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In this work, we study the radiative and strong decay of S -wave KK;(1400) molecular state within the effec-
tive Lagrangians approach and find the relation between the KK (1400) molecular state and the newly observed
171(1855) state by comparing with the BESIII observation. The prediction indicates that the decay width can
reach up to 195.06*>1%8 MeV, which can be confronted with the experimental data. If the n;(1855) could be

-5.13

S -wave KK, (1400) molecular state, the KK*r three-body decay provides the dominant contribution, not the

channel found in the experiment. In addition, the partial width for 7;(1855) — y¢ can reach up to 17.67

+0.38
-0.62

KeV. Those results can be measured in future experiments and used to test the nature of the 7,(1855).

PACS numbers:
I. INTRODUCTION

In fact, the molecular state composed of K*) meson in the
light flavor sector has been widely studied. For example, the
A(1405) seems more natural to be interpreted as a molecu-
lar state of KN and its coupled channel [1, 2], which is sup-
ported by the lattice-QCD simulations [3, 4]. The structure
and quark content of f,(980) and a((980) are predictions as
being a KK molecule state [5, 6]. In Refs. [7-11], the axial-
vector meson fi(1285) can be well taken as a K*K molec-
ular state. Among them, the theoretical calculations on the
decay £,(1285) — may(980) within the K*K molecular pic-
ture for f1(1285) [9] have been confirmed in a BESIII experi-
ment [12]. Following the LHCb observation of hidden-charm
pentaquark P.(4312,4440,4450) [13, 14] and their interpre-
tation as E(C*)D(*) [15, 16] molecules, two nucleon resonances
with a mass about 2.0 GeV, the N(1875) and the N(2100),
were also interpreted as hadronic molecular states from the
¥*K and XK* interactions, respectively [17, 18]. Moreover,
the interaction between K* and X can form a P-wave molecu-
lar state that can be associated to the Z(2030) [19]. The nar-
rower width of E(1620), £(1690), and Z(2120) can be easy
understood as molecular state with dominant KA — KX com-
ponent [20-22]. We also note that the KZ(1530) hadronic
molecular picture plays an important role in understanding
the observed Q(2012) [23-26]p. The more information about
the molecular state including the K meson can be found in
Ref. [27].

p Very recently, a meson named 77, (1855) was observed by
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the BESIII Collaboration in the analysis of the J/y — yni
reaction [28, 29]. The observed resonance masses, widths,
and favorable quantum numbers are

M=1855+9"¢ MeV,
[=188+18% MeV, JC =17, (1

respectively. From the point of the conventional quark states
that mesons are made of quark-antiquark pairs and baryons are
composed of three quarks, the spin-parity quantum number of
171(1855) cannot be reproduced. Hence, from the observed i1’
decay mode. Since the mass of r(1855) is about 40 MeV be-
low the threshold of KK, (1400), it is reasonable to regard it as
a bound state of KK;(1400). Indeed, the interaction between
the K and K;(1400) meson is studied in the one-boson ex-
change model and, with reasonable parameters, the 7;(1855)
can be understood as a KK;(1400) molecule [30].

Although the KK{(1400) molecular of 7;(1835) has been
successfully explained theoretically, the internal structure of
11(1855) is still controversial. The QCD axial anomaly sup-
ports the interpretation of the 7;(1855) as the 5sg hybrid me-
son [31]. Their results indicate that ;7 decay mode to be
a characteristic signal of the hybrid nature of the n;(1855).
To better understand the binding mechanisms present in
multiquark systems and help improve the understanding of
11 (1855), more studies on its spectroscopy and decay width
are needed.

In this work, we compute the possible two-body and three-
body partial decay widths of 7;(1855) by assuming 7;(1855)
as a KK;(1400) bound tate. Besides the P-wave nn decay
model, the transitions from 7 (1855) to final states KK*,K*K*,
f(1285)n, KnK*, KKp, and KKw are allowed. Moreover, the
radiative decay width of KK{(1400) molecular state are also
evaluated.

This work is organized as follows. The theoretical formal-
ism is explained in Sec. II. The predicted partial decay widths
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are presented in Sec. III, followed by a short summary in the
last section.

II. THEORETICAL FORMALISM
A. The decay 7,(1855) — n17, £1(1285)n, K*K*,and KK*

We first compute the two-body strong decay widths. The
relevant Feynman diagrams for the process 7;(1855) — 1,
£1(1285)n, K*K*,and KK* are shown in Fig. 1. The dominant
mechanism of the vector meson exchanges (o, w, ¢, K*) are
considered. To evaluate the diagrams shown in Fig. 1, the
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FIG. 1: Feynman diagrams for 1, (1855) — 717, f;(1285)n, and KK*
decay processes. The contributions from #-channel K*, p, 7, ¢ and w
mesons are considered. We also show the definition of the kinemati-
cal (ko, p, g, p1, p2) that we use in the present calculation.

following effective Lagrangians are needed [32—34]

Lk =gurx Y, Caf [ dyoe)

i=KVKO K7 K*
x K(x + wK]“y)K'Ll(x — wgy) + h.c ()
Lype = iV2Gy([8,P, PIV*), 3)
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where Gy =~ 3.0 was estimated from the decay width of
p — an. The coupling constant G = 5;%; is determined
by the hidden gauge symmetry with g’ = 9" and Gy =55

V2fz?
MeV, f, = 93 MeV. Since the 1;(1855) carry quantum num-
bers JP¢ = 17+, the flavor function for a definite charge parity
C = +1 can be determined from Ref. [35]

KK, I=0)= \/g(f{?KO + K7 K™Y, (5)

with the following isospin assignments for K| and K,

g0 1 0 1 _1
(,’—?)~( 32 ),(,’§+)~('Zf 12>). ©)
1 _l 2> 3 ) | 757 >
That means the C; = 1/ V2, which is the product of the isospin
factor and charge parity factor.p
V. and P are the S U(3) vector and pseudoscalar meson ma-

trices, respectively, and (: - -) denotes the trace in the flavor.
The meson matrices are [32—-34]
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where 7 = 1y cos @p + 115 Sinpp and ' = nysinpp + nscospp,
¢p = —41.46°, which implies the mixing of strange and non-
strange isoscalar sector.

gnk k 18 the coupling constant and can be determined by
the compositeness condition [36, 37]. It tells us that the KK*
molecular state must meet a relation, in which the renormal-
ization constants of a bound state wave function should be
Zero
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In the above equation, Z;l is the transverse part of the mass
operator and relates to its mass operator via the relation

; Kk
(ko) = (g — 220)251 e (10)
0
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FIG. 2: the self-energy of 17;(1855)

Consider the lowest order self-energy diagram that is shown

in Fig. 2, the mass operator X4 (ko) can be determined by Eq.2

m
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Where w; = m;/(m; + m;) with m; is the masses of K; or K
meson. I'x, = 174 MeV is the width of constituent meson K.
Obviously, the correlation function ®(y?) is introduced to stop
the Feynmann diagrams ultraviolet infinite. It always makes
the amplitude for the Feynman diagram shown in Fig. 2 to
decrease fast to zero when ¢ varies from 0 to +co. Here, we
would like to apply a widely used form, which is

D(p*) = exp(—py/A?), (12)

where pg being the Euclidean Jacobi momentum. And A be-
ing the size parameter, which can only be determined from
experimental data. Fortunately, some stringent constraints for
the A value have been made by comparing with the experi-
mental data and is determined to be A ~ 1.0 GeV [16, 21, 38—
40]. Here the A dependence of the coupling constant g, kg, is
confirmed and the results are plot in Fig. 3.
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FIG. 3: (color online) The coupling constant of g, k,x as a function
of the parameter A.

The effective Lagrangian describing vertices related to K
have been constructed in Refs [30, 33, 34]. And we give their

explicit form as follow
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where a = 5.43 and b = —7.0 are determined by the decay
properties of f;(1420) and b;(1235) [30, 33]. 4’ = 1.15
and " = —0.73 are estimated by a quark model approach in
Ref [34]. The axial vector K;4 and pseudovector Kp are two
parts of the physical state K;(1400). And the mixing relation
is parameterized as [33]

|K1(1400)) = —isin¢g K4 + cos¢ Kip 3D

with the mixing angle ¢ = (56.4 + 4.3)°.
We also need the effective lagrangian for vertice K*Kfi,
which can be obtained from Ref. [7, 41]

Lixk = ~iHig KK £, (32)

where g;,=7.555 GeV is obtained in the chiral unitary ap-
p_roach [71. H; = —0.5 and 0.5 are for vertices KK*f; and
KK” fi, respectively.



Thus, we can obtain the following amplitudes for the decay
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In the above, ¥y = Py = 2 for V = p*,¢p while Fy = Py = 1
for V = p%,w. Moreover, Up = Rp = 2 and Up = Rp = 1 for
P = n* and P = n°, respectively.

B. Three-body decay

In this section, we study the three-body decays of 77;(1855)
by assuming it as KK; molecular. Such assignment for the
KK, can make 7,(1855) decay to the final states directly
through the simple tree diagram, rather than the loop diagram.
Because we think the two-body or three-body decay modes of
the multi-quark states through the tree diagram are usually the
dominant ones. Thus, we compute the decay of KK; molec-
ular into 7KK*, KKp, and KKw three-body final states, and
the relevant Feynman diagrams are shown in Fig. 4.

With the lagrangians shown in last section, the amplitudes
relates to the Fig. 4 can be simply got

M(— KrK*) = iIC gy k,kPl(pwk, — qugo)* 1W,
x &1 (p2)e* (ko) (44)

M(— KKp) = iIC g,k kPl(pwk, — quO)Z]Wyv
x " (p2)e* (ko) (45)

M(— KRw) = —iC gy k, kPL(pwi, — qugo) 1W,,,
x &7 (p2)&* (ko) (46)

where the 7 is the isospin factor that relate to & or p.



FIG. 4: Three-body decay feynman diagrams of 7,(1855).

C. Radiative decay

Here, we begin to compute the radiative decay. The inter-
action mechanisms for the processes 17;(1855) — yV (V =
w,p,$) can be divided into two categories. First includes
mechanisms with the decay of 17, (1855) to its molecular com-
ponent KK;. Then, the decay 7,(1855) — ¥V occur via the
transitions KK; — yV by considering K exchange. The
Feynman diagrams are shown in Fig. 5. In this work, the tran-
sition from 77;(1855) to yK°K through the tree diagram is ig-
nored due to the decay branching ratio of K; — yK? is small
and almost negligible.
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FIG. 5: The Feynman diagrams for the transition from n,(1855) to
yYp, yw, and y¢ under the KK assignment.

To calculate the amplitudes of these diagrams, it is essen-
tial to know the Lagrangians for yKK™ vertexes. Such La-
grangians have been constructed in Refs. [22, 41, 42], which
are in the form of

LyKK = ieAH(K7WK+ - 6“1(*[(*), (47)
Lykk = gr-k-e" P 0uA0. Ky K~
+ gK*oKoye”mﬁaﬂAvaaKgoKO, (48)

where the coupling constants gg-x-,=0.245GeV~' and
gxky=-0.388 GeV~! are determined from the experimental
widths T(K** — K*y) ~ 50 keV and T(K*® — K%) ~ 116
keV, respectively. The signs of gg.ko, is fixed according to
the quark model. e = Vara with « being the fine-structure
constant.

Then the radiative decay amplitudes corresponding to Fig. 5

can be obtained as follows
Moo = M), ,£0(P1) (49)
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where Ky = 1 for V = p,w and Ky = V2 for V = ¢.

We find that the relation p;,(M; + M,,)" is not equal to
zero. It means the amplitudes that we obtained currently
are not enough to satisfy the gauge invariance of the photon
filed. Therefore, the contact term M, that has been used in
Refs. [22, 43] must be included. The detailed calculations can
be found in these two works and are not shown here.

Once the amplitudes are calculated, we can obtain the par-
tial decay widths

L1 1P

dr ,KK*,yV) = — IMPdQ
(m —m V) U inem M

(52)

o R -

dT'(n; — K*Kn, KKp, KKw) = 571120 16082 M2 7]
X |p_)|dm12dQ;2de, (53)

where J is the total angular momentum of the n, |71] is the
three-momenta of the decay products in the center of mass
frame, the overline indicates the sum over the polarization
vectors of the final hadrons. The (ﬁ’;, Q’;,z) is the momentum
and angle of the particle K* or p,w in the rest frame of K* and
mor K and p,w , and Q,, is the angle of the K in the rest frame
of the decaying particle. The m, is the invariant mass for
and K or K and p,w ,with m; + my < mj; < M — mg.

III. RESULTS AND DISCUSSIONS

In this work, we compute the decay models of r;(1855).
It mainly decays to n, KK*,K*K*, f1(1285)n, KK*r, KKp,
and KKw by accepting that 17;(1855) is a KK; molecule. In
addition, its radiation decay widths are also studied and can
be better used to test the molecular nature of the 7;(1855).

In Fig. 3, the coupling constant g, k,x as a function of the
A are shown. We can find that the coupling constant g, x,x
decreases continuously but relatively slowly with the increase



of A. Varying the parameter A from 0.9 to 1.1 GeV, the real
and an imaginary component of the g, g, x runs from 4.16 to
4.67 and 7.53 to 7.78, respectively, which is not very sensitive
to the model parameter A. In particular, the Re[g, «,x] = 4.34
and Im[g,, k,x] = 7.64 when we adopt the value A = 1.0 GeV.

With the Lagrangians and the coupling constant g, x,x ob-
tained, the decay widths versus the model parameter A are cal-
culated and presented in Fig. 6. Among the two-body decay
models, we find that the partial decay width of K*K* chan-
nel is the largest, 75 and KK* channels are intermediate, and
f1(1285)n channel is the smallest. Such small f1(1285)n de-
cay width can be easily understood due to the smallest phase
space compared with the other two channels. The decay mode
nm is suppressed since it is a P-wave decay, rather than S -
wave because the lowest angular momentum gives the domi-
nant contribution.
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FIG. 6: Decay widths of 17, (1855) with black dash line for total decay
width, red dash dot line for KK*n channel, purple dash line for KKp
channel, green dash dot line for 77’ channel, blue dash dot line for
KK* channel, and brown dash dot dot line for KKw channel. The
cyan bands denote the experimental total width [28, 29].

However, the partial decay width of the 7;(1855) — K*K*
is much smaller than that of the KK*r three-body decay. De-
tailed numerical results are listed in Tab. I. We find that the
KK*n three-body decay width is estimated to be 142.07 MeV
at A = 1.0 GeV, which is approximately twenty-two times
bigger than that of the 7;(1855) — KK* decay. It is because
the KK, assignment for 7;(1855) can decay to the final state
KK*n by occurring at the tree level, rather than via the triangle
diagrams for the KK* decay. And the two-body or three-body
decay modes of the multi-quark states through the tree dia-
gram are usually the dominant ones. We also find that the par-
tial decay widths of KKp and K Kw channels are smaller than
that of KK*7 channel due to the relatively small space phase.
The more important reason for this is that K;(1400) has the
largest 1K* decay branching ratio, while the decay widths of
K1(1400) — Kp and K;(1400) — Kw are quite small, about

3% and 1% of K;(1400) experiment width, respectively [44].

TABLE I: Partial decay widths of 1,(1855) — nn’, KK*, K*K*,
£1(1285)n, KK*n, KKp, KKw, and the total decay width with A =
1.0 GeV. Error reflects variation of the A in from 0.9 to 1.1 GeV.

Strong Width(MeV) Radiative Width(KeV)
n’ 3 ‘98f8:g§ vp 12.63*014
KK* 2.92+01¢ yow 12.50+0.14
K*K* 6.36*35 ) 17.67+538
fin 151088
KKp 29.68%99
KRow 853103
KK'n 142.07+842
Total 195.06*3% Total 42.80*9%
Exp. [28, 29] 188 + 18*3

We also find that the total decay width is predicted to be
about 195.06*3 1§ MeV, which can be confronted with the ex-
perimental data. It means that the total experimental decay
width can be well reproduced, which provides direct evidence
that the observed 7;(1855) is an S -wave KK molecular state.
And many works [16, 21, 38—40] alway tell us that for an S -
wave molecule the coupling strength of a bound state to its
components is insensitive to the A, which reflects the inner
structure of the molecule.

As the same with the weak dependence of the coupling con-
stant on the parameter A, the strong decay models are not
also very sensitive to the model parameter A. The results
in Fig. 6 and Tab. I display that the partial decay widths of
m(1855) — nn', KK*, and f;(1285)n increase slowly from
3.30to4.71 MeV, 2.70 to 3.08 MeV, 1.51 to 1.54 MeV, respec-
tively. While the decay widths of the transition from 7;(1855)
to K*K*,KK*n,KKp, and K Kw monotonously decreases with
increasing A, variation from 9.29 to 4.15 MeV,150.49 to
140.42 MeV, 30.68 to 28.70 MeV, and 8.83 to 8.24 MeV, re-
spectively. Since the three-body transition is the main decay
channel, the dependence of the total decay width on A is the
same as that of the three-body decay width and can be found
in Fig. 6.

It is worth noting that the radiation decay width is not in-
cluded in the current total decay width. The main reason for
this is that the radiation decay width has the transition strength
often in the keV regime and is significantly lower than their
strong counterparts. However, radiative decay is a better way
to reveal the inner structure of an exotic state. This is because
the quark can interact directly with photons, which is different
from the 77;(1855) interacting with photons through its molec-
ular component KK;.

The dependence of the corresponding radiative decay
widths 17,(1855) — yp, 11(1855) — yw, and n;(1855) — y¢
on A are depicted in Fig. 7. Similar to the three-body decay
width, the radiative decay widths gradually decrease with the
increase of the A. And the dependency on A is also weak.
We also find that the 77;(1855) — ¢ is the main decay chan-
nel, while the 7;(1855) — yp and 7;(1855) — yw proved
a small contribution. A possible explain for this is that the



171(1855) — vyp and 1;(1855) — vyw involve the creation or
annihilation of two quark pairs, which are usually strongly
suppressed.
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FIG. 7: (color online) Partial decay widths of the 7,(1855) — yp,
171(1855) — yw, and 17;(1855) — y¢.

Detailed numerical results for 77;(1855) — yp, ,(1855) —
yw, and 11(1855) — y¢ are also presented in Table. I. The
center value corresponds to A = 1.0 GeV and error reflects
variation of the A in from 0.9 to 1.1 GeV. Our calculation in-
dicates the partial widths for r7;(1855) — yp, 7:(1855) — yw,
and 77;(1855) — 7y¢ are very small and are evaluated to be
12.63*037 KeV, 12.50%017 KeV, and 17.67*02% KeV, respec-
tively.

At present, our calculation supports the 77;(1855) is an S -
wave KK molecular state. We find that the KK*r three-body
decay provides the dominant contribution, not the 75" channel
found in the experiment. The experimental measurements for
such a strong decay process could be crucial to test the nature
of the 77, (1855). Because the 7 decay channel play the dom-
inant role when the 77;(1855) is explained as the 5sg hybrid
meson [31]. The partial width for 7,(1855) — y¢ can reach
up to 17.67t8:g§ KeV, which can be detected in many experi-
ment. Such as the LHCb experiment. It can also help us to
distinguish whether the 7;(1855) is a KK; molecular or 3sg
hybrid meson.

IV. SUMMARY

In this work, the newly observed exotic state 77;(1855) is
investigated in KK;(1400) molecular scenario. The coupling

between the 77;(1855) and its component KK is computed by
the Weinberg compositeness condition. With the help of an
effective Lagrangian approach, the two-body and three-body
strong decays of 77;(1855) are evaluated through a triangle di-
agram and tree-level diagram, respectively. The experimen-
tal analysis can be reproduced by our theoretical calculations
with that the numerical results are shown in Fig. 6 and Ta-
ble. I. The decay channel 7,(1855) — KK*m provides the
dominant contribution, instead of 77’ channel, which is ob-
served in BESIII Collaboration. Moreover, radiative decay of
11 (1855) into y¢, yw, and yp are also studied in this work.
The dominant channel is y¢, and the partial width can reach
up to 17.67 KeV. Further experiments in LHCb and BESII will
support a crucial test for our investigation.

Although the studies of Ref. [30] and our work seem to in-
dicate that the n;(1855) is a pure molecular state, we cannot
fully exclude other possible explanations such as the §sg hy-
brid meson [31] or compact multiquark state (as long as quan-
tum numbers allow, it might well be the case). Searching for
the radiative and strong decay model of 7;(1855) can help us
to understand its nature. This is because the different partial
decay widths rely on the structure assignments of 7;(1855).

Acknowledgements

Yin Huang acknowledges the YST Program of the APCTP.
This work was supported by the National Natural Science
Foundation of China under Grant No.12104076, the Science
and Technology Research Program of Chongqing Municipal
Education Commission (Grant No. KJQN201800510), and
the Opened Fund of the State Key Laboratory on Integrated
Optoelectronics (GrantNo. IOSKL2017KF19). We also want
to thanks the support from the Development and Exchange
Platform for the Theoretic Physics of Southwest Jiaotong Uni-
versity under Grants No.11947404 and No.12047576, and the
National Natural Science Foundation of China under Grant
No.12005177.

[1] E. Oset and A. Ramos, Nucl. Phys. A 635, 99-120 (1998).

[2] J. A. Oller and U. G. Meissner, Phys. Lett. B 500, 263-272
(2001).

[3] Y. Nemoto, N. Nakajima, H. Matsufuru and H. Suganuma,
Phys. Rev. D 68, 094505 (2003).

[4] J. M. M. Hall, W. Kamleh, D. B. Leinweber, B. J. Menadue,
B. J. Owen, A. W. Thomas and R. D. Young, Phys. Rev. Lett.

114,132002 (2015).
[5] H. A. Ahmed and C. W. Xiao, Phys. Rev. D 101,094034 (2020).
[6] L. Y. Dai and M. R. Pennington, Phys. Rev. D 90,036004
(2014).
[7] L. Roca, E. Oset and J. Singh, Phys. Rev. D 72, 014002 (2005).
[8] L. S. Geng, X. L. Ren, Y. Zhou, H. X. Chen and E. Oset, Phys.
Rev. D 92, 014029 (2015).



[9] F. Aceti, J. M. Dias and E. Oset, Eur. Phys. J. A 51,48 (2015).

[10] Y. Zhou, X. L. Ren, H. X. Chen and L. S. Geng, Phys. Rev. D
90, 014020 (2014).

[11] M. E M. Lutz and E. E. Kolomeitsev, Nucl. Phys. A 730, 392-
416 (2004).

[12] M. Ablikim et al. [BESIII], Phys. Rev. D 92, 012007 (2015).

[13] R. Aaij et al. [LHCb], Phys. Rev. Lett. 122, 222001 (2019).

[14] R. Aaij et al. [LHCb], Sci. Bull. 66, 1278-1287 (2021).

[15] J. He, Phys. Lett. B 753, 547-551 (2016).

[16] C.J. Xiao, Y. Huang, Y. B. Dong, L. S. Geng and D. Y. Chen,
Phys. Rev. D 100, 014022 (2019).

[17] J. He, Phys. Rev. D 95, 074031 (2017).

[18] J. He, Phys. Rev. C 91,018201 (2015).

[19] Y. Huang, R. Wang, J. He, J. J. Xie and L. Geng,
[arXiv:1806.05422 [hep-ph]].

[20] K. P. Khemchandani, A. Martinez Torres, A. Hosaka, H. Na-
gahiro, F. S. Navarra and M. Nielsen, Phys. Rev. D 97, 034005
(2018).

[21] Y. Huang and L. Geng, Eur. Phys. J. C 80,837 (2020).

[22] Y. Huang, F. Yang and H. Zhu, Chin. Phys. C 45, 073112
(2021).

[23] Y. Huang, M. Z. Liu, J. X. Lu, J. J. Xie and L. S. Geng, Phys.
Rev. D 98,076012 (2018).

[24] M. P. Valderrama, Phys. Rev. D 98,054009 (2018).

[25] Y. H. Lin and B. S. Zou, Phys. Rev. D 98,056013 (2018).

[26] N. Ikeno, G. Toledo and E. Oset, Phys. Rev. D 101,094016
(2020).

[27] F. K. Guo, C. Hanhart, U. G. Meifiner, Q. Wang, Q. Zhao and
B. S. Zou, Rev. Mod. Phys. 90, 015004 (2018).

[28] M. Ablikim, M. N. Achasov, P. Adlarson, S. Ahmed, M. Al-

brecht, R. Aliberti, A. Amoroso, M. R. An, Q. An and
X. H. Bai, et al. Phys. Rev. Lett. 129, no.19, 192002 (2022)

[29] M. Ablikim, M. N. Achasov, P. Adlarson, S. Ahmed, M. Al-
brecht, R. Aliberti, A. Amoroso, M. R. An, Q. An and
X. H. Bai, et al. Phys. Rev. D 106, no.7, 072012 (2022)

[30] X. K. Dong, Y. H. Lin and B. S. Zou, Sci. China Phys. Mech.
Astron. 65, no.6, 261011 (2022)

[31] H. X. Chen, N. Su and S. L. Zhu, Chin. Phys. Lett. 39, no.5,
051201 (2022)

[32] Z. L. Wang and B. S. Zou, Phys. Rev. D 99, 096014 (2019).

[33] F. Divotgey, L. Olbrich and F. Giacosa, Eur. Phys. J. A 49, 135
(2013).

[34] X. K. Dong and B. S. Zou, Eur. Phys. J. A 57, 139 (2021).

[35] Y. R. Liu, Phys. Rev. D 88, 074008 (2013).

[36] S. Weinberg, Phys. Rev. 130, 776 (1963).

[37] A. Salam, Nuovo Cim. 25, 224 (1962).

[38] Y. Huang, C. j. Xiao, Q. F. Lii, R. Wang, J. He and L. Geng,
Phys. Rev. D 97,094013 (2018).

[39] F. Yang, Y. Huang and H. Q. Zhu, Sci. China Phys. Mech. As-
tron. 64, 121011 (2021)

[40] Y. Dong, A. Faessler, T. Gutsche and V. E. Lyubovitskij, J. Phys.
G 38, 015001 (2011).

[41] J.J. Xie, G. Li and X. H. Liu, Chin. Phys. C 44, 114104 (2020).

[42] D.Y. Chen, Y. B. Dong and X. Liu, Eur. Phys. J. C 70, 177-182
(2010).

[43] H. Zhu and Y. Huang, Chin. Phys. C 44,083101 (2020).

[44] P. A. Zyla et al. [Particle Data Group], PTEP 2020, 083CO1
(2020).



	I Introduction
	II THEORETICAL FORMALISM
	A The decay 1(1855)', f1(1285), *K*,and K*
	B Three-body decay
	C Radiative decay

	III RESULTS And Discussions
	IV summary
	 Acknowledgements
	 References

