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We study the weak decay Ω−
b → ðΞþ

c K−Þπ−, in view of the narrow Ωc states recently measured by the
LHCb Collaboration and later confirmed by the Belle Collaboration. The Ωcð3050Þ and Ωcð3090Þ are
described as meson-baryon molecular states, using an extension of the local hidden gauge approach in
coupled channels. We investigate the ΞD, ΞcK̄, and Ξ0

cK̄ invariant mass distributions making predictions
that could be confronted with future experiments, providing useful information that could help determine
the quantum numbers and nature of these states.
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I. INTRODUCTION

The recent discovery of five narrow Ωc states by the
LHCb Collaboration [1] in pp collisions, also recently
confirmed by the Belle Collaboration [2] in eþe− colli-
sions, motivated an increasing amount of theoretical work
with different proposals for their structure. In particular, the
correct assignment of quantum numbers JP remains an
open question, and it could be the key to understand the
nature of these states.
Predictions using quark models for such states and

related ones were done in Refs. [3–20], with most propos-
ing a diquark-quark structure ðssÞc. Other methods have
also been employed to study these states, as QCD sum rules
in Refs. [21–27] and lattice QCD in Ref. [28]. Pentaquark
options have been suggested in Refs. [29–34]. Some works
have emphasized the value of decay properties to obtain
information on the nature of these states [35–37], and a
discussion on the possible quantum numbers was given
in Ref. [38].
On the other hand, some of these states could actually be

pentaquarklike molecules, dynamically generated from
meson-baryon interactions in coupled channels with charm
C ¼ 1, strangenessS ¼ −2, and isospin I ¼ 0. Predictions in

the molecular picture using coupled channels of meson-
baryon interactionsweredone inRefs. [39–41]. In this picture
the interaction in the S wave of baryons with spin-parity
JP ¼ 1=2þ or JP ¼ 3=2þ with pseudoscalar mesons leads
to meson-baryon systems with JP ¼ 1=2− and JP ¼ 3=2−,
respectively. Channels with vector mesons instead of pseu-
doscalars can also be included resulting in JP ¼ 1=2−; 3=2−,
and 5=2−. However, most of the recent works adopting this
picture manage to relate two or three of the new Ωc states
to meson-baryon systems with JP ¼ 1=2− and JP ¼ 3=2−,
dominated by the pseudoscalar-baryon channels.
In Ref. [41] an SUð6Þlsf × HQSS model (HQSS stands

for heavy quark spin symmetry) extending the Weinberg-
Tomozawa πN interaction was employed to make a
systematic study of many possible meson-baryon systems.
In Ref. [42] the renormalization scheme of Ref. [41] was
reviewed, performing an update of the results of the C ¼ 1,
S ¼ −2, and I ¼ 0 sector in view of the new experimental
data. The updated results indicate that one can relate the
Ωcð3000Þ to a state with JP ¼ 1=2− and the Ωcð3050Þ to
another state with JP ¼ 3=2−, with hints that the Ωcð3090Þ
or Ωcð3119Þ could also have JP ¼ 1=2−.
In Ref. [40] the molecular picture was developed using

SUð4Þ symmetry to extend the interaction described by
vector meson exchange in the local hidden gauge approach.
This work was also reviewed under the light of the new
experimental data and an updated study was made in
Ref. [43], where it was shown that the Ωcð3050Þ and
Ωcð3090Þ can both be related to meson-baryon resonances
with JP ¼ 1=2−, stemming from pseudoscalar-baryon
(1=2þ) interaction.
A similar approach that also describes the meson-baryon

interaction through vector meson exchange was recently
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developed in Ref. [44], using an extension of the local
hidden gauge approach [45–49] and taking into account the
spin-flavor wave functions of the baryons. In the present
work we will follow the description of the Ωc states of
Ref. [44]; extensive discussions on the methods and results
can be found there, as well as predictions of higher energy
states of meson-baryon nature. We shall discuss this
framework in the next section. A remarkable agreement
of both masses and widths of the Ωcð3050Þ and Ωcð3090Þ
was obtained from the pseudoscalar-baryon(1=2þ) inter-
action, in accordance with results of Ref. [43]; also an extra
sector of pseudoscalar-baryon(3=2þ) could be related to the
Ωcð3119Þ, therefore assigning to it the quantum numbers
JP ¼ 3=2−.
Other works on the molecular picture followed [50–52].

In Ref. [50] the authors propose that the broad structure
found around 3188 MeV [1,2] could be related with a
molecular ΞD state due to the proximity of its threshold
around 3185 MeV. As we shall see in the next section, in
our approach [44] the molecular state dominated by the ΞD
channel corresponds to the Ωcð3090Þ.
In the present work we propose the experimental study of

these new states through the decay of Ω−
b baryons, as

suggested in Ref. [53]. The mass and lifetime of the Ω−
b

were recently measured by the LHCb Collaboration [54],
obtaining results compatible with the previous measure-
ments of the same collaboration [55] and also with the ones
of the CDF Collaboration [56], but not with the results of
the D0 Collaboration [57]. We shall adopt the mass value
listed by the Particle Data Group [58], which is quite close
to the most recent measurement of LHCb.
We will discuss the decay Ω−

b → ðΞþ
c K−Þπ−, which

could be performed by the LHCb Collaboration [53] in
the future and could be very useful to distinguish states with
different structures and quantum numbers. First we present
a brief summary of the main results of Ref. [44] and
comment on the formalism employed there to obtain the
Ωcð3050Þ and Ωcð3090Þ as meson-baryon molecules. Next
we will discuss the Ω−

b → ðΞþ
c K−Þπ− decay and how the

coupled channels approach naturally accounts for the
dynamical generation of the Ωc states from the hadroniza-
tion that takes place after the conversion of the b quark into
a c quark. Then we show the results of how these two states
would be seen in the Ω−

b decay if the molecular picture of
Ref. [44] is correct, providing solid predictions that could
easily be put to proof in the near future.

II. THE Ωcð3050Þ AND Ωcð3090Þ IN THE
MOLECULAR PICTURE

In Ref. [44] a thorough discussion was made about the
meson-baryon interaction due to the exchange of vector
mesons, and an extension of the local hidden gauge
approach [45–49] was used together with a method that
takes into account the information of the spin-flavor wave
functions of the baryons (see Ref. [44] for details). It was

shown that considering the heavy quarks as spectators, the
interactions can be obtained from the chiral Lagrangians
using only SUð3Þ symmetry [without the need of SUð4Þ in
the dominant terms], respecting heavy quark spin sym-
metry in the leading terms in the ð1=mQÞ counting where
only light vectors are exchanged [59–61].
The procedure begins with the choice of meson-baryon

channels in the C ¼ 1, S ¼ −2, and I ¼ 0 sector, interact-
ing in the S wave, with a determined total spin J. While
vector-baryon contributions were also considered in
Ref. [44], it was also shown there that these states decouple
to a good degree of approximation from pseudoscalar-
baryon states, and using the channels ΞcK̄, Ξ0

cK̄, ΞD, and
Ωcη the states Ωcð3050Þ and Ωcð3090Þ could be repro-
duced, both the mass and width.
In Ref. [44] the Bethe-Salpeter equation with the above

channels was solved and poles were searched in the second
Riemann sheet of the complex energy plane, with the
results shown in Table I, where the couplings of the
resonances to the different channels, gi, are given, as well
as the wave function at the origin giGII

i , where G
II
i means

the meson-baryon loop function evaluated at the pole
position in the second Riemann sheet [44,62,63].

III. THE Ω−
b → ðΞcK̄=Ξ0

cK̄=ΞDÞπ − DECAYS

Let us see how theΩcð3050Þ andΩcð3090Þ are produced
in this reaction within our picture. Since the resonances
come from the interaction of pseudoscalar-baryon states
shown in Table I, one has to hadronize the three quarks that
come from the b → c transition and the spectator ss quarks
(see Fig. 1). In the hadronization we introduce q̄q with the
quantum numbers of the vacuum, and two options are
possible: insertion of q̄q between the c and one s quark, as
shown in the figure, or insertion between the two s quarks.
In this latter case the three final quarks (leaving the π−

apart) have JP ¼ 1=2þ and hence the state has positive
parity. With one pseudoscalar, JP ¼ 0−, and a baryon of
JP ¼ 1=2þ in the final state, this requires a P wave, but the
molecules are produced in an S wave, and this mechanism
is hence inoperative to produce these resonances. In the
case of hadronization between the c and s quarks, the c
quark can be produced in L ¼ 1 after the weak vertex and
the negative parity is restored. Then, the L ¼ 1 excited c
quark is deexcited via hadronization, where the q̄q is
produced in a 3P0 state [64–66].
Looking at the flavor of the quarks, the hadronization

proceeds as follows:

css → cðūuþ d̄dþ s̄sÞss≡H; ð1Þ

H ¼
X
i

cq̄iqiss≡
X
i

Φ4iqiss; ð2Þ

where in the last step we have written the ðqq̄Þ matrix
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ðqq̄Þ ¼

0
BBB@

uū ud̄ us̄ uc̄

dū dd̄ ds̄ dc̄

sū sd̄ ss̄ sc̄

cū cd̄ cs̄ cc̄

1
CCCA ð3Þ

in terms of theirmeson components bymeans of thematrixΦ,

Φ¼

0
BBBBBB@

π0ffiffi
2

p þ ηffiffi
3

p þ η0ffiffi
6

p πþ Kþ D̄0

π− − π0ffiffi
2

p þ ηffiffi
3

p þ η0ffiffi
6

p K0 D−

K− K̄0 − ηffiffi
3

p þ
ffiffi
2
3

q
η0 D−

s

D0 Dþ Dþ
s ηc

1
CCCCCCA
:

ð4Þ

In the matrix Φ we have included the mixing between η and
η0 [67].
Then replacing the cq̄ meson terms we get

H ¼ D0ussþDþdssþ � � � ; ð5Þ
where we have already neglected the heavy combination of
Dþ

s sss, which could only contribute to states with JP ¼
3=2− since sss corresponds to the Ω−, and furthermore its
mass is far away from the range of energies studied here.
It is easy to see that, since ss has isospin zero, the

combination D0ussþDþdss has isospin zero,1 and uss
and dss have only overlap with Ξ0 and Ξ−, respectively.
Hence the combination of Eq. (5) can be written up to a
global factor by

H ¼ jΞD; I ¼ 0i ¼ −
1ffiffiffi
2

p jΞ0D0 − Ξ−Dþi; ð6Þ

where we have absorbed the global minus sign when we
changed to the isospin zero combination in the order
baryon meson.

Now we proceed to construct the amplitude of the
process Ω−

b → ðΞcK̄Þπ−. It is instructive to first look at
the process Ω−

b → ðΞDÞπ−, as depicted in Fig. 2. From
Eq. (6) we see that after the emission of a pion, the
hadronization involving the css quarks generates a ΞD pair
in isospin zero. Thus we can write this process as the sum
of a tree-level contribution and the final state interaction of
ΞD going through the molecular states of Table I. This
information is contained in the diagonal t matrix element
tI¼0
ΞD→ΞD, calculated in Ref. [44].
Then for the tree-level contribution (left diagram of

Fig. 2) we simply write ttree ¼ VP, where VP contains all
information related to the Ω−

b weak decay and dynamics of
the hadronization, a common unknown factor in all
processes we will investigate. On the other hand, for the
ΞD rescattering (right diagram of Fig. 2) we will have

tloop ¼ VPGΞD½MinvðΞDÞ�tI¼0
ΞD→ΞD½MinvðΞDÞ�; ð7Þ

where GΞD is the propagator of the baryon-meson loop,
calculated in Ref. [44] as part of the Bethe-Salpeter
equation, T ¼ ½1 − VG�−1V [68,69], with V the transition
potential [44]. Then the amplitude of the process
Ω−

b → π−ΞD is given by

tΩ−
b→π−ΞD ¼ VP½1þ GΞDðMΞDÞtI¼0

ΞD→ΞDðMΞDÞ�; ð8Þ

where we introduced the compact notation MΞD for
MinvðΞDÞ. With this amplitude we can write the ΞD
invariant mass distribution

TABLE I. Pole position [MeV], couplings gi [dimensionless], and wave functions at the origin giGII
i [MeV] from

pseudoscalar(0−)-baryon(1=2þ) interaction describing the Ωcð3050Þ and Ωcð3090Þ.
3054.05þ i0.44 ΞcK̄ Ξ0

cK̄ ΞD Ωcη

gi −0.06þ i0.14 1.94þ i0.01 −2.14þ i0.26 1.98þ i0.01
giGII

i −1.40 − i3.85 −34.41 − i0.30 9.33 − i1.10 −16.81 − i0.11

3091.28þ i5.12 ΞcK̄ Ξ0
cK̄ ΞD Ωcη

gi 0.18 − i0.37 0.31þ i0.25 5.83 − i0.20 0.38þ i0.23
giGII

i 5.05þ i10.19 −9.97 − i3.67 −29.82þ i0.31 −3.59 − i2.23

FIG. 1. Ω−
b decay at quark level with emission of a π− and

subsequent hadronization.

1Recall the isospin doublets:

D ¼
�

Dþ

−D0

�
; Ξ ¼

�
Ξ0

−Ξ−

�
:

Ω−
b → ðΞþ
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dΓ
dMinvðΞDÞ ¼

1

ð2πÞ3
MΞ

MΩ−
b

pπ−p̃DjtΩ−
b→π−ΞDj2; ð9Þ

where we adopt the Mandl-Shaw normalization for fer-
mions fields and pπ− is the pion momentum in the Ω−

b rest
frame for the Ω−

b → ðΞDÞπ− decay

pπ− ¼
λ1=2ðM2

Ω−
b
; m2

π;M2
invðΞDÞÞ

2MΩ−
b

; ð10Þ

and p̃D is the D momentum in the ΞD rest frame

p̃D ¼ λ1=2ðM2
invðΞDÞ; m2

D;m
2
ΞÞ

2MinvðΞDÞ : ð11Þ

For the Ω−
b → ðΞcK̄Þπ− process there is no tree-level

contribution, since the hadronization only produces a ΞD
pair, as in Eq. (6). Then the only contribution comes from
the diagram in Fig. 3.
Because of our coupled channels approach, the transition

ΞD → ΞcK̄ is already contained in the t matrix and the
production of ΞcK̄ (also in isospin zero) appears naturally.
The corresponding amplitude will be

tΩ−
b→π−ΞcK̄ ¼ VPGΞDðMΞcK̄ÞtΞD→ΞcK̄ðMΞcK̄Þ; ð12Þ

where tΞD→ΞcK̄ is the transition amplitude of ΞD → ΞcK̄,
from the same t matrix. Then the ΞcK̄ invariant mass
distribution is also analogous,

dΓ
dMinvðΞcK̄Þ

¼ 1

ð2πÞ3
MΞc

MΩ−
b

pπ−p̃K̄jtΩ−
b→π−ΞcK̄j2; ð13Þ

where pπ− is the pion momentum in theΩ−
b rest frame [now

for Ω−
b → ðΞcK̄Þπ−] and p̃K̄ is the kaon momentum in the

ΞcK̄ rest frame, analogous to Eqs. (10) and (11).

Analogously, we can also calculate the invariant mass
distribution for the final state Ξ0

cK̄, replacing Ξc by Ξ0
c in

the previous equations and taking the matrix element of the
t matrix corresponding to the transition ΞD → Ξ0

cK̄.
It is also interesting to look at the case of coalescence,

where the ΞD pair merges into the resonance regardless of
the final decay channel, as depicted in Fig. 4.
The value of the amplitude in the process Ω−

b → π−Ri,
where Ri is one of the molecular states of Table I, is
proportional to the coupling of that resonance to the ΞD
channel,

tΩ−
b→π−Ri

¼ VPGΞDðMRi
ÞgRi;ΞD; ð14Þ

where the propagator is calculated at the resonance mass
MRi

. With this quantity we can calculate the equivalent of
the integrated mass distribution around the Ri resonance,
which does not depend on its decay mode,

ΓΩ−
b→π−Ri

¼ 1

2π

MRi

MΩ−
b

p0
π− jtΩ−

b→π−ΞcK̄ðMRi
Þj2; ð15Þ

where p0
π− is the pion momentum in the Ω−

b rest frame
for Ω−

b → π−Ri.
Let us make some further remarks concerning the Ωb

decay process. As we have discussed, the mechanism of
Fig. 2 or 3 produces the resonancesΩcð3050Þ andΩcð3090Þ.
These resonances are generated in Ref. [44] through the
interaction of the coupled channelsΞcK̄,Ξ0

cK̄,ΞD, andΩcη.
The approach of Ref. [44] takes into account the transition
from one channel to another, and all of them participate in
the generation of the resonances. In principle one could
create these resonances initiated by any of the channels.
However, the discussion leading to Eq. (6) tells us that the
weak decay mechanism filters the primary production of the
ΞD channel and the resonances are only initiated by this
channel. This does not mean that the other channels do not
play a role here. Their contribution is implicit in the tΞD→final
transition amplitudes, which contain all channels through
the terms VΞD→iGiVi→final, VΞD→iGiVijGjVj→final, etc., that
are summed up by the Bethe-Salpeter equation.
One can, however, see if there is a way to produce, for

instance, ΞcK̄ in the first step of the decay. Topologically
this is possible producing the hadronization between the ss
quarks in Fig. 1. Indeed, taking the ūu component of the

FIG. 2. Ω−
b → π−ΞD process. Tree level (left) plus ΞD rescat-

tering (right).

FIG. 3. Ω−
b → π−ΞcK̄ process through ΞD rescattering.

FIG. 4. Resonance coalescence in the Ω−
b → π−Ri process

through ΞD rescattering, where Ri is the Ωcð3050Þ or Ωcð3090Þ.
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hadronization one obtains the cus baryon, corresponding to
Ξc and ūs that corresponds toK−. However, in the spectator
picture of Fig. 1 this is not possible for other reasons, as we
pointed out above. Indeed, since the c quark is not affected
by the hadronization and belongs to Ξc at the end, it is a
state 1=2þ in its ground state. But the initial ss component
is a spectator in the weak decay and both quarks are in 1=2þ
and ground state. After the weak decay and prior to the
hadronization we have c, s, s all in 1=2þ and in their
ground state, and have total positive parity. This state
cannot lead to the 1=2− Ωcð3050Þ,Ωcð3090Þ resonances, or
equivalently meson baryon in the S wave.

IV. RESULTS

It is interesting to see how these processes show the
importance of the coupled channels. The decay of the Ωc
states into ΞD is kinematically forbidden below the
corresponding threshold at 3185 MeV; then we cannot
see the corresponding peaks in the ΞD invariant mass
distribution, but we can see their indirect effect, both from
the meson-baryon loop in Eq. (8) and from the amplitude
tI¼0
ΞD→ΞD. The corresponding invariant mass distribution,
Eq. (9), is shown in Fig. 5 by the solid line. To compare
with the case where only the tree-level contributes, we
remove tloop and keep only ttree [keeping only the term 1 in
the bracket of Eq. (8)], normalizing the curve such that it
has the same area as the solid curve in the energy range
shown, which is plotted as the dashed line in Fig. 5. We
should note that, should we have produced the ΞD in the P
wave at tree level, hadronizing with q̄q within the two s
quarks, we would find a contribution to dΓ=dMinvðΞDÞ in
Eq. (9) with an extra p̃2

D factor, which changes the shape of
the dashed line in Fig. 5 drastically and is easily distin-
guishable from an S wave.
If we look at π−ΞcK̄ in the final state, the ΞcK̄ threshold

is at 2965MeV, and then we can see clearly the peaks of the
Ωc states in the ΞcK̄ invariant mass distribution. According

to Eq. (6), we expect only ΞD production from the
hadronization that occurs right after the Ω−

b decay, which
means we have no tree-level contribution for ΞcK̄ pro-
duction. However, the transition to ΞcK̄ through off-shell
ΞD loops arises naturally from the coupled channels
approach. In fact, both the Ωcð3050Þ and the Ωcð3090Þ
couple strongly to ΞD (see Table I), and their formation
from the ΞD state formed in the first step of the Ω−

b decay
with subsequent transition to ΞcK̄ (going through the ΞD
virtual state) is not only possible, but expected.
In Fig. 6 we show the ΞcK̄ invariant mass distribution.

The only unknown quantity is the global factorVP, common
to all amplitudes we investigate here. The ratio between the
intensity of each peak does not depend on VP, so all ratios
are predictions that could be confronted with future experi-
ments. We can see that the intensity of theΩcð3050Þ peak is
about 65% higher than for the Ωcð3090Þ peak.
The width of the states in Fig. 6 is an output of the

coupled channels dynamics in Ref. [44] to generate the Ωc
states. However, as seen in Fig. 3, the strength of these
peaks is related to the product of the couplings of the
resonances to ΞD and ΞcK̄ and hence is a direct conse-
quence of the way in which the reaction proceeds according
to our picture.
Note that we are using the same normalization for all the

reactions; hence the ratio of the strength at the peaks in
Fig. 6 to the strengthof theΞDmass distribution (solid line) in
Fig. 5 is also a prediction. In arbitrary units, the ΞD distri-
bution has a maximum of about 125 around 3240 MeV,
whereas in the ΞcK̄ distribution theΩcð3050Þ andΩcð3090Þ
peaks have an intensity of about 15.50 × 103 and 9.45 × 103,
respectively, therefore we predict that the ΞcK̄ distribution in
the vicinity of the resonance peaks is roughly 2 orders of
magnitude higher than that of the ΞD distribution.
Cusp effects in the ΞcK̄ distribution also appear at the

Ξ0
cK̄ and ΞD thresholds at 3074 MeV and 3185 MeV,

respectively, but their intensity is very small compared to
the peaks of the resonances and cannot be seen clearly in
Fig. 6. Then, according to our predictions they should not
be seen in experiment.

FIG. 5. ΞD invariant mass distribution from Eq. (9). Solid line:
Using the complete amplitude of Eq. (8). Dashed line: Removing
the GΞDtI¼0

ΞD→ΞD term (only tree-level contribution) and normal-
izing such that both curves have the same area. FIG. 6. ΞcK̄ invariant mass distribution from Eq. (13).

Ω−
b → ðΞþ
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We also notice that apparently no significant interference
pattern is seen between the two states in Fig. 6, even though
theyhave the samequantumnumbers, a feature that also agrees
with the fit performed by the LHCb Collaboration [1,16].
As for the Ξ0

cK̄ invariant mass distribution, only the
Ωcð3090Þ can be seen, as shown in Fig. 7, since this
channel is also open for the decay of this state, whereas the
Ωcð3050Þ is below the threshold of Ξ0

cK̄.
Again we can compare the intensity of the peaks. In the

Ξ0
cK̄ distribution the Ωcð3090Þ peak has an intensity of

3.86 × 103, which is about 40% of the intensity it has in
the ΞcK̄.
Finally, it is interesting to compare the results of

ΓΩ−
b→π−Ri

, given by Eq. (15), with the integrated invariant
mass distribution of Eq. (13) around the peak of each
resonance,

Z
Ri

dΓ
dMinvðΞcK̄Þ

dMinvðΞcK̄Þ: ð16Þ

In Table II we show the results of Eqs. (15) and (16) for
theΩcð3050Þ andΩcð3090Þ, and for the latter we also show
the integrated Ξ0

cK̄ distribution.
From these results we can draw some interesting con-

clusions. Let us look first at theΩcð3050Þ. In Table I we can
see that this state is dominated by the Ξ0

cK̄ channel, and also
has sizable contributions from the higher channels ΞD and

Ωcη. However, the pole is at 3054 MeV, which is 20 MeV
below the Ξ0

cK̄ threshold, so the only open channel is ΞcK̄,
to which the resonance couples very weakly and the phase
space available is only about 90 MeV. This feature explains
two points: (1) The narrowness of the state, whose upper
limit of the width reported by the LHCb Collaboration is
0.8� 0.2� 0.1 MeV [1], in excellent agreement with the
result of Ref. [44] with Γ ¼ 2 × ImðRiÞ ¼ 0.88 MeV;
(2) The good agreement of ΓΩ−

b→π−Ri
, 21289, given by

Eq. (15), with the integrated invariant mass distribution
around the resonance peak, 21344, given by Eq. (16) (the
small difference is irrelevant and comes essentially from the
choice of the interval of integration). This happens because
the state is very narrow and the only channel open for decay
is the ΞcK̄, so the value we obtain from the coalescence,
which is independent of the decay channel, matches the
value obtained from the integration over the only channel
available (ΞcK̄), as it should be.
On the other hand, theΩcð3090Þ is dominated by the ΞD

channel, with some contribution from the other channels.
Even though this state couples very strongly to ΞD, it is
almost 100 MeV below the respective threshold. It can only
decay to ΞcK̄ and Ξ0

cK̄. In both cases the coupling is small,
and in the latter channel the phase space available is less than
20 MeV (see Table I). This again, explains two main
features: (1) The narrowness, with a width not so small as
in the case of the Ωcð3050Þ, but still very narrow, since the
decay into ΞcK̄ is reasonable, with more than 120 MeVof
phase space available, although the coupling to that channel
is weak. The LHCb reports a width of 8.7� 1.0� 0.8 MeV
[1], in fair agreement with the result of Ref. [44] of
10.24 MeV; (2) The fact that the integrated invariant mass
distribution around the peak, 133482 in the ΞcK̄ distribu-
tion, is about 2=3 of the total given by the coalescence,
215237, which is also expected, since in Eq. (16) we are
integrating only in the ΞcK̄ channel, whereas this state can
also decay into Ξ0

cK̄. The sum of both integrals, in ΞcK̄ and
Ξ0
cK̄, is 184556, close to the total given by the coalescence,

but still below. This is also expected sinceEq. (15) is actually
an approximation that is valid in the limit of zero width,
which works pretty well for theΩcð3050Þ but is not so good
for the Ωcð3090Þ, with already 10 MeV of width.
As a prediction we can also state, based on the

coalescence results, that the ratio of the Ωcð3050Þ over
the Ωcð3090Þ production is about 10% in the Ω−

b decay:

ΓΩ−
b→π−Ωcð3050Þ

ΓΩ−
b→π−Ωcð3090Þ

≈ 10%: ð17Þ

Another point worth discussing is the possibility to have
some component of these resonances of the 3q type and not
molecular. We have considered Ωc states of pure molecular
nature. In the real world, if allowed by quantum numbers,
the mixing with 3q components with the same quantum

FIG. 7. Ξ0
cK̄ invariant mass distribution from Eq. (13), replac-

ing Ξc by Ξ0
c and taking tΞD→Ξ0

cK̄ .

TABLE II. Comparison between integrated invariant mass
distributions around each resonance and the corresponding
coalescence (arbitrary units).

State Ωcð3050Þ Ωcð3090Þ
Pole [MeV] 3054.05þ i0.44 3091.28þ i5.12
Coalescence
Eq. (15)

21289 215237

Channel ΞcK̄ ΞcK̄ Ξ0
cK̄

Interval [MeV] [3049, 3057] [3057, 3120] [3074, 3120]
Integral Eq. (16) 21344 133482 51074
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numbers is unavoidable. The question is how large these
components are. In our work we are implicitly assuming
that they are negligible. The issue of the mixing of 3q
and molecular components has received some attention
[70–72], and present lattice results [73] are helping in these
studies through proper analysis, as done in Ref. [72]. These
studies show that in cases where the dynamical coupled
channels unitary approach leads to molecular states, the 3q
components are indeed small. Yet, the question here is
whether we can show how the present results are stable
under the assumption of small 3q components for the Ωc
states. An answer for this problem is already available in
the thorough study carried out in Ref. [74].
In that work a study similar to the present one is carried

out for the B0
s → J=Ψf1ð1285Þ decay. The J=Ψ plays the

role of the pion here, and the f1ð1285Þ state, assumed to be
a K�K̄ molecule, plays the role of the Ωc resonances here.
In Ref. [74] a study was done taking into account the
f1ð1285Þ as a pure molecule or heaving a probability z to
be a qq̄ state. The details of the issue are shown in Sec. IX
of Ref. [74] where one can see that for values of z ≈ 0.2 the
changes in ratios of magnitudes are smaller than 20% and
they are also moderate for values of z ≈ 0.4. These results
tell us that the results obtained here are solid in this respect,
since changes of 20% in the results obtained are not
relevant for the prospective work carried out here.

V. CONCLUSIONS

We have studied the weak decay Ω−
b → ðΞþ

c K−Þπ−, in
view of the narrow Ωc states recently measured by the
LHCb Collaboration and later confirmed by the Belle
Collaboration. Based on the previous work where the

Ωcð3050Þ and Ωcð3090Þ are described as meson-baryon
molecular states, using an extension of the local hidden
gauge approach in coupled channels, with results in
remarkable agreement with experiment, we have inves-
tigated the ΞD, ΞcK̄, and Ξ0

cK̄ invariant mass distributions
and discussed the role of coupled channels in the process.
Predictions that could be confronted with future experi-
ments are presented, providing useful information that
could help to determine the quantum numbers and nature
of these states. Since Ω−

b baryons have already been
observed in several experiments, two of them performed
by the LHCb Collaboration, the present work should
encourage such study in the near future, which would
certainly bring novel key information for the understanding
of these new states.
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