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We investigate the decay of B̄0 → K̄∗0R and B̄0
s → φR with R being the X(4160), Y (3940),

Z(3930) resonances. Under the assumption that these states are dynamically generated from the
vector-vector interaction, as has been concluded from several theoretical studies, we use a reaction
mechanism of quark production at the elementary level, followed by hadronization of one final qq̄
pair into two vectors and posterior final state interaction of this pair of vector mesons to produce
the resonances. With this procedure we are able to predict five ratios for these decays, which are
closely linked to the dynamical nature of these states, and also predict the order of magnitude of
the branching ratios which we find of the order of 10−4, well within the present measurable range.
In order to further test the dynamical nature of these resonances we study the B̄0

s → φD∗D̄∗ and
B̄0

s → φD∗sD̄
∗
s decays close to the D∗D̄∗ and D∗sD̄

∗
s thresholds and make predictions for the ratio of

the mass distributions in these decays and the B̄0
s → φR decay widths. The measurement of these

decays rates can help unravel the nature of these resonances.

I. INTRODUCTION

The XY Z resonances with masses in the region
around 4000 MeV have stirred the hadron community
with a series of states that challenge the common wis-
dom of mesons as made from qq̄. There has been in-
tense experimental work done at the BABAR, BELLE,
CLEO, BES and other collaborations, and many hopes
are pinned in the role that the future FAIR facility with
the PANDA collaboration and J-PARC will play in this
field. There are early experimental reviews on the topic
[1–4] and more recent ones [5–9]. From the theoretical
point of view there has also been an intensive activity
trying to understand these intriguing states. There are
quark model pictures [10, 11] and explicit tetraquark
structures [12]. Molecular interpretations are given in
refs. [13–21]. Much progress also has been done using
the heavy quark spin symmetry (HQSS) [22, 23]. Pre-
dictions using QCD sum rules have also brought some
light into the issue [24–26]. Strong decays of these res-
onances have been studied to learn about the nature of
these states [27, 28], while very often radiative decays

are invoked as a tool to provide insight into this problem
[29–33], although there might be exceptions as discussed
in ref. [34]. It has even been speculated that some
states found near thresholds of two mesons could just
be cusps, or threshold effects [35]. However, this spec-
ulation was challenged in ref. [36] which showed that
the near threshold narrow structures cannot be simply
explained by kinematical threshold cusps in the corre-
sponding elastic channels but require the presence of
S-matrix poles. Along this latter point one should also
mention a recent work calling the attention to possible
effects of singularities on the opposite side of the uni-
tary cut that enhance the cusp structure for states with
mass above a threshold [37]. Some theoretical reports
on these issues can be found in refs. [38–40].

On the other hand, and somewhat unexpected, recent
experiments on the weak decays of B meson are proving
to be a powerful source of information on hadron dy-
namics and the nature of hadronic states [41–46]. One
of the recent surprises was to see from these experi-
ments a pronounced peak for the f0(980) in B0

s decay
into J/ψ and π+π− [41] while the signal for the f0(500)
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was found very small or non-existent. Simultaneously,
in the analogous decay of B̄0 into J/ψ and π+π− [45]
a signal was seen for the f0(500) production and only a
very small fraction was observed for the f0(980) produc-
tion. This is surprising since the f0(500) couples more
strongly to π+π− than to the f0(980). Some attempt to
explain this behaviour was offered in ref. [47] in terms
of tetraquark structures for the scalar mesons. Fur-
thermore, the f0(500) and f0(980) resonances are nat-
urally explained as states dynamically generated from
the meson-meson interaction in chiral unitary theory
[48–53]. From this perspective the features observed
in these experiments and different ratios were well de-
scribed in ref. [54]. The basic approach in ref. [54] was
to identify the dominant mechanism of the decays at the
quark level, implementing the hadronization of the final
qq̄ pair into two mesons and allowing them to interact
to generate the f0(500) and f0(980) resonances.

The picture of ref. [54] has been extended to de-
scribe many other B and D decays, with equal success
in the description of observed features of the reactions.
In ref. [55] ratios for the production of vector mesons in
the final states were evaluated and predictions for the
B̄0
s → J/ψκ(800) decay were made. In ref. [56] the

D0 decays into K0
s and f0(500), f0(980), a0(980) were

studied. A different sort of states, dynamically gen-
erated from the vector-vector interaction were investi-
gated in ref. [57] in the B̄0 and B̄0

s decays into J/ψ and
f0(1370), f0(1710), f2(1270), f ′2(1525), K∗2 (1430). In
ref. [58] the B̄0 decay into D0 and ρ or f0(500), f0(980),
a0(980) and B̄0

s decay into D0 and K∗0 or κ(800) were
studied. Similarly, the B0

s decay into Ds DK was stud-
ied with the aim of learning about KD scattering and
the D∗s0(2317) resonance [59]. Related work to this lat-
ter one was done studying the semileptonic Bs and B
decays in ref. [60].

Related problems of these weak decays have been ad-
dressed in refs. [61–67] from a very different point of
view, evaluating microscopically the weak matrix ele-
ments and parametrizing parts of this interaction plus
properties of the resonances produced, then carrying fits
to data. The aims are also usually different, having in
mind the construction of full amplitudes that can be
used for issues like CP violation. On the contrary, the
work of ref. [54] and the related ones make predictions
for shapes and ratios that are tied to the final state in-
teraction of mesons and, consequently, parameter free
predictions can be made for these observables.

So far, in the study of these B decays the production
of XY Z states has not yet been addressed and the aim
of the present paper is to study reactions where these
states can be produced, evaluating ratios for different
decay modes and estimating the absolute rates. This
should stimulate experimental work that can shed light
on the nature of some of these controversial states.

II. FORMALISM

Following refs. [47, 54], we plot in Fig. 1 the basic
mechanism at the quark level for B̄0

s (B̄0) decay into
a final cc̄ and another qq̄ pair. In ref. [54] the cc̄
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s̄ s̄
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B̄0
s

b

c c̄

sW

d̄ d̄
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B̄0

FIG. 1. Diagrams at the quark level for B̄0
s (a) and B̄0 (b)

decays into cc̄ and a qq̄ pair.

went into the production of a J/ψ and the ss̄ or sd̄
were hadronized to produce two mesons which were al-
lowed to interact to produce some resonant states. Here,
we shall follow a different strategy and allow the cc̄ to
hadronize into two vector mesons, while the ss̄ and sd̄
will make the φ and K̄∗0 mesons respectively. Let us
observe that, apart for the b → c transition, most fa-
vored for the decay, we have selected an s in the fi-
nal state which makes the c → s transition Cabibbo
allowed. This choice magnifies the decay rate, which
should then be of the same order of magnitude as the
B̄0
s → J/ψf0(980), which also had the same diagram of

the quark level prior to the hadronization of the ss̄ to
produce two mesons, in this case KK̄ that couples later
to the f0(980).
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The next step consists in introducing a new qq̄ state
with the quantum numbers of the vacuum, ūu + d̄d +
s̄s + c̄c, and see which combinations of mesons appear
when added to cc̄. This is depicted in Fig. 2.

An easy way to see which vector mesons are produced
in the hadronization of cc̄ is to introduce the qq̄ matrix

M =


uū ud̄ us̄ uc̄
dū dd̄ ds̄ dc̄
sū sd̄ ss̄ sc̄
cū cd̄ cs̄ cc̄

 =

 u
d
s
c

( ū d̄ s̄ c̄
)
. (1)

Note that this matrix corresponds to the SU(4) vector
matrix

V =


ρ0√

2
+ ω√

2
ρ+ K∗+ D̄∗0

ρ− − ρ0√
2

+ ω√
2
K∗0 D̄∗−

K∗− K̄∗0 φ D̄∗−s

D∗0 D∗+ D∗+s J/ψ

 . (2)

Now we see that [68]

M ·M =

 u
d
s
c

( ū d̄ s̄ c̄
) u

d
s
c

( ū d̄ s̄ c̄
)

=

 u
d
s
c

( ū d̄ s̄ c̄
)

(ūu+ d̄d+ s̄s+ c̄c)

= M(ūu+ d̄d+ s̄s+ c̄c). (3)

Hence, we can write

cc̄(ūu+ d̄d+ s̄s+ c̄c) ≡ (M ·M)44 ≡ (V · V )44 (4)

and

(V · V )44 = D∗0D̄∗0 +D∗+D∗− +D∗+s D∗−s + J/ψJ/ψ.
(5)

Note that we have produced an I = 0 combination,
as it should be coming from cc̄ and the strong inter-
action hadronization, since we have the isospin doublet
(D∗+,−D∗0), (D̄∗0, D̄∗−). The J/ψJ/ψ component is
energetically forbidden and hence we can write

(V · V )44 →
√

2(D∗D̄∗)I=0 +D∗+s D∗−s . (6)

We can reach the result of Eq. (5) in a simpler way
neglecting the cc̄cc̄ component in Eq. (4). Since cc̄ is an
SU(3) singlet and so is the ūu + d̄d + s̄s combination,
then the D∗D̄∗ combination of Eq. (6) is also an SU(3)
singlet. Using the full formalism has the advantage that
it already tells one the phase convention of the states,
which should be taken consistently with the chiral study
of the interaction based on the matrix of Eq. (2).

Following the philosophy of ref. [54] we shall now
let these vector mesons undergo interaction and we can
connect with the work of ref. [69], where using an ex-
tension of the local hidden gauge approach [70–73] some
XY Z states were dynamically generated. Concretely, in
ref. [69] four resonances were found, that we summa-
rize in Table I together with the channel to which the
resonance couples most strongly, and the experimen-
tal state to which they were associated. In ref. [69],

Energy [MeV] IG[JPC ] Strongest Experimental

channel state

3943− i7.4 0+[0+ +] D∗D̄∗ Y (3940) [76]

3945− i0 0−[1+ −] D∗D̄∗ ? YP

3922− i26 0+[2+ +] D∗D̄∗ Z(3930) [77]

4169− i66 0+[2+ +] D∗sD̄
∗
s X(4160) [78]

TABLE I. States found in ref. [69], the channel to which
they couple most strongly, and the experimental states to
which they are associated (see also refs. [74, 75]). YP is a
predicted resonance.

another state with I = 1 was found, but this one can-
not be produced with the hadronization of cc̄. Some of
these resonances have also been claimed to be of D∗D̄∗

or D∗sD̄
∗
s molecular nature in refs. [79–81] using for it

the Weinberg compositeness condition [82–84] and in
refs. [85–87] using QCD sum rules. Also using HQSS
the same conclusions are reached in ref. [88] and with
phenomenological potentials in ref. [89].

The final state interaction of the D∗D̄∗ and D∗sD̄
∗
s

proceeds diagrammatically as depicted in Fig. 3. Start-
ing from Eq. (6) the analytical expression for the for-
mation of the resonance R is given by

t(B̄0
s → φR) = VP (

√
2gD∗D̄∗,RGD∗D̄∗+gD∗s D̄∗s ,RGD∗s D̄∗s ),

(7)
whereGMM ′ is the loop function of the two intermediate
meson propagators and gMM ′,R is the coupling of the
resonance to the MM ′ meson pair.
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W

FIG. 2. Hadronization of the cc̄ pair into two vector mesons for B̄0
s decay (a) and B̄0 decay (b).

The formalism for B̄0 → K̄∗0R runs parallel since
the hadronization procedure is identical, coming from
the cc̄, only the final state of qq̄ is the K̄∗0 rather than
the φ. Hence, the matrix element is identical to the one
of B̄0

s → φR, only the kinematics to different masses
will change.

There is one last point to consider which is the an-
gular momentum conservation. For JPR = 0+, 2+, we
have the transition 0− → JP 1−. Parity is not con-
served but the angular momentum is. By choosing the
lowest orbital momentum L, we see that L = 0 for
JP = 1+ and L = 1 for JP = 0+, 2+. However, the
dynamics will be different for JP = 0+, 1+, 2+. This
means that we can relate B̄0

s → Y (3940)φ with B̄0 →
Y (3940)K̄∗0, B̄0

s → Z(3930)φ with B̄0 → Z(3930)K̄∗0,
B̄0
s → X(4160)φ with B̄0 → X(4160)K̄∗0 and B̄0

s →
YPφ with B̄0 → YP K̄

∗0, but in addition we can re-
late B̄0

s → Z(3930)φ with B̄0
s → X(4160)φ, and the

same for B̄0 → Z(3930)K̄∗0 with B̄0 → X(4160)K̄∗0.
Hence in this latter case we also have a 2+ state for
both resonances and the only difference between them
is the different coupling to D∗D̄∗ and D∗sD̄

∗
s , where the

Z(3930) couples mostly to D∗D̄∗, while the X(4160)
couples mostly to D∗sD̄

∗
s .

The partial decay width of these transitions is given
by

ΓRi
=

1

8π

1

m2
B̄0

i

∣∣∣tB̄0
i→φ(K̄∗0)Ri

∣∣∣2 P 2L+1
φ(K̄∗0)

, (8)

which allows us to obtain the following ratios, where
the different unknown constants VP , that summarize the

production amplitude at tree level, cancel in the ratios:

R1 ≡
ΓB̄0

s→φRJ=0

ΓB̄0→K∗0RJ=0

, R2 ≡
ΓB̄0

s→φRJ=1

ΓB̄0→K∗0RJ=1

,

R3 ≡
ΓB̄0

s→φRJ=2
1

ΓB̄0→K∗0RJ=2
1

, R4 ≡
ΓB̄0

s→φRJ=2
2

ΓB̄0→K∗0RJ=2
2

,

and

R5 ≡
ΓB̄0

s→φRJ=2
1

ΓB̄0
s→φRJ=2

2

,

where RJ=0, RJ=1, RJ=2
1 and RJ=2

2 are the Y (3940),
YP , Z(3930) and X(4160), respectively.

III. RESULTS

The couplings gMM ′,R and the loop functions GMM ′

in Eq. (7) are taken from ref. [69], where the dimen-
sional regularization was used to deal with the diver-
gence of GMM ′ , fixing the regularization scale µ = 1000
MeV and the subtraction constant α = −2.07. How-
ever, we have taken advantage to make corrections to
the work of ref. [69] due to the findings of ref. [90] con-
cerning heavy quark spin symmetry. It was found there
that a factor mD∗/mK∗ has to be implemented in the
hidden gauge coupling g = mρ/2fπ in order to account
for the D∗ → Dπ decay. However, this factor should
not be implemented in the Weinberg-Tomozawa terms
(coming from exchange of vector mesons) because these
terms automatically implement this factor in the ver-
tices of vector exchange. However in the work of ref. [69]
the coupling needed for D∗ → Dπ had been used also
in the Weinberg-Tomozawa term. The bindings were
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(a)

B̄0
s φ

M M ′

R

(b)

B̄0 K̄∗0

M M ′

R

FIG. 3. Diagrammatic representation of the formation of the resonances R(X,Y, Z) through rescattering of MM ′ (D∗D̄∗ or
D∗sD̄

∗
s ) and coupling to the resonance.

obtained by fitting subtraction constants in the G func-
tion. We also do the same now, but with the present
reduced interaction the G function becomes more nega-
tive. We use now µ = 1000 MeV and α = −2.19.

In Eqs. (9)-(10) we summarize the results that we
obtain,

R1 = 0.95, R2 = 0.96, R3 = 0.95, R4 = 0.83, (9)

and

R5 = 0.84. (10)

As we can see, all the ratios are of the order of unity,
however, the simplicity of these results should not be
confused with a triviality. The ratios close to unity for
the φ or K∗0 production are linked to the fact that the
resonances are dynamically generated from D∗D̄∗ and
D∗sD̄

∗
s , which are produced by the hadronization of the

cc̄ pair. The ratio for the JP = 2+ is even more subtle
since it is linked to the particular couplings of these res-
onances to D∗D̄∗ and D∗sD̄

∗
s , which are a consequence of

the dynamics that generates these states. Actually, the
ratios R1, R2, R3, R4 are based only on phase space
and result from the elementary mechanisms of Fig 1.
We would get the same ratios as far as the resonances
are cc̄ based. Hence, even of these ratios do not prove
the molecular nature of the resonances, they already
provide valuable information telling us that they are cc̄
based.

The ratio R5 provides more information since it in-
volves two independent resonances and it is not just a
phase space ratio. If we take into account only phase
space then R5 ≈ 4 instead of the value 0.84 that we
obtain.

As for the absolute rates, we can establish an analogy
to the B̄0

s → J/ψf0(980) decay, since the amplitudes
of the quark level prior to hadronization are identical
and both processes require hadronization of a qq̄ pair
into resonances. Hence, we estimate the branching ratio
for the production of these states of the order of 10−4

[75]. Another estimate can be done starting from B̄0
s →

J/ψφ, which has a branching ratio of 1.07 × 10−3 and
reducing this rate by one order of magnitude which is
the reduction factor that is found for hadronization in
ref. [55]. In both cases we find branching fractions of the
order of 10−4, which are an order of magnitude bigger
than many rates of the order of 10−5 already catalogued
in the PDG [75].

Given the fact that the ratios R1, R2, R3, R4 ob-
tained are not determining the molecular nature of the
resonances, but only on the fact that they are cc̄ based,
we propose a complementary test in the next section.

IV. COMPLEMENTARY TEST OF THE
MOLECULAR NATURE OF THE RESONANCES

In this section we propose a test that is linked to the
molecular nature of the resonances. We study the decay
B̄0
s → φD∗D̄∗ or B̄0

s → φD∗sD̄
∗
s close to the D∗D̄∗ and

D∗sD̄
∗
s thresholds.

Let us now look to the process B̄0
s → φD∗D̄∗ depicted

in Fig. 4. The production matrix for this process will
be given by

t(B̄0
s→φD∗D̄∗) =VP (

√
2 +
√

2G1 t(1→1) +G2 t(2→1)),

(11)
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B̄0
s φ

D∗ D̄∗

+

M M ′

D∗ D̄∗

φB̄0
s

FIG. 4. Feynmann diagrams for the D∗D∗ production in B0
s decays.

where 1 and 2 stands for the D∗D̄∗ and D∗sD̄
∗
s channels

respectively. The differential cross section for produc-
tion will be given by [54]

dΓ

dMinv
=

1

32π3M2
B̄0

s

pφp̃D∗ |t(B̄0
s→φD∗D∗)|

2p2L
φ , (12)

where pφ is the φ momentum in the B̄0
s rest frame and

p̃D∗ the D∗ momentum in the D∗D̄∗ rest frame. By
comparing this equation with Eq. (8) for the coalescence
production of the resonance in B̄0

s → φ R, we find

RΓ=
M3
R

pφp̃D∗

1

ΓR

dΓ

dMinv

=
M3
R

4π2

p2L
φ (Minv)

p2L+1
φ (MR)

∣∣∣∣∣ t(B̄0
s→φD∗D̄∗)

t(B̄0→Rφ)

∣∣∣∣∣
2

, (13)

where we have divided the ratio of widths by the phase
space factor pφp̃D∗ and multiplied by M3

R to get a con-
stant value at threshold and a dimensionless magnitude.
We would apply this method for the three resonances
that couple strongly to D∗D̄∗ (see Table I). In the case
of the resonance R2 with J = 2 that couples mostly to
the D∗sD̄

∗
s channel (see Table I) we look instead for the

production of D∗sD̄
∗
s .

For the D∗sD̄
∗
s production we have

t(B̄0
s→φD∗s D̄∗s ) =VP (1 +

√
2G1 t(1→2) +G2 t(2→2)),

(14)

and we use Eq. (13) but with D∗sD̄
∗
s instead of D∗D̄∗

in the final state. We have evaluated Eq. (13) using
the scattering matrices obtained in ref. [69] modified as
discussed above, and then Eq. (11) and Eq. (14). The
results are shown in Fig. 5.

We can see that the ratios are different for each case
and have some structure. We observe that there is a fall
down of the differential cross sections as a function of
energy, as it would correspond to the tail of a resonance
below threshold. We should also note that in the case
of D∗D̄∗, we have produced the I = 0 combination. If
instead, one component like D∗+D∗− is observed, the
rate should be multiplied by 1/2. In the case of D∗sD̄

∗
s

there is a single component and the rate predicted is
fine.

In order to estimate uncertainties, we modify the
model of ref. [69] by changing a bit the value of α in
the G function expressions such that the values of the
masses of the states change 5 MeV up or down. The
results are shown in Fig. 6.

We find differences of the order of 15% in the D∗D̄∗,
D∗sD̄

∗
s mass distributions, which we accept as systematic

uncertainties.
Concerning the uncertainties of the ratios, since

R1, R2, R3, R4 come from phase space, there are
no changes for these ratios when using the second
model. The ratio R5 is modified and we find now
R5 = 0.84± 0.02.

V. CONCLUSIONS

We have investigated the decays of B̄0 → K̄∗0R and
B̄0
s → φR with R being the X(4160), Y (3940), Z(3930)

and a predicted J = 1 resonances. These decays have
not been yet investigated. We estimate them to have
branching ratios of the order of 10−4. We used a model
in which these states are dynamically generated from
the vector-vector interaction, most notably the D∗D̄∗

and D∗sD̄
∗
s states. Within this model we could predict
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FIG. 5. Results of R
(1)
Γ of Eq. (13) as a function of Minv(D∗D̄∗) for the first three resonances of the Table I (left) and R

(2)
Γ

as a function of Minv(D∗sD̄
∗
s ) (right) for the fourth resonance of the Table I.
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FIG. 6. Results of R
(1)
Γ of Eq. (13) as a function of Minv(D∗D̄∗) for spin= 0.

five ratios for the production of these states, where un-
known dynamics of the production processes cancels in
the ratios. The procedure used a mechanism in which
we have quark production at the elementary level, fol-
lowed by hadronization of one final qq̄ pair into two

vectors and posterior final state interaction of this pair
of vector mesons. This mechanism has been tested suc-
cessfully in many other decays and given us confidence
on the fairness of the predictions made. Some ratios
only tell us that the resonance is build from cc̄ with or
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without extra hadronization. In order to offer some ex-
tra test for the molecular composition of these states,
we have evaluated the invariant mass distributions for
the B̄0

s → φD∗D̄∗ and B̄0
s → φD∗sD̄

∗
s close to threshold

and have made predictions for these magnitudes rela-
tive to the width for the production of the resonances.
The experimental investigation of these decay modes,
and comparison with the predictions made, would shed
light on the nature of these resonances and we can only
encourage the implementation of such experiments.

ACKNOWLEDGMENTS

One of us, E. O., wishes to acknowledge support
from the Chinese Academy of Science (CAS) in the
Program of Visiting Professorship for Senior Interna-

tional Scientists. This work is partly supported by the
Spanish Ministerio de Economia y Competitividad and
European FEDER funds under the contract number
FIS2011-28853-C02-01 and FIS2011-28853-C02-02, and
the Generalitat Valenciana in the program Prometeo
II-2014/068. We acknowledge the support of the Eu-
ropean Community-Research Infrastructure Integrating
Activity Study of Strongly Interacting Matter (acronym
HadronPhysics3, Grant Agreement n. 283286) under
the Seventh Framework Programme of EU. This work
is also partly supported by the National Natural Science
Foundation of China under Grant Nos. 11165005 and
11475227. The Project is Sponsored by the Scientific
Research Foundation for the Returned Overseas Chi-
nese Scholars, State Education Ministry and the amer-
ican National Science Foundation, PIF grant No. PHY
1415459.

[1] T. Barnes, Int. J. Mod. Phys. A 21, 5583 (2006).
[2] D. M. Asner, T. Barnes, J. M. Bian, I. I. Bigi, N. Bram-

billa, I. R. Boyko, V. Bytev and K. T. Chao et al., Int.
J. Mod. Phys. A 24, S1 (2009).

[3] S. Godfrey and S. L. Olsen, Ann. Rev. Nucl. Part. Sci.
58, 51 (2008).

[4] S. Cheng-Ping [Belle Collaboration], Chin. Phys. C 34,
615 (2010).

[5] S. L. Olsen, Prog. Theor. Phys. Suppl. 193, 38 (2012).
[6] S. Lange et al. [PANDA Collaboration],

arXiv:1311.7597 [hep-ex].
[7] X. Liu, Chin. Sci. Bull. 59, 3815 (2014).
[8] Y. P. Guo, EPJ Web Conf. 81, 01008 (2014).
[9] S. L. Olsen, Front. Phys. 10, 101401 (2015).

[10] P. G. Ortega, D. R. Entem and F. Fernandez, J. Phys.
G 40, 065107 (2013).

[11] J. Vijande and A. Valcarce, Phys. Lett. B 736, 325
(2014).

[12] A. Esposito, A. L. Guerrieri, F. Piccinini, A. Pilloni
and A. D. Polosa, Int. J. Mod. Phys. A 30, no. 04n05,
1530002 (2014)

[13] T. Branz, T. Gutsche and V. E. Lyubovitskij, Phys.
Rev. D 80, 054019 (2009).

[14] T. Branz, T. Gutsche and V. E. Lyubovitskij, Phys.
Rev. D 82, 054025 (2010).

[15] Y. c. Yang, Z. Xia and J. Ping, Phys. Rev. D 81, 094003
(2010).

[16] Y. Dong, A. Faessler, T. Gutsche and V. E. Lyubovit-
skij, J. Phys. G 40, 015002 (2013).

[17] Q. Wang, C. Hanhart and Q. Zhao, Phys. Rev. Lett.
111, no. 13, 132003 (2013).

[18] M. Cleven, Q. Wang, F. K. Guo, C. Hanhart, U.-G.
Meißner and Q. Zhao, Phys. Rev. D 87, no. 7, 074006
(2013).

[19] Q. Wang, M. Cleven, F. K. Guo, C. Hanhart, U. G. Mei
ner, X. G. Wu and Q. Zhao, Phys. Rev. D 89, no. 3,
034001 (2014).

[20] F. Aceti, M. Bayar, J. M. Dias and E. Oset, Eur. Phys.
J. A 50, 103 (2014).

[21] F. Aceti, M. Bayar, E. Oset, A. Martinez Torres,
K. P. Khemchandani, J. M. Dias, F. S. Navarra and
M. Nielsen, Phys. Rev. D 90, no. 1, 016003 (2014).

[22] J. Nieves and M. P. Valderrama, Phys. Rev. D 86,
056004 (2012).

[23] C. Hidalgo-Duque, J. Nieves and M. P. Valderrama,
Phys. Rev. D 87, no. 7, 076006 (2013).

[24] M. Nielsen, F. S. Navarra and S. H. Lee, Phys. Rept.
497, 41 (2010).

[25] K. P. Khemchandani, A. Martinez Torres, M. Nielsen
and F. S. Navarra, Phys. Rev. D 89, no. 1, 014029
(2014).

[26] M. Nielsen and F. S. Navarra, Mod. Phys. Lett. A 29,
no. 5, 1430005 (2014).

[27] Y. Dong, A. Faessler, T. Gutsche and V. E. Lyubovit-
skij, Phys. Rev. D 88, no. 1, 014030 (2013).

[28] L. Ma, X. H. Liu, X. Liu and S. L. Zhu, arXiv:1406.6879
[hep-ph].

[29] W. H. Liang, R. Molina and E. Oset, Eur. Phys. J. A
44, 479 (2010).



9

[30] T. Branz, T. Gutsche and V. E. Lyubovitskij, Phys.
Rev. D 82, 054010 (2010).

[31] F. Aceti, R. Molina and E. Oset, Phys. Rev. D 86,
113007 (2012).

[32] L. Ma, Z. F. Sun, X. H. Liu, W. Z. Deng, X. Liu and
S. L. Zhu, Phys. Rev. D 90, no. 3, 034020 (2014).

[33] Y. Dong, A. Faessler, T. Gutsche and V. E. Lyubovit-
skij, Phys. Rev. D 90, no. 7, 074032 (2014).

[34] F. K. Guo, C. Hanhart, Y. S. Kalashnikova, U.-
G. Meißner and A. V. Nefediev, Phys. Lett. B 742, 394
(2015)

[35] E. S. Swanson, Phys. Rev. D 91, no. 3, 034009 (2015)
[36] F. K. Guo, C. Hanhart, Q. Wang and Q. Zhao, Phys.

Rev. D 91, no. 5, 051504 (2015)
[37] A. P. Szczepaniak, arXiv:1501.01691 [hep-ph].
[38] S. L. Zhu, Int. J. Mod. Phys. E 17, 283 (2008).
[39] N. Brambilla, S. Eidelman, B. K. Heltsley, R. Vogt,

G. T. Bodwin, E. Eichten, A. D. Frawley and
A. B. Meyer et al., Eur. Phys. J. C 71, 1534 (2011).

[40] N. Drenska, R. Faccini, F. Piccinini, A. Polosa, F. Renga
and C. Sabelli, Riv. Nuovo Cim. 33, 633 (2010).

[41] R. Aaij et al. [LHCb Collaboration], Phys. Lett. B 698,
115 (2011).

[42] J. Li et al. [Belle Collaboration], Phys. Rev. Lett. 106,
121802 (2011).

[43] T. Aaltonen et al. [CDF Collaboration], Phys. Rev. D
84, 052012 (2011).

[44] V. M. Abazov et al. [D0 Collaboration], Phys. Rev. D
85, 011103 (2012).

[45] R. Aaij et al. [LHCb Collaboration], Phys. Rev. D 87,
052001 (2013).

[46] R. Aaij et al. [LHCb Collaboration], Phys. Rev. D 90,
012003 (2014).

[47] S. Stone and L. Zhang, Phys. Rev. Lett. 111, 062001
(2013).

[48] J. A. Oller and E. Oset, Nucl. Phys. A 620, 438 (1997)
[Erratum-ibid. A 652, 407 (1999)].

[49] J. A. Oller, E. Oset and J. R. Pelaez, Phys. Rev. D
59, 074001 (1999) [Erratum-ibid. D 60, 099906 (1999)]
[Erratum-ibid. D 75, 099903 (2007)].

[50] N. Kaiser, Eur. Phys. J. A 3, 307 (1998).
[51] M. P. Locher, V. E. Markushin and H. Q. Zheng, Eur.

Phys. J. C 4, 317 (1998).
[52] J. Nieves and E. Ruiz Arriola, Nucl. Phys. A 679, 57

(2000).
[53] J. R. Pelaez and G. Rios, Phys. Rev. Lett. 97, 242002

(2006).
[54] W. H. Liang and E. Oset, Phys. Lett. B 737, 70 (2014).
[55] M. Bayar, W. H. Liang and E. Oset, Phys. Rev. D 90,

no. 11, 114004 (2014).
[56] J. J. Xie, L. R. Dai and E. Oset, Phys. Lett. B 742, 363

(2015)

[57] J. J. Xie and E. Oset, Phys. Rev. D 90, no. 9, 094006
(2014).

[58] W. H. Liang, J. J. Xie and E. Oset, arXiv:1501.00088
[hep-ph].

[59] M. Albaladejo, M. Nielsen and E. Oset,
arXiv:1501.03455 [hep-ph], Phys. Lett. B in print.

[60] F. S. Navarra, M. Nielsen, E. Oset and T. Sekihara,
arXiv:1501.03422 [hep-ph].

[61] A. Furman, R. Kaminski, L. Lesniak and B. Loiseau,
Phys. Lett. B 622, 207 (2005).

[62] B. El-Bennich, A. Furman, R. Kaminski, L. Lesniak and
B. Loiseau, Phys. Rev. D 74, 114009 (2006).

[63] H. -Y. Cheng, C. -K. Chua and K. -C. Yang, Phys. Rev.
D 73, 014017 (2006).

[64] B. El-Bennich, O. Leitner, J. -P. Dedonder and
B. Loiseau, Phys. Rev. D 79, 076004 (2009).

[65] D. Delepine, J. L. Lucio M. and C. A. Ramirez, Eur.
Phys. J. C 45, 693 (2006).

[66] B. El-Bennich, A. Furman, R. Kaminski, L. Lesniak,
B. Loiseau and B. Moussallam, Phys. Rev. D 79, 094005
(2009); [Erratum-ibid. D 83, 039903 (2011)].

[67] O. Leitner, J.-P. Dedonder, B. Loiseau and R. Kamin-
ski, Phys. Rev. D 81, 094033 (2010); [Erratum-ibid. D
82, 119906 (2010)].

[68] A. Martinez Torres, L. S. Geng, L. R. Dai, B. X. Sun,
E. Oset and B. S. Zou, Phys. Lett. B 680, 310 (2009)
[arXiv:0906.2963 [nucl-th]].

[69] R. Molina and E. Oset, Phys. Rev. D 80, 114013 (2009)
[arXiv:0907.3043 [hep-ph]].

[70] M. Bando, T. Kugo, S. Uehara, K. Yamawaki and
T. Yanagida, Phys. Rev. Lett. 54, 1215 (1985).

[71] M. Bando, T. Kugo and K. Yamawaki, Phys. Rept. 164,
217 (1988).

[72] M. Harada and K. Yamawaki, Phys. Rept. 381, 1
(2003).

[73] U.-G. Meißner, Phys. Rept. 161, 213 (1988).
[74] S. Godfrey and S. L. Olsen, Ann. Rev. Nucl. Part. Sci.

58, 51 (2008).
[75] K. A. Olive et al. [Particle Data Group Collaboration],

Chin. Phys. C 38, 090001 (2014).
[76] K. Abe et al. [Belle Collaboration], Phys. Rev. Lett. 94,

182002 (2005).
[77] S. Uehara et al. [Belle Collaboration], Phys. Rev. Lett.

96, 082003 (2006).
[78] P. Pakhlov et al. [Belle Collaboration], Phys. Rev. Lett.

100, 202001 (2008).
[79] T. Branz, T. Gutsche and V. E. Lyubovitskij, Phys.

Rev. D 82, 054010 (2010).
[80] T. Gutsche, T. Branz, A. Faessler, I. W. Lee and

V. E. Lyubovitskij, Chin. Phys. C 34, no. 9, 1185
(2010).

[81] T. Branz, T. Gutsche and V. E. Lyubovitskij, Phys.
Rev. D 80, 054019 (2009).



10

[82] S. Weinberg, Phys. Rev. 137, B672 (1965).
[83] V. Baru, J. Haidenbauer, C. Hanhart, Y. Kalashnikova

and A. E. Kudryavtsev, Phys. Lett. B 586, 53 (2004).
[84] T. Sekihara, T. Hyodo and D. Jido, arXiv:1411.2308

[hep-ph].
[85] K. P. Khemchandani, A. Martinez Torres, M. Nielsen

and F. S. Navarra, Phys. Rev. D 89, no. 1, 014029
(2014).

[86] Z. G. Wang, Eur. Phys. J. C 74, no. 7, 2963 (2014).
[87] M. Nielsen, F. S. Navarra and S. H. Lee, Phys. Rept.

497, 41 (2010).
[88] C. Hidalgo-Duque, J. Nieves and M. P. Valderrama,

Phys. Rev. D 87, no. 7, 076006 (2013).
[89] X. Liu and S. L. Zhu, Phys. Rev. D 80, 017502 (2009)

[Erratum-ibid. D 85, 019902 (2012)].
[90] W. H. Liang, C. W. Xiao and E. Oset, Phys. Rev. D

89, no. 5, 054023 (2014).


	Predictions for the 0 *0 X (YZ) and 0s X (YZ) with X(4160), Y(3940), Z(3930)
	Abstract
	I Introduction
	II Formalism
	III Results
	IV Complementary test of the molecular nature of the resonances
	V Conclusions
	 Acknowledgments
	 References


