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Abstract We study the S-wave DΞ bound state in the
Bethe–Salpeter formalism in the ladder and instantaneous
approximations. With the kernel generated by the hadronic
effective Lagrangian, two open-charmed bound states, which
quantum numbers are I = 0, J P = ( 1

2 )− and I =
1, J P = ( 1

2 )−, respectively, are predicted as new candidates
of hadronic pentaquark molecules in our formalism. If exist-
ing, they could contribute to the broad 3188 MeV structure
near the five new narrow Ωc states observed recently by the
LHCb Collaboration.

1 Introduction

In the last decade, many important experimental progresses
were made in the study of charm hadrons. Several charm
baryons and their excited states have been reported and this
stimulates great interest in understanding the structures of
charm baryons. In these experimental observations, there
are some non-conventional states, which are more compli-
cated than the hadronic states in the classical quark model.
These states can be interpreted as five-quark or meson-baryon
bound states. In 2015, the LHCb Collaboration discovered
two hidden-charmed pentaquark-like structures Pc(4380)+
and Pc(4450)+ [1–3], which are considered as Σc D̄∗, Σ∗

c D̄,
or Σ∗

c D̄
∗ pentaquark molecule [4–7]. Besides the hidden-

charmed pantaquarks, only a few open-charmed baryons
are treated as candidates for pentaquark molecules which
have not yet been confirmed by experiments. For example,
Σc(2800) and Λc(2940)+ have been suggested to be S-wave
DN and D∗N molecular states, respectively [11–14].

a e-mail: xhguo@bnu.edu.cn
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Very recently, the LHCb Collaboration declared that they
observed five new narrow Ωc states, which are Ωc(3000)0,
Ωc(3050)0, Ωc(3066)0, Ωc(3090)0, and Ωc(3119)0 [15].
Actually, there are six structures existing in the spectrum
of invariant mass of Ξ+

c K−. The data also indicate the pres-
ence of a broad structure around 3188 MeV that is fitted as
single resonance [shortly denoted by Ωc(3188) in our work].
In the experiment, this resonance is described as the sum of
four incoherent Breit-Wigner functions to be left into the
systematic uncertainties of the others five resonances [15].
However, one notes that this structure is located at the DΞ

threshold (3179–3191 MeV) and therefore can also be inter-
preted as the DΞ bound state naturally. At the same time,
since the width of corresponding peak is quite broad [15],
if this structure is a real signal of resonance, there is rea-
son to believe that it would be a new pentaquark molecule
with a single charm quark. At present, there is no enough
information concerning this structure, such as spin-parity, it
is interesting and significative to make efforts on the theo-
retical side to confirm its existence and reveal its properties.
In this work, we will focus on this structure and study the
possible S-wave DΞ bound state.

The Bethe–Salpeter (BS) equation is a formally exact
equation to describe the relativistic bound state. This tech-
nique was developed by Feynman, Bethe, and Salpeter et al.
[23–25]. It has been applied to theoretical studies concerning
heavy baryons and molecular bound states [26–31]. In previ-
ous studies, the possible bound states of K K̄ , DK , BK̄ , and
K− p have been investigated in the BS formalism in the lad-
der and instantaneous approximations [27–30]. We will try
to study S-wave DΞ molecular bound state with the kernel
introduced by the vector meson exchange interactions in this
framework. We will investigate whether this state exists or
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not and study its decay. We will also discuss the possibility
of the Ωc(3188) structure to be the DΞ bound state.

The remainder of this paper is organized as follows. In
Sect. 2, we give the generalized formalism of the BS equa-
tion for the fermion-scalar system. In Sect. 3, we derive the
BS equation for the DΞ system in detail and present the
normalization condition of the corresponding BS amplitude.
In Sect. 3, the decay of the DΞ bound state to Ξ+

c K− is
discussed. The numerical results are presented in Sect. 4. In
the last section, we give a summary and some discussions.

2 The Bethe–Salpeter equation for the fermion-scalar
system

In this section, we will present the BS equation for the
fermion-scalar system. We assume that the bound state exists
in a fermion-scalar system and its mass is M . The BS wave
function can be defined as [25–30]

χ(x1, x2, P) = 〈0|Tψ(x1)φ(x2)|P〉, (1)

with ψ(x1) and φ(x2) being field operators of the fermion
and scalar particles, respectively, and P being the momentum
of the system. In momentum space, the BS wave function,
χP (p), is related to χ(x1, x2, P) through the following equa-
tion [25]:

χ(x1, x2, P) = eiPX
∫

d4 p

(2π)4 χP (p)eipx, (2)

where p and x(= x1 − x2) are the relative momentum and
the relative coordinate of two constituents, respectively, and
X is the center of mass coordinate which is defined as X =
λ1x1 +λ2x2, where λ1 = m1

m1+m2
, λ2 = m2

m1+m2
, with m1 and

m2 being the masses of the fermion and the scalar constituent,
respectively. The momentum of the fermion is p1 = λ1P+ p
and that of the scalar particle is p2 = λ2P− p. The derivation
of the BS formalism for the two fermion system can be found
in the textbook [25]. In the same way, one can prove that the
form of the BS equation is still valid for the fermion and scalar
object system. The BS wave function in our case satisfies the
follow homogeneous integral equation [25–30]:

χP (p) = sF (λ1P + p)
∫

d4q

(2π)4 K (P, p, q)χP (q)

×sS(λ2P − p), (3)

where sF and sS are propagators of the fermion and the scalar
particle, respectively, and K (P, p, q) is the interaction kernel
which can be described by the sum of all the irreducible
graphs which cannot be split into two pieces by cutting two
particle lines as defined in Ref. [25]. For convenience, we
also define the relative longitudinal momentum pl(= v · p)
and the relative transverse momentum pt [= p − (v · p)v]
with v(= P/M) being the four velocity of the bound state.

3 The Bethe–Salpeter formalism for the DΞ bound
state

3.1 Isospin structure of the possible DΞ bound state

The isospin field doublets, D = (−D+, D0)T and Ξ =
(Ξ0, Ξ−)T , have the following expansions in momentum
space:

D1(x) =
∫

d3 p

(2π)3
√

2Ep

(
aD+e−ipx + a†

D−eipx
)

,

D2(x) =
∫

d3 p

(2π)3
√

2Ep

(
aD0 e−ipx + a†

D̄0 eipx
)

,

Ξ1(x) =
∫

d3 p

(2π)3
√

2Ep

[
aΞ0 e−ipxuΞ(p) + a†

Ξ̄0 eipxvΞ (p)
]
,

Ξ2(x) =
∫

d3 p

(2π)3
√

2Ep

[
aΞ−e−ipxuΞ(p) + a†

Ξ+eipxvΞ (p)
]
,

(4)

with Ep = √|p|2 + m2.
The isoscalar bound state can be written as

|P〉(0, 0) = 1√
2
|D0Ξ0 + D+Ξ−〉, (5)

while the isovector one is

|P〉(1, 0) = 1√
2
|D0Ξ0 − D+Ξ−〉,

|P〉(1, 1) = −|D+Ξ0〉,
|P〉(1,−1) = |D0Ξ−〉, (6)

where the subscripts (I, I3) denote the isospin and the third
component of the isospin. Since the interaction between the
two constituents is dominated by strong interaction, the BS
wave function depends only on the isospin I . Therefore, the
BS wave function of the DΞ system can be defined as

〈0|T{Di (x1)Ξ j (x2)}|P〉I = Ci j
(I, I3)

χ I
P (x1, x2), (7)

where the isospin coefficients Ci j
(I, I3)

are

C12
(0, 0) = C21

(0, 0) = 1√
2
, else = 0, (8)

for the isoscalar state and

C12
(1, 0) = − 1√

2
, C21

(1, 0) = 1√
2
,

C12
(1, 1) = −1, C21

(1,−1) = 1, else = 0,

(9)

for the isovector state.
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Fig. 1 Feynman diagram for one-particle exchange DΞ interaction

Considering the isospin structure, the BS equation for the
DΞ system can be written as

Ci j
(I )χ

I
P (p) = sΞ(λ1P + p)

∫
d4q

(2π)4 K
i j, lk(P, p, q)

×Clk
(I )χ

I
P (q)sD(λ2P − p), (10)

where i( j) and l(k) refer to the components of the D(Ξ)

field doublets, we neglect the effect of isospin violation and
take mΞ = 1

2 (mΞ0 + mΞ−) and mD = 1
2 (mD+ + mD0).

Explicitly, we give the isoscalar case as an example:

χ I=0
P (p) = sΞ(λ1P + p)

×
∫

d4q

(2π)4

[
K 12, 12(P, p, q) + K 12, 21(P, p, q)

]

×χ I=0
P (q)sD(λ2P − p), (11)

in which we can see that K (P, p, q) = K 12, 12(P, p, q)+
K 12, 21(P, p, q).

3.2 The Bethe–Salpeter equation for the DΞ bound state

In general, considering v/u(v, s) = u(v, s) , χP (p) can be
written as [32–34]

χP (p) = (g1 + g2γ5 + g3γ5 p/t + g4 p/t )u(v, s), (12)

where u(v, s) is the spinor of the bound state with helicity s
and gi (i = 1, 2 . . . 4) are Lorentz-scalar functions. Accord-
ing to our previous works, the momentum transfer between
the two constituents in a hadronic bound state is in the order
of 0.1 GeV [27–30] and this quantity is quite smaller than the
mass of D. Thus, we can apply the heavy quark symmetry
and have v/χP (p) = χP (p). With the constraints imposed by
parity and Lorentz transformations, it is easy to prove that
χP (p) can be simplified as [32,33]

χP (p) = f (p)u(v, s), (13)

in which f (p) is a Lorentz-scalar function of p.
In this work, we describe the DΞ interaction by one-

particle exchange diagrams as shown in Fig. 1. In the chiral
limit and the heavy quark limit, the effective Lagrangian of
the interacting vertices involved are [29,35]

LDDV = −igDDV D
†
i

↔
∂ μ DjV

i jμ,

LΞΞV = −gΞΞV Ξ̄iγμV
i jμΞ j , (14)

where gDDV and gΞΞV are the coupling constants, and V

refers to the fields of the vector mesons and have the follow-
ing form:

V =
⎛
⎝

ρ0√
2

+ ω√
2

ρ+

ρ− − ρ0√
2

+ ω√
2

⎞
⎠ ,

where the φ meson exchange process is neglected because
of the OZI suppression. In order to include the finite-size
effects of these hadrons, we also introduce a form factor at
each interacting vertex of hadrons. Following Refs. [27–29],
we take the monopole form:

F(k2) = Λ2 − m2
V

Λ2 − k2 , (15)

where mV is the mass of the exchanged meson, k is the
momentum transfer carried by the exchanged meson, and
Λ is a cutoff parameter. In the instantaneous approximation,
we have k = kt = pt − qt .

The BS equation can be treated in the so-called ladder
approximation [25]. In this approximation, K (P, p, q) is
replaced by its lowest order form. Using these interaction
vertices and the form factor, one can get the following kernel:

K (P, p, q) =
∑

V=ρ, ω

−igDDV · gΞΞV · cV
[
F(k2

t )
]2

(qt − pt )2 − m2
V

·
[
2(λ2M + pl)v/ + p/t + q/t

− 1

m2
V

(q2
t − p2

t )(q/t − p/t )
]
, (16)

where we have used the covariant instantaneous approxima-
tion [26–30], pl = ql , and cρ(ω) = 1

2 (− 1
2 ) and 3

2 ( 1
2 ) corre-

sponding to isoscalar and isovector mesons, respectively.
In the chiral limit and the heavy quark limit, the propagator

of the D meson can be expressed at the leading order of the
1/mD expansion as follows [36]:

sD(λ2P − p) = i

2m2(pl + M − m2 + iε)
. (17)

The propagator of Ξ has the form [30,33]

sΞ(λ1P + p) = i [(λ1M + pl)v/ + p/t + m1]

(λ1M + pl − ω1 + iε)(λ1M + pl + ω1 − iε)
.

(18)
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Then, we substitute Eqs. (13), (16)–(18) into Eq. (10) and
obtain the BS equation for the DΞ bound state:

f (pl , pt )

=
∑

V=ρ, ω

igDDV · gVΞΞ · cV [(λ1M + pl)v/ + p/t + m1]

2m2(pl + M − m2 + iε)

× 1

(λ1M + pl − ω1 + iε)(λ1M + pl + ω1 − iε)

×
∫

d4q

(2π)4

[
F(k2

t )
]2 1

(qt − pt )2 − m2
V

[
2(λ2M + pl)v/

+p/t + q/t − 1

m2
V

(q2
t − p2

t )(q/t − p/t )
]
f (ql , qt ). (19)

In the bound state rest frame, one has pt = (0, −pt ),
p2
t = −p2

t and pt ·qt = −pt · qt . Performing the integration
over pl on both sides with the residue theorem, we have

f̃ (pt ) = −
∑

V=ρ, ω

πgDDV · gΞΞV · cV
2m2ω1(M − λ1M − ω1 − m2)

×
∫

d3qt
(2π)3

[
F(k2

t )
]2 1

(qt − pt )2 + m2
V

×
{

− 2ω1

[
(λ2 − λ1)M − ω1

]
− p2

t − pt · qt

+ 1

m2
V

(q2
t − p2

t )(pt · qt − p2
t )

}
f̃ (qt ), (20)

where we have defined the function f̃ (pt ) = ∫ dpl
2π

f (pl , pt ).
One may note that this equation involves the integration of
qt and it looks like a divergent integration since qt varies
from 0 to +∞. However, the Lorentz-scalar function, f̃ (pt ),
decreases to zero rapidly at the large momentum transfer and
thus there is no divergence in practice [27–30]. Since we
study the ground state of the DΞ bound state, the BS wave
function is in fact rotationally invariant and depends only on
the norm of the three momentum, |pt |. Then, the BS equation
becomes a one-dimensional integral equation.

3.3 Normalization condition

In Eq. (20), we leave the normalization undetermined. Fol-
lowing Ref. [25], the normalization condition for the BS
equation can be written as

− i

(2π)4

∫
d4 pd4qχ̄P (p)

∂

∂P0
[I (P, p, q) + K (P, p, q)]

×χP (q) = 1, (P0 = EP ), (21)

where I (P, p, q) is the inverse of the four-point propagator

I (P, p, q) = δ(4)(p − q)[sΞ(λ1P + p)]−1[sD(λ2P − p)]−1.

(22)

Ξ0 Ξ+
c

D0 K−

D∗
s

Fig. 2 Feynman diagrams for the DΞ bound states decay into the
Ξ+

c K− final state

In the DΞ bound state rest frame, the normalization con-
dition can be written in the following form:

− i

(2π)4

∫
d4 pd4qχ̄P (p)

∂

∂P0
[I (P, p, q)

+K (P, p, q)]χP (q)

= −8iλ1Mm2

(2π)4

∫
d4 p(pl + M − m2

+ iε) f 2(pl , pt ) = 1. (23)

According to Eqs. (19) and (20), we have

f ( fl , pt ) = i

π
· 2ω1(λ2M − ω1 − m2)

(pl + M − m2 + iε)(λ1M + pl − ω1 + iε)

× 1

(λ1M + pl + ω1 − iε)
f̃ (pt ). (24)

Then, One can recast the normalization condition for the BS
wave function into the form

−λ1Mm2

π5

∫
d3pt

4ω2
1(λ2M − ω1 − m2)

2

(λ2M + m2 − ω1)2(λ2M + m2 + ω1)2

× f̃ 2(pt ) = 1. (25)

We note that the unit of f̃ (pt ) is GeV−5/2.

4 The decay width of the DΞ bound state

In this section, we will proceed to calculate the decay of the
DΞ bound state through BS technique. In the experiments,
the LHCb collaboration observed the new Ω0

c resonances in
the Ξ+

c K− spectroscopy [15]. In order to compare with the
experimental results, we will study the process of the DΞ

bound state decay into above final state. The interaction is
described via the vector meson exchange (the D∗

s meson)
as shown in Fig. 2. The D0K−D∗

s coupling vertex is given
below in the heavy quark limit and the chiral limit [37–40]

LD0K−D∗
s

= gD0K−D∗
s
(D0†D∗μ

s + D∗μ†
s D0)∂μK

−. (26)
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The effective Lagrangian for the Ξ0Ξ+
c D∗

s vertex is

LΞ0Ξ+
c D∗

s
= gΞ0Ξ+

c D∗
s
Ξ̄+

c γμD
∗μ
s Ξ0 + h.c., (27)

where SU(3) flavor symmetry is extended to the more general
SU(4) symmetry including the charm quark [41]. Consider-
ing the charm quark, Ξ0 and Ξ+

c are collected into SU(3)
multiplet fields 8F and 6F , respectively, and the D∗

s meson
belongs to SU(3) multiplet fields 3̄F . The coupling strength
among baryon 8F -plet, 6F -plet and meson 3̄F -plet is

g3̄
86 =

√
2

2
g, (28)

where g is a universal coupling constant in the SU(3) sym-
metry without the charm quark. One may doubt the validity
of this relation with the limit of a light charm quark mass.
In Ref. [41]. the authors demonstrated that Kawarabayashi-
Suzuki-Riazuddin-Fayyazuddin (KSRF) relation can be
derived by insisting on SU(4) symmetric coupling constants.
They found empirically that the relation (28) can provide
magnitudes for the coupling reliable within a factor two, i.e.
g3̄

86 = √
2g.

We define pa[= (Ea, −pa)] and pb[= (Eb, −pb)] to be
the momenta of Ξ+

c and K−, respectively. p′(= λ′
2 pa −

λ′
1 pb) is defined as the relative momentum between Ξ+

c and
K− where λ′

1 = ma
ma+mb

, λ′
2 = mb

ma+mb
, with ma and mb

being the masses of Ξ+
c and K−, respectively. According to

the kinematics of the two-body decay, in the rest frame of the
bound state one has

Eb = M2 − m2
a + m2

b

2M
, Ea = M2 − m2

b + m2
a

2M
,

|pa | = |pb| =
√[

M2 − (ma + mb)2
] [

M2 − (ma − mb)2
]

2M
.

(29)

The differential decay width reads

dΓ = 1

32π2 |M|2 |pa |
M2 dΩ,

(30)

where Ω is the solid angle of Ξ+
c , and the amplitude, M,

can be obtained based on the BS techniques [25,30]. We will
consider the instantaneous approximation, pl = p′

l , again.
According to the BS technique, the decay amplitude of

the isoscalar DΞ bound state to Ξ+
c K− can be written as

[30]

MI=0 = gD0K−D∗
s
· gΞ0Ξ

+
c D∗

s
· C21

(0, 0)

×
∫

d3 pt
(2π)3 F

2(pt )ūΞc (pa)γ
μ f I=0(pt )uΩc (P)

×
[
gμν + (p′

t − pt )μ(p′
t − pt )ν

m2
D∗
s

]
(p2 + pb)

ν,

(31)

where p′
t [= p′ − (v · p′)v] is the relative transverse momen-

tum between Ξ+
c and K−, P(= mv) is the momentum of

the DΞ bound state, pt is the relative transverse momen-
tum between D and Ξ in the bound state, uΩc and uΞ+

c
and

are the Dirac spinors for the bound state Ωc(3188) and Ξ+
c ,

respectively, and mD∗
s

is the mass of D∗
s .

For the isovector channel, considering the Ξ+
c K− final

state, we calculate the I3 = 0 state decay and the corre-
sponding amplitude is

MI=1 = gD0K−D∗
s
· gΞ0Ξ

+
c D∗

s
· C21

(1, 0)

×
∫

d3 pt
(2π)3 F

2(pt )ūΞc (pa)γ
μ f I=1(pt )uΩc (P)

×
[
gμν + (p′

t − pt )μ(p′
t − pt )ν

m2
D∗
s

]
(p2 + pb)

ν.

(32)

5 Numerical result

In this part, we will solve the BS equation numerically and
study whether the S-wave DΞ bound state exists or not.

Since the BS wave function for the ground state is in fact
rotationally invariant, f̃ depends only on |pt |. Generally, |pt |
varies from 0 to +∞ and f̃ would decrease to zero when
|pt | → +∞. We replace |pt | by the variable, t :

|pt | =
[
ε + 50 · ln

(
1 + 1 + t

1 − t

)]
MeV, (33)

where ε is a small parameter and is introduced to avoid diver-
gence in numerical calculations and t varies from − 1 to 1.
We then discretize Eq. (20) into n pieces (n is large enough)
through the Gauss quadrature rule. The BS wave function can
be written as n-dimension vectors, f (n). The coupled integral
equation becomes a matrix equation f (n) = A(n×n) · f (n) [A
corresponds to the coefficients in Eq. (20)].

Suppose now that the bound state may exist and its mass is
M . One gets the numerical results by solving the eigenvalue
equation obtained from the matrix equation. When the solu-
tion of the matrix equation exists, i.e. the eigenvalue is 1.0,
we say that DΞ forms a S-wave ground bound state with the
mass being M .

In principle, the cutoff parameter Λ in our model is not a
free parameter. It contains the information of the non-point
interaction among the hadrons. However, Λ cannot be exactly
determined and depends on the specific process in practice. It
should be the typical hadronic scale, which is about 1 GeV. In
Ref. [35] one takes ΛπNN = 1.3 GeV and ΛρNN = 1.4 GeV.
For the mesons with heavy quarks, the value of Λ can be as
large as 3 GeV [43]. Λ is varied in the ranges 0.8–4.5 GeV
[28] and 1–4 GeV [29] when studing the DK bound state. In
the present paper, we vary Λ from 1 to 5 GeV.
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Table 1 The values of Λ and corresponding M for which the non-trivial
solutions exist for the isoscalar DΞ bound state

M (MeV) 3100 3125 3150 3175 3200

Λ (GeV) 1.423 1.445 1.452 1.439 1.437

In our calculation, we take the mass of the mesons and
baryons from the Review of PDG [42]. There are several cou-
pling constants in our calculations. Following Ref. [36], we
have gDDV = βgV /

√
2 where gV is determined by the KSRF

relation, gV = mρ/ fπ (� 5.8) and β = √
2mV /(gV fV )(�

0.9). The coupling constants for the ΞΞV vertex in Fig. 1
and the D0K−D∗

s vertex in Fig. 2 are obtained in the frame-
work of light-cone QCD sum rules, gΞΞV = 1.5 [44],
and gD0K−D∗

s
= 1.84 [45]. As for the coupling constant

gΞ0Ξ+
c D∗

s
, we estimate its value by extending to the more

general SU(4) symmetry including the charm quark as men-
tioned in Sect. 4. We take gΞ0Ξ+

c D∗
s

= 2√
6
g3̄

86(
 7.6) with
g 
 6.6 [41].

Then, we vary the mass of the possible bound state, M ,
from 3100 to 3200 MeV and look for the proper values of M
and Λ for which the non-trivial solutions of the eigenvalue
equation exist. Let us first consider the isoscalar case. We
find that there are three values of Λ corresponding to each
M . In Table 1, we list the minimum values of Λ and the cor-
responding situations when M = 3100, 3125, 3150, 3175,
3200 MeV. When the values of Λ is less than the minimum
values, there is no numerical solution of the BS wave func-
tion, i.e., DΞ cannot form a bound state. In order to study
the Ωc(3188) structure, we keep the mass of the bound state
fixed (M = 3188 MeV) and find that there are three values
of Λ, 1.439, 3.734, and 4.028 GeV, for which we can get the
solutions. The numerical results of the BS wave functions are
displayed in Fig. 3. Then, we apply the numerical solutions
of the BS wave function corresponding to M = 3188 MeV
to calculate the width of DΞ decay into Ξ+

c K−. The decay
widths are given below

Γ I=0 = 900 keV, when Λ = 1.439 GeV,

Γ I=0 = 10 MeV, when Λ = 3.734 GeV,

Γ I=0 = 15 MeV, when Λ = 4.028 GeV.

For the isovector bound state, we list the minimum values
of Λ and corresponding M in Table 2. When keeping the
mass of the bound state fixed (M = 3188 MeV), we can
get two values of Λ, 2.933 and 4.254 GeV. The numerical
results of the BS wave functions are displayed in Fig. 4. The
corresponding decay widths are

Γ I=1 = 3 MeV, when Λ = 2.933 GeV,

Γ I=1 = 32 MeV, when Λ = 4.254 GeV.
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Fig. 3 Numerical results for the BS wave functions of the isoscalar
bound state. The dot line, dot-dash line, and solid line correspond to the
cases when Λ = 1.439, 3.734, and 4.028 GeV, respectively

Table 2 The values of Λ and corresponding M for which the non-trivial
solution exist for the isovector DΞ bound state

M (MeV) 3100 3125 3150 3175 3200

Λ (GeV) 2.910 2.917 2.928 2.933 2.933

0 0.05 0.10 0.15 0.20
0

10

20

30

40

50

60

|pt|(GeV)

f̃
(|p

t|)

Fig. 4 Numerical results for the BS wave functions of the isovector
bound state. The dash line and solid line correspond to the cases when
Λ = 2.933 and 4.254 GeV, respectively

According to the LHCb collaboration experiments, the
peak and width of Ωc(3188) is 3188±5±13 and 60±15±
11 MeV, respectively [15]. We can see the two DΞ bound
states in our calculations are located in the range of Ωc(3188)

and its decay width is smaller than that of Ωc(3188). That is
to say, the DΞ bound states are likely to exist and could con-
tribute to the observed Ωc(3188). However, Ωc(3188) might
also be produced by a superposition of others resonances.
We still need more experimental data to support our results.
If Ωc(3188) corresponds to the S-wave DΞ bound states, its
quantum numbers should be I (J P ) = 0( 1

2
−
) or 1( 1

2
−
) and

one can verify this resonance by its quantum numbers. This
is important to ascertain the structure of Ωc(3188).
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6 Summary and discussion

In this paper, we studied the possible S-wave molecular
bound states of the DΞ system in the BS formalism. Consid-
ering the interaction kernel based on vector meson exchange
diagrams, we established the BS equation for the DΞ sys-
tem in the ladder and instantaneous approximations. Then,
we discretized the integral equation and solved the eigen-
value equation numerically. We confirmed the existence of
the S-wave isoscalar and isovector DΞ bound states in this
formalism and obtained their BS wave functions. We also
calculated the decay widths of the bound states by using the
BS wave functions. According to our results, the DΞ bound
states are compatible with the new observed Ωc(3188) struc-
ture. Or, at least, we can say safely that these two bound states
could contribute to the Ωc(3188) peak. Further experimental
data are expected to verify Ωc(3188) to be the DΞ bound
state with its quantum numbers determined.

We studied the DΞ bound states since the sum of D and
Ξ is just near the 3188 MeV threshold. One may note that
other channels, including π0Ωc, ηΩc, K−Ξ+

c , K 0Ξ0
c , and

D+
s Ω−et al., would couple to the DΞ system in the meson-

baryon scattering with the strangeness S = 2 and the charm
number C = 1. The D+

s Ω− state is forbidden to couple to
the S-wave DΞ system by its spin quantum number. For
other channels including light meson when they couple to
DΞ , a charm meson should be exchanged. Then the coupled
channel effects will be suppressed in comparison with the
ρ(ω) exchange DΞ interaction. Therefore, we omitted the
coupled channel effects in our calculation.

In this work, we predicted the existence of the DΞ bound
states and discussed the possibility of Ωc(3188) to be the DΞ

bound states. Unfortunately, there are several parameters not
being well determinated in the calculations. These uncer-
tainties reduced the predictability of our model. In order to
describe non-pointlike effects, we introduced a cutoff param-
eter Λ. This cutoff parameter is dominated by nonperturba-
tive QCD and cannot be determined at present, which leads to
large uncertainties. For a fixed M , we vary Λ from 1 to 5 GeV
in practice. We find that the solutions exist with three (two)
values of Λ for a fixed M in the case of isoscalar (isovector)
bound state. We cannot determine Λ exactly at present and
thus give a range of Λ, which causes the uncertainties of the
results. However, there are only three (two) different values
of Λ for a fixed M . Hence our results do not rely on Λ heav-
ily. With more experimental data available in the future, we
will be able to reduce the uncertainty of Λ further.
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