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We explore the possibility that some of the five narrow Ωc resonances recently observed at LHCb
could correspond to pentaquark states, structured as meson-baryon bound states or molecules. The
interaction of the low-lying pseudoscalar mesons with the ground-state baryons in the charm +1,
strangeness −2 and isospin 0 sector is built from t-channel vector meson exchange, using effective
Lagrangians. The resulting s-wave coupled-channel unitarized amplitudes show the presence of two
structures with similar masses and widths to those of the observed Ωc(3050)0 and Ωc(3090)0. The
identification of these resonances with the meson-baryon bound states found in this work would
also imply assigning the values 1/2− for their spin-parity. An experimental determination of the
spin-parity of the Ωc(3090)0 would help in disentangling its structure, as the quark-based models
predict its spin-parity to be either 3/2− or 5/2−.

PACS numbers: 11.10.St,11.80.Gw,14.20.Lq,14.20.Pt

I. INTRODUCTION

The recent observation by the LHCb collaboration of
five narrow Ω0

c excited resonances decaying into Ξ+
c K
−

states [1] has triggered a lot of activity in the field of
baryon spectroscopy aiming at understanding their inner
structure and possibly establishing their unknown values
of spin-parity [2–15].

In conventional quark models, baryons are composed
by three quarks but, in spite of the rather successful de-
scription of a wealth of data [16], other more exotic com-
ponents cannot be ruled out. Within a css quark content
picture the presumed spin-parity of the 1/2+ and 3/2+

Ω0
c ground states [17] can be explained naturally, and pre-

dictions for the low lying excited states have also been
given [18–24]. The recent discovery of excited Ω0 states
decaying into K−Ξ+

c pairs at LHCb [1] has provided new
information against which revisited quark models can be
tested. Actually, several interpretations have been pro-
posed which, in general, benefit from the symmetries as-
sociated to the presence of a charm quark having a much
larger mass than that of their strange companions. Some
works interpret all the observed states as P-wave orbital
excitations of the ss diquark with respect to the charmed
quark [2–5], a result which finds support from a recent
Lattice QCD simulation reporting the energy spectra of
Ω0
c baryons with spin up to 7/2 for both positive and neg-

ative parity [6]. In other works, some of the states would
be associated to 1P orbital excitations [7] and others to
radial 2S orbital ones[8–11]. A pentaquark structure has
also been advocated for the excited Ω0

c baryons, either
from a model that includes the exchange of Goldstone
mesons in the interaction between the constituent quarks
[12–14] or by employing the quark-soliton model [15].

An alternative scenario is provided by models that
can interpret some resonances as being composed by five
quarks, structured in the form of a quasi-bound state
of an interacting meson-baryon pair. A paradigmatic
example is that of the Λ(1405) resonance, the mass of

which is systematically overpredicted by quark models.
Instead, dedicated studies of the meson-baryon interac-
tion in the I = 0 S = −1 sector, employing chiral effec-
tive lagrangians and implementing unitarization, predict
the Λ(1405) as being the superposition of two-poles of
the meson-baryon scattering matrix [17, 25–27]. This
two-pole structure received support from the simultane-
ous analysis in [28] of different line shapes [29, 30] and,
more recently, from the analysis of the πΣ photoproduc-
tion data [31, 32] performed in [33, 34]. The existence of
pentaquark baryons have been made clearly evident from
the recent discovery at LHCb [35] of the excited nucleon
resonances Pc(4380) and Pc(4450), seen in the invariant
mass distribution of J/ψ p pairs from the decay of the
Λb. The high mass of these excited nucleons inevitably
demands the presence of an additional cc̄ pair. Hidden
charm baryons having a meson-baryon structure had al-
ready been predicted previously [36–40], and later stud-
ies confirmed that the narrow pentaquark seen from the
Λb → J/Ψ K−p decay at CERN could receive a molec-
ular interpretation [41–44]. Reactions to find the hidden
charm strangeness S = −1 partner of the pentaquark
have also been proposed recently [45, 46].

The aim of this work is to explore whether some of
the observed excited Ω0

c resonances admit an interpre-
tation as meson-baryon molecules. Similarly to the Pc
pentaquarks, which find more natural having a cc̄ pair
in its composition rather than being an extremely high
energy excitation of the 3q system, it is also plausible
to expect that some excitations in the C = 1, S = −2
sector can be obtained by adding a uū pair to the natu-
ral ssc content of the Ω0

c [13]. The hadronization of the
five quarks could then lead to bound states, generated
by the meson baryon interaction in coupled channels. To
support this possibility, let us point out that the K̄Ξc
and K̄Ξ′c thresholds are in the energy range of interest,
and that the excited Ω0

c baryons under study have been
observed from the invariant mass of spectrum of K−Ξ+

c

pairs.
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After the successful description of the Λ(1405) as a K̄N
quasibound molecular state, many groups devoted efforts
to find signs of compositeness in other spin, isospin and
flavour sectors, and several well known states and spec-
tral shapes of various reactions have found a more natu-
ral explanation in terms of resonances being generated by
the interaction of mesons and baryons in coupled chan-
nels, see [47] and references therein. In the particular
open charm sector with strangeness S = −2 approached
in the present work, the authors of Ref. [48] find a rich
spectrum of molecules, employing a zero-range exchange
of vector mesons as the driving force for the s-wave scat-
tering of pseudo-scalar mesons off the baryon ground
states. Similar qualitative findings where obtained in the
work of Ref. [49], where finite range effects were explored.
Heavy-quark spin symmetry (HQSS) is explicitly consid-
ered in the model of Ref. [50], thus treating the pseu-
doscalar and vector mesons, as well as the ground state
1/2+ and 3/2+ baryons, on the same footing. In spite of
their qualitative differences, the three works predict the
existence of Ω0

c resonances as poles of the coupled-channel
meson baryon scattering amplitude in the complex plane.
However, most of the predicted quasibound states are be-
low 3 GeV, too low to explain the observed states. Only
the model of Ref. [49] predicts a state at 3117 MeV, but
its width turns out to be one order of magnitude larger
than that of the closer observed state. In the present
work we revisit the original model of Ref. [48] and find
that, after taking an appropriate regularization scheme
with physically sound parameters, two Ω0

c resonances are
generated in the region of interest. Our model is able
to reproduce the mass of two of the excited Ω0

c baryons
seen at CERN, at 3050 MeV and 3090 MeV, as well as
their widths. The important observation is that, if these
molecular states are identified with the observed ones,
their spin-parity would be assigned to be 1/2−.

II. FORMALISM

The diagrams contributing to the meson-baryon inter-
action at tree level are depicted in Fig. 1. For the s-
wave amplitude explored here, we will only consider the
most important contribution which corresponds to the
t-channel vector meson exchange term (Fig. 1(a)). The
vertices in this diagram, coupling the vector meson to
pseudoscalar mesons (V PP ) and baryons (V BB), are
described from effective Lagrangians, that are obtained
using the hidden gauge formalism and assuming SU(4)
symmetry [48]:

LV PP = ig〈[∂µφ, φ]V µ〉, (1)

LV BB =
g

2

4∑
i,j,k,l=1

B̄ijkγ
µ
(
V kµ,lB

ijl + 2V jµ,lB
ilk
)
, (2)

where the symbol 〈 〉 denotes the trace of SU(4) matrices
in flavour space, and the factor g is the universal coupling

constant, related to the pion decay constant f = 93 MeV
by:

g =
mV

2f
, (3)

with mV being a representative mass of the light (un-
charmed) vector mesons from the nonet. This value of g
is in accordance with the KSFR1 relation [51, 52].

Mi Mj

BjBi

(b)

Mi Mj

BjBi B∗

(c)

B∗

Mi Mj

BjBi

V ∗

(a)

FIG. 1: Leading order tree level diagrams contributing to
the PB interaction. Baryons and pseudoscalar mesons are
depicted by solid and dashed lines, respectively.

The symbols φ and Vµ represent the pseudoscalar fields
of the 16-plet of the π and the vector fields of the 16-plet
of the ρ, given by

φ=


1√
2
π0 + 1√

6
η + 1√

3
η′ π+ K+ D̄0

π− − 1√
2
π0 + 1√

6
η + 1√

3
η′ K0 D−

K− K̄0 −
√

2
3η + 1√

3
η′ D−s

D0 D+ D+
s ηc

,
(4)

and

Vµ =

 1√
2

(ρ0 + ω) ρ+ K∗+ D̄∗0

ρ− 1√
2

(−ρ0 + ω) K∗0 D∗−

K∗− K̄∗0 φ D∗−s
D∗0 D∗+ D∗+s J/ψ


µ

, (5)

respectively, and B is the tensor of baryons belonging to
the 20-plet of the p:

B121 = p, B122 = n,

B132 = 1√
2

Σ0 − 1√
6

Λ, B213 =
√

2
3 Λ,

B231 = 1√
2

Σ0 + 1√
6

Λ, B232 = Σ−,

B233 = Ξ−, B311 = Σ+,

B313 = Ξ0, B141 = −Σ++
c ,

B142 = 1√
2

Σ+
c + 1√

6
Λc, B143 = 1√

2
Ξ
′+
c − 1√

6
Ξ+

c ,

B241 = 1√
2

Σ+
c − 1√

6
Λc, B242 = Σ0

c,

B243 = 1√
2

Ξ
′0
c + 1√

6
Ξ0

c, B341 = 1√
2

Ξ
′+
c + 1√

6
Ξ+

c ,

B342 = 1√
2

Ξ
′0
c − 1√

6
Ξ0

c, B343 = Ω0
c,

B124 =
√

2
3 Λc, B234 =

√
2
3 Ξ0

c,

B314 =
√

2
3 Ξ+

c , B144 = Ξ++
cc ,

B244 = −Ξ+
cc, B344 = Ωcc,

(6)

where the indices i, j, k of Bijk denote the quark content
of the baryon fields with the identification 1↔ u, 2↔ d,
3 ↔ s and 4 ↔ c. The phase convention for the isospin
states is | π+〉 = − | 1, 1〉, | K−〉 = − | 1/2,−1/2〉 and

1 Kawarabayashi-Suzuki-Fayyazuddin-Riazuddin
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| D0〉 = − | 1/2,−1/2〉 for the pseudoscalar mesons and,
analogously, | ρ+〉 = − | 1, 1〉, | K∗−〉 = − | 1/2,−1/2〉
and | D∗ 0〉 = − | 1/2,−1/2〉 for the vector mesons. For
the baryons, we take | Σ+〉 = − | 1, 1〉 and | Ξ−〉 =
− | 1/2,−1/2〉. This convention is consistent with the
structure of the φ, Vµ and B fields. It is the one followed
in Refs. [36, 53] and it differs from that in Ref. [48] in
the sign of the D+(D∗+) and D−(D∗−) mesons.

Using the V PP and V BB vertices above one obtains
the t-channel Vector-Meson-Exchange (TVME) potential
[48]:

Vij = g2
∑
v

Cvij ū (pj) γ
µu (pi)

1

t−m2
v

×
[

(ki + kj)µ −
k2
i − k2

j

m2
v

(ki − kj)µ

]
,(7)

where pi, pj (ki, kj) are the four-momenta of the baryons
(mesons) in the i, j channels and mv is the vector meson
mass. Adopting the same mass mv = mV for the light
vector mesons and accounting for the higher mass of the
charmed mesons with a common multiplying factor κc =
(mV /m

c
V )2 ≈ 1/4 as in [54], Eq. (7) simplifies to

Vij = −Cij
1

4f2
ū (pj) γ

µu (pi) (ki + kj)µ , (8)

where the limit t� mV has been taken to reduce the t-
channel diagram to a contact term. The coefficients Cij
are symmetric with respect to the indices and are ob-
tained summing the various vector meson exchange con-
tributions,

∑
v C

v
ij [48], including the factor κc in the case

of charmed mesons. Working out the Dirac algebra up
to order O(p2/M) corrections, one gets the expression:

Vij(
√
s) = −Cij

1

4f2

(
2
√
s−Mi −Mj

)
NiNj (9)

where Mi, Mj and Ei, Ej are the masses and the ener-

gies of the baryons and N =
√

(E +M)/2M . Note that,
while SU(4) symmetry is encoded in the values of the co-
efficients Cvij , the interaction potential is not SU(4) sym-
metric due to the use of physical masses for the mesons
and baryons involved, as well as to the factor κc.

For the isospin I = 0, charm C = 1 and strangeness
S = −2 sector studied here, the available pseudoscalar-
baryon channels are K̄Ξc(2964), K̄Ξ′c(3070), DΞ(3189),
ηΩc(3246), η′Ωc(3656), D̄sΩcc(5528), and ηcΩc(5678),
where the values in parentheses indicate their corre-
sponding threshold. The doubly charmed D̄sΩcc and
ηcΩc channels will be neglected, as their energy is much
larger than that of the other channels. We have checked
that their inclusion barely influences the results presented
here. The matrix of Cij coefficients for the resulting 5-
channel interaction is given in Table I.

The interaction of vector mesons with baryons is ob-
tained following the formalism presented in Ref. [55],

K̄Ξc K̄Ξ′c DΞ ηΩ0
c η′Ω0

c

K̄Ξc 1 0

√
3

2
κc 0 0

K̄Ξ′c 1
1√
2
κc −

√
6 0

DΞ 2 − 1√
3
κc −

√
2

3
κc

ηΩ0
c 0 0

η′Ω0
c 0

TABLE I: The Cij coefficients for the I = 0, C = 1, S = −2
sector of the PB interaction.

which is extended to SU(4) here. Similarly as for pseu-
doscalar mesons, we only retain the t-channel vector-
exchange term. Employing the effective Lagrangian:

LV V V = ig〈[V µ, ∂νVµ]V ν〉. (10)

for the three-vector V V V vertex and that of Eq. (2)
for the V BB one, the resulting interaction kernel for
the vector-baryon (V B) interaction is identical to that
obtained for the pseudoscalar-baryon (PB) one (see
Eq. (9)), multiplied by the product of polarization vec-
tors, ~εi, ~εj .

The allowed vector meson-baryon states are
D∗Ξ(3326), K̄∗Ξc(3363), K̄∗Ξ′c(3470), ωΩc(3480),
φΩc(3717), D̄∗sΩcc(5662) and J/ψΩc(5794) , where,
again, we will neglect the doubly charmed states. The
coefficients Cij can be straightforwardly obtained from
those for the PB interaction in Table I, by considering
the following correspondences:

π → ρ, K → K∗, K̄ → K̄∗, D → D∗, D̄ → D̄∗, (11)

1√
3
η +

√
2
3η
′ → ω and −

√
2
3η + 1√

3
η′ → φ . (12)

The sought resonances will be generated as poles of
the scattering amplitude Tij , unitarized via the coupled-
channel Bethe-Salpeter (B-S) equation, which imple-
ments the resummation of loop diagrams to infinite order
schematically depicted in Fig. 2 and has the expression

Tij = Vij + VilGlTlj . (13)

Factorizing the V and T matrices on-shell out of the in-
ternal integrals, the solution of the former equation

T = (1− V G)−1V (14)

is purely algebraic. We note that the sum over the po-
larizations of the internal vector mesons gives∑

pol

εiεj = δij +
qiqj
M2
V

, (15)

and, neglecting the correction ∼ q2/M2
V , which is consis-

tent with the approximations done so far, the factor ~εi~εj
can be factorized out in all the terms of the B-S equation.
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== + + + · · ·

ki kj

pi pj

kjki kl

=

pjpi

FIG. 2: Diagrams representing the Bethe-Salpeter equations
in meson-baryon (MB) scattering. The big empty circle cor-
responds to the Tij matrix element, the black circles corre-
spond to the potential Vij and the loops represent the prop-
agator Gl function. The i, j, l indices stand for the channels
of the coupled-channel theory.

The loop function is given by

Gl = i

∫
d4q

(2π)4

2Ml

(P − q)2 −M2
l + iε

1

q2 −m2
l + iε

, (16)

where Ml and El correspond to the mass and the en-
ergy of the intermediate baryon, ml is the mass of the
intermediate meson, P = k+p = (

√
s,~0) is the total four-

momentum of the system in the c.m. frame and q denotes
the four-momentum of the meson propagating in the in-
termediate loop. This function diverges for ~q → ∞ and
it must be regularized with a proper scheme. One may
employ the cut-off regularization method, which consists
in replacing the infinite upper limit of the integral by a
large enough cut-off momentum Λ,

Gcut
l =

∫ Λ

0

d3q

(2π)3

1

2ωl(~q)

Ml

El(~q)

1√
s− ωl(~q)− El(~q) + iε

,

(17)
or the alternative dimensional regularization (DR) ap-
proach, which is the one adopted here:

Gl =
2Ml

16π2

{
al(µ) + ln

M2
l

µ2
+
m2
l −M2

l + s

2s
ln
m2
l

M2
l

+

+
ql√
s

[
ln
(
s− (M2

l −m2
l

)
+ 2ql

√
s)

+ ln
(
s+ (M2

l −m2
l

)
+ 2ql

√
s)

− ln
(
−s+ (M2

l −m2
l

)
+ 2ql

√
s)

− ln
(
−s− (M2

l −m2
l

)
+ 2ql

√
s)
] }
,

(18)
where al(µ) is the subtraction constant at the regular-
ization scale µ, and ql is the on-shell three-momentum
of the meson in the loop. The choice of the regulariza-
tion scale µ and the corresponding subtraction constants
al(µ) can be obtained by demanding that, at an energy
close to the channel threshold, Gl is similar to Gcut

l for a
certain cut-off Λ, namely

al(µ) =
16π2

2Ml

(
Gcut
l (Λ)−Gl(µ, al = 0)

)
. (19)

The value of Λ is usually taken around several hundreds
of MeV, which is around the scale that has been inte-
grated out in the zero range approximation of the meson-
exchange model considered here. Typical values of the
DR parameters are µ ≈ 630 MeV and a(µ) ∼ −2.0 in
the case of SU(3) (see Ref. [25]) while in SU(4) previ-
ous works have taken µ = 1000 MeV and a(µ) ∼ −2.3
[36, 37].

The expression for the loop function Gl in Eq. (18) as-
sumes that the baryon and the meson have fixed masses
and no width. When the B-S equation involves channels
that include particles with a large width, which is the case
of the ρ (Γρ = 149.4 MeV) and K∗ (ΓK∗ = 50.5 MeV)
mesons, this function has to be convoluted with the mass
distribution of the particle. Following the method de-
scribed in [55], the loop function in these cases will be
replaced by

G̃l(s) = − 1

N

∫ (ml+2Γl)
2

(ml−2Γl)2

dm̃2
l

π
Im

1

m̃2
l −m2

l + imlΓ(m̃l)

×Gl
(
s, m̃2

l ,M
2
l

)
,

(20)
where we have taken the limits of the integral to extend
over a couple of times the width of the meson, and the
normalization factor N reads

N =

∫ (ml+2Γl)
2

(ml−2Γl)2
dm̃2

l

(
− 1

π

)
Im

1

m̃2
l −m2

l + imlΓ(m̃l)
.

(21)
The energy dependent width is given by

Γ(m̃l) = Γl
m5
l

m̃5
l

λ3/2(m̃2
l ,m

2
1,m

2
2)

λ3/2(m2
l ,m

2
1,m

2
2)
θ(m̃l−m1−m2), (22)

where m1 and m2 are the masses of the lighter mesons
to which the vector meson in the loop decays, i.e. m1 =
m2 = mπ for the ρ and m1 = mπ, m2 = mK for the
K∗ and λ is the Källén function λ(x, y, z) = (x− (

√
y +√

z)2)(x− (
√
y −√z)2).

A resonance generated dynamically from the coupled
channel meson-baryon interaction appears as a pole of
the scattering amplitude T in the so-called second Rie-
mann sheet (II) of the complex energy plane, which im-
plies performing the calculation of the loop function given
in Eq. (18) with a rotated momentum (ql → −ql) or,
equivalently, employing [56]

GII
l (s) = Gl(s) + i 2Ml

ql
4π
√
s
. (23)

In the case of multiple channels, the loop function of each
channel is rotated to the second Riemann sheet only when
the real part of the complex energy z ≡ √s is larger than
the corresponding channel threshold. In the vicinity of a
pole, zp, one may write

Tij(s) ∼
gigj
z − zp

, (24)
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and the coupling constants of the resonance to the various
channels are obtained from the corresponding residues,
calculated from:

gigj =

[
∂

∂z

(
1

Tij(z)

)∣∣∣∣
zp

]−1

. (25)

The amount of ith-channel meson-baryon component
in a given resonance can be obtained from the real part
of:

Xi = −g2
i

(
∂G

∂(
√
s)

)∣∣∣∣
zp

. (26)

This expression is based on the model-independent rela-
tion between the compositeness of a weakly bound state
and the threshold parameters of the interaction generat-
ing it, derived in Ref. [57] . This idea has been reformu-
lated within a field theoretical approach and extended to
higher partial waves as well as to unstable (resonance)
states [58–62].

III. RESULTS

In this section we present the results obtained employ-
ing the unitarized model for meson-baryon scattering in
coupled channels described above. We first describe the
results obtained with the pseudoscalar-baryon interac-
tion kernel of Eq. (9), employing the subtraction con-
stants listed under “Model 1” of Table II in the loop
functions. These subtraction constants are obtained for
a regularization scale of µ = 1000 GeV and imposing the
loop function of each pseudoscalar-baryon channel to co-
incide, at the corresponding threshold, with the cut-off
loop function evaluated for Λ = 800 MeV, see Eq. (19).
We assume this value to be a natural choice as it roughly
corresponds to the mass of the exchanged vector mesons
in the t-channel diagram that has been eliminated in fa-
vor of the contact interaction employed in this work. In
this case, the scattering amplitude T shows two poles
having the following properties:

M1 = Re z1 = 3051.6 MeV, Γ1 = −2Im z1 = 0.45 MeV

and

M2 = Re z2 = 3103.3 MeV, Γ2 = −2Im z1 = 17 MeV.

These resonances have spin-parity JP = 1/2−, as they
are obtained from the scattering amplitude of pseu-
doscalar mesons with baryons of the ground state octet
in s-wave. The couplings of each resonance to the var-
ious meson-baryon channels are displayed in Table III
under the label “Model 1”, where one can also find the
corresponding compositeness, given by Eq. (26), which
measures the amount of each meson-baryon component
in the resonance. We observe that the lowest energy
state at 3052 MeV couples appreciably to the channels

K̄Ξ′c, DΞ and ηΩ0
c . Note that, although the coupling to

ηΩ0
c states is the strongest, the compositeness is larger

in the K̄Ξ′c channel, to which the resonance also couples
strongly and, in addition, lies closer to the correspond-
ing threshold. The higher energy resonance at 3103 MeV,
with a strong coupling to DΞ and a compositeness in this
channel of 0.90, clearly qualifies as being a DΞ bound
state.

aK̄Ξc
aK̄Ξ′c

aDΞ aηΩc aη′Ωc

Model 1 −2.19 −2.26 −1.90 −2.31 −2.26

Λ (MeV) 800 800 800 800 800

Model 2 −1.69 −2.09 −1.93 −2.46 −2.42

Λ (MeV) 320 620 830 980 980

TABLE II: Values of the subtraction constants at a regular-
ization scale µ = 1 GeV and the equivalent cut-off Λ for the
two models discussed in this work.

0− ⊕ 1
2

+
interaction in (I, S, C) = (0,−2, 1) sector

Model 1

M [MeV] 3051.6 3103.3

Γ [MeV] 0.45 17

|gi| −g2
i dG/dE |gi| −g2

i dG/dE

K̄Ξc(2964) 0.11 0.00 + i 0.00 0.58 0.01 + i 0.03

K̄Ξ′c(3070) 1.67 0.54 + i 0.01 0.30 0.01− i 0.01

DΞ(3189) 1.10 0.05− i 0.01 4.08 0.90− i 0.05

ηΩc(3246) 2.08 0.23 + i 0.00 0.44 0.01 + i 0.01

η′Ωc(3656) 0.04 0.00 + i 0.00 0.28 0.00 + i 0.00

Model 2

M [MeV] 3050.3 3090.8

Γ [MeV] 0.44 12

|gi| −g2
i dG/dE |gi| −g2

i dG/dE

K̄Ξc(2964) 0.11 0.00 + i 0.00 0.49 −0.02 + i 0.01

K̄Ξ′c(3070) 1.80 0.61 + i 0.01 0.35 0.02− i 0.02

DΞ(3189) 1.36 0.07− i 0.01 4.28 0.91− i 0.01

ηΩc(3246) 1.63 0.14 + i 0.00 0.39 0.01 + i 0.01

η′Ωc(3656) 0.06 0.00 + i 0.00 0.28 0.00 + i 0.00

TABLE III: Ω0
c(X) states generated employing vector-type

Weinberg-Tomozawa zero-range interactions (Model 1, Model
2) between a pseudoscalar meson and a ground state baryon,
within a coupled-channel approach.

We see that our two resonances have energies very sim-
ilar to the second and fourth Ω0

c states discovered by
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LHCb [1], with properties:

Ωc(3050)0 : M = 3050.2± 0.1± 0.1+0.3
−0.5 MeV,

Γ = 0.8± 0.2± 0.1 MeV,

Ωc(3090)0 : M = 3090.2± 0.3± 0.5+0.3
−0.5 MeV,

Γ = 8.7± 1.0± 0.8 MeV. (27)

We note that, even if the mass of our heavier state is
larger by 10 MeV and its width is about twice the exper-
imental one, our results clearly show the ability of the
meson baryon dynamical models for generating states in
the energy range of interest.

In an attempt to accommodate better to the data,
we relax the condition of forcing that each loop func-
tion matches, at the corresponding threshold, the cut-off
loop function evaluated for a cut-off Λ = 800 MeV. To
this end, we let the values of the five subtracting con-
stants vary freely within a reasonably constrained range
and look for sets that reproduce the characteristics of the
two observed states, Ωc(3050)0 and Ωc(3090)0, within 2σ
of the experimental errors [see Eq. (27)]. In order to
analyze the correlations, we represent in Fig. 3 the val-
ues of each subtraction constant against all the others in
the sets that comply with the experimental constraints.
We clearly observe an anti-correlation between the sub-
traction constants aK̄Ξ′c

and aηΩc
. This can be simply

understood by noting that the resonance at 3050 MeV
couples mostly to these two meson-baryon states, as can
be seen from the results in Table III, implying that, if
one subtraction constant becomes more negative, favor-
ing a stronger attraction for the pole, the other subtrac-
tion constant needs to compensate this effect by being
less negative. We also find the subtraction constant aDΞ

to acquire a rather stable value between -1.94 and -1.93.
This is clearly a reflection of the resonance at 3090 MeV
being essentially a DΞ bound state, which requires a par-
ticular value of the subtraction constant aDΞ to generate
the pole at the appropriate experimental energy.

Among all the possible configurations of subtrac-
tion constants producing the experimental Ω0

c states at
3050 MeV and 3090 MeV represented in Fig. 3, we se-
lect a representative set, denoted by red asterisks in the
figure, the values of which are listed in Table II under
the label “Model 2”. The two poles of the scattering
amplitude of “Model 2” have the properties:

M1 = Re z1 = 3050.3 MeV, Γ1 = −2Im z1 = 0.44 MeV

M2 = Re z2 = 3090.8 MeV, Γ2 = −2Im z1 = 12 MeV ,

which are similar for any of the sets of subtracting con-
stants represented in Fig. 3. As we see, the stronger
changes are found in the higher resonance, which, apart
from having been lowered to the experimental energy, its
width has been substantially decreased to agree with the
experiment at 2σ level. We see from Table II that the
equivalent values of the cut-off for this new set of sub-
tracting constants now lie in the range [320− 950] MeV.
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FIG. 3: (Color online) Correlations between the various sub-
traction constants. The circles represent different configura-
tions of subtraction constants that reproduce the experimen-
tal resonances Ωc(3050)0 and Ωc(3090)0. The red asterisks
denote one particular representative set.

Note that the strongest change corresponds to the sub-
traction constant aK̄Ξc

, needed to decrease the width
of the Ωc(3090)0 towards its experimental value. The
equivalent cut-off value of 320 MeV is on the low side of
the usually employed values but it still naturally sized.

The five Ω0
c states were observed from the K−Ξ+

c in-
variant mass spectrum obtained from a sample of pp col-
lision data at center of mass energies of 7, 8 and 13 TeV,
recorded by the LHCb experiment [1]. To model such
spectrum from the elementary pp collision reaction is a
tremendously difficult task, but we can give a taste of the
spectrum that our models would predict by representing,
in Fig. 4, the quantity

qK− |
∑
i

Ti→K̄Ξc
|2 (28)

versus the K̄Ξc center-of-mass energy, where Ti→K̄Ξc
is

the amplitude for the i → K̄Ξc transition obtained here
with either “Model 1” (black dashed line) or “Model 2”
(red solid line), with i being any of the five coupled chan-
nels involved in this sector. The momentum of the K− in
the K̄Ξc center-of-mass frame, qK− , acts as a phase-space
modulator. The calculated spectrum has been convo-
luted with the energy dependent resolution of the exper-
iment, which runs linearly from 0.75 MeV at 3000 MeV
to 1.74 MeV at 3119 MeV, employing a Gaussian func-
tion. We note that, in front of each amplitude Ti→K̄Ξc

in
Eq. (28), one should have included a coefficient gauging
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the strength with which the production mechanism ex-
cites the particular meson-baryon channel i. Given the
limited understanding of the production dynamics, we
have assumed all these coefficients to be equal. There-
fore, the spectrum displayed in Fig. 4 is merely orienta-
tive as it also lacks the background contributions. How-
ever, one can still see certain similarities with the spec-
trum of Fig. 2 in Ref. [1] in the energy regions of the
3050 MeV and 3090 MeV states.

3000 3100 3200 3300

M(Ξ
c

+
K

-
) [MeV]

0

10

20

30

40

50

q
K

|Σ
iT

i→
Κ

Ξ
c|2

 [
M

eV
-2

]

Model 1
Model 2

FIG. 4: (Color online) Sum of amplitudes squared times a
phase space factor.

Finally, we construct the unitarized interaction be-
tween vector mesons and baryons in this sector, employ-
ing the set of coupling constants of Table IV, which have
been obtained for a regularization scale of µ = 1000 GeV
and imposing the loop function of each vector-baryon
channel to coincide, at the corresponding threshold, with
the cut-off loop function evaluated for Λ = 800 MeV. The
mass and other properties of the resonances found from
the vector-baryon interaction in the S = −2, C = 1 and
I = 0 sector are listed in Table V. We see a similar pat-
tern as that found for the pseudoscalar-baryon case, one
resonance coupling strongly to D∗Ξ and the other cou-
pling strongly to K̄∗Ξ′c and to φΩ0

c , which mainly takes
the role of the ηΩ0

c state of the pseudoscalar case accord-
ing to the tranformation of Eq. (12). However, the order-
ing in energies of these resonances appears interchanged
with respect to that found in pseudoscalar-baryon scat-
tering, which is simply related to the fact that the en-
ergy thresholds of the various vector-meson states have
also changed with respect to their pseudoscalar-baryon
counterparts. The lower energy resonance at 3231 MeV
is mainly a D∗Ξ bound state, while the resonance at
3419 MeV, is mainly a K̄∗Ξ′c composite state with some
admixture of ωΩ0

c and φΩc components. These reso-
nances are located at energy values well above the states
found by the LHCb collaboration in a region where no
narrow structures have been seen [1]. We note, how-

ever, that the states found here from the vector-baryon
interaction are artificially narrow as they do not cou-
ple to, and hence cannot decay into, the pseudoscalar-
baryon states that lie at lower energy. In order to ac-
count for this possibility in our model one should in-
corporate the coupling of vector-baryon states to the
pseudoscalar-baryon ones, via e.g. box diagrams [63, 64]
or employing the methodology of Refs. [50, 65] where,
on the basis of heavy-quark spin symmetry, the pseu-
doscalar and vector mesons, as well as the baryons of the
octet and those of the decuplet, are treated on the same
footing. It would be interesting to perform such calcu-
lations in order to see if these structures remain narrow
or widen up sufficiently to accommodate to the appar-
ently featureless spectrum (within experimental errors)
in this higher energy range. It would also be interest-
ing to explore how the pseudoscalar-baryon resonances
studied in the present work would be affected by con-
sidering the coupling to the vector-baryon states, a task
that goes beyond the scope of the present exploratory
study. Note, however, that the energy threshold of the
lighter D∗Ξ vector-baryon channel lies above those of the
pseudoscalar-meson channels, except for the η′Ω0

c one
which plays a quite irrelevant role in the pseudoscalar-
baryon states found here. We therefore expect limited
changes in their energy positions and widths, which could
anyway be compensated by appropriate changes in the
subtraction constants.

aD∗Ξ aK̄∗Ξc
aK̄∗Ξ′c aωΩc aφΩc

−1.97 −2.15 −2.20 −2.27 −2.26

TABLE IV: Values of the subtraction constants for Model 1
at a regularization scale µ = 1 GeV.

1− ⊕ 1
2

+
interaction in (I, S, C) = (0,−2, 1) sector

M [MeV] 3231.19 3419.25

Γ [MeV] 0.0 4.8

|gi| −g2
i dG/dE |gi| −g2

i dG/dE

D∗Ξ(3326) 4.30 0.90− i0.00 0.24 0.00 + i0.00

K̄∗Ξc(3363) 0.64 0.03− i0.00 0.13 0.00 + i0.00

K̄∗Ξ′c(3470) 0.26 0.00− i0.00 1.83 0.42 + i0.02

ωΩc(3480) 0.34 0.01− i0.00 1.56 0.28 + i0.00

φΩc(3717) 0.00 0.00− i0.00 2.31 0.22 + i0.00

TABLE V: Ω0
c(X) states generated employing a vector-type

Weinberg-Tomozawa zero-range interaction between a vector
meson and a ground state baryon within a coupled-channel
approach.



8

IV. CONCLUSIONS

In this work we have studied the interaction of the low-
lying pseudoscalar mesons with the ground-state baryons
in the charm +1, strangeness −2 and isospin 0 sector,
employing a t-channel vector meson exchange model with
effective Lagrangians. We unitarize the amplitude by
means of the coupled-channel Bethe-Salpeter equation,
paying a especial attention to regulate the loops with
naturally sized subtraction constants.

The resulting amplitude for the scattering of pseu-
doscalar mesons with baryons shows the presence of two
resonances, having energies and widths very similar to
some of the Ω0

c states discovered recently at LHCb. By
exploring the parameter space of our model we find sev-
eral cases that can reproduce the mass and width of the
Ωc(3050)0 and the Ωc(3090)0.

Our findings allow us to conclude that two of the
five Ω0

c states recently observed by the LHCb collabo-
ration could have a meson-baryon molecular origin. The
state at 3050 MeV would mostly have a K̄Ξ′c component
(around 50%) with a 20% mixture of ηΩc, while the one
at 3090 MeV would be essentially a DΞ molecule with a
90% strength.

As our model for the scattering of pseudoscalar mesons

with baryons in s-wave generates resonances with spin-
parity JP = 1/2−, we would anticipate these to be the
quantum numbers for the 3050 MeV and 3090 MeV Ω0

c

states, in contrast to the expectations from quark models
which establish either 3/2− or 5/2− for their spin-parity.

An experimental determination of the spin-parity of
the Ω0

c states would be extremely valuable to disentan-
gle the 3q or meson-baryon nature of some of the Ω0

c

states observed at LHCb. It is also expected that further
theoretical studies about the molecular interpretation of
baryons in the S = −2, C = 1, I = 0 sector, including
additional components as the ones considered here, can
bring new light into this problem.
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