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Abstract We look into the newly observed �(2012) state
from the molecular perspective in which the resonance is
generated from the K̄�∗, η� and K̄� channels. We find that
this picture provides a natural explanation of the properties of
the �(2012) state. We stress that the molecular nature of the
resonance is revealed with a large coupling of the �(2012)

to the K̄�∗ channel, that can be observed in the �(2012) →
K̄π� decay which is incorporated automatically in our chiral
unitary approach via the use of the spectral function of �∗ in
the evaluation of the K̄�∗ loop function.

1 Introduction

The recent observation of an excited � state, �∗, by the Belle
collaboration in the K−� and K 0

S�
− decay channels [1] has

stirred a new wave of theoretical papers aiming at explaining
the nature of the state and its decay channels.

The existence of excited � states, like for any other
baryon, is predicted in the quark models by means of the
excitations of the quarks [2–6]. Large Nc considerations [7],
QCD sum rules [8,9], the Skyrme model [10] and lattice
QCD simulations [11] have also added information to this
subject. Extensions of quark models which would accom-
modate five quark components [12–14] lead to more binding
than the original ones of Refs. [2,3]. Another extension of
the quark model is done in Ref. [15] using the chiral quark
model.

We investigate the state from the molecular point of view
with coupled channels and a chiral unitary approach. Work
along these lines was done in Refs. [16,17] and more recently
in Ref. [18]. Since the state is close to the K̄�∗ threshold
(�∗ of the � decuplet), the channel K̄�∗ is the essential
one, but the coupled channels require to consider simultane-
ously the η� channel. This system is, however, peculiar since

a e-mail: rpavao@ific.uv.es

the K̄�∗ → K̄�∗ interaction with the dominant Weinberg-
Tomozawa interaction is zero (and so is the direct η� → η�

one). This means that the K̄�∗ system by itself does not
bind. It is the interaction with the η� channel that finally
leads to a bound state. This peculiar behavior has, however,
an undesired side effect since the predictions of the model
are very sensitive to the way the loops are regularized. It suf-
fices to mention that in Ref. [16] the binding can be obtained
around 1950 MeV, in Ref. [17] using dimensional regular-
ization with a subtraction constant a � −2 a state around
2142 MeV was found, while the same model with a sub-
traction constant around −3.4 leads to a mass around 1785
MeV [18]. It is clear that the model allows much flexibility,
as a consequence of the null diagonal matrix elements of the
interaction. The observation of the �(2012) state close to the
K̄�∗ threshold has provided us with vital information to con-
trol the chiral unitary approach. One can use the experimental
data to constrain the regulator of the loop functions and then
make further predictions to be contrasted with experiment.

After the experimental observation, work along this chiral
unitary model was done in Refs. [19–22]. All those works
coincide in the idea that support for the molecular K̄�∗ state
should come from the decay �∗ → K̄π�, which actually
comes from �∗ → K̄�∗(virtual),�∗ → π�. In Refs. [18,
22] the evaluation is done for this decay leading to a partial
width of about 3 MeV. In Refs. [20,22] the coupled channels
problem is solved to evaluate the couplings of the �∗ to
K̄�∗ and from there the decay width of �∗ → K̄π� is
evaluated. In Ref. [21] the coupling is obtained using the
Weinberg compositeness condition [23,24] and the results
for this coupling between [21,22] vary by about 20%.

Apart from the �∗ → K̄π� decay channel, the �∗ →
K̄� channel is also evaluated in Refs. [20–22]. In Ref. [20]
SU (3) arguments are invoked to relate this decay to the � →
πN , although the �∗ is in a 3

2
−

state and � in 3
2
+

, which
requires d-wave in the �∗ case and p-wave in the � case. In
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Ref. [21] a triangle diagram with �∗ → K̄�∗ exchanging
vector mesons is used to make the transition to the final K̄�

state. In Ref. [22] vector mesons and baryons are allowed
to be exchanged in the triangle diagram and the contribution
of the vector mesons is found negligible. In Ref. [20] the
transition is estimated using a naive dimensional analysis
from Ref. [25].

In the present work we follow the lines of Refs. [17,20–
22] and as a novelty we use the K̄�∗, η� and K̄� channels
as coupled channels, with K̄�∗ and η� in s-wave and K̄� in
d-wave. The formalism in this case follows closely the one
of Ref. [26]. Also, given the fact that some channels are in
s-wave and the K̄� in d-wave, and in view of the different
subtraction constants required in Ref. [26] for those channels,
we found more instructive to use cutoff regularization, since
the idea of the cutoff is more intuitive, and, as we shall see,
one can use the same cutoff in the s- and d-wave channels.
One of the outcomes of the full coupled channel is that the
decay width for the �∗ → K̄π� is provided directly from
the model without the need to study it explicitly. Indeed, the
�∗ → K̄π� comes from �∗ → K̄�∗ with the posterior
decay �∗ → π�. This is incorporated automatically in our
scheme by making a convolution of the K̄�∗ loop function
with the spectral function of the �∗ which incorporates the
width for the π� channel. The other output of the approach is
that, given the sensitivity of the model to the input due to the
zero diagonal transition matrix elements of the interaction,
the inclusion of the K̄� channel into the coupled channels
has some effect, producing a shift in the position of the pole
(although small) and some diversion in the couplings from the
perturbative approach to �∗ → K̄� done in Refs. [21,22].
Another new output of the work is the determination of the
wave function at the origin for the K̄�∗ and η� channels
that comes to support the dominance of the K̄�∗ compo-
nent in the molecular wave function of the �∗. With these
differences with respect to the former models, our approach
comes to support the conclusions of Refs. [20–22] as to the
natural interpretation of the recent �(2012) state in terms of
a dynamically generated resonance from the K̄�∗, η� and
K̄� channels, with the largest overlap to the K̄�∗ channel.

2 Formalism

The new �∗ state has been observed mainly in the ϒ(1S),
ϒ(2S) and ϒ(3S) decays where the search was made for the
decay of �∗ into K̄�. Since the quantum numbers of the �∗
are more likely to be J P = 3

2
−

[1], the coupling of K̄� to
�∗ is, in this case, in d-wave. And given the spin and flavor
structure of the �∗, it will couple in s-wave to K̄�∗ and η�,
and the decay to K̄� will proceed via these channels.

Fig. 1 Flavor structure of the �∗− decay

If we assume that in the decays of ϒ(1S), ϒ(2S) and
ϒ(3S) an sss state is formed, then the decay of �∗ to the
available channels will happen as shown in Fig. 1. For this
amplitude to be in s-wave one needs an excited s quark in
L = 1, which is plotted as the upper s-quark in the figure.

In terms of the flavor states the hadronization goes as

sss →
3∑

i=1

sq̄i qi ss ≡ H. (1)

Then, defining the matrix

M =
⎛

⎝
uū ud̄ us̄
dū dd̄ ds̄
sū sd̄ ss̄

⎞

⎠ , (2)

we get

H =
3∑

i=1

M3i qi ss. (3)

We then rewrite the qq̄ matrix, M , in terms of the meson
components, φ, as:

φ =

⎛

⎜⎜⎝

π0√
2

+ η√
3

+ η′√
6

π+ K+

π− − π0√
2

+ η√
3

+ η′√
6

K 0

K− K̄ 0 − η√
3

+
√

2
6η′

⎞

⎟⎟⎠ ,

(4)

where the standard η, η′ mixing is assumed [27], and we get

H = K−uss + K̄ 0dss +
(

− η√
3

+
√

2

6
η′

)
sss. (5)

As usual, we omit the η′ because of its large mass.
We want to write the three quark states in terms of the

baryon states which belong to the SU (3) decuplet represen-
tation:

�∗0 = 1√
3
(uss + sus + ssu), (6a)
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�∗− = 1√
3
(dss + sds + ssd), (6b)

� = sss. (6c)

Now, we check the overlap between the baryon states in
Eq. (6), and the quark states in Eq. (5):

1√
3

〈uss | uss + sus + ssu〉 = 1√
3
, (7a)

1√
3

〈dss | dss + sds + ssd〉 = 1√
3
, (7b)

〈sss | sss〉 = 1. (7c)

Finally, we get

H = 1√
3
K−�∗0 + 1√

3
K 0�∗− − η√

3
�−. (8)

In the isospin basis we have

∣∣K̄�∗; I = 0
〉 = 1√

2

(
K−�∗0 + K 0�∗−)

, (9)

where the isospin doublets have the following sign conven-
tion: (K̄ 0,−K−) and (�∗0, �∗−). Hence, the flavor state
becomes

H =
√

2

3

∣∣K̄�∗; I = 0
〉 − 1√

3
η�−. (10)

The transition from H to K̄� will then proceed as shown in
Fig. 2, through the creation and re-scattering of the K̄�∗ and
η� pairs, with the following amplitude:

A(Minv(K̄�)) =
2∑

i=1

hiGi (Minv(K̄�))ti,K̄�,

for i ≡ K̄�∗, η�−, (11)

where hK̄�∗ =
√

2
3 ; hη�− = − 1√

3
, and ti,K̄� is the amplitude

that we will calculate using the chiral unitary approach. In
principle one could also have direct K̄� production, but this
would just give a background since the K̄� interaction is
very weak in L = 2.

Now, to calculate the ti,K̄� amplitude we can use the work
done in Ref. [17] for the interaction of pseudo-scalar mesons
with the baryon decuplet. The potential used there is

Vi j = − 1

4 f 2Ci j (k
0 + k′0), (12)

with

C =
(

0 3
3 0

)
, (13)

Fig. 2 Decay of H → K̄� through the creation and re-scattering of
the K̄�∗ and η� pairs

Fig. 3 Possible d-wave diagram for the K̄�∗ → K̄� transition

and,

k0 = s + m2
in − M2

in

2
√
s

, (14a)

k′0 = s + m2
fin − M2

fin

2
√
s

, (14b)

where
√
s ≡ Minv(K̄�). Here min, mfin are the initial and

final meson masses and Min, Mfin the initial and final baryon
masses.

In Ref. [17] only the s-wave interactions were taken into
account and the mB∗ → K̄� transition is not considered
since it is in d-wave. The calculation of this transition from
theoretical principles is not easy. If we take the diagram of
Fig. 3, as proposed in Ref. [21], in the non-relativistic limit
one gets an amplitude which is zero, assuming zero initial
momentum:

〈M〉 ∝
∑

ε pol.

(�ε × �q) · �S �ε · ( �pK + �pK ′)

=
∑

ε pol.

(�ε × �q) · �S �ε · �q = (�q × �q) · �S = 0, (15)

with �S the transition operator from J = 3
2 to J = 1

2 , and �q the
transferred momentum. This result agrees with the findings
of Ref. [22].
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Fig. 4 Another possible d-wave diagram for the K̄�∗ → K̄� transi-
tion

Then, to get this interaction one would need a structure like
the one in Fig. 4. This corresponds to the �S · �q �σ · �q structure
of Ref. [20]. However, the couplings of this diagram are not
well known, although in Ref. [20] a guess was made regarding
the strength of the amplitude. A different approach is done
in Ref. [22] where the leading terms of the transition come
from baryon exchange and the transition is equally subject
to large uncertainties. In this work we will not attempt to
calculate this diagram. Instead we will leave the strength of
the mB∗ → K̄� transitions as free parameters that will be
adjusted by comparing our predictions for the �∗ position
with experiment. We know that these transitions will go as
q2 (where q is the momentum of the K̄� channel), then, the
three channel interaction matrix will be:

V =
K̄�∗ η� K̄�⎛

⎝
0 3F αq2

3F 0 βq2

αq2 βq2 0

⎞

⎠
K̄�∗
η�

K̄�

(16)

with F = − 1
4 f 2 (k0 + k′0), where we assume the interac-

tion of K̄� → K̄� in d-wave is very small. Note that the
diagonal terms in all the channels are zero. In most cases of
molecular states these terms are attractive. One consequence
of this feature is the stronger sensitivity to modifications of
the parameters in the present case.

Using the potential of Eq. (16) we can then calculate the
Bethe-Salpeter equation:

t = [1 − VG]−1 V, (17)

with

G(
√
s) =

⎛

⎝
GK̄�∗(

√
s) 0 0

0 Gη�(
√
s) 0

0 0 GK̄�(
√
s)

⎞

⎠ , (18)

Fig. 5 Feynman diagram for the �∗ → K̄π� three body decay

where

Gi (
√
s)

=
∫

|�q|<qmax

d3q

(2π)3
1

2ωi (�q)

Mi

Ei (�q)

1√
s − ωi (�q) − Ei (�q) + iε

,

(19)

for i = K̄�∗, η�, with ωi (�q) and Ei (�q) the meson and
baryon energy, respectively, and qmax ∼ 700 MeV the cut-
off. This value is a natural scale for this type of problems
which was used in the interaction of pseudoscalar with the
baryon decuplet in Ref. [17] (later on we shall make a fine
tuning of this parameter). The GK̄�(

√
s) needs to be defined

more carefully since the q in Eq. (16) is the variable of inte-
gration of the loop function. For this purpose we substitute,
in Eq. (16), q2 by q2

on , where

qon = λ1/2
(
s,m2

K ,m2
�,

)

2
√
s

, (20)

and then the loop function of K̄� becomes:

GK̄�(
√
s)

=
∫

|�q|<q ′
max

d3q

(2π)3

(q/qon)4

2ωK̄ (�q)

M�

E�(�q)

1√
s − ωK̄ (�q) − E�(�q) + iε

,

(21)

where q ′
max ∼ 700 MeV is the cutoff, not necessarily equal

to qmax.
So far we have four parameters, α, β, qmax and q ′

max. The
cutoffs qmax and q ′

max are not completely free as they will be
varied close to the value (700 MeV) proposed in Ref. [17].
The parameters α and β are harder to estimate. In the study
of the �(1520) with the channels π�∗, K�∗ in s-wave and
K̄ N , π� in d-wave, in Ref. [26], the d-wave parameters for
similar interactions were determined to be of the order of
10−7 MeV−3. However, that was using dimensional regu-
larization with a very large subtraction constant (a � −8),
which makes a comparison with our case not straightforward.

In Refs. [18,21,22] the authors claim that most of the
width of the �∗ comes from the three body decay �∗ →
K̄π�, with the diagram shown in Fig. 5. This is the same
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as considering the two body decay �∗ → K̄�∗ taking into
account the mass distribution of �∗:

S = − 1

π
Im

[
1

Minv(�∗) − M�∗ + i ��∗
2

]

= 1

π

��∗/2

(Minv(�∗) − M�∗)2 +
(

��∗
2

)2 (22)

Since the K̄�∗ threshold is very close to the �∗ position,
considering the mass distribution of �∗ is important. Techni-
cally this is accomplished by substituting GK̄�∗ in Eqs. (11)
and (18) by

G̃ K̄�∗(
√
s) = 1

N

∫ M�∗+�M�∗

M�∗−�M�∗
d M̃

(
− 1

π

)

×Im

(
1

M̃ − M�∗ + i ��∗
2

)

×GK̄�∗(
√
s,mK̄ , M̃), (23)

with,

N =
∫ M�∗+�M�∗

M�∗−�M�∗
d M̃

(
− 1

π

)
Im

(
1

M̃ − M�∗ + i ��∗
2

)
,

(24)

and we choose �M�∗ = 6��∗ , which takes into account
most of the distribution. It is worth noting that for small
��∗ → 2ε, we have that

S =
(

− 1

π

)
Im

(
1

M̃ − M�∗ + iε

)

= δ(M̃ − M�∗), (25)

and we recover the original loop function, G̃ K̄�∗(
√
s) =

GK̄�∗(
√
s).

3 Results

In Ref. [1], the �∗ was measured to have

mexp
�∗ = 2012.4 ± 0.92 MeV, (26a)

�
exp
�∗ = 6.4+3.0

−2.6 MeV. (26b)

Then, by calculating the position of the poles in the t matrix
of Eq. (17), we can determine the best set of parameters that
can reproduce the experimental results. The search will be
conducted by going to the second Riemann sheet (SRS) above
the thresholds of the different channels, which corresponds

Table 1 Parameters from a fit to the experimental results

α (MeV−3) β (MeV−3) qmax = q ′
max (MeV)

4.0 × 10−8 1.5 × 10−8 735

to using the following loop functions:

Gi
SRS(

√
s) = Gi (

√
s) +

{
0, for Re(

√
s) <

√
sth

i Mi k
2π

√
s
, for Re(

√
s) >

√
sth

,

(27)

with

k = λ1/2
(
s,m2

i , M
2
i

)

2
√
s

. (28)

A good set of parameters that fits the data fulfilling our con-
ditions is shown in Table 1, and they produce a pole at:

m�∗ = 2012.37 MeV, (29a)

��∗ = 6.24 MeV. (29b)

The couplings of the channels to the resonance can be
calculated using

ti j = gi g j√
s − MR + i �R

2

, (30)

and the results are presented in Table. 2. The couplings gK̄�∗
and gη� obtained here are close to the ones of Ref. [22] and
also to gK̄�∗ from Ref. [21].

One can also compare the order of magnitude of our Vi,K̄�

with the one estimated in Ref. [20]. There

〈
K̄�∗∣∣V̂

∣∣K̄�
〉 = CD �σ · �q �S · �q, (31)

where

CD ∼ 1

f 2�χ

, (32)

with �χ = 1000 MeV. Then, we can make use of the fol-
lowing relation

∑

Ms

Sk
∣∣Ms

〉〈
Ms

∣∣S†
l = 2

3
δkl − i

3
εklmσm, (33)

to calculate the square of the interaction
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Table 2 Couplings of the �∗ to the three channels

gK̄�∗ gη� gK̄�

2.01 + i0.02 2.84 − i0.01 −0.29 + i0.04

∑ ∑∣∣∣∣

〈
K̄�∗

∣∣∣∣V̂
∣∣∣∣K̄�

〉∣∣∣∣
2

= V 2
K̄�∗,K̄�

= C2
D

∑ ∑

ms

〈
ms

∣∣σi
(

2

3
δkl − i

3
εklmσm

)
σ

†
j

∣∣∣∣ms

〉
qiq jqkql

= 1

4

∑

ms

2

3
C2
D

〈
ms

∣∣∣∣q
4
∣∣∣∣ms

〉
= 1

3
q4C2

D = α2q4. (34)

Then, if f = fπ = 93 MeV( fK = 160 MeV), we will get
CD = 1.2×10−7 MeV−3(3.9×10−8 MeV−3), which gives
α = 4.7 × 10−8 MeV−3(1.6 × 10−8 MeV−3). This means
that our parameters α, β agree, at least in the order of mag-
nitude, with Ref. [20].

We can also check the contribution of the three particle
decay channel in Fig. 5 by calculating the pole position with-
out the convolution:

m(no conv.)
�∗ = 2013.5 MeV, (35a)

�
(no conv.)
�∗ = 3.2 MeV. (35b)

Then the difference of the widths ��∗ −�
(no conv.)
�∗ = 3 MeV

can be attributed to the �∗ → K̄�∗ → K̄π� decay, which is
similar to the three body contribution found in Refs. [21,22].
The remaining 3 MeV would correspond to the K̄� decay
channel.

In Ref. [22] a state very near �∗ is obtained for a sub-
traction constant of a = −2.5, which is equivalent to using
a cutoff of about � � 730 MeV, which is very close to our
value in Table 1. Furthermore, we can test the effect of the
cutoff changing it by 100 MeV (qmax = 835 MeV), while
keeping the other parameters fixed. Then, the pole position
shifts to:

m�∗ = 1982.23 MeV, (36a)

��∗ = 3.13 MeV. (36b)

Note that, because the distance to K̄�∗ is now bigger, this
decay channel will have a smaller strength. However, there
will still be an effect from the convolution. This can be seen
by removing the convolution and we find that the new width is
2.94 MeV, which means that 0.19 MeV comes from the K̄�∗
(K̄π�) decay and 2.94 MeV from the K̄� decay. We can see
that the partial decay width into K̄� is rather independent of
the cutoff.

Finally, the amplitude for the H → K̄� can be obtained
using Eq. (11) with the loop function of Eq. (23) for the
K̄�∗ channel, and we obtain the curve shown in Fig. 6. It
is worth noting that the |Tη�→η�|2 amplitude has a shape
indistinguishable from the one shown in Fig. 6. In Fig. 7 we

also compare |A| from Eq. (11) with what we would obtain
without the convolution. One can see that both the energy
position and the width of the �∗ state change according to
the pole position and widths found in Eqs. (35a) and (35b).

Fig. 6 Plot of the modulus square of the amplitude A of H → K̄�

(see Eq. (11)) as a function of Minv(K̄�)

Fig. 7 Plot of |A|2 calculated using convolution (full line) and by not
using the convolution (dashed line) normalized to the peak
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Table 3 Values of the wave function at the origin for the two s-wave
channels
(
−g2 ∂G(

√
s)

∂
√
s

)

K̄�∗

(
−g2 ∂G(

√
s)

∂
√
s

)

η�

0.636 − i0.068 0.164 − i0.002

Fig. 8 Comparing |T13| using Rα as a parameter, for different values
of R

Another magnitude that stresses the relevance of the dif-
ferent channels is the wave function at the origin, given

by −g2 ∂G(
√
s)

∂
√
s

∣∣∣
s=sR

[28]. The results are shown in Table 3

for the two s-wave channels. This information is relevant
because, even if the coupling of the state to η� is 1.4 times
bigger than to K̄�∗, the wave function at the origin for K̄�∗
is four times bigger than the one of η�, as a consequence of
being closer in energy to the resonance.

We can also study the importance of the K̄� channel by
multiplying the α parameter by a factor R. In Fig. 8 we com-
pare the behavior of the amplitude |T13| for R = 1, 1

5 , 1
10 .

Two interesting things can be seen there, first, |T13(R)| =
R|T13|, or in other words, multiplying α by a factor R is not
equivalent to multiplying the amplitude by the same factor.
Also, by changing R to lower values, there is a shift in the
pole position of about 6 MeV. This means that the addition of
the K̄� channel is important. The stability of the results of
Fig. 8 when R → 0 is telling us that about half of the strength
in T13 comes from the intermediate η� channel. This is worth
mentioning since when working with coupled K̄�∗ and η�

channels, this is implemented automatically, as done here and
in [22]. Yet, if one takes the K̄�∗ dominant channel alone,
as done in [21], this contribution would be vanishing.

In Ref. [22] it was found that the transitions from K̄�∗
and η� to K̄� depended strongly on one parameter. Yet
the model used there gave a very small contribution of the
η� → K̄� transition on its own, although when summed
coherently to the one of K̄�∗ it was noticeable. We would
like to investigate if some other fit in our approach, with a

Table 4 Parameters from the fit to the experimental results with small
β

α (MeV−3) β (MeV−3) qmax = q ′
max (MeV)

5.0 × 10−8 1.5 × 10−9 735

negligible η� → K̄� transition is possible. For this purpose
we decrease β in Eq. (16) by a factor 10. We can see that a
reasonable fit to the mass and width is also possible. In this
case we obtain the parameters of Table 4. We obtain now the
results:

m�∗ = 2012.09 MeV, (37a)

��∗ = 6.41 MeV, (37b)

which are very similar to these in Eqs. (29a) and (29b). If we
perform the calculation without the convolution we obtain

m�∗ = 2011.8 MeV, (38a)

��∗ = 4.07 MeV, (38b)

which differ a bit with respect to those in Eqs. (35a) and (35b).
This means that now the contribution of �∗ → K̄� would
be about 4 MeV, somewhat bigger than in Eq. (35b). An
explicit measurement of the �∗ partial decay widths to
K̄�∗ → K̄�π and K̄� would provide further information
to settle these present theoretical uncertainties.

Since we have three parameters α, β and qmax, there must
be some correlation in the parameters that give an equal fit
to the data. In Table 5 we show such correlation. We vary the
parameter α around α = 4×10−8 MeV−3 and then fit β,qmax

to the data (mass and total width). What we observe is that
the value of qmax is very stable and β changes with changing
α, indicating a correlation between these parameters, but not
with qmax. This is due to the fact that qmax determines the
position, while α, β are more related to the width of the
state. The interesting thing from these results is that with the
pair of correlated (α, β) parameters the separation of the
total width into the K̄� and π K̄� channels is practically the
same, indicating that this is a stable result in our approach.

4 Conclusions

The recent observation of the excited �∗(2012) state has
brought the necessary experimental information to complete
the chiral unitary approach that generates resonances from
the interaction of pseudo-scalar mesons and baryons of the �

decuplet. We have performed the coupled channels problem
using the K̄�∗, η� and K̄� states, the first two channels
in s-wave and the latter one in d-wave. The incorporation of
the K̄� channel in the set of coupled channels is a novelty
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Table 5 Varying the parameter
α we fit β, qmax to the data and
then calculate �(K̄�) and
�(π K̄�)

α (10−8 MeV−3) β (10−8 MeV−3) qmax (MeV) (m�∗ , ��∗ ) (MeV) �(K̄�) (MeV) �(π K̄�) (MeV)

5.0 0.1 735 (2012.19, 6.36) 3.35 3.01

4.0 1.5 735 (2012.4, 6.2) 3.22 2.98

3.0 3.0 735 (2012.36, 6.19) 3.25 2.94

2.0 4.5 735 (2012.26, 6.23) 3.34 2.89

of our approach, and although not too strong, we see that
it has some effects on the mass of the state and couplings
that go beyond the perturbative treatment of this channel.
We have also shown that the �∗ → K̄π� decay is relevant,
coinciding with several recent studies, but its evaluation is
done differently since we see that this decay is a direct output
of the coupled channels as soon as the spectral function of
the �∗ is used to evaluate the K̄�∗ loop function.

Finally we have also shown that, apart of the coupling of
the �∗ to the different channels, the wave function at the
origin is important, and looking at this magnitude one can
see that the K̄�∗ component is largely dominant in the �∗
molecular wave function. This makes this molecule peculiar
since in the absence of the η� channel the K̄�∗ system does
not bind. The introduction of the η� channel produces a
bound state, which couples more strongly to the K̄�∗ channel
due to the proximity of the �∗ mass to the K̄�∗ threshold.

With the novelties introduced in our approach we come
to support former findings indicating that the new �∗(2012)

state stands naturally for a molecular state with K̄�∗ as its
main component. One interesting result of our study is that
the separation of the width into the K̄� and π K̄� channels is
very stable against changes of the parameters, giving similar
partial decay widths in the two channels. An experimental
study of these decay widths would be very useful to pin down
the nature of the �(2012) state.

Acknowledgements One of us, R.P, wishes to acknowledge the Gen-
eralitat Valenciana in the program GRISOLÍAP/2016/071. This work
is partly supported by the Spanish Ministerio de Economia y Compet-
itividad and European FEDER funds under Contracts No. FIS2017-
84038-C2-1-P B and No. FIS2017-84038-C2-2-P B, and the General-
itat Valenciana in the program Prometeo II-2014/068, and the project
Severo Ochoa of IFIC, SEV-2014-0398.

Open Access This article is distributed under the terms of the Creative
Commons Attribution 4.0 International License (http://creativecomm
ons.org/licenses/by/4.0/), which permits unrestricted use, distribution,
and reproduction in any medium, provided you give appropriate credit
to the original author(s) and the source, provide a link to the Creative
Commons license, and indicate if changes were made.
Funded by SCOAP3.

References

1. J. Yelton et al., [Belle Collaboration], Phys. Rev. Lett. 121(5),
052003 (2018). arXiv:1805.09384 [hep-ex]

2. K.T. Chao, N. Isgur, G. Karl, Phys. Rev. D 23, 155 (1981)
3. S. Capstick, N. Isgur, Phys. Rev. D 34, 2809 (1986) [AIP Conf.

Proc. 132 (1985) 267]
4. U. Loring, B.C. Metsch, H.R. Petry, Eur. Phys. J. A 10, 447 (2001),

arXiv:hep-ph/0103290
5. M. Pervin, W. Roberts, Phys. Rev. C 77, 025202 (2008).

arXiv:0709.4000 [nucl-th]
6. R.N. Faustov, V.O. Galkin, Phys. Rev. D 92(5), 054005 (2015).

arXiv:1507.04530 [hep-ph]
7. J.L. Goity, C. Schat, N.N. Scoccola, Phys. Lett. B 564, 83 (2003).

arXiv:hep-ph/0304167
8. T.M. Aliev, K. Azizi, Y. Sarac, H. Sundu, Phys. Rev. D 98(1),

014031 (2018). arXiv:1806.01626 [hep-ph]
9. T.M. Aliev, K. Azizi, Y. Sarac, H. Sundu, (2018). arXiv:1807.02145

[hep-ph]
10. Y. Oh, Phys. Rev. D 75, 074002 (2007). arXiv:hep-ph/0702126

[HEP-PH]
11. G.P. Engel et al., [BGR Collaboration], Phys. Rev. D 87(7), 074504

(2013), arXiv:1301.4318 [hep-lat]
12. S.G. Yuan, C.S. An, K.W. Wei, B.S. Zou, H.S. Xu, Phys. Rev. C

87(2), 025205 (2013). arXiv:1208.1742 [hep-ph]
13. C.S. An, B.C. Metsch, B.S. Zou, Phys. Rev. C 87(6), 065207

(2013). arXiv:1304.6046 [hep-ph]
14. C.S. An, B.S. Zou, Phys. Rev. C 89(5), 055209 (2014).

arXiv:1403.7897 [hep-ph]
15. L.Y. Xiao, X.H. Zhong, Phys. Rev. D 98(3), 034004 (2018).

arXiv:1805.11285 [hep-ph]
16. E.E. Kolomeitsev, M.F.M. Lutz, Phys. Lett. B 585, 243 (2004).

arXiv:nucl-th/0305101
17. S. Sarkar, E. Oset, M.J. Vicente Vacas, Nucl. Phys. A 750, 294

(2005), arXiv:nucl-th/0407025 (Erratum: [Nucl. Phys. A 780
(2006) 90])

18. S.Q. Xu, J.J. Xie, X.R. Chen, D.J. Jia, Commun. Theor. Phys. 65(1),
53 (2016). arXiv:1510.07419

19. M.V. Polyakov, H.D. Son, B.D. Sun, A. Tandogan, (2018).
arXiv:1806.04427 [hep-ph]

20. M.P. Valderrama, Phys. Rev. D 98(5), 054009 (2018).
arXiv:1807.00718 [hep-ph]

21. Y.H. Lin, B.S. Zou, Phys. Rev. D 98(5), 056013 (2018).
arXiv:1807.00997 [hep-ph]

22. Y. Huang, M.Z. Liu, J.X. Lu, J.J. Xie, L.S. Geng, Phys. Rev. D 98,
076012 (2018). arXiv:1807.06485 [hep-ph]

23. S. Weinberg, Phys. Rev. 137, B672 (1965)
24. V. Baru, J. Haidenbauer, C. Hanhart, Y. Kalashnikova, A.E.

Kudryavtsev, Phys. Lett. B 586, 53 (2004). arXiv:hep-ph/0308129
25. A. Manohar, H. Georgi, Nucl. Phys. B 234, 189 (1984)
26. L. Roca, S. Sarkar, V.K. Magas, E. Oset, Phys. Rev. C

73, 045208 (2006). https://doi.org/10.1103/PhysRevC.73.045208.
arXiv:hep-ph/0603222

27. A. Bramon, A. Grau, G. Pancheri, Phys. Lett. B 283, 416 (1992)
28. D. Gamermann, J. Nieves, E. Oset, E.R. Arriola, Phys. Rev. D 81,

014029 (2010). arXiv:0911.4407 [hep-ph]

123

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://arxiv.org/abs/1805.09384
http://arxiv.org/abs/hep-ph/0103290
http://arxiv.org/abs/0709.4000
http://arxiv.org/abs/1507.04530
http://arxiv.org/abs/hep-ph/0304167
http://arxiv.org/abs/1806.01626
http://arxiv.org/abs/1807.02145
http://arxiv.org/abs/hep-ph/0702126
http://arxiv.org/abs/1301.4318
http://arxiv.org/abs/1208.1742
http://arxiv.org/abs/1304.6046
http://arxiv.org/abs/1403.7897
http://arxiv.org/abs/1805.11285
http://arxiv.org/abs/nucl-th/0305101
http://arxiv.org/abs/nucl-th/0407025
http://arxiv.org/abs/1510.07419
http://arxiv.org/abs/1806.04427
http://arxiv.org/abs/1807.00718
http://arxiv.org/abs/1807.00997
http://arxiv.org/abs/1807.06485
http://arxiv.org/abs/hep-ph/0308129
https://doi.org/10.1103/PhysRevC.73.045208
http://arxiv.org/abs/hep-ph/0603222
http://arxiv.org/abs/0911.4407

	Coupled channels dynamics in the generation of the Ω(2012) resonance
	Abstract 
	1 Introduction
	2 Formalism
	3 Results
	4 Conclusions
	Acknowledgements
	References




