parity and spin for the system. The initial and final
relative momenta are chosen as p ¼ ð0; 0; pÞ and
p0 ¼ ðp0 sin θ; 0; p0 cos θÞ. The dJλλ0 ðθÞ is the Wigner d
matrix.

To obtain the scattering amplitude, such partial-wave
potential kernel can be inserted into the partial-wave
quasipotential Bethe-Salpeter equation as [46–50]

iMJP
λ0λðp0; pÞ ¼ iVJP

λ0;λðp0; pÞ þ
X
λ00≥0

Z
p002dp00

ð2πÞ3

· iVJP
λ0λ00 ðp0; p00ÞG0ðp00ÞiMJP

λ00λðp00; pÞ: ð13Þ

The reduced propagator G0ðp00Þ under quasipotential
approximation has a form of G0ðp00Þ ¼ δþðp002

h −m2
hÞ=

ðp002
l −m2

l Þ with p00
h;l and mh;l being the momenta and

masses of heavy or light constituent particles. Since in
the current approach one of the constituent particles is
put on shell while another is put off shell, an exponen-
tial regularization is also introduced as G0ðp00Þ →
G0ðp00Þ½e−ðp002

l −m2
l Þ2=Λ4

r �2 with Λr being a cutoff [47]. To
make it more in line with the values of different exchange
mesons, a parametrization on the cutoff is performed as
Λe ¼ Λr ¼ me þ α 0.22 GeV with me being the mass of
the exchange meson.
The partial-wave Bethe-Salpeter equation can be trans-

formed into a matrix equation as M ¼ V þ VG0M by
Gauss discretizing, with which the scattering amplitude
can be obtained as MðzÞ ¼ VðzÞ=ð1 − VðzÞG0ðzÞÞ. The
molecular state can be found at the pole of scattering
amplitude in the complex energy plane when its denom-
inator j1 − VðzÞG0ðzÞj ¼ 0. The real and imaginary parts of
the pole position z ¼ W þ iΓ=2 are energy and half of the
decay width, respectively.

III. RESULTS WITH SINGLE-CHANNEL
CALCULATION

Because of the complexity of the coupled-channel
results, the results with single-channel calculation will
be first presented in this section, which can provide an
overall picture of the molecular states produced from the
interactions considered.

A. Category I: Interaction Ξð�ÞDð�Þ

In Fig. 1, the binding energies of all bound states
produced from interaction Ξð�ÞDð�Þ are presented with
the variation of the α, which is the only variable parameter
in the current model, and absorbs the model uncertainties.
Empirically, its value is chosen in a reasonable range from 0
to 5. Since the molecular state is defined as a shallow bound
state, in the current work, we only keep the results with
binding energy lower than 45 MeV or smaller.
The single-channel calculation suggests that only the

isoscalar bound state can be produced from the interactions.
No isovector state is found in the considered range of the
parameter. Three isoscalar Ξ�D� states appear at almost the
same value of α about 1 with spin parities JP ¼ 1=2−,
3=2−, and 5=2−, which are all possible spin parities in the

TABLE V. The flavor factor Iex for a system with certain
isospin and meson exchange. The vertices for three pseudoscalar
mesons should be forbidden.

Transition Ξð�ÞDð�Þ → Ξð�ÞDð�Þ

Iex Iπ Iη Iρ Iω Iϕ Iσ
I ¼ 0 3=

ffiffiffi
2

p
1=

ffiffiffi
6

p
3=

ffiffiffi
2

p
1=

ffiffiffi
2

p � � � 1
I ¼ 1 −1=

ffiffiffi
2

p
1=

ffiffiffi
6

p
−1=

ffiffiffi
2

p
1=

ffiffiffi
2

p � � � 1
Transition Ξð�;0Þ

c K̄ð�Þ → Ξð�;0Þ
c K̄ð�Þ

Iex Iπ Iη Iρ Iω Iϕ Iσ
I ¼ 0 −3=2

ffiffiffi
2

p
−1=2

ffiffiffi
6

p
−3=2

ffiffiffi
2

p
1=2

ffiffiffi
2

p
1=2 1

I ¼ 1 1=2
ffiffiffi
2

p
−1=2

ffiffiffi
6

p
1=2

ffiffiffi
2

p
1=2

ffiffiffi
2

p
1=2 1

Transition ΞcK̄ð�Þ → ΞcK̄ð�Þ
Iex Iπ Iη Iρ Iω Iϕ Iσ
I ¼ 0 � � � � � � −3=

ffiffiffi
2

p
1=

ffiffiffi
2

p
1 2

I ¼ 1 � � � � � � 1=
ffiffiffi
2

p
1=

ffiffiffi
2

p
1 2

Transition Ξð�;0Þ
c K̄ð�Þ → ΞcK̄ð�Þ

Iex Iπ Iη Iρ Iω Iϕ Iσ
I ¼ 0 −3=2

ffiffiffi
3

p
=2 −3=2 1=2 1 � � �

I ¼ 1 1=2
ffiffiffi
3

p
=2 1=2 1=2 1 � � �

Transition Ωð�Þ
c η=ω → Ξð�;0Þ

c =K̄ð�Þ
Iex IK IK�

I ¼ 0 −1 −1
Transition Ωð�Þ

c π=ρ → Ξ�;0
c K̄ð�Þ

Iex IK IK�

I ¼ 1 1 1
Transition Ωð�Þ

c η=ω → ΞcK̄ð�Þ
Iex IK IK�

I ¼ 0 −
ffiffiffi
2

p
−

ffiffiffi
2

p
Transition Ωð�Þ

c π=ρ → ΞcK̄ð�Þ
Iex IK IK�

I ¼ 1
ffiffiffi
2

p ffiffiffi
2

p
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S-wave. The binding energies of all three states gradually
increase with the increase of the α. When α increases to 4 or
larger, the repulsion from π exchange increases faster than
the attraction, which makes the state with 1=2− shallower.
Different from the Ξ�D� interaction, only one molecular

state can be produced from the Ξ�D interaction with spin
parity 3=2−. For two lower interactions ΞD� and ΞD, no
bound state is found near their thresholds for all quantum
numbers considered in the current work as listed in Table I.

B. Category II: Interaction Ξð�;0Þ
c K̄ð�Þ

Six interactions in category II, Ξ�
cK̄�, Ξ0

cK̄�, ΞcK̄�, Ξ�
cK̄,

Ξ0
cK̄, and ΞcK̄, involve in the single-channel calculation.

We first present the binding energies of isoscalar states with
I ¼ 0 from these interactions in Fig. 2.
The Ξ�

cK̄� interaction is found attractive and produces
three isoscalar bound states with spin parities 1=2−, 3=2−,
and 5=2−, which all appear at a value of α of about 1. Their
binding energies increase with the increase of the parameter
α. The binding energies of states with larger spin increase
more rapidly. Two bound states are produced from the Ξ0

cK̄�
interactionwith 1=2− and 3=2−. Large binding energy is also
found for large spin parity 3=2−. The bound states from
interactionΞcK̄� with 1=2− and 3=2− are almost degenerate.
It is from small differences of the vector exchange for
different spin parities and the absence of pseudoscalar
exchange as shown in Table V. A very large α value is
required to provide the obvious difference in binding energy.

As shown in the panels in the right of Fig. 2, only one
bound state is produced for each of the interactions, Ξ�

cK̄,
Ξ0
cK̄, or ΞcK̄, and all of them appear at a value of α of about

0.5. The curve of the binding energy of Ξ�
cK̄ state with 3=2−

is compared with the experimental mass of theΩcð3120Þ as
a horizontal line. The cross can be found at an α value
of about 2.2. The bound state from Ξ0

cK̄ interaction also
appears at a value of α of about 0.5. To reach the
experimental mass of state Ωð3065Þ or Ωð3050Þ, an α
value about 1.0 or 1.5 is required for isoscalar state Ξ0

cK̄
with 1=2−, respectively.
In Fig. 3, isovector bound states from the interactions

Ξð�;0Þ
c K̄ð�Þ are listed. Generally, one can find that larger α is

required to form an isovector bound state than isoscalar
states. It is mainly due to the different flavor signs for
the ρ meson exchange in Table V, which means attraction
and repulsion for isoscalar and isovector interaction,
respectively.
For three interactions with the K̄� meson, Ξ�

cK̄�, Ξ0
cK̄�, or

ΞcK̄�, two bound states with spin parities 1=2− and 3=2−

appear at an α value of about 2, which is much larger than
these for isoscalar states. The binding energy of the state
with spin parity 3=2− becomes smaller than the states with
1=2− from interactions Ξ�

cK̄� and Ξ0
cK̄�. The isovector

Ξ�
cK̄� state with 5=2− is attractive but too weak to produce

a bound state in the considered range of parameter α.

FIG. 1. The binding energies for the isoscalar bound states from
interaction Ξð�ÞDð�Þ with variation of α with single-channel
calculation. The upper and lower panels are for interactions
Ξ�D� and Ξ�D, respectively.

FIG. 2. Binding energies of isoscalar bound states from the
interactions Ξð�;0Þ

c K̄ð�Þ with the variation of α with single-channel
calculation. The horizontal lines are for the experimental values
of the masses of corresponding states [28]. The very small
uncertainties of masses, only a few tenths of MeV, are not plotted.
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Two ΞcK̄� states with spin parities 1=2− and 3=2− are also
almost degenerate as in the isoscalar case.
For three interactions with a K̄ meson involved, only one

bound state can be produced as in isoscalar cases. The state
with spin parity 3=2− from interaction Ξ�

cK̄ appears at a
value of α of about 2 and reaches a binding energy of about
16 MeV at the largest α value we considered. Compared
with the experimental mass of theΩcð3120Þ, too large of an
α value is required to assign the isovector Ξ�

cK̄ state with
3=2− as Ωcð3120Þ. For the isovector state Ξ0

cK̄ with spin
parity 1=2−, a binding energy of about 7 MeV can be
reached at α of about 2.2, which is close to mass of the
states Ωcð3065Þ and Ωcð3050Þ.

IV. RESULTS WITH COUPLED-CHANNEL
CALCULATION

In the previous section, many bound states are found to be
produced from the considered interactions with single-
channel calculation in reasonable range of α. In this section,
the coupled-channel effects will be introduced to study the
variation of the bound states obtained in the previous section
and couplings of the molecular states to relevant channels.

A. Coupled-channel results for category I

In Table VI, coupled-channel results with all four
channels are listed in the third column with the label

“cc.” Since the poles are found near the corresponding
thresholds, we still present position as Mth − z with Mth
being the corresponding threshold as in the single-channel
case in the previous section for comparison. Besides, in the
fourth to seventh columns, the results for couplings to the
channels as labeled are presented with two-channel calcu-
lations. The column without an imaginary part is the single-
channel results for reference. The couplings of channels
above thresholds cannot produce width as expected, which
is reflected by a zero imaginary part “0i.”
For isoscalar Ξ�D� states with spin parities 1=2− and

3=2−, the introduction of three coupled channels leads to a
smaller mass as well as a nonzero width. The pole for the
Ξ�D� state with 1=2− gradually becomes too dim to be seen
in the complex plane with the increase of α. After inclusion
of coupled-channel effects, the isoscalar Ξ�D� state with
5=2− becomes shallower than that with 3=2−, and its total
decay width first increases and then decreases. According
to the imaginary parts in the last three columns, isoscalar
state Ξ�D� with 1=2− has the strongest coupling to the
Ξ�D channel, while state with 3=2− state prefers the ΞD�
channel. For the Ξ�D� state with 5=2−, the dominant
channel shifts from Ξ�D to ΞD with the increase of α.

FIG. 3. The binding energies of isovector bound states from the
interaction Ξð�;0Þ

c K̄ð�Þ with the variation of α with single-channel
calculation. The horizontal lines are for the experimental values
of the masses of corresponding states [28].

TABLE VI. The masses and widths of molecular states from
interactions in category I at different values of α in the unit of
GeV. The values of the complex position mean the mass of the
corresponding threshold subtracted by the position of a pole,
Mth − z, in the unit of MeV. The imaginary part of some poles
is shown as 0.0, which means too small a value under the
current precision chosen. The explicit explanation can be found
in the text.

Poles near the Ξ�D� threshold with Mth ¼ 3541.8 MeV

IJP α cc Ξ�D� Ξ�D ΞD� ΞD
1.5 3þ 1.1i 3 4þ 1.7i 4þ 0.2i 4þ 0.0i

01
2
− 2.0 11þ 1.9i 8 13þ 1.5i 10þ 0.4i 9þ 0.1i

2.5 19þ 5.1i 14 24þ 2.4i 16þ 0.8i 14þ 0.8i
3.0 � � � 19 36þ 3.1i 23þ 0.9i 20þ 2.9i

1.5 4þ 0.0i 4 5þ 0.1i 5þ 0.1i 5þ 0.0i
03
2
− 2.0 14þ 1.0i 12 12þ 0.2i 14þ 0.7i 13þ 0.1i

2.5 26þ 2.7i 22 23þ 0.4i 25þ 1.9i 23þ 0.3i
3.0 41þ 3.5i 34 36þ 1.0i 38þ 3.1i 35þ 0.7i

1.5 5þ 0.8i 5 5þ 0.8i 6þ 0.0i 6þ 0.0i
05
2
− 2.0 11þ 2.3i 14 11þ 1.5i 15þ 0.1i 14þ 0.2i

2.5 22þ 1.6i 25 22þ 1.0i 26þ 0.3i 26þ 0.8i
3.0 37þ 1.7i 40 38þ 0.6i 41þ 0.4i 41þ 1.5i

Poles near the Ξ�D thresholds with Mth ¼ 3400.6 MeV

IJP α cc Ξ�D� Ξ�D ΞD� ΞD
1.5 4þ 0.7i 4þ 0i 3 4þ 0.6i 3þ 0.0i

03
2
− 2.0 10þ 1.1i 9þ 0i 8 9þ 1.1i 8þ 0.0i

2.5 18þ 1.4i 16þ 0i 13 15þ 1.4i 13þ 0.0i
3.0 30þ 1.5i 26þ 0i 18 22þ 1.5i 18þ 0.1i

SYSTEMATICAL STUDY OF ωc-LIKE MOLECULAR … PHYS. REV. D 105, 094036 (2022)

094036-7



For Ξ�D interaction, from which only one state can be
formed in the S-wave with 3=2−, the coupled-channel effect
obviously elevates its binding energy. It can hardly couple
to the ΞD channel but strongly couple to the ΞD� channel.

B. Coupled-channel results for category II

In single-channel calculation, the bound states from the
interactions in category II are presented, and their relations
to the experimentally observed states Ωcð3120Þ, Ωcð3065Þ,
and Ωcð3050Þ are also discussed. In the following, the
coupled-channel effects will be investigated. In the single-

channel calculation, theΩð�Þ
c ðπ=η=ρ=ωÞ interactions are not

included due to the absence of exchange of light mesons.
Such interactions should be included in the following

coupled-channel calculation due to the existence of K or
K� exchange between these interactions.

1. Poles near the Ξ�
cK̄ threshold

In the first part of Table VII, we present the coupled-
channel results near the Ξ�

cK̄ threshold, which is close to the
state Ωcð3120Þ. Here, as well as for other thresholds in the
table, the couplings to the channels with very high masses
are extremely weak. Hence, though the overall coupled-
channel results with all ten channels are listed in the cc
column, only four important two-channel results are listed
in the table.
According to two-channel calculations, the pole of

isoscalar state with spin parity 3=2− near the Ξ�
cK̄ threshold

TABLE VII. The masses and widths of molecular states from interactions in category II near thresholds with a K̄
meson at different values of α in the unit of GeV. Other notations are the same as in Table VI.

Poles near the Ξ�
cK̄ threshold with Mth ¼ 3142.0 MeV

IJP α cc Ω�
cη Ωcη Ξ�

cK̄ Ξ0
cK̄ ΞcK̄

1.0 1þ 0.0i 1þ 0i 1þ 0i 1 1þ 0.00i 1þ 0.00i
1.5 8þ 0.02i 8þ 0i 6þ 0i 6 6þ 0.00i 6þ 0.01i

03
2
− 2.0 21þ 0.05i 20þ 0i 16þ 0i 16 16þ 0.00i 16þ 0.02i

2.5 40þ 0.12i 36þ 0i 30þ 0i 30 30þ 0.00i 30þ 0.03i

IJP α cc Ξ�
cK̄ Ξ0

cK̄ ΞcK̄ Ω�
cπ Ωcπ

2.0 1þ 0.4i 0 0þ 0.0i 0þ 0.0i 1þ 0.3i 0þ 0.0i
13
2
− 2.5 2þ 2.0i 1 1þ 0.0i 1þ 0.0i 2þ 1.5i 1þ 0.0i

3.0 6þ 4.1i 3 3þ 0.0i 3þ 0.0i 5þ 3.6i 3þ 0.0i
3.5 13þ 6.6i 6 6þ 0.0i 6þ 0.0i 9þ 4.5i 6þ 0.0i

Poles near the Ξ0
cK̄ threshold Mth ¼ 3072.5 MeV

IJP α cc Ω�
cη Ωcη Ξ�

cK̄ Ξ0
cK̄ ΞcK̄

0.7 2þ 0.0i 0þ 0i 0þ 0i 1þ 0i 0 0þ 0.0i
01
2
− 1.0 13þ 0.0i 5þ 0i 7þ 0i 10þ 0i 5 5þ 0.0i

1.5 41þ 0.0i 22þ 0i 26þ 0i 34þ 0i 22 22þ 0.0i
2.0 76þ 0.0i 44þ 0i 50þ 0i 64þ 0i 44 44þ 0.0i

IJP α cc Ξ�
cK̄ Ξ0

cK̄ ΞcK̄ Ω�
cπ Ωcπ

1.5 4þ 3.8i 2þ 0i 0 0þ 0.0i 0þ 0.0i 0þ 0.0i
11
2
− 2.0 16þ 9.0i 11þ 0i 4 4þ 0.0i 4þ 0.7i 6þ 5.7i

2.5 36þ 14.1i 24þ 0i 12 12þ 0.0i 12þ 1.2i 16þ 8.3i
3.0 62þ 20.3i 39þ 0i 21 21þ 0.0i 22þ 1.8i 29þ 12.2i

Poles near the ΞcK̄ threshold with Mth ¼ 2965.1 MeV

IJP α cc Ω�
cη Ωcη Ξ�

cK̄ Ξ0
cK̄ ΞcK̄

0.5 0þ 0.0i 0þ 0i 0þ 0i 0þ 0i 0þ 0i 0
01
2
− 1.0 8þ 0.0i 8þ 0i 8þ 0i 8þ 0i 8þ 0i 8

1.5 26þ 0.0i 26þ 0i 26þ 0i 26þ 0i 26þ 0i 26
2.0 50þ 0.0i 50þ 0i 50þ 0i 50þ 0i 50þ 0i 50

IJP α cc Ξ�
cK̄ Ξ0

cK̄ ΞcK̄ Ω�
cπ Ωcπ

1.5 1þ 0.0i 1þ 0i 1þ 0i 1 1þ 0.0i 1þ 0.0i
11
2
− 2.0 7þ 0.0i 7þ 0i 7þ 0i 7 7þ 0.0i 7þ 0.0i

2.5 14þ 0.0i 14þ 0i 14þ 0i 14 14þ 0.0i 14þ 0.0i
3.0 24þ 0.0i 24þ 0i 24þ 0i 24 24þ 0.0i 24þ 0.0i
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is almost motionless after inclusion of channels below the
threshold, Ξ0

cK̄, ΞcK̄, and the channels above the threshold,
Ωcη. After inclusion of all channels, the mass of this state
becomes a little larger, which leads to a smaller parameter
α, about 2.0, required to reproduce the experimental mass
of the Ωcð3120Þ than in single-channel calculation. The
variation of the mass is mainly from inclusion of the Ω�

cη
channel. The partial width to the ΞcK̄ channel is small. If a
higher precision is adopted, a value of 0.06 MeV can be
found at an α of 2.5, which is the main decay channel based
on the current results. The total width with all channels
considered is about 0.2 MeV. If we vary α to 3, even a width
with all channels of about 1 MeV can be reached, which is
close to the central value of the experimental value as
ΓΩcð3120Þ ¼ 1.1� 0.8� 0.4 MeV.

The results for the isovector Ξ�
cK̄ state with 3=2− are also

presented in Table VII. In this case, the Ω�
cη and Ωcη

channels are replaced by Ω�
cπ and Ωcπ channels, which are

both under the threshold. The Ω�
cπ channel is the dominant

decay channel, which gives a width at an order of
magnitude of MeV.

2. Poles near the Ξ0
cK̄ threshold

In the second part of Table VII, we present the results for
the states near the Ξ0

cK̄ threshold, which is close to the
states Ωcð3065Þ and Ωcð3050Þ. For the isoscalar state with
1=2−, the couplings of channels Ωcη and Ξ�

cK̄ make the
pole deviate further from the threshold. The partial width to
the ΞcK̄ channel is much smaller than 0.01 MeV. The mass

TABLE VIII. The masses and widths of molecular states from interactions in category II near thresholds with a K̄� at different values
of α in the unit of GeV. Other notations are the same as Table VI.

Poles near the Ξ�
cK̄� threshold with Mth ¼ 3540.2 MeV

IJP α cc Ω�
cω Ξ�

cK̄� Ωcω Ξ0
cK̄� ΞcK̄� Ω�

cη Ωcη Ξ�
cK̄ Ξ0

cK̄ ΞcK̄
1.5 0.0þ 0.1i 1þ 0i 0 0þ 0.0i 0þ 0.0i 0þ 0.0i 0þ 0.0i 0þ 0.0i 0þ 0.0i 0þ 0.0i 0þ 0.0i

01
2
− 2.0 0.5þ 1.0i 2þ 0i 1 1þ 0.0i 1þ 0.1i 1þ 0.2i 1þ 0.0i 1þ 0.0i 1þ 0.2i 1þ 0.6i 0.5þ 0.1i

2.5 0.7þ 2.3i 6þ 0i 2 2þ 0.0i 2þ 0.3i 1þ 0.8i 2þ 0.1i 2þ 0.2i 2þ 0.6i 2þ 2.0i 0.6þ 0.5i
3.0 0.0þ 3.4i 10þ 0i 4 4þ 0.0i 4þ 0.6i 2þ 1.5i 4þ 0.2i 4þ 0.4i 3þ 0.9i 4þ 3.5i 0.9þ 0.2i

1.5 1þ 0.4i 1þ 0i 0 1þ 0.0i 1þ 0.1i 0þ 0.0i 1þ 0.4i 1þ 0.0i 0þ 0.0i 0þ 0.0i 0þ 0.0i
03
2
− 2.0 3þ 2.3i 2þ 0i 1 2þ 0.0i 2þ 0.2i 0.5þ 0.4i 3þ 2.2i 2þ 0.4i 1þ 0.0i 1þ 0.2i 1þ 0.0i

2.5 5þ 4.8i 5þ 0i 3 4þ 0.1i 4þ 0.7i 1þ 1.4i 7þ 4.4i 4þ 1.0i 3þ 0.1i 3þ 0.4i 3þ 0.2i
3.0 7þ 7.7i 8þ 0i 5 6þ 0.1i 7þ 1.5i 2þ 2.5i 14þ 7.1i 7þ 2.4i 4þ 0.2i 4þ 0.8i 5þ 0.5i

1.5 1þ 1.4i 1þ 0i 1 1þ 0.0i 1þ 0.1i 1þ 0.2i 1þ 0.6i 1þ 0.4i 1þ 0.0i 1þ 0.0i 1þ 0.0i
05
2
− 2.0 5þ 4.8i 5þ 0i 5 5þ 0.0i 5þ 0.4i 5þ 0.6i 6þ 2.0i 6þ 1.4i 5þ 0.4i 5þ 0.4i 5þ 0.2i

2.5 15þ 11.2i 11þ 0i 11 11þ 0.0i 12þ 0.6i 11þ 1.1i 15þ 3.8i 13þ 3.6i 9þ 2.4i 10þ 1.6i 10þ 0.4i
3.0 25þ 21.0i 19þ 0i 18 18þ 0.0i 20þ 0.9i 19þ 1.2i 27þ 7.0i 24þ 6.5i 13þ 6.8i 16þ 4.5i 17þ 1.8i

IJP α cc Ω�
cρ Ξ�

cK̄� Ξ0
cK̄� Ωcρ ΞcK̄� Ξ�

cK̄ Ξ0
cK̄ ΞcK̄ Ω�

cπ Ωcπ
2.5 2þ 1.6i 3þ 0i 1 1þ 0.0i 1þ 0.0i 1þ 0.0i 1þ 0.0i 1þ 0.2i 1þ 0.0i 1þ 0.0i 1þ 0.0i

11
2
− 3.0 6þ 3.4i 8þ 0i 2 2þ 0.0i 2þ 0.0i 2þ 0.1i 2þ 0.1i 2þ 0.7i 2þ 0.0i 2þ 0.1i 2þ 0.1i

3.5 11þ 5.2i 10þ 0i 4 5þ 0.1i 5þ 0.1i 5þ 0.3i 3þ 0.3i 4þ 1.7i 4þ 0.0i 3þ 0.3i 5þ 0.2i

2.5 1þ 0.8i 0.7þ 0i 0.5 0.5þ 0.0i 0.5þ 0.0i 0.5þ 0.0i 0.5þ 0.0i 0.5þ 0.0i 0.5þ 0.0i 0.5þ 0.2i 0.5þ 0.1i
13
2
− 3.0 2þ 2.4i 1.7þ 0i 0.7 0.7þ 0.1i 0.8þ 0.0i 0.8þ 0.2i 0.6þ 0.1i 0.7þ 0.0i 0.7þ 0.0i 0.6þ 2.1i 0.7þ 0.1i

3.5 5þ 4.5i 3.5þ 0i 1.1 1.1þ 0.2i 1.6þ 0.1i 1.4þ 0.5i 0.7þ 0.5i 1.1þ 0.0i 1.1þ 0.0i 1.2þ 4.2i 1.2þ 0.4i
4.0 9þ 6.4i 6.0þ 0i 2.0 2.0þ 0.5i 3.0þ 0.2i 2.6þ 0.9i 0.8þ 2.0i 2.0þ 0.0i 2.0þ 0.0i 3.4þ 7.2i 2.2þ 1.0i

Poles near the Ξ0
cK̄� threshold with Mth ¼ 3470.7 MeV

IJP α cc Ω�
cω Ξ�

cK̄� Ωcω Ξ0
cK̄� ΞcK̄� Ω�

cη Ωcη Ξ�
cK̄ Ξ0

cK̄ ΞcK̄
1.5 9þ 2.2i 3þ 0i 6þ 0i 5þ 0i 3 2þ 0.4i 2þ 0.0i 3þ 1.0i 2þ 0.2i 3þ 0.1i 3þ 0.1i

01
2
− 2.0 18þ 7.1i 9þ 0i 15þ 0i 12þ 0i 8 7þ 1.3i 7þ 0.0i 10þ 2.1i 7þ 0.4i 9þ 0.5i 7þ 0.2i

2.5 24þ 17.8i 14þ 0i 24þ 0i 20þ 0i 14 11þ 2.4i 13þ 0.0i 17þ 3.0i 13þ 1.5i 15þ 1.2i 11þ 0.7i
3.0 � � � 20þ 0i 37þ 0i 34þ 0i 19 15þ 3.0i 18þ 0.0i 25þ 4.0i 18þ 3.4i 21þ 2.4i 13þ 1.5i

1.5 8þ 2.4i 6þ 0i 8þ 0i 6þ 0i 6 6þ 0.3i 6þ 0.0i 6þ 1.0i 6þ 0.1i 4þ 0.1i 4þ 0.1i
03
2
− 2.0 18þ 4.8i 14þ 0i 19þ 0i 14þ 0i 14 14þ 0.5i 14þ 0.0i 14þ 4.0i 14þ 0.4i 11þ 0.7i 12þ 0.3i

2.5 30þ 10.3i 24þ 0i 32þ 0i 24þ 0i 24 24þ 0.6i 24þ 0.0i 31þ 8.0i 24þ 1.2i 17þ 2.2i 22þ 1.2i

(Table continued)
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of the isovector state Ξ0
cK̄ state with 1=2− is strongly varied

by inclusion of the Ξ�
cK̄ or Ωcπ channel. And a consid-

erably large width was mainly provided by the coupling to
the Ωcπ channel. Again, a very small partial width to the
ΞcK̄ channel is found as in the isoscalar case.

3. Poles near the ΞcK̄ threshold

In the last part of Table VII, the poles near the ΞcK̄
threshold are presented. For the isoscalar state with 1=2−,
the position of the pole is motionless even after inclusion of
all ten channels. Since the ΞcK̄ threshold is the lowest one
among five channels, the width is zero if no other lower
channels are included. The same situation can be found in
the isoscalar case, though there exists two channels Ω�

cπ
and Ωcπ below the thresholds.

4. Poles near the Ξ�
cK̄� threshold

In Table VIII, the poles near the Ξ�
cK̄� threshold are

presented.In the calculation, ten channels are involved,
which provide nonzero width. Besides acquiring a width of
several MeV, the isoscalar state with spin parity 1=2−

becomes very shallow and even disappears when the α
increases to about 3.0 due to the repulsive coupled-channel
effect in ten-channel calculation. The strongest couplings
can be found in the Ξ0

cK̄ channel, and considerable
coupled-channel effects are also found in channels ΞcK̄�

and Ξ�
cK̄. The isoscalar state with 3=2− becomes a little

tight after inclusion of the coupled-channel effect, and a
width of about 15 MeV can be acquired with a mass
gap about 7 MeV to the threshold at an α value of 3.
The two-channel calculations suggest that the largest

TABLE VIII. (Continued)

Poles near the Ξ�
cK̄� threshold with Mth ¼ 3540.2 MeV

IJP α cc Ω�
cω Ξ�

cK̄� Ωcω Ξ0
cK̄� ΞcK̄� Ω�

cη Ωcη Ξ�
cK̄ Ξ0

cK̄ ΞcK̄
3.0 43þ 15.7i 35þ 0i 47þ 0i 35þ 0i 35 ”34þ 0.7i 36þ 0.1i 40þ 15.0i 36þ 3.0i 20þ 3.6i 34þ 2.8i

IJP α cc Ω�
cρ Ξ�

cK̄� Ξ0
cK̄� Ωcρ ΞcK̄� Ξ�

cK̄ Ξ0
cK̄ ΞcK̄ Ω�

cπ Ωcπ
2.0 6þ 2.1i 1þ 0i 2þ 0i 0 4þ 0.0i 0þ 0.2i 0þ 0.0i 0þ 0.2i 0þ 0.2i 0þ 0.0i 0þ 0.6i

11
2
− 2.5 14þ 5.6i 4þ 0i 7þ 0i 4 10þ 0.0i 4þ 0.4i 3þ 0.1i 3þ 0.6i 4þ 0.4i 3þ 0.0i 4þ 1.5i

3.0 26þ 11.8i 9þ 0i 14þ 0i 8 16þ 0.0i 8þ 0.8i 7þ 0.3i 7þ 1.5i 8þ 0.7i 7þ 0.1i 9þ 2.8i

3.5 40þ 22.0i 15þ 0i 21þ 0i 13 26þ 0.0i 14þ 1.3i 13þ 0.7i 12þ 3.0i 13þ 1.1i 13þ 0.1i 15þ 4.4i
13
2
− 2.5 3þ 3.5i 0þ 0i 1þ 0i 0 1þ 0.0i 0þ 0.1i 0þ 0.0i 0þ 0.2i 0þ 0.6i 0þ 0.0i 0þ 1.5i

3.0 6þ 5.9i 1þ 0i 4þ 0i 1 3þ 0.0i 1þ 0.2i 0þ 0.0i 0þ 0.4i 1þ 1.2i 1þ 0.0i 1þ 3.1i
3.5 11þ 8.8i 3þ 0i 7þ 0i 3 5þ 0.0i 3þ 0.3i 2þ 0.1i 2þ 0.7i 2þ 2.0i 3þ 0.0i 3þ 5.8i
4.0 17þ 13.0i 4þ 0i 10þ 0i 4 7þ 0.0i 5þ 0.5i 4þ 0.2i 4þ 1.0i 5þ 3.1i 4þ 0.0i 6þ 10.0i

Poles near the ΞcK̄� threshold with Mth ¼ 3363.3 MeV

IJP α cc Ω�
cω Ξ�

cK̄� Ωcω Ξ0
cK̄� ΞcK̄� Ω�

cη Ωcη Ξ�
cK̄ Ξ0

cK̄ ΞcK̄
1.5 5þ 2.0i 6þ 0i 6þ 0i 6þ 0i 6þ 0i 6 7þ 0.0i 7þ 0.5i 5þ 2.2i 5þ 0.4i 6þ 0.0i

01
2
− 2.0 11þ 4.8i 14þ 0i 14þ 0i 14þ 0i 14þ 0i 14 15þ 0.0i 17þ 0.7i 12þ 6.4i 11þ 1.3i 14þ 0.0i

2.5 16þ 10.5i 23þ 0i 23þ 0i 23þ 0i 23þ 0i 22 25þ 0.0i 28þ 0.7i 24þ 12.7i 18þ 3.0i 22þ 0.0i
3.0 23þ 27.6i 33þ 0i 34þ 0i 33þ 0i 35þ 0i 32 37þ 0.1i 43þ 0.6i 40þ 20.6i 23þ 5.8i 32þ 0.0i

1.5 4þ 2.4i 6þ 0i 6þ 0i 6þ 0i 6þ 0i 6 7þ 0.1i 6þ 0.0i 5þ 2.0i 6þ 0.4i 6þ 0.0i
03
2
− 2.0 9þ 4.8i 14þ 0i 14þ 0i 14þ 0i 14þ 0i 14 16þ 0.2i 14þ 0.0i 13þ 6.4i 13þ 1.5i 14þ 0.0i

2.5 17þ 7.8i 23þ 0i 23þ 0i 23þ 0i 23þ 0i 22 27þ 0.4i 23þ 0.0i 23þ 8.1i 23þ 3.3i 22þ 0.0i
3.0 29þ 14.3i 34þ 0i 34þ 0i 33þ 0i 35þ 0i 32 40þ 0.6i 32þ 0.2i 36þ 12.8i 34þ 6.0i 32þ 0.0i

IJP α cc Ω�
cρ Ξ�

cK̄� Ξ0
cK̄� Ωcρ ΞcK̄� Ξ�

cK̄ Ξ0
cK̄ ΞcK̄ Ω�

cπ Ωcπ
2.0 1þ 2.7i 1þ 0i 1þ 0i 1þ 0i 1þ 0i 1 1þ 0.2i 1þ 0.1i 1þ 0.0i 1þ 0.7i 1þ 0.6i

11
2
− 2.5 5þ 7.0i 3þ 0i 2þ 0i 2þ 0i 2þ 0i 2 3þ 0.5i 2þ 0.4i 2þ 0.0i 4þ 1.6i 3þ 1.9i

3.0 11þ 13.0i 6þ 0i 5þ 0i 5þ 0i 5þ 0i 4 7þ 1.0i 4þ 0.6i 4þ 0.0i 8þ 2.3i 7þ 3.8i
3.5 21þ 21.7i 10þ 0i 8þ 0i 8þ 0i 8þ 0i 7 11þ 1.7i 7þ 0.9i 7þ 0.0i 13þ 2.9i 13þ 4.5i

2.0 2þ 4.0i 1þ 0i 1þ 0i 1þ 0i 1þ 0i 1 1þ 0.2i 1þ 0.2i 1þ 0.0i 1þ 0.8i 1þ 0.2i
13
2
− 2.5 5þ 9.0i 3þ 0i 2þ 0i 2þ 0i 2þ 0i 2 3þ 0.5i 3þ 0.5i 2þ 0.0i 4þ 1.9i 2þ 0.4i

3.0 6þ 17.0i 6þ 0i 5þ 0i 5þ 0i 5þ 0i 4 7þ 1.0i 6þ 0.9i 4þ 0.0i 8þ 3.0i 5þ 0.5i
3.5 5þ 18.0i 10þ 0i 8þ 0i 8þ 0i 8þ 0i 7 11þ 1.4i 9þ 1.5i 7þ 0.0i 14þ 4.3i 8þ 0.6i
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coupled-channel effect is from the Ω�
cη channel, and

channels Ξ0
cK̄�, ΞcK̄�, and Ωcη also provide considerable

contributions. For the isoscalar state with 5=2−, a large
width about 40 MeV can be reached at an α value of about
3. No obvious dominant channel can be found in the two-
channel calculations, and four channelsΩ�

cη,Ωcη, Ξ�
cK̄, and

Ξ0
cK̄ show their strong couplings to this state.
In the isovector sector, there exist two poles with spin

parities 1=2− and 3=2−. For the state with 1=2−, the most
dominant channel is found in the Ξ0

cK̄ channel. However,
the variation of the mass is mainly from the inclusion of the
Ω�

cρ channel. For the state with 3=2−, the Ω�
cπ channel

provides a large width, while the variation of mass is also
mainly from the Ω�

cρ as the case with 1=2−.

5. Poles near the Ξ0
cK̄� threshold

In the second part of Table VIII, the results for four poles
near the Ξ0

cK̄� threshold are listed. In the isoscalar case,
the states with spin parity 1=2− from the single-channel
calculation deviate further from the threshold and acquire a
nonzero width. However, with the increase of the α value,
the pole becomes dim in the complex plane. The couplings
of the state to the channelsΩ�

cω andΩ�
cη are very weak. All

other channels have considerable impact on the mass or
width of the state. For the state with 3=2−, the Ξ�

cK̄ channel
plays an important role in the variation of the mass, while
nonzero width is mainly provided by the Ωcη channel.
For the isovector state with 1=2−, the total width is much

larger than the sum of the partial widths from the two-
channel calculations. It should be from the couplings
between the channels besides these involved in the two-
channel calculation. For the state with spin parity 3=2−, the
variation of the mass is mainly from the Ξ�

cK̄� channel, and
the Ωcπ channel provides the most important contribution
to the total width.

6. Poles near the ΞcK̄� threshold

The results for the pole near the ΞcK̄� threshold are
present as the last part of Table VIII. In the single-channel
calculation, the ΞcK̄� states with different JP are almost
degenerate. After including the coupled-channel effect, the
degeneration disappears for all four states. For example, the
mass gap between two isoscalar states reaches 5 MeVat an
α value of 3. The differences of the widths of isoscalar and
isovector states are also obvious.
In the isoscalar sector, the state with 1=2− becomes more

shallow after including the coupled-channel effect, which is
mainly from the couplings to the Ξ0

cK̄ channel. A width
about 10 MeV can be reached at α value of 2, which is
mainly from the contribution of the Ξ�

cK̄ channel. For the
state with 3=2−, the Ξ�

cK̄ channel is dominant to produce its
total width. And the Ξ0

cK̄ channel also couples to the state
strongly.

In the isovector case, the mass of state with 1=2−

decreases obviously after including all channels.
However, none of two-channel calculations exhibits such
behavior. It should be from the couplings of the channels
except the ΞcK̄� channel. For the same reason, the total
width is also much larger than the sum of widths from two-
channel calculations. The couplings to the channels Ω�

cπ
and Ωcπ are found to be important. The state with 3=2− is
shallow even at an α value of 3.5. Its total width is smaller
than the sum of the partial widths as in the case with 1=2−.

V. CONCLUSIONS

The molecular states generated from the meson-baryon
channels with quantum numbers C ¼ 1, S ¼ −2 under
3.6 GeV are studied in a quasipotential Bethe-Salpeter
equation approach. With the help of the light meson
exchange model, the single-channel and coupled-channel
calculations are performed. Based on the results obtained
in the current work, the following conclusions can be
reached:

(i) Ωcð3120Þ: Both isoscalar and isovector states can be
produced from the Ξ�

cK̄ interaction with spin parity
3=2−. The latter requires larger α value than the
former, which can be produced at an α value of
about 1. The state with 3=2− has very weak coupling
to the ΞcK̄ channel, which is the observation channel
of the Ωcð3120Þ. Besides, its width increases very
rapidly to about 10 MeV with the increase of the
parameter. Hence, the isoscalar Ξ�

cK̄ state is a better
candidate of Ωcð3120Þ. The theoretical width seems
small compared with the experimental value, which
may be due to absence of light decay channels.
Besides, the small partial width of ΞcK̄ channel may
be the reason why it is difficult to observe in the
experiment considering that a molecular state itself
should be more hardly produced than a conventional
Ωc state. Generally speaking, the isoscalar Ξ�

cK̄ state
withe 3=2− is a good assignment of the Ωcð3120Þ.
Higher-precision measurement should be helpful
to confirm it. Besides, an isovector state is also
suggested to be observed in the Ωcπ channel based
on the current calculation.

(ii) Ωcð3050Þ and Ωcð3065Þ: These two states are close
to the Ξ0

cK̄ threshold. Based on the calculations in
the current work and literature [4,15,22,25], molecu-
lar states can be produced from Ξ0

cK̄ interaction
with 1=2−. However, current calculation suggests
extremely weak couplings of these states to the
experimental observation channel ΞcK̄. Combined
with the rejection of the spin parity 1=2− suggested
in Ref. [28], the observed Ωcð3050Þ and Ωcð3065Þ
should not be the molecular states from the Ξ0

cK̄
interaction. However, it is suggested to search for an
isovector state in the Ωcπ channel.

SYSTEMATICAL STUDY OF ωc-LIKE MOLECULAR … PHYS. REV. D 105, 094036 (2022)

094036-11



(iii) The molecular states with higher mass were pre-
dicted in the current works. We suggest the exper-
imental research of such states in the future
experiment, especially the followings states. Near
the Ξ�D� threshold, it is suggested to search the
states with IðJPÞ ¼ 0ð1=2−Þ and 0ð5=2−Þ in the
Ξ�D channel, and the state with 0ð3=2−Þ in the ΞD�
channel. The state near the Ξ�D threshold with
0ð3=2−Þ couples strongly to the ΞD� channel. Near
the Ξ�

cK̄ threshold, the states with 0ð1=2−Þ and
1ð3=2−Þ are suggested to be searched in the Ξ0

cK̄
channel, and the state with 0ð3=2−Þ in the Ω�

cη

channel. The state near the Ξ0
cK̄ threshold with

0ð1=2−Þ couples strongly to the Ωcη channel while
that with 1ð3=2−Þ decays mainly to the ΞK̄ channel.
The states near the ΞcK̄� threshold with 0ð1=2−Þ and
0ð3=2−Þ can be searched in the Ξ�

cK̄ channel.
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