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INTRODUCTION
• : observed by different collaborations (2006-2020) in processes like 

 (PDG: , 
)


• Different theoretical models trying to explain its nature and properties: 


   


  


  , Mode  forbidden (spin    


               selection rule). Not supported by Lattice QCD and QCD Gaussian 


               sum rules.


Tetraquark  Difficulties in obtaining a compatible mass 

ϕ(2170)
e+e− → K+K−π+(0)π−(0), J/ψ → ηK+K−π+π−, e+e− → ϕη′ M = 2160 ± 80 MeV
Γ = 125 ± 65 MeV

ss̄ (n2S+1LJ = 33S1) ⟹ Γ ∼ 300 MeV

ss̄ (23D1) ⟹ ΓK*(892)K̄*(892), ΓK*(1410)K̄ > ΓK(1460)K̄, ΓK1(1400)K̄, ΓK1(1270)K̄

ss̄g ⟹ ΓK*(1410)K̄ ≳ ΓK1(1270)K̄ K(1460)K̄

⟹
1) Aubert et al., Phys. Rev. D74,091103(2006); Phys. Rev. D76, 012008(2007); 2) Ablikim et al., Phys. Rev. Lett, 100, 102003 (2008), Phys. Rev. 
D102, 012008 (2020); 3) Barnes et al., Phys. Rev. D68, 054014 (2003); 4) Ding and Yan, Phys. Lett. B657, 49(2007); Phys. Lett.B650, 390(2007); 5) 
Wang, Nucl. Phys. A791, 106(2007); 6) Dudek, Phys. Rev. D84, 074023 (2011);7) Ho et al., Phys. Rev. D100, 034012 (2019).
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INTRODUCTION
• : observed by different collaborations (2006-2020) in processes like 

 (PDG: 
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                 Observed in the  invariant mass distribution

ϕ(2170)
e+e− → K+K−π+(0)π−(0), J/ψ → ηK+K−π+π−, e+e− → ϕη′ 

M = 2160 ± 80 MeV Γ = 125 ± 65 MeV

⟹ ϕf0(980)

ϕ

K K̄

8) A. Martínez Torres, K. P. Khemchandani, L. S. Geng, M. Napsuciale, E. Oset, Phys. Rev. D78, 074031 (2008); 9) M. Napsuciale, E. Oset, et al., 
Phys. Rev. D76, 074012 (2007). 10) J. A. Oller, E. Oset, Nucl. Phys. A620, 438 (1997); 11) L. Roca, E. Oset, J. Singh, Phys. Rev. D72, 014002 
(2005); 12) L.S. Geng, E. Oset, L. Roca, J. A. Oller, Phys. Rev. D72, 014002 (2005).

amplitudes are strong, and it is only the intricate nonlinear dynamics of coupled channels of the
Bethe-Salpeter equations that produces at the end two states, the � that couples strongly to the
⇡⇡ channel and the f0 (980) that couple strongly to KK̄. Hence, we find advisable to include �⇡⇡
as a coupled channel.

4 Results

In Fig. 1, we show the squared amplitude | TR |2 and its projection, as a function of the total
energy (

p
s) and the invariant mass of the KK̄ system (

p
s23), in the isospin zero configuration.

We have made the isospin projection of the amplitude of Eq. (1) using the phase convention
| K�i = � | 1/2,�1/2i as

| �KK̄; I = 0, IKK̄ = 0i = 1p
2

h
| �K+K�i+ | �K0K̄0i

i
. (8)

A clear sharp peak of | TR |2 can be seen at 2150 MeV, with a full width at half maximum ⇠
16 MeV. In order to make a meaningful comparison of this width with the experimental results,
we have folded the theoretical distribution with the experimental resolution of about 10 MeV and
then we find an appropriate Breit-Wigner distribution with a width � ⇠ 27 MeV. The peak in
| TR |2 appears for the

p
s23 ⇠ 970 MeV which is very close to the pole of the f0 resonance [9].
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Figure 1: The �KK̄ squared amplitude in the isospin 0 configuration.

The total mass, the invariant mass of the KK̄ subsystem and the quantum numbers IGJPC =
0�1�� of the resonance found here are all in agreement with those found experimentally for the
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FIG. 3. Model results for the cross sections e+e� ! �f0(980). The data points are taken from

Refs. [2, 6], where the �f0(980) final state is reconstructed from K+K�⇡+⇡� (solid triangles [2]

and squares [6]) or from K+K�⇡0⇡0 (open [2] and solid circles [6]). The dashed (dotted) line

represents the background used in Ref. [14] (Ref. [6]). The lower and upper limits of the shaded

regions are obtained by using the above mentioned backgrounds when implementing the final state

interaction to generate �(2170). The partial decay width of �R ! �f0 is changed between 30 MeV

(dark shaded region) to 50 MeV (light shaded region).

suitability of the interpretation of �(2170) as a �f0(980) state and the value obtained for

g�R!�f0 .

C. The K+(1460)K+f0(980) vertex

To get the coupling gK+
R!K+f0

, we rely on the findings of Ref. [23], where three-kaon

scattering equations were solved within two di↵erent formalisms. One of the methods in

Ref. [23] consisted of solving Faddeev equations with unitarized chiral two-body amplitudes

for KKK̄, K⇡⇡ and K⇡⌘ coupled systems. All the two-body interactions were kept in s-

wave. Within a second method, a nonrelativistic potential model was used to study the three-

kaon system to obtain the corresponding wavefunction through the variational approach. In

both cases, a three-body resonance was found with mass in the range of 1420-1460 MeV and

width varying between 50-100 MeV, when one of the KK̄ system forms f0(980). The state

was related to K(1460). The KKK̄ s-wave interactions have been studied within several

approaches di↵erent to the one used in Ref. [23] (see Refs. [22, 24–26]), and a kaon state has
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• We have determined the decay width of  to kaonic resonances: 
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K

K K̄

K(1460) K1(1270) & K1(1400)

    , two poles 

                        

πK*(892), ϕK, ρK ⟹ K1(1270)
z1 = 1195 − i123 MeV
z2 = 1284 − i73 MeV

Mixing scheme   belonging to the 

                                 nonet of axials (mixing angles )

⟹ K1A, K1B
29∘ − 62∘

Phenomenological approach  Use of the data available in 

                                                       the PDG on their radiative 

                                                       decays

⟹



arise as a result of three-body interactions. In Ref. [14] three-body scattering equations were

solved for the �KK̄ system, allowing each of the subsystems to interact in s-wave. As a

consequence, a resonance was found to appear with mass around 2150 MeV when the KK̄

subsystem interacts in isospin zero with an invariant mass ⇠ 980 MeV. In other words, the

�(2170) resonance is found when the �KK̄ system acts e↵ectively as �f0(980). A study of

a di↵erent three-body system, replacing � by a kaon, was done in Ref. [23]. In this case,

a resonance with mass ⇠ 1460 MeV was found when the KK̄ system assembles itself as

f0(980). The state obtained in Ref. [23] was associated with K(1460). Using the findings

of Refs. [14, 23] for �(2170), K(1460) and keeping in mind that K1(1270) and K1(1400)

decay to vector-pseudoscalar channels with large branching ratios, we consider that �(2170)

decays to the aforementiond channels through the diagrams shown in Fig. 1.

FIG. 1. Decay mechanism of �(2170) to K+(1460)K� (left), K+
1 (1400)K� and K+

1 (1270)K�

(right). We use the nomenclature �R ⌘ �(2170), f0 ⌘ f0(980), KR ⌘ K(1460) and K1 can

represent either K1(1400) or K1(1270).

As can be seen, due to the nature and properties of the states involved, the processes

�(2170) ! K+(1460)K�, K+
1 (1400)K

�, K+
1 (1270)K

� proceed through a triangular loop of

a virtual �, f0(980) and K± (henceforth, for the sake of convenience, we shall denote �(2170)

as �R, K(1460) as KR, f0(980) as f0 and use K1 for K1(1400) and K1(1270) whenever there

is no need to distinguish them).

Considering �R as a �f0(980) resonance, the situation is di↵erent for the decay process

�R ! K⇤+(892)K⇤�(892) (see Fig. 2). In this case the �f0(980) structure of �R suppresses

the decay to K⇤+(892)K⇤�(892) as compared to the ones shown in Fig. 1. This is because

the former process involves more than one loop (of triangular or higher topologies), as can

be seen in Fig. 2. Thus, within a �f0(980) molecular type description for �(2170), one of

the main conclusions of Ref. [1] gets naturally explained.

Let us now determine the amplitudes for the processes shown in Fig. 1 to calculate the
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THE MODEL
• Triangular loops:

20) Brenda B. Malabarba, Xiu-Lei Ren, K. P. Khemchandani, A. Martínez Torres, Phys. Rev. D103, 016018 (2021)

From ,

Matrix vector meson octet fields 

Matrix pseudoscalar meson octet fields

ℒVPP = − igVμ[∂μΦ, Φ]
Vμ ≡
Φ ≡

 as a wave 
 state:

ϕ(2170) s−
ϕf0(980)

tϕR
= gϕR→ϕf0ϵϕR

⋅ ϵϕ

 couples to /  
in wave:
K(1460) Kf0(980) Ka0(980)

s−
tϕR

= gK+
R →K+f0

 as a wave  state:f0(980) s− KK̄, ππ
tf0→K+K− = gf0→K+K−

tK+
1 →ϕK+ = gK+

1 →ϕKϵK+
1

⋅ ϵϕ

1)  as a 
molecular state. 

2)
as a mixture of 

. 
3) Phenomenological 

approach.

K1(1270)

K1(1270) & K1(1400)

K1A, K1B

Using now Eq. (3), the decay width ofK+
1 ! �K+ can be determined within the approach

in which vector and axial mesons are described as vector fields instead of second rank tensor

fields. In this case, the decay width of K+
1 ! �K+ is obtained as

�K+
1 !�K+ =

|gK+
1 !�K+ |2

24⇡

1

N

MK1+a�K1Z

MK1�a�K1

dM̃K1(2M̃K1)
|~p|
M̃2

K1

"
3 +

|~p|2

M2
�

#

⇥ Im

"
1

M̃2
K1

�M2
K1

+ iMK1�K1

#
✓(M̃K1 �M� �MK)✓(M̃K1 �M⇡ �MK⇤(892)).

(B5)

The value |gK+
1 !�K+ | is determined by equating Eqs. (B5) and (B4).

Appendix C: Determination of the K1 ! �K coupling within a phenomenological

approach

Let us examine how to get the K1�K coupling using the data on radiative and hadronic

decays. We start by considering that the radiative decay of K1 proceeds through the vector

meson dominance mechanism [44, 53, 56]. In this way, the decay of K0
1 ! �K0 at the tree

level can be described as depicted in Fig. 5. Since the decay widths for K0
1 ! ⇢0K0, !K0

FIG. 5. Diagrammatic representation of the process K0
1 ! �K0, where K0

1 represents K0
1 (1270)

or K0
1 (1400).

are known [36], we can determine |gK0
1!⇢0K0 | and |gK0

1!!K0 | and use the information to

calculate |gK0
1!�K0 | such as to reproduce the known radiative decay width of K0

1 . If we

use the expression in Eq. (3) to describe the vertex K0
1 ! V K0, where V = ⇢0, !, �, the

amplitude obtained for the process represented in Fig. 5 is given by

tK0
1!K0� =

eM2
V

3g

"
1p
2

 p
3gK0

1!⇢0K0

M2
⇢

+
gK0

1!!K0

M2
!

!
�

gK0
1!�K0

M2
�

#
✏K0

1
(P ) · ✏�(p), (C1)

26



RESULTS
• BESIII collaboration:  is suppressedϕ(2170) → K*(892)K̄*(892)

FIG. 2. Some of the decay mechanisms of �(2170) to K⇤+(892)K⇤�(892).

corresponding partial decay widths. To do this, we use the Lagrangian [44]

L = �ighVµ[P, @
µP ]i, (1)

to describe the �K+K� vertex, where g = MV /(2f⇡) (with MV ' M⇢, f⇡ ' 93 MeV is the

pion decay constant), Vµ and P are matrices having as elements the vector and pseudoscalar

meson fields,

P =

0

BBB@

⌘p
6
+ ⇡0

p
2

⇡+ K+

⇡� ⌘p
6
� ⇡0

p
2

K0

K� K̄0 �
q

2
3⌘

1

CCCA
, Vµ =

0

BBB@

!+⇢0p
2

⇢+ K⇤+

⇢� !�⇢0p
2

K⇤0

K⇤� K̄⇤0 �

1

CCCA

µ

. (2)

The contribution of the vertices �R�f0, KRKf0, K1�K and f0KK̄ can be written in

terms of the corresponding fields as

t�R!�f0 = g�R!�f0✏�R · ✏�,

tK+
R!K+f0

= gK+
R!K+f0

,

tf0!K+K� = gf0!K+K� ,

tK+
1 !�K+ = gK+

1 !�K+✏K+
1
· ✏�, (3)

where g↵!� represents the coupling of the state ↵ = �R, K+
R , K+

1 , f0 to the channel

� = �f0, K+f0, �K+, K+K�, respectively. The coupling constants related to each vertex

in Eq. (3) depend on the properties of the hadrons involved in the vertex. In the following,

we discuss the evaluation of these coupling constants.

A. The f0(980)K+K�
vertex

There exists a growing evidence on the dominant role played by the KK̄ dynamics in

describing the properties of f0(980) (see the review on “Interpretation of the scalars below 1
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RESULTS

di↵erent form factors are compatible with each other. In case of the decay width of

�(2170) ! K+(1460)K� (see Table I) we find a value around 0.8� 2.0 MeV.

TABLE I. Partial decay width (in MeV) of �(2170) ! K+(1460)K� by considering di↵erent form

factors, as explained in Sec. II.

Form factor Decay width

Heaviside-⇥ 1.5± 0.5

Monopole 1.3± 0.4

Exponential 1.3± 0.5

For the decay width of the process �(2170) ! K+
1 (1400)K

� (see Table II), the result

found depends on the model considered to determine the coupling of K+
1 (1400) ! �K+:

within model B, which relates K1(1400) and K1(1270) through a mixing angle, the decay

width obtained for �(2170) ! K+
1 (1400)K

� is around 1.5 � 3.1 MeV. However, if we de-

TABLE II. Partial decay width (in MeV) of �(2170) ! K+
1 (1400)K� taking into account the

di↵erent form factors and the models B and C discussed in Sec. II to describe the properties of

K1(1400).

Form factor Decay width

Model B Model C

Heavise-⇥ 2.6± 0.5 15± 4

Monopole 1.9± 0.4 11± 3

Exponential 2.1± 0.4 12± 3

termine the K+
1 (1400) ! �K+ coupling considering model C, which uses the data from

Ref. [36], the result obtained for this decay width is ⇠ 8� 19 MeV, representing in this way

a sizeable contribution to the full width of �(2170). Although it should be reiterated that the

experimental data on the radiative decay of K+
1 (1270) and K+

1 (1400) are obtained, through

the Primako↵ e↵ect, by assuming them as mixture of states belonging to the axial nonets.

Thus, the results on the radiative decays in Ref. [36], and, consequently, the decay width of

�(2170) ! K+
1 (1400)K

� found within model C, may need to be taken with caution. We

do not discuss the decay of �(2170) ! K1(1400)K̄ within model A, which treats K1(1270)

17
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ϕ(2170) → K+
1 (1400)K−

as a meson-meson resonance [29, 30], since K1(1400) was not found to arise from hadron

dynamics in these latter works.

For the decay width of �(2170) ! K+
1 (1270)K

� (see Table III), we find that the result

depends on the model used to calculate the coupling of K+
1 (1270) ! �K+: within model

A, where K+
1 (1270) is generated from vector-pseudoscalar channels and has a double pole

structure, the decay width obtained is around 1�2 MeV when considering the superposition

of the two poles. Such a superposition has been implemented in two ways: (1) We use an

TABLE III. Partial decay width (in MeV) of �(2170) ! K+
1 (1270)K� by considering di↵erent

form factors and the models A, B, C to describe the properties of K1(1270), as explained in Sec. II.

Form factor Decay width

Model A Model B Model C

Poles z1, z2 Pole z1 Pole z2 Solution S1 Solution S2 Solution S3

Heaviside-⇥ 1.5± 0.3 0.6± 0.1 0.22± 0.04 0.12± 0.04 1.6± 0.4 17± 3 41± 9

Monopole 0.8± 0.2 0.3± 0.1 0.12± 0.02 0.07± 0.02 0.9± 0.2 9± 2 23± 5

Exponential 1.0± 0.2 0.4± 0.1 0.15± 0.03 0.09± 0.02 1.1± 0.3 11± 2 28± 6

average mass for K1(1270) in Eq. (25) and the coupling gK+
1 !�K+ is substituted by the

sum of the couplings related to the two poles, i.e., g(1)
K+

1 (1270)!�K+ + g(2)
K+

1 (1270)!�K+ . (2) The

amplitude t�R!K+
1 K� is written as t(1)

�R!K+
1 K� + t(2)

�R!K+
1 K� , where the superscript indicates

the contribution related to each of the two poles. Then the term 2Re
n
t(1)
�R!K+

1 K�t
(2)⇤
�R!K+

1 K�

o

needed to calculate the modulus squared is obtained by using an average mass for K1(1270).

In both cases, an average mass of K1(1270) is used in the phase space. The results obtained

in the two ways are compatible within the uncertainties shown in Table III.

Continuing with the discussions on the results obtained within the model A, considering

the description of Refs. [29, 30] for K1(1270), the contribution to the decay �(2170) !

K+
1 (1270)K

� from the pole z1 is larger than the one from the pole z2. This finding is in

line with the fact that the former pole couples more to ⇡K⇤(892) [29, 30]. It should be

mentioned here that of the two poles found in Refs. [29, 30] [see Eq. (14)], the mass related

to the pole z2 is closer to the value determined from the fit to the experimental data in

Ref. [1]. However, the process K+
1 (1270) ! ⇡K⇤(892) is considered in Ref. [1], where the
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               Branching fraction 


 Partial decay width of 

ℬrΓe+e−

R

ℬr ≡ ϕ(2170) → RK−

Γe+e−

R ≡ ϕ(2170) → e+e−

the decay widths appearing in Eqs. (30)-(32) depend on the consideration of �(2170) as a

�f0(980) state. Thus, the particular values found for the B1, B2 and B3 ratios are related to

the nature, not only of �(2170), but also to the one of K(1460), K+
1 (1270) and K+

1 (1400).

In Ref. [1], the values (in eV) for the products Br�e+e�
R are

Br[�R ! K+(1460)K�]�e+e�

R = 3.0± 3.8,

Br[�R ! K+
1 (1400)K

�]�e+e�

R =

8
<

:
4.7± 3.3, Solution 1

98.8± 7.8, Solution 2
,

Br[�R ! K+
1 (1270)K

�]�e+e�

R =

8
<

:
7.6± 3.7, Solution 1

152.6± 14.2, Solution 2
, (33)

having two possible solutions in case of the processes �(2170) ! K+
1 (1400)K

�, K+
1 (1270)K

�

from the fits to the data. Using Eq. (33), we can determine the experimental values for the

B1, B2 and B3 ratios, finding

Bexp
1 =

8
<

:
0.64± 0.92, Solution 1,

0.03± 0.04, Solution 2,

Bexp
2 =

8
<

:
0.40± 0.54, Solution 1,

0.02± 0.03, Solution 2,

Bexp
3 =

8
<

:
1.62± 1.38, Solution 1,

1.55± 0.19, Solution 2.
(34)

Considering now the decay widths listed in Tables I-III, we can calculate the ratios in

Eqs. (30), (31), (32). We present the results in Tables IV-VI. Since the decay widths obtained

in this work do not depend much on the form factors considered, the values presented for

the ratios correspond to the average of the results obtained with di↵erent form factors.

The ratio B1 [see Eq. (30)] involves the decay width of �(2170) ! K+
1 (1400)K

�, thus, it

can be calculated within the models B and C. The results obtained in the former case are

compatible with the experimental value related to solution 1, while the results in the latter

case are closer to the experimental value obtained from solution 2. Although the results

obtained in model C can also be compatible with the value found from solution 1 due to the

uncertainty present in the experimental data.

As can be seen from Table V, the value of B2 depends on the description considered for

K+
1 (1270). Within model A [in this case, K1(1270) has a double pole structure], we find

20

final state couples rather more strongly to the pole z1. Thus, when comparing our results

with the experimental information, as we present in the subsequent paragraphs, it might be

more meaningful to consider the decay widths obtained from the superposition of the two

poles. In any case, if the two pole nature of K1(1270) is confirmed, the results in Ref. [1] on

the related process may require a revision.

Within the mixing scheme of model B, we find that the results obtained for the decay

width of �(2170) ! K+
1 (1270)K

� are similar to the ones calculated with model A for the

pole z2. Such a result could be in line with the fact that the mass of K1(1270) in model B

is very similar to the mass value associated with the pole z2 in model A.

Interestingly, if we consider model C, where we used the experimental data available in

Ref. [36] to estimate the couplings of K+
1 (1270) and K+

1 (1400) to the �K+ channel, we find

two di↵erent scenarios for the decay width of �(2170) ! K+
1 (1270)K

�. In one of them,

which corresponds to using solution S1 of Eq. (18), the results are compatible with those

found in the model A. In the second scenario, which uses solutions S2 or S3 of Eq. (18), a

much bigger decay width for �(2170) ! K+
1 (1270)K

� is obtained, which would constitute

a sizeable part of the total width of �(2170).

B. Branching ratios

In Ref. [1], the partial decay widths of �(2170) ! K+(1460)K�,K+
1 (1400)K

�,K+
1 (1270)K

�

were not measured. Instead, the products Br�e+e�
R , with �e+e�

R being the partial decay width

of �(2170) ! e+e� and Br the branching fraction for each of the �(2170) ! RK� processes,

with R = K+(1460), K+
1 (1400), K

+
1 (1270), were extracted. Since the decay width �e+e�

R is

not known, we can use the information provided in Ref. [1] to calculate the ratios

B1 ⌘
��R!K+(1460)K�

��R!K+
1 (1400)K�

=
Br[�R ! K+(1460)K�]

Br[�R ! K+
1 (1400)K

�]
, (30)

B2 ⌘
��R!K+(1460)K�

��R!K+
1 (1270)K�

=
Br[�R ! K+(1460)K�]

Br[�R ! K+
1 (1270)K

�]
, (31)

B3 ⌘
��R!K+

1 (1270)K�

��R!K+
1 (1400)K�

=
Br[�R ! K+

1 (1270)K
�]

Br[�R ! K+
1 (1400)K

�]
, (32)

and compare with our results. Note that although the above ratios do not depend on the

coupling g�R!�f0 , the triangular loops and the other vertices involved in the calculation of
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 Partial decay width of 

ℬrΓe+e−

R

ℬr ≡ ϕ(2170) → RK−

Γe+e−

R ≡ ϕ(2170) → e+e−

the decay widths appearing in Eqs. (30)-(32) depend on the consideration of �(2170) as a

�f0(980) state. Thus, the particular values found for the B1, B2 and B3 ratios are related to

the nature, not only of �(2170), but also to the one of K(1460), K+
1 (1270) and K+

1 (1400).

In Ref. [1], the values (in eV) for the products Br�e+e�
R are

Br[�R ! K+(1460)K�]�e+e�

R = 3.0± 3.8,

Br[�R ! K+
1 (1400)K

�]�e+e�

R =

8
<

:
4.7± 3.3, Solution 1

98.8± 7.8, Solution 2
,

Br[�R ! K+
1 (1270)K

�]�e+e�

R =

8
<

:
7.6± 3.7, Solution 1

152.6± 14.2, Solution 2
, (33)

having two possible solutions in case of the processes �(2170) ! K+
1 (1400)K

�, K+
1 (1270)K

�

from the fits to the data. Using Eq. (33), we can determine the experimental values for the

B1, B2 and B3 ratios, finding

Bexp
1 =

8
<

:
0.64± 0.92, Solution 1,

0.03± 0.04, Solution 2,

Bexp
2 =

8
<

:
0.40± 0.54, Solution 1,

0.02± 0.03, Solution 2,

Bexp
3 =

8
<

:
1.62± 1.38, Solution 1,

1.55± 0.19, Solution 2.
(34)

Considering now the decay widths listed in Tables I-III, we can calculate the ratios in

Eqs. (30), (31), (32). We present the results in Tables IV-VI. Since the decay widths obtained

in this work do not depend much on the form factors considered, the values presented for

the ratios correspond to the average of the results obtained with di↵erent form factors.

The ratio B1 [see Eq. (30)] involves the decay width of �(2170) ! K+
1 (1400)K

�, thus, it

can be calculated within the models B and C. The results obtained in the former case are

compatible with the experimental value related to solution 1, while the results in the latter

case are closer to the experimental value obtained from solution 2. Although the results

obtained in model C can also be compatible with the value found from solution 1 due to the

uncertainty present in the experimental data.

As can be seen from Table V, the value of B2 depends on the description considered for

K+
1 (1270). Within model A [in this case, K1(1270) has a double pole structure], we find
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the decay widths appearing in Eqs. (30)-(32) depend on the consideration of �(2170) as a

�f0(980) state. Thus, the particular values found for the B1, B2 and B3 ratios are related to

the nature, not only of �(2170), but also to the one of K(1460), K+
1 (1270) and K+

1 (1400).

In Ref. [1], the values (in eV) for the products Br�e+e�
R are

Br[�R ! K+(1460)K�]�e+e�

R = 3.0± 3.8,

Br[�R ! K+
1 (1400)K

�]�e+e�

R =

8
<

:
4.7± 3.3, Solution 1

98.8± 7.8, Solution 2
,

Br[�R ! K+
1 (1270)K

�]�e+e�

R =

8
<

:
7.6± 3.7, Solution 1

152.6± 14.2, Solution 2
, (33)

having two possible solutions in case of the processes �(2170) ! K+
1 (1400)K

�, K+
1 (1270)K

�

from the fits to the data. Using Eq. (33), we can determine the experimental values for the

B1, B2 and B3 ratios, finding

Bexp
1 =

8
<

:
0.64± 0.92, Solution 1,

0.03± 0.04, Solution 2,

Bexp
2 =

8
<

:
0.40± 0.54, Solution 1,

0.02± 0.03, Solution 2,

Bexp
3 =

8
<

:
1.62± 1.38, Solution 1,

1.55± 0.19, Solution 2.
(34)

Considering now the decay widths listed in Tables I-III, we can calculate the ratios in

Eqs. (30), (31), (32). We present the results in Tables IV-VI. Since the decay widths obtained

in this work do not depend much on the form factors considered, the values presented for

the ratios correspond to the average of the results obtained with di↵erent form factors.

The ratio B1 [see Eq. (30)] involves the decay width of �(2170) ! K+
1 (1400)K

�, thus, it

can be calculated within the models B and C. The results obtained in the former case are

compatible with the experimental value related to solution 1, while the results in the latter

case are closer to the experimental value obtained from solution 2. Although the results

obtained in model C can also be compatible with the value found from solution 1 due to the

uncertainty present in the experimental data.

As can be seen from Table V, the value of B2 depends on the description considered for

K+
1 (1270). Within model A [in this case, K1(1270) has a double pole structure], we find

20

the decay widths appearing in Eqs. (30)-(32) depend on the consideration of �(2170) as a

�f0(980) state. Thus, the particular values found for the B1, B2 and B3 ratios are related to

the nature, not only of �(2170), but also to the one of K(1460), K+
1 (1270) and K+

1 (1400).

In Ref. [1], the values (in eV) for the products Br�e+e�
R are

Br[�R ! K+(1460)K�]�e+e�

R = 3.0± 3.8,

Br[�R ! K+
1 (1400)K

�]�e+e�

R =

8
<

:
4.7± 3.3, Solution 1

98.8± 7.8, Solution 2
,

Br[�R ! K+
1 (1270)K

�]�e+e�

R =

8
<

:
7.6± 3.7, Solution 1

152.6± 14.2, Solution 2
, (33)

having two possible solutions in case of the processes �(2170) ! K+
1 (1400)K

�, K+
1 (1270)K

�

from the fits to the data. Using Eq. (33), we can determine the experimental values for the

B1, B2 and B3 ratios, finding

Bexp
1 =

8
<

:
0.64± 0.92, Solution 1,

0.03± 0.04, Solution 2,

Bexp
2 =

8
<

:
0.40± 0.54, Solution 1,

0.02± 0.03, Solution 2,

Bexp
3 =

8
<

:
1.62± 1.38, Solution 1,

1.55± 0.19, Solution 2.
(34)

Considering now the decay widths listed in Tables I-III, we can calculate the ratios in

Eqs. (30), (31), (32). We present the results in Tables IV-VI. Since the decay widths obtained

in this work do not depend much on the form factors considered, the values presented for

the ratios correspond to the average of the results obtained with di↵erent form factors.

The ratio B1 [see Eq. (30)] involves the decay width of �(2170) ! K+
1 (1400)K

�, thus, it

can be calculated within the models B and C. The results obtained in the former case are

compatible with the experimental value related to solution 1, while the results in the latter

case are closer to the experimental value obtained from solution 2. Although the results

obtained in model C can also be compatible with the value found from solution 1 due to the

uncertainty present in the experimental data.

As can be seen from Table V, the value of B2 depends on the description considered for

K+
1 (1270). Within model A [in this case, K1(1270) has a double pole structure], we find

20

final state couples rather more strongly to the pole z1. Thus, when comparing our results

with the experimental information, as we present in the subsequent paragraphs, it might be

more meaningful to consider the decay widths obtained from the superposition of the two

poles. In any case, if the two pole nature of K1(1270) is confirmed, the results in Ref. [1] on

the related process may require a revision.

Within the mixing scheme of model B, we find that the results obtained for the decay

width of �(2170) ! K+
1 (1270)K

� are similar to the ones calculated with model A for the

pole z2. Such a result could be in line with the fact that the mass of K1(1270) in model B

is very similar to the mass value associated with the pole z2 in model A.

Interestingly, if we consider model C, where we used the experimental data available in

Ref. [36] to estimate the couplings of K+
1 (1270) and K+

1 (1400) to the �K+ channel, we find

two di↵erent scenarios for the decay width of �(2170) ! K+
1 (1270)K

�. In one of them,

which corresponds to using solution S1 of Eq. (18), the results are compatible with those

found in the model A. In the second scenario, which uses solutions S2 or S3 of Eq. (18), a

much bigger decay width for �(2170) ! K+
1 (1270)K

� is obtained, which would constitute

a sizeable part of the total width of �(2170).

B. Branching ratios

In Ref. [1], the partial decay widths of �(2170) ! K+(1460)K�,K+
1 (1400)K

�,K+
1 (1270)K

�

were not measured. Instead, the products Br�e+e�
R , with �e+e�

R being the partial decay width

of �(2170) ! e+e� and Br the branching fraction for each of the �(2170) ! RK� processes,

with R = K+(1460), K+
1 (1400), K

+
1 (1270), were extracted. Since the decay width �e+e�

R is

not known, we can use the information provided in Ref. [1] to calculate the ratios

B1 ⌘
��R!K+(1460)K�

��R!K+
1 (1400)K�

=
Br[�R ! K+(1460)K�]

Br[�R ! K+
1 (1400)K

�]
, (30)

B2 ⌘
��R!K+(1460)K�

��R!K+
1 (1270)K�

=
Br[�R ! K+(1460)K�]

Br[�R ! K+
1 (1270)K

�]
, (31)

B3 ⌘
��R!K+

1 (1270)K�

��R!K+
1 (1400)K�

=
Br[�R ! K+

1 (1270)K
�]

Br[�R ! K+
1 (1400)K

�]
, (32)

and compare with our results. Note that although the above ratios do not depend on the

coupling g�R!�f0 , the triangular loops and the other vertices involved in the calculation of
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the decay widths appearing in Eqs. (30)-(32) depend on the consideration of �(2170) as a

�f0(980) state. Thus, the particular values found for the B1, B2 and B3 ratios are related to

the nature, not only of �(2170), but also to the one of K(1460), K+
1 (1270) and K+

1 (1400).

In Ref. [1], the values (in eV) for the products Br�e+e�
R are

Br[�R ! K+(1460)K�]�e+e�

R = 3.0± 3.8,

Br[�R ! K+
1 (1400)K

�]�e+e�

R =

8
<

:
4.7± 3.3, Solution 1

98.8± 7.8, Solution 2
,

Br[�R ! K+
1 (1270)K

�]�e+e�

R =

8
<

:
7.6± 3.7, Solution 1

152.6± 14.2, Solution 2
, (33)

having two possible solutions in case of the processes �(2170) ! K+
1 (1400)K

�, K+
1 (1270)K

�

from the fits to the data. Using Eq. (33), we can determine the experimental values for the

B1, B2 and B3 ratios, finding

Bexp
1 =

8
<

:
0.64± 0.92, Solution 1,

0.03± 0.04, Solution 2,

Bexp
2 =

8
<

:
0.40± 0.54, Solution 1,

0.02± 0.03, Solution 2,

Bexp
3 =

8
<

:
1.62± 1.38, Solution 1,

1.55± 0.19, Solution 2.
(34)

Considering now the decay widths listed in Tables I-III, we can calculate the ratios in

Eqs. (30), (31), (32). We present the results in Tables IV-VI. Since the decay widths obtained

in this work do not depend much on the form factors considered, the values presented for

the ratios correspond to the average of the results obtained with di↵erent form factors.

The ratio B1 [see Eq. (30)] involves the decay width of �(2170) ! K+
1 (1400)K

�, thus, it

can be calculated within the models B and C. The results obtained in the former case are

compatible with the experimental value related to solution 1, while the results in the latter

case are closer to the experimental value obtained from solution 2. Although the results

obtained in model C can also be compatible with the value found from solution 1 due to the

uncertainty present in the experimental data.

As can be seen from Table V, the value of B2 depends on the description considered for

K+
1 (1270). Within model A [in this case, K1(1270) has a double pole structure], we find

20

the decay widths appearing in Eqs. (30)-(32) depend on the consideration of �(2170) as a

�f0(980) state. Thus, the particular values found for the B1, B2 and B3 ratios are related to

the nature, not only of �(2170), but also to the one of K(1460), K+
1 (1270) and K+

1 (1400).

In Ref. [1], the values (in eV) for the products Br�e+e�
R are

Br[�R ! K+(1460)K�]�e+e�

R = 3.0± 3.8,

Br[�R ! K+
1 (1400)K

�]�e+e�

R =

8
<

:
4.7± 3.3, Solution 1

98.8± 7.8, Solution 2
,

Br[�R ! K+
1 (1270)K

�]�e+e�

R =

8
<

:
7.6± 3.7, Solution 1

152.6± 14.2, Solution 2
, (33)

having two possible solutions in case of the processes �(2170) ! K+
1 (1400)K

�, K+
1 (1270)K

�

from the fits to the data. Using Eq. (33), we can determine the experimental values for the

B1, B2 and B3 ratios, finding

Bexp
1 =

8
<

:
0.64± 0.92, Solution 1,

0.03± 0.04, Solution 2,

Bexp
2 =

8
<

:
0.40± 0.54, Solution 1,

0.02± 0.03, Solution 2,

Bexp
3 =

8
<

:
1.62± 1.38, Solution 1,

1.55± 0.19, Solution 2.
(34)

Considering now the decay widths listed in Tables I-III, we can calculate the ratios in

Eqs. (30), (31), (32). We present the results in Tables IV-VI. Since the decay widths obtained

in this work do not depend much on the form factors considered, the values presented for

the ratios correspond to the average of the results obtained with di↵erent form factors.

The ratio B1 [see Eq. (30)] involves the decay width of �(2170) ! K+
1 (1400)K

�, thus, it

can be calculated within the models B and C. The results obtained in the former case are

compatible with the experimental value related to solution 1, while the results in the latter

case are closer to the experimental value obtained from solution 2. Although the results

obtained in model C can also be compatible with the value found from solution 1 due to the

uncertainty present in the experimental data.

As can be seen from Table V, the value of B2 depends on the description considered for

K+
1 (1270). Within model A [in this case, K1(1270) has a double pole structure], we find

20

the decay widths appearing in Eqs. (30)-(32) depend on the consideration of �(2170) as a

�f0(980) state. Thus, the particular values found for the B1, B2 and B3 ratios are related to

the nature, not only of �(2170), but also to the one of K(1460), K+
1 (1270) and K+

1 (1400).

In Ref. [1], the values (in eV) for the products Br�e+e�
R are

Br[�R ! K+(1460)K�]�e+e�

R = 3.0± 3.8,

Br[�R ! K+
1 (1400)K

�]�e+e�

R =

8
<

:
4.7± 3.3, Solution 1

98.8± 7.8, Solution 2
,

Br[�R ! K+
1 (1270)K

�]�e+e�

R =

8
<

:
7.6± 3.7, Solution 1

152.6± 14.2, Solution 2
, (33)

having two possible solutions in case of the processes �(2170) ! K+
1 (1400)K

�, K+
1 (1270)K

�

from the fits to the data. Using Eq. (33), we can determine the experimental values for the

B1, B2 and B3 ratios, finding

Bexp
1 =

8
<

:
0.64± 0.92, Solution 1,

0.03± 0.04, Solution 2,

Bexp
2 =

8
<

:
0.40± 0.54, Solution 1,

0.02± 0.03, Solution 2,

Bexp
3 =

8
<

:
1.62± 1.38, Solution 1,

1.55± 0.19, Solution 2.
(34)

Considering now the decay widths listed in Tables I-III, we can calculate the ratios in

Eqs. (30), (31), (32). We present the results in Tables IV-VI. Since the decay widths obtained

in this work do not depend much on the form factors considered, the values presented for

the ratios correspond to the average of the results obtained with di↵erent form factors.

The ratio B1 [see Eq. (30)] involves the decay width of �(2170) ! K+
1 (1400)K

�, thus, it

can be calculated within the models B and C. The results obtained in the former case are

compatible with the experimental value related to solution 1, while the results in the latter

case are closer to the experimental value obtained from solution 2. Although the results

obtained in model C can also be compatible with the value found from solution 1 due to the

uncertainty present in the experimental data.

As can be seen from Table V, the value of B2 depends on the description considered for

K+
1 (1270). Within model A [in this case, K1(1270) has a double pole structure], we find
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TABLE IV. Results for the branching ratio B1. The label “Experiment” refers to the values given

in Eq. (34).

B1

Our results
Model B 0.62± 0.20

Model C 0.11± 0.04

Experiment
Solution 1 0.64± 0.92

Solution 2 0.03± 0.04

TABLE V. Results for the ratio B2. The label “Experiment” refers to the values given in Eq. (34).

B2

Our results

Model A

1.3± 0.4 (Poles z1, z2)

3.6± 1.2 (Pole z1)

8.8± 2.8 (Pole z2)

Model B 16± 6

Model C

1.2± 0.4 (Solution S1)

0.12± 0.04 (Solution S2)

0.05± 0.02 (Solution S3)

Experiment
Solution 1 0.40± 0.54

Solution 2 0.02± 0.03

that the interference between the two poles leads to a value which is closer to the upper limit

for this ratio obtained with solution 1 of the BESIII Collaboration. We also find that the

contribution from the individual poles of K+
1 (1270) produces a larger value for B2, which is

not compatible with the experimental value. In the model B, the values obtained for B2 are

not compatible with those determined from the experimental data. In case of using model

C, solutions S2 and S3 give rise to a value for B2 which is compatible with solution 2 of

Ref. [1]. Solution S1, instead, produces a value for B2 which is compatible with solution 1

of Ref. [1].

The results for the ratio B3 can be found in Table VI. Since this ratio involves the decay

width of �(2170) ! K+
1 (1400)K

�, we evaluate it within models B and C. Although, due

to the similarity between the decay width for �(2170) ! K+
1 (1270)K

� within model A
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TABLE IV. Results for the branching ratio B1. The label “Experiment” refers to the values given

in Eq. (34).

B1

Our results
Model B 0.62± 0.20

Model C 0.11± 0.04

Experiment
Solution 1 0.64± 0.92

Solution 2 0.03± 0.04

TABLE V. Results for the ratio B2. The label “Experiment” refers to the values given in Eq. (34).

B2

Our results

Model A

1.3± 0.4 (Poles z1, z2)

3.6± 1.2 (Pole z1)

8.8± 2.8 (Pole z2)

Model B 16± 6

Model C

1.2± 0.4 (Solution S1)

0.12± 0.04 (Solution S2)

0.05± 0.02 (Solution S3)

Experiment
Solution 1 0.40± 0.54

Solution 2 0.02± 0.03

that the interference between the two poles leads to a value which is closer to the upper limit

for this ratio obtained with solution 1 of the BESIII Collaboration. We also find that the

contribution from the individual poles of K+
1 (1270) produces a larger value for B2, which is

not compatible with the experimental value. In the model B, the values obtained for B2 are

not compatible with those determined from the experimental data. In case of using model

C, solutions S2 and S3 give rise to a value for B2 which is compatible with solution 2 of

Ref. [1]. Solution S1, instead, produces a value for B2 which is compatible with solution 1

of Ref. [1].

The results for the ratio B3 can be found in Table VI. Since this ratio involves the decay

width of �(2170) ! K+
1 (1400)K

�, we evaluate it within models B and C. Although, due

to the similarity between the decay width for �(2170) ! K+
1 (1270)K

� within model A
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TABLE VI. Results for the ratio B3. The label “Experiment” refers to the values given in Eq. (34).

B3

Our results

Model B 0.04± 0.01

Model C

0.09± 0.02 (Solution S1)

0.96± 0.16 (Solution S2)

2.40± 0.40 (Solution S3)

Experiment
Solution 1 1.62± 1.38

Solution 2 1.55± 0.19

(considering the superposition of two poles for K1(1270)) and solution S1 of model C, it can

be inferred that the ratio B3 (under solution S1 in Table VI) represent the result for both

cases. It can be said, then, that for solution S1, as well as for model A, the results can be

considered to be closer to the lower limit of solution 1 presented in Table VI. Solutions S2

and S3 of model C are compatible with the data.

To summarize the findings of the present work, we can state:

• The �f0 description of �(2170) can straightforwardly explain its suppressed decay to

K̄⇤(892)K⇤(892), which is one of the findings of the BESIII Collaboration.

• A branching ratio B1 [defined in Eq. (30)] for the �(2170) decay to final states involving

K(1460) and K1(1400) is calculated treating the former as a Kf0 state and the latter

within two di↵erent models. One of the models (model B) relates K1(1270) and

K1(1400) through a mixing angle [27], while the other one (model C) is based on a

phenomenological determination of the K1(1400)�K coupling using the information

available on its hadronic and radiative decays. The results obtained within both

models are compatible with the ratio evaluated using experimental data.

• A ratio B2 [defined in Eq. (31)] for the �(2170) decay to final states involving K(1460)

and K1(1270) is obtained using yet another model (model A) for the latter one, besides

the two mentioned in the previous point. Within model A, K1(1270) is interpreted as

a state, related to two poles in the complex energy plane, arising from pseudoscalar-

vector meson dynamics. The ratio B2 obtained within model A is in agreement with the

data, when the superposition of the two poles is considered. The former result is found
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Model A: Molecular model for 

Model B: Mixing scheme

Model C: Phenomenological (radiative decays)

K1(1270)

B1 =
ΓϕR→K+(1460)K−

ΓϕR→K+
1 (1400)K−

B2 =
ΓϕR→K+(1460)K−

ΓϕR→K+
1 (1270)K−

B3 =
ΓϕR→K+(1270)K−

ΓϕR→K+
1 (1400)K−
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2 Theoretical Framework

The coupled channel calculation of Ref. [29] shows that the rescattering of a Kaon with the

D and D̄⇤, which cluster to form X(3872) in isospin 0 and Zc(3900) in isospin 1, generates

a I(JP ) = 1/2(1�) K⇤ state with a mass around 4307 MeV, which is below the KDD̄⇤

threshold, thus, it is a bound state. When considering the width of Zc(3900), which is

around 28 MeV, a width close to 18 MeV is found for the K⇤(4307) state. A K⇤ state

with such an internal structure can naturally decay to three-body channels, like J/ ⇡K,

since the state itself is obtained as a consequence of the three-body dynamics involved in

the KDD̄⇤ system. However, it can also decay to two-body channels. In this latter case,

due to the nature found for K⇤(4307) in Ref. [29], such a decay mechanism can proceed

through triangular loops (see Fig. 1) and we can have as main decay channels J/ K⇤(892),

D̄D⇤
s , D̄

⇤D⇤
s , and D̄Ds (see Fig. 2). In order to avoid confusion between K⇤(4307) and

K⇤(892) and to simplify the notation, we shall, henceforth, denote the former as K⇤
R
and

the latter as K⇤.

From the results of Ref. [29], the coupling of K⇤
R

to KZc(3900) is around 4 times

bigger than that to KX(3872), thus, when calculating the decay width of K⇤
R

(which is

proportional to the squared coupling of K⇤
R
to KZc or KX), the contribution arising from

– 3 –

Figure 3. Diagrammatical representation of the decay B+ ! J/ ⇡+⇡�K+ through K⇤(4307)
formation.
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�
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As we mentioned in the introduction, the decay B+ ! J/ ⇡+⇡�K+ has been used

for the experimental investigation of the properties of X(3872). In this reaction, the re-

construction of the J/ ⇡�K+ invariant mass distribution, can also serve to investigate the

properties of K⇤(4307). For the process B+ ! J/ ⇡+⇡�K+, as can be seen in Fig. 3,

the formation of K⇤(4307) is completely analogous to the one shown in Fig. 1(b), with

the exception that the vertices K⇤0(4307) ! Z0
c (3900)K

0 ! J/ ⇡0K0 should be replaced

by K⇤0(4307) ! Z�
c (3900)K+ ! J/ ⇡�K+. This makes that the product of the cou-

pling constants gK⇤0(4307)!Z0
c (3900)

gK0Z0
c!J/ ⇡0 appearing in the amplitude related to the

diagram in Fig. 1(b) should be substituted by gK⇤0(4307)!K+Z�
c (3900)gZ�

c !J/ ⇡� , which, by

using the corresponding Clebsch-Gordan coe�cients, is
p
2 times bigger than the former

product. In this way, the calculation of the decay width for B+ ! J/ ⇡+⇡�K+ and the

determination of the J/ ⇡�K+ invariant mass distribution is completely analogous to the

one for the reaction B+ ! J/ ⇡+⇡0K0, but we have now contribution from only one

Feynman diagram instead of two (see Fig. 3) and the couplings, as explained above, are

di↵erent.
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a I(JP ) = 1/2(1�) K⇤ state with a mass around 4307 MeV, which is below the KDD̄⇤

threshold, thus, it is a bound state. When considering the width of Zc(3900), which is

around 28 MeV, a width close to 18 MeV is found for the K⇤(4307) state. A K⇤ state

with such an internal structure can naturally decay to three-body channels, like J/ ⇡K,

since the state itself is obtained as a consequence of the three-body dynamics involved in

the KDD̄⇤ system. However, it can also decay to two-body channels. In this latter case,

due to the nature found for K⇤(4307) in Ref. [29], such a decay mechanism can proceed

through triangular loops (see Fig. 1) and we can have as main decay channels J/ K⇤(892),
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s , D̄

⇤D⇤
s , and D̄Ds (see Fig. 2). In order to avoid confusion between K⇤(4307) and

K⇤(892) and to simplify the notation, we shall, henceforth, denote the former as K⇤
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and

the latter as K⇤.

From the results of Ref. [29], the coupling of K⇤
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to KZc(3900) is around 4 times

bigger than that to KX(3872), thus, when calculating the decay width of K⇤
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As we mentioned in the introduction, the decay B+ ! J/ ⇡+⇡�K+ has been used

for the experimental investigation of the properties of X(3872). In this reaction, the re-

construction of the J/ ⇡�K+ invariant mass distribution, can also serve to investigate the

properties of K⇤(4307). For the process B+ ! J/ ⇡+⇡�K+, as can be seen in Fig. 3,

the formation of K⇤(4307) is completely analogous to the one shown in Fig. 1(b), with

the exception that the vertices K⇤0(4307) ! Z0
c (3900)K

0 ! J/ ⇡0K0 should be replaced

by K⇤0(4307) ! Z�
c (3900)K+ ! J/ ⇡�K+. This makes that the product of the cou-

pling constants gK⇤0(4307)!Z0
c (3900)

gK0Z0
c!J/ ⇡0 appearing in the amplitude related to the

diagram in Fig. 1(b) should be substituted by gK⇤0(4307)!K+Z�
c (3900)gZ�

c !J/ ⇡� , which, by

using the corresponding Clebsch-Gordan coe�cients, is
p
2 times bigger than the former

product. In this way, the calculation of the decay width for B+ ! J/ ⇡+⇡�K+ and the

determination of the J/ ⇡�K+ invariant mass distribution is completely analogous to the

one for the reaction B+ ! J/ ⇡+⇡0K0, but we have now contribution from only one

Feynman diagram instead of two (see Fig. 3) and the couplings, as explained above, are

di↵erent.
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coupling in Eq. (2.11) in the range allowed by the related error and we associate a 10%

error to the coupling constants of Zc(3900) to the J/ ⇡ system and of K⇤(4307) to the

KZc(3900) system. We then generate random numbers inside these intervals and obtain

the mean value for the branching ratio and the standard deviation. By doing this, we

obtain the band shown in Fig. 4 and the estimated branching ratio becomes

BR = (1.05 ± 0.2) ⇥ 10�8. (3.1)

In case of the decay B+ ! J/ ⇡+⇡�K+, the d�/dsJ/ ⇡�K+ distribution is shown

in Fig. 5 as a function of the J/ ⇡�K+ invariant mass, i.e.,
p
s134 in Fig. 3. As can be

seen, a peak structure related to the formation of K⇤(4307) is observed, together with an

enhancement around 4400 MeV, as in case of Fig. 4 and which is related to the threshold

of the K � Zc system. The error band shown in the figure has been obtained in the same

way as that of Fig. 4 and the solid line represents the result found with a cut-o↵ of 700

MeV.

4200 4400 4600 4800 5000p
s134 (MeV)
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1

2

3

(d
�
/d

s 1
34
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�
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�

2 )

⇥10�14

Figure 5. Invariant mass distribution, divided by the full width of the B+ meson, as a function
of the invariant mass of the J/ ⇡�K+ system, i.e.,

p
s134 in Fig. 3. The solid line and band have

the same meaning as that in Fig. 4.

4 Conclusion

By using isospin average masses between the members of the same multiplet, we have

determined the J/ ⇡±,0K+,0 invariant mass distributions of B+ ! J/ ⇡+⇡0K0 and

B+ ! J/ ⇡+⇡�K+ with the purpose of analyzing the signal related to the formation

of K⇤(4307). We find that the reconstruction of the J/ ⇡K invariant mass distributions

for the reactions would show formation of theK⇤(4307) and the branching ratio determined

for B ! ⇡K⇤(4307) ! ⇡KZc(3900) ! ⇡KJ/ ⇡ is ⇠ 10�8. We hope that this calculation

motivates the search of the K⇤(4307), formed as a consequence of the dynamics involved

– 10 –



CONCLUSIONS
•  as a  state: 


- Explains its suppressed decay to .


-  as a state which couples to ,  mixing angle scheme/


  phenomenological approach: compatible results for .


-  as state related to two poles arising from PV dynamics/


  phenomenological approach for . Compatible results for 


  . The mixing scheme considered for  is not compatible.


- The ratio  is compatible with the mixing scheme/phenomenological approach.


•  resonance with hidden charm is predicted around 4307 MeV (also found by Ma, Wang, Meissner in Chin. Phys. C43, 


  014102 (2019) and by Tian-Wei Wu, Ming-Zhu Liu, Li-Sheng Geng in Phys. Rev. D103,3 (2021))
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B3 =
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ΓϕR→K+
1 (1400)K−

K*



arise as a result of three-body interactions. In Ref. [14] three-body scattering equations were

solved for the �KK̄ system, allowing each of the subsystems to interact in s-wave. As a

consequence, a resonance was found to appear with mass around 2150 MeV when the KK̄

subsystem interacts in isospin zero with an invariant mass ⇠ 980 MeV. In other words, the

�(2170) resonance is found when the �KK̄ system acts e↵ectively as �f0(980). A study of

a di↵erent three-body system, replacing � by a kaon, was done in Ref. [23]. In this case,

a resonance with mass ⇠ 1460 MeV was found when the KK̄ system assembles itself as

f0(980). The state obtained in Ref. [23] was associated with K(1460). Using the findings

of Refs. [14, 23] for �(2170), K(1460) and keeping in mind that K1(1270) and K1(1400)

decay to vector-pseudoscalar channels with large branching ratios, we consider that �(2170)

decays to the aforementiond channels through the diagrams shown in Fig. 1.

FIG. 1. Decay mechanism of �(2170) to K+(1460)K� (left), K+
1 (1400)K� and K+

1 (1270)K�

(right). We use the nomenclature �R ⌘ �(2170), f0 ⌘ f0(980), KR ⌘ K(1460) and K1 can

represent either K1(1400) or K1(1270).

As can be seen, due to the nature and properties of the states involved, the processes

�(2170) ! K+(1460)K�, K+
1 (1400)K

�, K+
1 (1270)K

� proceed through a triangular loop of

a virtual �, f0(980) and K± (henceforth, for the sake of convenience, we shall denote �(2170)

as �R, K(1460) as KR, f0(980) as f0 and use K1 for K1(1400) and K1(1270) whenever there

is no need to distinguish them).

Considering �R as a �f0(980) resonance, the situation is di↵erent for the decay process

�R ! K⇤+(892)K⇤�(892) (see Fig. 2). In this case the �f0(980) structure of �R suppresses

the decay to K⇤+(892)K⇤�(892) as compared to the ones shown in Fig. 1. This is because

the former process involves more than one loop (of triangular or higher topologies), as can

be seen in Fig. 2. Thus, within a �f0(980) molecular type description for �(2170), one of

the main conclusions of Ref. [1] gets naturally explained.

Let us now determine the amplitudes for the processes shown in Fig. 1 to calculate the

5

BACKUP SLIDES: SOME MORE DETAILS OF THE MODEL

• Triangular loops:

18) Palomar, Roca, Oset, Vacas, Nucl. Phys. A729, 743 (2003)

 as mixed states: K1(1270) & K1(1400) K1A, K1B

- Tensor meson formalism for the vector mesons (rank 2)
- Couplings of  to  are obtainedK1(1270) & K1(1400) ϕK

tK+
1 →ϕK+ = gK+

1 →ϕKϵK+
1

⋅ ϵϕ

⟹

factor |1 +G�f0T�f0!�f0 |2, where G�f0 is the loop function for the virtual �f0(980) state (a

cut-o↵ of the order M� +Mf0 is used to regularize it).

Appendix B: Evaluation of the decay width for the process K+
1 ! �K+

In the tensor formalism of Ref. [27], the decay width of K+
1 ! �K+, �T

K+
1 !�K+ , can be

determined as

�T
K+

1 !�K+ =
|gT

K+
1 !�K+ |2

2⇡

1

N

MK1+a�K1Z

MK1�a�K1

dM̃K1(2M̃K1)
|~p|
M̃2

K1

h
1 +

2

3

|~p|
M2

�

i

⇥ Im

"
1

M̃2
K1

�M2
K1

+ iMK1�K1

#
✓(M̃K1 �M� �MK)✓(M̃K1 �M⇡ �MK⇤(892)),

(B1)

where we incorporate the e↵ect of the finite width of K1 by convoluting on its mass. Typi-

cally, in the integral limits, a value a ' 2 � 3 is used to cover the energy region associated

with the resonance. The Heaviside ✓-functions in Eq. (B1) guarantee energy conservation

as well as that K1 has a mass big enough for decaying to its lowest decay channel when

convoluting. In Eq. (B1), |~p| is the modulus of the center of mass momentum, N is a

normalization factor given by

N =

MK1+a�K1Z

MK1�a�K1

dM̃K1(2M̃K1)Im

"
1

M̃2
K1

�M2
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+ iMK1�K1
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, (B2)

and, from Ref. [27],

gT
K+

1 !�K+ =

8
<

:
cos↵D̃ + sen↵F̃ , for K1(1270),

sen↵D̃ � cos↵F̃ , for K1(1400).
(B3)

Using the values of D̃ and F̃ , as a function of the mixing angle, ↵, as given in (Table 7 of)

Ref. [27], we get

�T
K+

1 (1270)!�K+ =

8
>>><

>>>:

0.030 MeV, ↵ = 29�,

0.023 MeV, ↵ = 47�,

0.043 MeV, ↵ = 62�,

�T
K+

1 (1400)!�K+ =

8
>>><

>>>:

6.7 MeV, ↵ = 29�,

6.7 MeV, ↵ = 47�,

6.6 MeV, ↵ = 62�.
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factor |1 +G�f0T�f0!�f0 |2, where G�f0 is the loop function for the virtual �f0(980) state (a

cut-o↵ of the order M� +Mf0 is used to regularize it).
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where we incorporate the e↵ect of the finite width of K1 by convoluting on its mass. Typi-
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Using now Eq. (3), the decay width ofK+
1 ! �K+ can be determined within the approach

in which vector and axial mesons are described as vector fields instead of second rank tensor

fields. In this case, the decay width of K+
1 ! �K+ is obtained as
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The value |gK+
1 !�K+ | is determined by equating Eqs. (B5) and (B4).

Appendix C: Determination of the K1 ! �K coupling within a phenomenological

approach

Let us examine how to get the K1�K coupling using the data on radiative and hadronic

decays. We start by considering that the radiative decay of K1 proceeds through the vector

meson dominance mechanism [44, 53, 56]. In this way, the decay of K0
1 ! �K0 at the tree

level can be described as depicted in Fig. 5. Since the decay widths for K0
1 ! ⇢0K0, !K0

FIG. 5. Diagrammatic representation of the process K0
1 ! �K0, where K0

1 represents K0
1 (1270)

or K0
1 (1400).

are known [36], we can determine |gK0
1!⇢0K0 | and |gK0

1!!K0 | and use the information to

calculate |gK0
1!�K0 | such as to reproduce the known radiative decay width of K0

1 . If we

use the expression in Eq. (3) to describe the vertex K0
1 ! V K0, where V = ⇢0, !, �, the

amplitude obtained for the process represented in Fig. 5 is given by
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arise as a result of three-body interactions. In Ref. [14] three-body scattering equations were

solved for the �KK̄ system, allowing each of the subsystems to interact in s-wave. As a

consequence, a resonance was found to appear with mass around 2150 MeV when the KK̄

subsystem interacts in isospin zero with an invariant mass ⇠ 980 MeV. In other words, the

�(2170) resonance is found when the �KK̄ system acts e↵ectively as �f0(980). A study of

a di↵erent three-body system, replacing � by a kaon, was done in Ref. [23]. In this case,

a resonance with mass ⇠ 1460 MeV was found when the KK̄ system assembles itself as

f0(980). The state obtained in Ref. [23] was associated with K(1460). Using the findings

of Refs. [14, 23] for �(2170), K(1460) and keeping in mind that K1(1270) and K1(1400)

decay to vector-pseudoscalar channels with large branching ratios, we consider that �(2170)

decays to the aforementiond channels through the diagrams shown in Fig. 1.

FIG. 1. Decay mechanism of �(2170) to K+(1460)K� (left), K+
1 (1400)K� and K+

1 (1270)K�

(right). We use the nomenclature �R ⌘ �(2170), f0 ⌘ f0(980), KR ⌘ K(1460) and K1 can

represent either K1(1400) or K1(1270).

As can be seen, due to the nature and properties of the states involved, the processes

�(2170) ! K+(1460)K�, K+
1 (1400)K

�, K+
1 (1270)K

� proceed through a triangular loop of

a virtual �, f0(980) and K± (henceforth, for the sake of convenience, we shall denote �(2170)

as �R, K(1460) as KR, f0(980) as f0 and use K1 for K1(1400) and K1(1270) whenever there

is no need to distinguish them).

Considering �R as a �f0(980) resonance, the situation is di↵erent for the decay process

�R ! K⇤+(892)K⇤�(892) (see Fig. 2). In this case the �f0(980) structure of �R suppresses

the decay to K⇤+(892)K⇤�(892) as compared to the ones shown in Fig. 1. This is because

the former process involves more than one loop (of triangular or higher topologies), as can

be seen in Fig. 2. Thus, within a �f0(980) molecular type description for �(2170), one of

the main conclusions of Ref. [1] gets naturally explained.

Let us now determine the amplitudes for the processes shown in Fig. 1 to calculate the
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The value |gK+
1 !�K+ | is determined by equating Eqs. (B5) and (B4).
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decays. We start by considering that the radiative decay of K1 proceeds through the vector

meson dominance mechanism [44, 53, 56]. In this way, the decay of K0
1 ! �K0 at the tree

level can be described as depicted in Fig. 5. Since the decay widths for K0
1 ! ⇢0K0, !K0
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are known [36], we can determine |gK0
1!⇢0K0 | and |gK0

1!!K0 | and use the information to

calculate |gK0
1!�K0 | such as to reproduce the known radiative decay width of K0

1 . If we

use the expression in Eq. (3) to describe the vertex K0
1 ! V K0, where V = ⇢0, !, �, the

amplitude obtained for the process represented in Fig. 5 is given by
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where the Lagrangian [44]

LV!� = �M2
V

e

g
Aµ

⇣ 1

3
p
2
!µ +

1p
2
⇢0µ �

1

3
�µ

⌘
, (C2)

with Aµ denoting the photon field, e2 = 4⇡↵ (↵ is the structure constant) and g = MV
2f⇡

(MV ' M⇢, f⇡ ' 93 MeV), has been used for the V ! � transition. As can be seen by

replacing ✏� ! p, the amplitude in Eq. (C1) is not gauge invariant. An alternative way of

determining gK0
1!�K0 would be to attribute a tensor field to the vector/axial mesons [51, 52].

The amplitude for K0
1 ! �K0 in such a formalism is explicitly gauge invariant. In fact, in

the tensor formalism of Refs. [27, 51, 52],
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with FV ' 154 MeV, and, the decay width of K0
1 ! �K0 is given by
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We now determine the values of |gTK0
1!⇢0K0 | and |gTK0

1!!K0 | within the tensor formalism

such as to reproduce the experimental data on the decay widths of K1 ! ⇢K and K1 ! !K.

Let us discuss first the case of K1(1270). According to Ref. [36],

�exp
K1(1270)

= 90± 20 MeV,

�exp
K1(1270)!K⇢ = (0.42± 0.06)�Kexp

1 (1270),

�exp
K1(1270)!K! = (0.11± 0.02)�Kexp

1 (1270),

�exp
K0

1 (1270)!K0�
= (73.2± 6.1± 28.3) KeV. (C5)

By using Eq. (B1), substituting � ! ⇢, !, and by generating random numbers for the known

widths forK1(1270) ! K⇢, K! (in the interval allowed by the related error) we can estimate

|gTK0
1!⇢0K0 | and |gTK0

1!!K0 |, and find

|gTK0
1 (1270)!⇢0K0 | = 1104± 77 MeV, |gTK0

1 (1270)!!K0 | = 1514± 102 MeV. (C6)

In this case, when obtaining |gTK0
1!⇢0K0 |, we use isospin relations and the width of the ⇢-

meson is taken into account by considering another integral around the nominal mass of ⇢ in
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arise as a result of three-body interactions. In Ref. [14] three-body scattering equations were

solved for the �KK̄ system, allowing each of the subsystems to interact in s-wave. As a

consequence, a resonance was found to appear with mass around 2150 MeV when the KK̄

subsystem interacts in isospin zero with an invariant mass ⇠ 980 MeV. In other words, the

�(2170) resonance is found when the �KK̄ system acts e↵ectively as �f0(980). A study of

a di↵erent three-body system, replacing � by a kaon, was done in Ref. [23]. In this case,

a resonance with mass ⇠ 1460 MeV was found when the KK̄ system assembles itself as

f0(980). The state obtained in Ref. [23] was associated with K(1460). Using the findings

of Refs. [14, 23] for �(2170), K(1460) and keeping in mind that K1(1270) and K1(1400)

decay to vector-pseudoscalar channels with large branching ratios, we consider that �(2170)

decays to the aforementiond channels through the diagrams shown in Fig. 1.

FIG. 1. Decay mechanism of �(2170) to K+(1460)K� (left), K+
1 (1400)K� and K+

1 (1270)K�

(right). We use the nomenclature �R ⌘ �(2170), f0 ⌘ f0(980), KR ⌘ K(1460) and K1 can

represent either K1(1400) or K1(1270).

As can be seen, due to the nature and properties of the states involved, the processes

�(2170) ! K+(1460)K�, K+
1 (1400)K

�, K+
1 (1270)K

� proceed through a triangular loop of

a virtual �, f0(980) and K± (henceforth, for the sake of convenience, we shall denote �(2170)

as �R, K(1460) as KR, f0(980) as f0 and use K1 for K1(1400) and K1(1270) whenever there

is no need to distinguish them).

Considering �R as a �f0(980) resonance, the situation is di↵erent for the decay process

�R ! K⇤+(892)K⇤�(892) (see Fig. 2). In this case the �f0(980) structure of �R suppresses

the decay to K⇤+(892)K⇤�(892) as compared to the ones shown in Fig. 1. This is because

the former process involves more than one loop (of triangular or higher topologies), as can

be seen in Fig. 2. Thus, within a �f0(980) molecular type description for �(2170), one of

the main conclusions of Ref. [1] gets naturally explained.

Let us now determine the amplitudes for the processes shown in Fig. 1 to calculate the
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Using now Eq. (3), the decay width ofK+
1 ! �K+ can be determined within the approach

in which vector and axial mesons are described as vector fields instead of second rank tensor
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The value |gK+
1 !�K+ | is determined by equating Eqs. (B5) and (B4).
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decays. We start by considering that the radiative decay of K1 proceeds through the vector

meson dominance mechanism [44, 53, 56]. In this way, the decay of K0
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1!�K0 | such as to reproduce the known radiative decay width of K0
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with Aµ denoting the photon field, e2 = 4⇡↵ (↵ is the structure constant) and g = MV
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(MV ' M⇢, f⇡ ' 93 MeV), has been used for the V ! � transition. As can be seen by

replacing ✏� ! p, the amplitude in Eq. (C1) is not gauge invariant. An alternative way of
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We now determine the values of |gTK0
1!⇢0K0 | and |gTK0

1!!K0 | within the tensor formalism

such as to reproduce the experimental data on the decay widths of K1 ! ⇢K and K1 ! !K.

Let us discuss first the case of K1(1270). According to Ref. [36],
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By using Eq. (B1), substituting � ! ⇢, !, and by generating random numbers for the known

widths forK1(1270) ! K⇢, K! (in the interval allowed by the related error) we can estimate
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1!!K0 |, and find
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1 (1270)!!K0 | = 1514± 102 MeV. (C6)

In this case, when obtaining |gTK0
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arise as a result of three-body interactions. In Ref. [14] three-body scattering equations were

solved for the �KK̄ system, allowing each of the subsystems to interact in s-wave. As a

consequence, a resonance was found to appear with mass around 2150 MeV when the KK̄

subsystem interacts in isospin zero with an invariant mass ⇠ 980 MeV. In other words, the

�(2170) resonance is found when the �KK̄ system acts e↵ectively as �f0(980). A study of

a di↵erent three-body system, replacing � by a kaon, was done in Ref. [23]. In this case,

a resonance with mass ⇠ 1460 MeV was found when the KK̄ system assembles itself as

f0(980). The state obtained in Ref. [23] was associated with K(1460). Using the findings

of Refs. [14, 23] for �(2170), K(1460) and keeping in mind that K1(1270) and K1(1400)

decay to vector-pseudoscalar channels with large branching ratios, we consider that �(2170)

decays to the aforementiond channels through the diagrams shown in Fig. 1.

FIG. 1. Decay mechanism of �(2170) to K+(1460)K� (left), K+
1 (1400)K� and K+

1 (1270)K�

(right). We use the nomenclature �R ⌘ �(2170), f0 ⌘ f0(980), KR ⌘ K(1460) and K1 can

represent either K1(1400) or K1(1270).

As can be seen, due to the nature and properties of the states involved, the processes

�(2170) ! K+(1460)K�, K+
1 (1400)K

�, K+
1 (1270)K

� proceed through a triangular loop of

a virtual �, f0(980) and K± (henceforth, for the sake of convenience, we shall denote �(2170)

as �R, K(1460) as KR, f0(980) as f0 and use K1 for K1(1400) and K1(1270) whenever there

is no need to distinguish them).

Considering �R as a �f0(980) resonance, the situation is di↵erent for the decay process

�R ! K⇤+(892)K⇤�(892) (see Fig. 2). In this case the �f0(980) structure of �R suppresses

the decay to K⇤+(892)K⇤�(892) as compared to the ones shown in Fig. 1. This is because

the former process involves more than one loop (of triangular or higher topologies), as can

be seen in Fig. 2. Thus, within a �f0(980) molecular type description for �(2170), one of

the main conclusions of Ref. [1] gets naturally explained.

Let us now determine the amplitudes for the processes shown in Fig. 1 to calculate the
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Phenomenological approach for :K1(1270) & K1(1400)
- Available data on the radiative decays
- Vector meson dominance: Couplings of  
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Using now Eq. (3), the decay width ofK+
1 ! �K+ can be determined within the approach

in which vector and axial mesons are described as vector fields instead of second rank tensor

fields. In this case, the decay width of K+
1 ! �K+ is obtained as

�K+
1 !�K+ =

|gK+
1 !�K+ |2
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The value |gK+
1 !�K+ | is determined by equating Eqs. (B5) and (B4).

Appendix C: Determination of the K1 ! �K coupling within a phenomenological

approach

Let us examine how to get the K1�K coupling using the data on radiative and hadronic

decays. We start by considering that the radiative decay of K1 proceeds through the vector

meson dominance mechanism [44, 53, 56]. In this way, the decay of K0
1 ! �K0 at the tree

level can be described as depicted in Fig. 5. Since the decay widths for K0
1 ! ⇢0K0, !K0

FIG. 5. Diagrammatic representation of the process K0
1 ! �K0, where K0

1 represents K0
1 (1270)

or K0
1 (1400).

are known [36], we can determine |gK0
1!⇢0K0 | and |gK0

1!!K0 | and use the information to

calculate |gK0
1!�K0 | such as to reproduce the known radiative decay width of K0

1 . If we

use the expression in Eq. (3) to describe the vertex K0
1 ! V K0, where V = ⇢0, !, �, the

amplitude obtained for the process represented in Fig. 5 is given by
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We use the tensor formalism for 
vector mesons: Tree level term is 
gauge invariant

where the Lagrangian [44]
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with Aµ denoting the photon field, e2 = 4⇡↵ (↵ is the structure constant) and g = MV
2f⇡

(MV ' M⇢, f⇡ ' 93 MeV), has been used for the V ! � transition. As can be seen by

replacing ✏� ! p, the amplitude in Eq. (C1) is not gauge invariant. An alternative way of

determining gK0
1!�K0 would be to attribute a tensor field to the vector/axial mesons [51, 52].

The amplitude for K0
1 ! �K0 in such a formalism is explicitly gauge invariant. In fact, in

the tensor formalism of Refs. [27, 51, 52],
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with FV ' 154 MeV, and, the decay width of K0
1 ! �K0 is given by
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We now determine the values of |gTK0
1!⇢0K0 | and |gTK0

1!!K0 | within the tensor formalism

such as to reproduce the experimental data on the decay widths of K1 ! ⇢K and K1 ! !K.

Let us discuss first the case of K1(1270). According to Ref. [36],

�exp
K1(1270)

= 90± 20 MeV,

�exp
K1(1270)!K⇢ = (0.42± 0.06)�Kexp

1 (1270),

�exp
K1(1270)!K! = (0.11± 0.02)�Kexp

1 (1270),

�exp
K0

1 (1270)!K0�
= (73.2± 6.1± 28.3) KeV. (C5)

By using Eq. (B1), substituting � ! ⇢, !, and by generating random numbers for the known

widths forK1(1270) ! K⇢, K! (in the interval allowed by the related error) we can estimate

|gTK0
1!⇢0K0 | and |gTK0

1!!K0 |, and find

|gTK0
1 (1270)!⇢0K0 | = 1104± 77 MeV, |gTK0

1 (1270)!!K0 | = 1514± 102 MeV. (C6)

In this case, when obtaining |gTK0
1!⇢0K0 |, we use isospin relations and the width of the ⇢-

meson is taken into account by considering another integral around the nominal mass of ⇢ in
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Fixed to reproduce the experimental 
data on the decay width

We use the experimental data We get the coupling in the Tensor

formalism

: we can determine ΓT
K1→ϕK ∼ ΓK1→ϕK

|gK1→ϕK |
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arise as a result of three-body interactions. In Ref. [14] three-body scattering equations were

solved for the �KK̄ system, allowing each of the subsystems to interact in s-wave. As a

consequence, a resonance was found to appear with mass around 2150 MeV when the KK̄

subsystem interacts in isospin zero with an invariant mass ⇠ 980 MeV. In other words, the

�(2170) resonance is found when the �KK̄ system acts e↵ectively as �f0(980). A study of

a di↵erent three-body system, replacing � by a kaon, was done in Ref. [23]. In this case,

a resonance with mass ⇠ 1460 MeV was found when the KK̄ system assembles itself as

f0(980). The state obtained in Ref. [23] was associated with K(1460). Using the findings

of Refs. [14, 23] for �(2170), K(1460) and keeping in mind that K1(1270) and K1(1400)

decay to vector-pseudoscalar channels with large branching ratios, we consider that �(2170)

decays to the aforementiond channels through the diagrams shown in Fig. 1.

FIG. 1. Decay mechanism of �(2170) to K+(1460)K� (left), K+
1 (1400)K� and K+

1 (1270)K�

(right). We use the nomenclature �R ⌘ �(2170), f0 ⌘ f0(980), KR ⌘ K(1460) and K1 can

represent either K1(1400) or K1(1270).

As can be seen, due to the nature and properties of the states involved, the processes

�(2170) ! K+(1460)K�, K+
1 (1400)K

�, K+
1 (1270)K

� proceed through a triangular loop of

a virtual �, f0(980) and K± (henceforth, for the sake of convenience, we shall denote �(2170)

as �R, K(1460) as KR, f0(980) as f0 and use K1 for K1(1400) and K1(1270) whenever there

is no need to distinguish them).

Considering �R as a �f0(980) resonance, the situation is di↵erent for the decay process

�R ! K⇤+(892)K⇤�(892) (see Fig. 2). In this case the �f0(980) structure of �R suppresses

the decay to K⇤+(892)K⇤�(892) as compared to the ones shown in Fig. 1. This is because

the former process involves more than one loop (of triangular or higher topologies), as can

be seen in Fig. 2. Thus, within a �f0(980) molecular type description for �(2170), one of

the main conclusions of Ref. [1] gets naturally explained.

Let us now determine the amplitudes for the processes shown in Fig. 1 to calculate the
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3. Model C: A phenomenological approach to describe the K1�K vertex

Instead of considering a molecular nature for K1(1270) or using an approach based on

treating K1(1270) and K1(1400) as mixture of states belonging to axial nonets, we can

determine the couplings of K1(1270) and K1(1400) to �K phenomenologically, by using the

available data on the hadronic and radiative decay of these states [36]. We refer the reader

to appendix C for the details on the evaluation of the coupling K1 ! �K within this model.

Given the uncertainties in the experimental data, three di↵erent solutions are found for

|gK+
1 (1270)!�K+ |, which are

|gK+
1 (1270)!�K+ | =

8
>>><

>>>:

3967± 419 MeV, Solution S1,

12577± 763 MeV, Solution S2,

19841± 1177 MeV, Solution S3.

(18)

In case of the process K+
1 (1400) ! �K+ we obtain the following value

|gK+
1 (1400)!�K+ | = 8480± 1333 MeV. (19)

A word of caution is here in order: it is important to recall that information from direct

measurements of processes like K1(1270) ! �K is not available and the radiative decay

widths of K1(1270) and K1(1400) are extracted through Primako↵ e↵ect, by assuming that

they are a mixture of the K1A and K1B states mentioned in the previous section. Thus, if the

K1 resonances have a di↵erent origin, and are not related through a mixing angle, then the

experimental information available [36] on the radiative decay widths of K1, and, hence, the

results obtained on �(2170) ! K+
1 (1270)K

� andK+
1 (1400)K

� within this phenomenological

approach, will be required to be revised.

E. Decay widths of �(2170) into a kaonic resonance plus a K̄

The decay widths for the processes shown in Fig. 1 can be obtained as

� =

Z
d⌦

|~p|
32⇡2M2

�(2170)

X

pol

|t|2, (20)

where
R
d⌦ is the solid angle integration, t represents the amplitude for each of the processes

depicted in Fig. 1, and the symbol
P
pol

indicates sum over the polarizations of the particles in
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