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Abstract. We present results for the analysis of the B+ → J/ψφK + which shows

the contribution of two resonances, the X(4140) and X(4160) and a cusp at the
D∗s D̄∗s threshold tied to the molecular character of the X(4160) resonance. In the
second part we present the results for the theoretical approach to the new Ωc
states from the molecular perspective. In both cases we compare with results of
the LHCb collaboration.

1 Introduction
In this talk we report on two issues of current interest: 1) the B+ → J/ψφK + data at low
J/ψφ invariant masses and the X(4140) and X(4160) resonances [1]. 2) Molecular Ωc states
generated from coupled meson-baryon channels [2].

2 The B+ → J/ψφK + reaction
The recent measurement of the B+ → J/ψφK + reaction at LHCb [3, 4] and analysis of the data
has brought some surprises as the claim of several new states that couple to J/ψφ. Another
surprise is that the X(4140) deduced from the analysis, with quantum numbers J PC = 1++ ,
has a width Γ ≈ 83 ± 24+21
−14 MeV, substantially larger than the average 15.7 ± 6.3 MeV of the
former experiments.
In this work, we show that the low invariant J/ψφ mass region, poorly reproduced in
the ﬁt of Refs. [3, 4], requires the contributions of a narrow X(4140) and a wide X(4160)
resonance which couples to J/ψφ but is mostly made by a D∗s D̄∗s molecule. As a consequence
of this, the J/ψφ mass spectrum develops a strong cusp around the D∗s D̄∗s threshold that the ﬁt
of Refs. [3, 4] cannot reproduce since this mechanism is not contemplated in the amplitude
that is ﬁtted to the data.
A thorough study of X states emerging from the interaction of vector pairs, light-light
(with light≡ ρ, ω, φ, K ∗ ), light-heavy (with heavy≡ D∗ , D∗s and J/ψ), and heavy-heavy,
was done in Ref. [5] and several states were obtained that could be associated to known
states. In particular, and relevant for the present work, a state 0+ (2++ ) at 4169 MeV was
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Figure 1. Microscopic quark level production of K − D∗s D̄∗s in B−
decay.
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Figure 2. Mechanism for B− → K − D∗s D̄∗s in the presence
of the X(4160) resonance.
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Figure 3. Mechanism for B− → K − J/ψφ driven by the X(4160)
resonance.
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obtained, coupling mostly to D∗s D̄∗s , that qualiﬁes as a D∗s D̄∗s molecule and was associated
to the X(4160), not the X(4140). The dynamics used in Ref. [5] is based on the local
hidden gauge approach [6], exchanging vector mesons and including contact terms. The
channels included in the interaction are D∗ D̄∗ , D∗s D̄∗s , K ∗ K̄ ∗ , ρρ, ωω, φφ, J/ψJ/ψ ωJ/ψ,
φJ/ψ, ωφ. It was shown there that the coupling of the state to the D∗s D̄∗s was dominant
(gD∗s D̄∗s = 18927 − 5524i MeV), followed by the one to φJ/ψ (g J/ψφ = −2617 − 5151i MeV).
The coupling to D∗ D̄∗ is gD∗ D̄∗ = 1225 − 490i, sizeable enough, that guarantees that this resonance can be seen in the D∗ D̄∗ channel. Actually, this is the channel where the X(4160) was
observed in the e+ e− → J/ψX, X → D∗ D̄∗ reaction [7]. The width of the X(4160) is given
by Γ = 139+119
−61 ± 21 MeV, much wider than that of the X(4140). The work of Ref. [5] gives
Γ = 132 ± 25 MeV. It should be noticed that with the coupling g J/ψφ obtained, one obtains a
partial decay width Γ J/ψφ ≈ 22 MeV. So, much of the width comes from other channels, in
particular the light-light ones that have much phase space for the decay.
Next we proceed to apply our approach to the data of Refs. [3, 4] which we consider
from threshold up to about 4250 MeV, above the D∗s D̄∗s threshold. The data show a narrow
peak around 4140 MeV, followed by one broader structure around 4160 ∼ 4170 MeV, and a
remarkable cusp structure around the D∗s D̄∗s threshold. The presence of a cusp at the D∗s D̄∗s
threshold in the J/ψφ mass distribution clearly indicates a link of the resonance responsible
for the J/ψφ spectrum with the D∗s D̄∗s channel. This link can be provided assuming that the
X(4160) is mostly responsible for this spectrum.
The next step requires to discuss how a D∗s D̄∗s resonance is produced in the weak decay
−
B → K − D∗s D̄∗s (we take the complex conjugate reaction to deal with b quark rather than
b̄ quark). The dominant process at the quark level proceeds as shown in Fig. 1, involving
external emission [8]. This allows us immediately to obtain the B− → K − D∗s D̄∗s amplitude in
the region around the X(4160) resonance as depicted in Fig. 2. For the production of J/ψφ
with this mechanism, the tree level of Fig. 2(a) does not contribute and then we are led to the
diagram of Fig. 3.
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We can then write the amplitude for the B− → K − J/ψφ. The resonance X(4160) obtained
in Ref. [5] is a J PC = 2++ state with L = 0 in D∗s D̄∗s . To match angular momentum in the
reaction, we need a D-wave in the K − and the amplitude is thus of the type,
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 ∗s , and we evaluate it in the frame of
where ,   are the polarization vectors of D∗s and D
∗ ∗
reference where the D s D̄ s system is at rest. The vector k is the K − momentum in the D∗s D̄∗s
rest frame. A in Eq. (1) is an unknown factor that is ﬁtted to the data.
To obtain the mass distribution for J/ψφ through the mechanism of Fig. 3, we take the
following amplitude,
A→

A × G D∗s D̄∗s (Minv (J/ψφ))
×tD∗s D̄∗s →J/ψφ (Minv (J/ψφ)),

(2)

The G function appearing in Eq. (2) is the loop function for two intermediate D∗s D̄∗s . To
avoid potential dangers using the dimensional regularization as pointed out in Ref. [9], we
use the cut oﬀ method with qmax ﬁxed such as to give the same value as G with dimensional
regularization used in Ref. [5] at the pole position.
The amplitudes appearing in Eq. (2) are given in terms of gD∗s D̄∗s and g J/ψφ obtained in
Ref. [5] by means of a Breit Wigner with Flatté eﬀect from the D∗s D̄∗s threshold incorporated.
To account for the production of J/ψφ via the 1++ X(4140) resonance, we take the suitable
operator with the kaon in P-wave (J/ψ × φ ) · k, and the mass distribution coming from this
source is given again with a Breit Wigner form with a weight B. Here we take MX(4140) =
4135 MeV, since this is the peak of the X(4140) structure used in Refs. [3, 4].
The freedom to ﬁt the data are the parameters A, B, and Γ0 , the width of the X(4160) coming from decay to light vector channels. A suitable ﬁt to the data is obtained as shown in Fig. 4
with Γ0 = 67.0 ± 9.4 MeV (at 68% conﬁdence-level), which together with Γ J/ψφ  22.0 MeV
would provide ΓX(4160)  89.0 ± 9.4 MeV which is compatible with the experimental width
from the PDG of Γ = 139+111
−61 ± 21 MeV. As we can see in the ﬁgure, we obtain a contribution
from the X(4140) (blue dotted curve) that is dominant at low invariant masses, and is responsible for the peak observed in the experiment around 4135 MeV. The X(4160) (green dashed
curve) is responsible for most of the strength and produces a broader peak around 4170 MeV
(we take the mass MX(4160) = 4169 MeV as obtained in Ref. [5]). And ﬁnally a cusp appears
at the D∗s D̄∗s threshold as it shows up in the experiment. This cusp comes from the factor
G D∗s D̄∗s (Minv ) and reﬂects the analytical structure of this function with a discontinuity of the
derivative at threshold. One must stress that this factor appears here as a consequence of the
D∗s D̄∗s molecular structure of the X(4160). In an analysis like the one of Refs. [3, 4], where a
sum of amplitudes for resonance excitation and some background are ﬁtted to the data, this
factor is not considered, and as a consequence the cusp around D∗s D̄∗s in the data is missed in
the ﬁt.
We have conducted the same ﬁt using MX(4140) = 4140 MeV (pink dash-dotted curve in
Fig. 4), and the ﬁt is acceptable but slightly worse in the ﬁrst two points of the spectrum.

3 Ωc states
In Ref. [10] the LHCb collaboration reported ﬁve new narrow Ω0c states studying the Ξ+c K −
mass spectrum produced in high energy pp collisions: Ωc (3000), Ωc (3050), Ωc (3066),
Ωc (3090) and Ωc (3119). Predictions for such states and related ones had been done within
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Figure 4. The J/ψφ mass distribution of the
B− → K − J/ψφ decay. The band comes considering the
errors in A, B and Γ0 from the ﬁt, and represents the 68%
conﬁdence-level.
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quark models. Molecular states have also been used to make predictions in Refs. [11, 12]
studying the interaction of coupled channels, one of them the Ξ+c K − where the recent LHCb
states were found. A more updated study along these lines was done in Ref. [13], where
predictions for charmed and strange baryons are done using an interaction based on SU(6)
ﬂavor-spin symmetry in the light quark sector and SU(2) spin symmetry in the heavy quark
sector, extending the SU(3) Weinberg-Tomozawa interaction. All these works take the coupled channels of meson-baryon that couple to the desired baryon quantum numbers and use
a unitary scheme to obtain the scattering matrix between the channels, looking for poles of
this matrix. The diﬀerences come from the input interaction and the way that loops are regularized.
In the molecular picture, an update of the work of Ref. [12] was done in Ref. [14] using
some information from the experimental spectrum to regularize the loops and then giving a
description of the mass and width of two states of Ref. [10] as J P = 1/2− meson-baryon
molecular states.
In the present work we shall follow Refs. [13, 14] for the coupled channels and the unitarization procedure. We diﬀer in the input for the interaction, which in our case is based on
the local hidden gauge approach, exchanging vector mesons [6, 15].
Fortunately, the exchange of D∗ is penalized with respect to the exchange of light vector


mρ 2
mesons by a factor of
, which is a small factor, and then one is only introducing unmD∗
certainties in some non diagonal terms which are very small. This means we only exchange
light vectors and the heavy quarks are spectators. Formally one can use the SU(4) extrapolation of the local hidden gauge approach for the meson vertices and for the diagonal terms the
framework automatically ﬁlters the exchange of light vectors, providing the results that one
obtains from the mapping of SU(3) to the present case. This is what is done in Ref. [14].
In the present work the diagonal terms that we evaluate coincide with those of Ref. [14]
where the model of Ref. [11] is used implementing also the exchange of vector mesons and
SU(4) symmetry for mesons and baryons. We, instead, use explicit wave functions for the
baryon states imposing ﬂavor-spin symmetry on the light quark sector and singling out the
heavy quarks. Hence, in the baryon sector we are not using SU(4) symmetry. As a consequence, some nondiagonal terms obtained here are diﬀerent from those of [14].
In addition to the work of Ref. [14] we also include pseudoscalar-baryon(3/2+ ) components and we obtain two more states. We can identify two states of J P = 1/2− and one of
J P = 3/2− with the states found in Ref. [10]. We also look for vector-baryon states and ﬁnd
three states at higher energies.
For the 1/2− states we take the coupled channels of Table 1, and use the standard Lagrangians for the PPV, VVV and VBB vertices, with P pseudoscalar, V vectors and B baryon.
The wave functions of the charmed baryon states are obtained considering the charm quarks
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as spectators and imposing the antisymetry on the light quarks. The Bethe Salpeter equation
is then used in coupled channels.

4 Results for Ωc states
We use the potential mentioned above and the on-shell factorized Bethe-Salpeter equation
[16, 17]
T = [1 − VG]−1 V ,
(3)
with G the meson-baryon loop function. We choose to regularize it with the cutoﬀ√method.
We look for poles in the second Riemann sheet, where we deﬁne GlII for Re( s) bigger
than the threshold of the l channel as
GlII = GlI + i

2Ml q
√ ;
4π s

q=

λ1/2 (s, m2l , Ml2 )
, and Im(q) > 0 ,
√
2 s

(4)

In addition, we evaluate the couplings gi of the states obtained to the diﬀerent channels
deﬁned such that, close to the pole MR we have
Ti j = √

gi g j
s − MR

,

(5)

and we also evaluate giGi , which for s-wave gives the strength of the wave function at the
origin [18].
We can see that we always get two states in the range of the masses observed experimentally. The strategy followed in these calculations is to ﬁne tune the cutoﬀ to adjust the pole
position to some experimental data. We see that if we take qmax = 650 MeV the results agree
well with the second and fourth resonances reported in Ref. [10], Ωc (3050) and Ωc (3090).
Fitting one resonance is partly merit of ﬁne tuning the cutoﬀ, but then the second resonance
and the widths are genuine predictions of the theory. Note that the widths are respectively
0.88 MeV and 10.24 MeV which agree remarkably well with the experiment, 0.8 ± 0.2 ± 0.1
MeV and 8.7 ± 1.0 ± 0.8 MeV, respectively. It is instructive to see the origin of the widths.
For this we look at Table 1 for the couplings to the diﬀerent channels. We can see that for the
lower state at 3054 MeV only the Ξc K̄ state is open for decay, precisely the channel where
it has been observed, and the coupling of the state to this channel is very small. However,
for the state at 3091 MeV the Ξc K̄ channel is also open, and the coupling to this channel is
considerable. Furthermore, the coupling to Ξc K̄ is bigger than before and there is more phase
space for decay.
Table 1. The coupling constants to various channels for the poles in the J P = 1/2− sector, with
qmax = 650 MeV, and gi GiII in MeV.
3054.05 + i0.44
gi
gi GiII
3091.28 + i5.12
gi
gi GiII

Ξc K̄
−0.06 + i0.14
−1.40 − i3.85
Ξc K̄
0.18 − i0.37
5.05 + i10.19

Ξc K̄
1.94 + i0.01
−34.41 − i0.30
Ξc K̄
0.31 + i0.25
−9.97 − i3.67

ΞD
−2.14 + i0.26
9.33 − i1.10
ΞD
5.83 − i0.20
−29.82 + i0.31

Ωc η
1.98 + i0.01
−16.81 − i0.11
Ωc η
0.38 + i0.23
−3.59 − i2.23

ΞD∗
0
0
ΞD∗
0
0

Ξc K̄ ∗
0
0
Ξc K̄ ∗
0
0

Ξc K̄ ∗
0
0
Ξc K̄ ∗
0
0

In Ref. [2] we also look for the states of J P = 3/2− from the pseudoscalar-baryon(3/2+ )
interaction. If we choose the same cutoﬀ as in the J P = 1/2− sector we ﬁnd three states,
one of them with a mass of 3125 MeV and zero width for the lowest state, which could
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correspond to the experimental state Ωc (3119).
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