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We conducted a study using the modified Godfrey-Isgur quark model and quark pair creation model to
investigate the spectrum and two-body strong decays of the newly discovered κð2600Þ resonance by the
LHCb collaboration. Our analysis revealed that this resonance can be assigned as the fourth radial
excitation within the 0þ light strange meson family. Furthermore, we predicted additional radial excitations
in this meson family and systematically discussed their spectra, decay behaviors, and branching ratios.
These results provide critical guidance for future to identify their signatures in experiments.
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I. INTRODUCTION

Recently, the LHCb Collaboration reported the discov-
ery of a new resonance κð2600Þ [or named K�

0ð2600Þ in the
further states of Particle Data Group (PDG) [1] ] in the
Bþ → ðK0

SKπÞKþ decay channel, with a statistical signifi-
cance of 26.6σ, by analyzing the invariant mass spectrum of
Kπ. The new resonance has a mass of 2662� 59�
201 MeV (the natural unit system is adopted in this work,
where the speed of light c ¼ 1, and all mass units in the
following text are expressed in MeV) and a width of
480� 47� 72 MeV, respectively [2]. This discovery
intrigued us to investigate whether the κð2600Þ could
belong to the JP ¼ 0þ K mesons family.
P-wave K mesons have three J numbers under the

coupling of spin and orbital angular momentum,
2Sþ1LJ ¼ 1P1, 3P0, and 3P2. Li et al. discussed a new
structure Xð2085Þ in JP ¼ 1þ K meson family, and inves-
tigated the other members of this meson family [3]. In our
previous work, we studied the K�

2 meson family, especially
the K�

2ð1980Þ [4]. For the low-lying excited states of 0þ

light strange meson family, K�
0ð1430Þ is the ground state,

and K�
0ð1950Þ can be its first excited state [5,6]. For the

lowest scalar κð700Þ, it is widely believed that it may be an

exotic state [7–12]. Wang et al. identify that K�
0ð2130Þ can

be assigned as the second excited state of 0þ light strange
meson family [13]. In Ref. [13], the predicted mass and
width of the K�

0ð4PÞ state are 2404 and 180 MeV, respec-
tively, whereas its mass was 2424 MeV in our previous
work [6]. It is obvious that κð2600Þ could not be K�

0ð4PÞ
state. The internal structure of this state, as well as the
nature of the highly excited states of the 0þ light strange
meson family, becomes an interesting issue.
Regge trajectories are an efficient method for investigat-

ing the spectrum of meson families [14,15]. The following
relation holds for the masses and radial quantum numbers
of mesons within the same meson family

M2 ¼ M2
0 þ ðn − 1Þμ2; ð1:1Þ

whereM0 denotes the mass of the ground state, n represents
the radial quantum number of the corresponding meson
with the mass M, and μ2 is the trajectory slope. For the K�

0

family, we adopt μ2 ¼ 1.287 GeV2 as depicted in Fig. 1.
By analyzing the Regge trajectory, the results demonstrate

thatK�
0ð1430Þ,K�

0ð1950Þ, andK�
0ð2130Þ are the 1P, 2P, and

3P states, respectively. The newly observed state, κð2600Þ
can be a good candidate for the fourth radially excited state of
K�

0ð1430Þ. The K�
0ð4PÞ is still misty. The mass of K�

0ð4PÞ
given by the modified Godfrey-Isgur (MGI) model is
consistent with the value from the Regge trajectory and
the mass of K�

0ð6PÞ provided by the MGI model is slightly
smaller than that given by the Regge trajectory.
Both mass spectral analysis and two-body strong decay

calculations provide effective approaches to probe the
internal structure of mesons. Via the simple mass analysis,
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we find that κð2600Þ can be arranged as the fourth radially
excited state ofK�

0ð1430Þ. This preliminary conclusionneeds
to be substantiated with more quantitative analysis. We will
study the mass spectra of the 0þ light strange meson family
using the MGI model. In 1985, Godfrey and Isgur proposed
the Godfrey-Isgur (GI) quark model for describing relativ-
istic meson spectra with great success, exactly for low-lying
mesons [16], and for excited states, the screened potential
must be taken into account for coupled-channel effects [17–
24].We also study the two-body strong decays of the 0þ light
strange meson family through the quark pair creation model
(QPC model, also known as 3P0 model) which was initially
formulated byMicu [25] and is widely applied to the Okubo-
Zweig-Iizuka (OZI)-allowed two-body strong decays of
mesons in Refs. [4,6,20–24,26–46].
The paper is organized as follows: In Sec. II, we briefly

review the Regge trajectory, the MGI model, and the 3P0

model. In Sec. III, the obtained masses of the K�
0 family are

presented and comparedwith available experimental data and
other results from different models. Then, we systematically
study the OZI-allowed two-body strong decay behaviors of
the newly observed κð2600Þ and predicted statesK�

0ð4PÞ and
K�

0ð6PÞ. Finally, a conclusion is given in Sec. IV.

II. MODELS EMPLOYED IN THIS WORK

In this work, we employ two models, the MGI model and
the QPC model, which will be introduced in this section.
Taking the process K�

0ð2PÞ → K�ϕ as an example, the
parameter dependence in the QPC model will be analyzed.

A. The modified GI model

In 1985, Godfrey and Isgur proposed the GI quark model
for describing relativistic meson spectra with great success,
especially for low-lying mesons [16]. To describe the
excited states well, the screened potential term has been
introduced [17–24]. Then, Song et al. proposed the MGI

model [47] based on the GI model. And it has achieved
great success in calculating light meson spectroscopy [20–
24]. In the MGI model, the Hamiltonian reads

H̃ ¼
X
i

ðm2
i þ p2

i Þ1=2 þ Ṽeff ; ð2:1Þ

where mi denotes the mass of the quark or antiquark. The
masses adopted here are ms ¼ 0.377 GeV and muðdÞ ¼
0.162 GeV, which are smaller than those in the GI
model [ms ¼ 0.419 GeV, muðdÞ ¼ 0.22 GeV] [16], and
Ṽeff includes short-range γμ ⊗ γμ one-gluon-exchange
interaction and 1 ⊗ 1 linear confinement interaction
between q and q̄, which is given by

Ṽeff ¼ G̃12 þ Ṽcont þ Ṽ tens þ ṼsoðvÞ þ S̃12ðrÞ þ ṼsoðsÞ;

ð2:2Þ

where G̃12, Ṽcont, Ṽ tens, ṼsoðvÞ, S̃12ðrÞ, and ṼsoðsÞ are the
Coulomb potential term, the contact potential term, the
tensor potential term, the vector spin-orbit potential term,
the screened confinement potential term and the scalar
spin-orbit interaction term, respectively.
The spin-independent potential terms of the nonrelativ-

istic potential read

G̃ðrÞ ¼ −
X
k

4αk
3r

�
2ffiffiffi
π

p
Z

γkr

0

e−x
2

dx

�
; ð2:3Þ

where αk ¼ ð0.25; 0.15; 0.2Þ and γk ¼ ð1=2 GeV;ffiffiffiffiffi
10

p
=2 GeV;

ffiffiffiffiffiffiffiffiffiffi
1000

p
=2 GeVÞ for k ¼ 1, 2, 3 [16], and

SðrÞ ¼ bð1 − e−μrÞ
μ

þ c; ð2:4Þ

where μ ¼ 0.0779 GeV is the screening parameter given
by our previous work [48] and listed in Table I. This
parameter characterizes the strength of the color screening
effect, which is absent in the GI model and also represents
an improvement of the MGI model over the GI model [16].
The color screening effect leads to a significant suppression
of highly excited states’ masses compared to the GI model
[16]. And b is the confining parameter, while c is the
vacuum constant. As shown in Table I, since the quark
masses adopted in the MGI model of this work are all
smaller than those in the GI model, the energy density b of
the interquark string must be increased to fit the mass
spectrum, and the vacuum constant is also raised accord-
ingly. Here b ¼ 0.222 GeV2 and c ¼ −0.228 GeV, which
are taken from Ref. [48].
The effective potential Ṽeff considers relativistic effects,

particularly in meson systems, which are embedded in two
ways. First, a smearing function for a meson qq̄ is
introduced, which has the form

FIG. 1. The Regge trajectories for the K�
0 family. Here, open

circles represent theoretical values (obtained with the modified
Godfrey-Isgur model), and filled geometries indicate experimen-
tal measurements [1]. The radial quantum number, denoted by n,
corresponds to the meson in question.
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ρijðr − r0Þ ¼ σ3ij
π3=2

e−σ
2
ijðr−r0Þ2 ; ð2:5Þ

with

σ2ij ¼ σ20

�
1

2
þ 1

2

�
4mimj

ðmiþmjÞ2
�

4
�
þ s2

�
2mimj

miþmj

�
2

; ð2:6Þ

where σ0 ¼ 1.791 GeV is a universal parameter in
Eq. (2.6), and s ¼ 0.711 is a parameter related to heavy
quarkonium masses. Both the above two parameter values
shown in Table I are taken from Ref. [48]. The Coulomb
term G̃12ðrÞ is defined as

G̃ijðrÞ ¼
Z

d3r0 ρijðr − r0ÞGðr0Þ ¼
X
k

−
4αk
3r

erfðτkijrÞ;

ð2:7Þ

where the values of τkij read

τkij ¼
1ffiffiffiffiffiffiffiffiffiffiffiffiffi
1
σ2ij

þ 1
γ2k

q : ð2:8Þ

The potential S̃12ðrÞ can be expressed as

S̃12ðrÞ ¼
Z

d3r0 ρ12ðr− r0ÞSðr0Þ

¼ b
μr

�
rþ e

μ2

4σ2
þμr μþ 2rσ2

2σ2

�
1ffiffiffi
π

p
Z μþ2rσ2

2σ

0

e−x
2

dx−
1

2

�

− e
μ2

4σ2
−μr μ− 2rσ2

2σ2

�
1ffiffiffi
π

p
Z μ−2rσ2

2σ

0

e−x
2

dx−
1

2

��
þ c:

Second, due to relativistic effects, the general potential
should depend on the mass of the interacting quarks.
Momentum-dependent factors, which are unity in the
nonrelativistic limit, are applied as

G̃12ðrÞ → G̃12 ¼
�
1þ p2

E1E2

�
1=2

G̃12ðrÞ
�
1þ p2

E1E2

�
1=2

:

ð2:9Þ
The semirelativistic corrections of the spin-dependent
terms are written as

Ṽi
αβðrÞ → Ṽi

αβ ¼
�
mαmβ

EαEβ

�
1=2þϵi

Ṽi
αβðrÞ

�
mαmβ

EαEβ

�
1=2þϵi

;

ð2:10Þ

where Ṽi
αβðrÞ denote the contact term, the tensor term, the

vector and the scalar spin-orbit terms, and ϵi ¼ ϵc, ϵt, ϵsoðvÞ,
and ϵsoðsÞ impacts the potentials Ṽcont, Ṽ tens, ṼsoðvÞ, and
ṼsoðsÞ, respectively [22]. These relativistic correction
parameters are larger than their counterparts in the GI
model, which may also lead to more significant differences
in the wave functions for meson masses involving spin-spin
and spin-orbit couplings. They have the following forms

Ṽcont ¼ 2S1 · S2

3m1m2

∇2G̃c
12; ð2:11Þ

Ṽ tens ¼ −
�
3S1 · rS2 · r=r2 − S1 · S2

3m1m2

��
∂
2

∂r2
−
1

r
∂

∂r

�
G̃t

12;

ð2:12Þ

ṼsoðvÞ ¼ S1 ·L
2m2

1

1

r
∂G̃soðvÞ

11

∂r
þ S2 ·L

2m2
2

1

r
∂G̃soðvÞ

22

∂r

þ ðS1 þ S2Þ ·L
m1m2

1

r
∂G̃soðvÞ

12

∂r
; ð2:13Þ

ṼsoðsÞ ¼ −
S1 ·L
2m2

1

1

r
∂S̃soðsÞ11

∂r
−
S2 ·L
2m2

2

1

r
∂S̃soðsÞ22

∂r
: ð2:14Þ

The Hamiltonian matrix in Eq. (2.1) is diagonalized
using the simple harmonic oscillator (SHO) base, whose
functional form is given by

ψSHO
nLML

ðpÞ ¼ RSHO
nL ðp; βÞYLML

ðΩpÞ; ð2:15Þ

with

RSHO
nL ðp; βÞ ¼ ð−1Þðn−1Þð−iÞL

β3=2
NnLe

− p2

2β2

�
p
β

�
L

× LLþ1=2
n−1

�
p2

β2

�
; ð2:16Þ

TABLE I. The value of γ in the QPC model and the parameters
of the MGI model, which are all taken from Ref. [48]. The
parameter γ characterizes the strength of quark-pair creation in
the QPC model. muðdÞ and ms are the masses of the uðdÞ and s
quarks (or antiquarks), μ is the screening parameter, b is the
confining parameter, while c is the vacuum constant. σ0 is a
universal parameter in Eq. (2.6), and s is a parameter related to
heavy quarkonium masses. ϵc, ϵt, ϵsoðvÞ, and ϵsoðsÞ represent the
relativistic corrections to the potential terms Ṽcont, Ṽ tens, ṼsoðvÞ,
and ṼsoðsÞ, respectively.

Parameter Value Parameter Value

γ 10.16 σ0 (GeV) 1.791
muðdÞ (GeV) 0.162 s 0.711
ms (GeV) 0.377 μ (GeV) 0.0779
b (GeV2) 0.222 c (GeV) −0.228
ϵc −0.137 ϵsoðvÞ 0.0550
ϵsoðsÞ 0.366 ϵt 0.493
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NnL ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

2n!
Γðnþ Lþ 1=2Þ

s
; ð2:17Þ

where YLML
ðΩÞ is a spherical harmonic function,

LLþ1=2
n−1 ðxÞ is the associated Laguerre polynomial and

Γðnþ Lþ 1=2Þ is the gamma function. Then the mass
spectra of 0þ light strange meson family can be obtained,
which are listed in Table II. The spatial wave function of the
mesons can be expressed as

RnLðpÞ ¼
Xnmax

n¼1

CnRSHO
nL ðp; βÞ: ð2:18Þ

Then the SHO wave function depends only on a single
parameter: the harmonic oscillator scale β. If a wave
function is expanded in a complete set of SHO basis

functions, then in principle, the solution of the potential
model should be independent of the oscillator parameter β.
However, in practical calculations, the number of basis
functions used in the expansion is limited, which necessitates
choosing an appropriate value for the parameter β. An
effective method for selecting the parameter β is to choose
the value that minimizes the eigenvalue EnL, i.e., (

∂EnL
∂βi

¼ 0,
∂
2EnL
∂β2i

> 0), where i denotes different light mesons.

In this work, we set nmax ¼ 21. For the mesons
K�

0ð2PÞðK�
0ð1950ÞÞ, K�

0ð4PÞ, K�
0ð5PÞðκð2600ÞÞ, and

K�
0ð6PÞ, the corresponding β values take 0.475, 0.328,

0.301, and 0.258 GeV, respectively. The β values for the
other mesons mentioned in this work are listed in Table III
and the expansion coefficients Cn of K�

0ð2PÞ, K�
0ð4PÞ,

K�
0ð5PÞ, K�

0ð6PÞ, K�, and ϕ are listed in Table IV.
We give the model dependence of the radial wave

functions’ shapes of K�
0ð4PÞ, K�

0ð5PÞ, and K�
0ð6PÞ

TABLE II. The mass spectra of n3P0 states. The unit of mass is MeV.

n2sþ1LJ State This work GI [16] Ebert [49] Expt. [1]

13P0 K�
0ð1430Þ 1284 1233 1362 1425� 50 [1]

23P0 K�
0ð1950Þ 1829 1890 1791 1957� 14 [1]

33P0 K�
0ð2130Þ 2185 2356 2160 2128� 31� 9 [50]

43P0 K�
0ð4PÞ 2451 2749 … …

53P0 K�
0ð5PÞ 2659 3092 … 2662� 59� 201 [2]

63P0 K�
0ð6PÞ 2832 3404 … …

TABLE III. The β values in Eq. (2.18), the masses of the missing states, as well as some flavor mixing angles or spin mixing angles for
each state of the light mesons mentioned in this work. The particles ω, ρ, η0, ϕ, b1, h1, h01, a0, a1, a2, f1, K

�, K1, K0
1, and K

�
2 correspond

to the mesons ωð783Þ, ρð770Þ, η0ð958Þ, ϕð1020Þ, b1ð1235Þ, h1ð1170Þ, h1ð1380Þ, a0ð1450Þ, a1ð1260Þ, a2ð1320Þ, f1ð1285Þ, K�ð892Þ,
K1ð1270Þ, K1ð1400Þ, and K�

2ð1430Þ, respectively. ηð4SÞ, K1ð2PÞ, K1ð3PÞ, πð4SÞ, and so on, represent the states that exist theoretically
but have not yet been observed experimentally in Table VI, and their masses are calculated via the MGI model. βðComponentÞ
represents the β value of the component of the meson. For example, ½646ðnn̄ � cosð−39.3°ÞÞ; 781ðss̄ � sinð−39.3°ÞÞ� represents the
flavor wave function of η, which is ðnn̄ � cosð−39.3°ÞÞ þ ðss̄ � sinð−39.3°ÞÞ, the β value of the spatial wave function of nn̄
(ðuūþ dd̄Þ= ffiffiffi

2
p

) component is 646 MeV, and the β value of the spatial wave function of ss̄ component is 781 MeV. The units of mass
and β are MeV.

State(Mass) β State(Mass) β (Component) State(Mass) β State(Mass) β (Component)

K� 373 η [51] 646ðnn̄ � cosð−39.3°ÞÞ K�
0ð1430Þ 556 η0 [51] 646ð−nn̄ � sinð−39.3°ÞÞ

781ðss̄ � sinð−39.3°ÞÞ 781ðss̄ � cosð−39.3°ÞÞ
K�

0ð2130Þ 407 η0ð1475Þ [52] 507ð−nn̄ � sinð−39.3°ÞÞ a0 541 ηð4SÞð2119Þ 420ðnn̄Þ
580ðss̄ � cosð−39.3°ÞÞ

a0ð1740Þ 475 K2ð1770Þ [6] 458ð11D2 cosð−39°ÞÞ ρ3ð1690Þ 279 K0
2ð1820Þ [6] 458ð−11D2 sinð−39°ÞÞ

427ð13D2 sinð−39°ÞÞ 427ð13D2 cosð−39°ÞÞ
π 646 K1 [53] 566ð11P1 cosð−34°ÞÞ πð1300Þ 507 K1ð2PÞð1916Þ 434ð21P1 cosð−42°ÞÞ

537ð13P1 sinð−34°ÞÞ 447ð23P1 sinð−42°ÞÞ
πð1800Þ 484 K1ð3PÞð2260Þ 410ð31P1 cosð−42°ÞÞ πð4SÞð2119Þ 363 K1ð4PÞð2517Þ 336ð41P1 cosð−43°ÞÞ

382ð33P1 sinð−42°ÞÞ 328ð43P1 sinð−43°ÞÞ
K 632 K0

1 [53] 566ð−11P1 sinð−34°ÞÞ Kð1460Þ 524 K0
1ð2PÞð1760Þ 434ð−21P1 sinð−42°ÞÞ

537ð13P1 cosð−34°ÞÞ 447ð23P1 cosð−42°ÞÞ
Kð3SÞð1917Þ 476 K0

1ð3PÞð2111Þ 410ð−31P1 sinð−42°ÞÞ Kð4SÞð2261Þ 380 K0
1ð4PÞð2388Þ 336ð−41P1 sinð−43°ÞÞ

382ð33P1 cosð−42°ÞÞ 328ð43P1 cosð−43°ÞÞ
(Table continued)
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obtained with the MGI model (MGI wave function) and the
GI model (GI wave function) [16] in Fig. 2. The choice of
potential model significantly affects the radial spatial wave
functions (such as the positions of nodes and the maximum
values).
In Fig. 3, we show the β dependence of MGI wave

function of K�
0ð2PÞ and SHO wave function. We can

conclude that the β value (in the range of 0.25–
0.6 GeV) has very little influence on the shape of MGI
wave function as shown in Fig. 3(a). The wave func-
tions of K� and ϕ have no node as the ground states.
However, it can be seen from Fig. 3(b) that for the SHO
wave function of K�

0ð2PÞ, the node positions are sensitive
to the value of β.

TABLE III. (Continued)

Kð5SÞð2517Þ 343 K0
1ð5PÞð2608Þ 306ð−51P1 sinð−44°ÞÞ π2ð1880Þ [49] 336 K2ð2DÞð2165Þ 365ð21D2 cosð−44°ÞÞ

295ð53P1 cosð−44°ÞÞ 373ð23D2 sinð−44°ÞÞ
π2ð3DÞð2273Þ 317 K0

2ð2DÞð2074Þ 365ð−21D2 sinð−44°ÞÞ ρ2ð1DÞð1644Þ 411 K0
2ð3DÞð2355Þ 339ð−31D2 sinð−44°ÞÞ

373ð23D2 cosð−44°ÞÞ 338ð33D2 cosð−44°ÞÞ
ρ2ð2DÞð2001Þ 343 K2ð4DÞð2580Þ 293ð41D2 cosð−45°ÞÞ ρ 303 K3ð1FÞð2028ÞÞ 368ð11F3 cosð−44°ÞÞ

290ð43D2 sinð−45°ÞÞ 410ð13F3 sinð−44°ÞÞ
K�

2ð1980Þ 395 K3ð3FÞð2545ÞÞ 292ð11F3 cosð−45°ÞÞ a3ð2030Þ [49] 311 K0
3ð2FÞð2312ÞÞ 320ð−21F3 sinð−44°ÞÞ

301ð13F3 sinð−45°ÞÞ 316ð23F3 cosð−44°ÞÞ
ρð1450Þ [41] 477 K0

3ð3FÞð2545ÞÞ 292ð−31F3 sinð−45°ÞÞ K�
2 344 K4ð1GÞð2274Þ 315ð41D2 cosð−45°ÞÞ

301ð33F3 cosð−45°ÞÞ 337ð43D2 sinð−45°ÞÞ
a1 475 h1 [54] 571ðnn̄ � cosð4.4°ÞÞ a1ð1640Þ [55] 416 h01 [54] 571ðnn̄ � -sinð4.4°ÞÞ

631ð−ss̄ � sinð4.4°ÞÞ 631ðss̄ � cosð4.4°ÞÞ
a1ð3PÞð2065Þ 364 h1ð1595Þ [48] 404ðnn̄ � cosð4.4°ÞÞ b1 571 h1ð1965Þ [48] 398ðnn̄ � cosð4.4°ÞÞ

482ð−ss̄ � sinð4.4°ÞÞ 445ð−ss̄ � sinð4.4°ÞÞ
b1ð2PÞð1699Þ 404 h1ð2215Þ [48] 313ðnn̄ � cosð4.4°ÞÞ b1ð1960Þ [55] 398 ω 303ðnn̄Þ

368ð−ss̄ � sinð4.4°ÞÞ
b1ð2240Þ [55] 313 f3ð2050Þ [49] 311ðnn̄Þ a2 293 f1 [56] 475ðnn̄ � cosð−15.8°ÞÞ

588ðss̄ � sinð−15.8°ÞÞ
a3ð2275Þ [49] 254 f01 [56] 475ð−nn̄ � sinð−15°ÞÞ ρð1700Þ [41] 484 f1ð2PÞ ð1717Þ 395ðnn̄Þ

588ðss̄ � cosð−15°ÞÞ
K�ð1680Þ 487 f01ð2PÞð1739Þ 470ðss̄Þ K�ð3SÞ 379 f1ð3PÞ (2065) 364ðnn̄Þ
K�ð1410Þ 480 f2ð2PÞ (1739) 373ðnn̄Þ a2ð1700Þ [57] 395 ϕ 488ðss̄Þ

TABLE IV. The values of Cn (n ¼ 1 ∼ 21) to reproduce the numerical radial wave functions (obtained with the
MGI model) of K�

0ð2PÞ,K�
0ð4PÞ, K�

0ð5PÞ, K�
0ð6PÞ and the final channel K�ϕ in Figs. 2–4.

Cn K�
0ð2PÞ K�

0ð4PÞ K�
0ð5PÞ K�

0ð6PÞ K� ϕ

C1 0.222449 −0.0555655 0.0140115 −0.00276401 0.972251 0.98974
C2 0.75125 −0.28638 −0.119631 −0.0653887 0.157035 −0.00561464
C3 −0.353308 0.228128 −0.360601 0.0791252 0.150245 0.135653
C4 0.388185 0.614452 0.337153 0.502814 0.0582049 0.0117256
C5 −0.20643 −0.211652 0.402642 −0.156157 0.0492352 0.0379793
C6 0.193626 0.486748 −0.121086 −0.323823 0.026903 0.00892844
C7 −0.107969 −0.195027 0.47625 0.107893 0.0216017 0.0144072
C8 0.0999782 0.303553 −0.205859 −0.476104 0.0142003 0.00574549
C9 −0.0568647 −0.124537 0.36619 0.172665 0.0110234 0.006496
C10 0.0538771 0.180566 −0.168788 −0.397328 0.0081847 0.00364168
C11 −0.0307483 −0.0719283 0.251402 0.146651 0.0061147 0.00323952
C12 0.0302112 0.107503 −0.117035 −0.286246 0.00503853 0.00235587
C13 −0.0170692 −0.039884 0.166517 0.102934 0.00352374 0.00168728
C14 0.0174768 0.0647301 −0.0759667 −0.194213 0.00329114 0.00158749
C15 −0.00960039 −0.0210649 0.10914 0.0648543 0.0020084 0.000850251
C16 0.0102464 0.0391984 −0.0474513 −0.126728 0.00230035 0.00114293
C17 −0.00529678 −0.00998488 0.0709918 0.0361078 0.00102572 0.000338474
C18 0.00590122 0.0231947 −0.0281582 −0.0782416 0.00175917 0.000906316
C19 −0.00265197 −0.00304648 0.0448996 0.0147282 0.000307947 −0.0000173967
C20 0.00305022 0.0121834 −0.0143011 −0.0413795 0.00147647 0.000784372
C21 −0.000700966 0.00224554 0.0247396 −0.00338177 −0.000177699 −0.00022083
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In the QPC model, the decay width has a strong
dependence on the shape of the wave function, because
of the node effect [59]. Wewill discuss this point in the next
subsection.
The mass and the spatial wave function of the meson

can be obtained by diagonalizing Hamiltonian matrix in
Eq. (2.1) and applied to the calculation of the strong decay
processes.

B. The QPC model

The QPC model (or 3P0 model) was initially pro-
posed by Micu [25] and further developed by the Orsay
group [60–64]. This model is widely applied to calculate
the OZI-allowed two-body strong decays of mesons
[4,6,20–24,26–46]. The T operator describes a quark-
antiquark pair (denoted by indices 3 and 4) creation from
vacuum, which reads JPC ¼ 0þþ. For the process
A → Bþ C, T can be written as

T ¼ −3γ
X
m

h1m; 1 −mj00i
Z

dp3dp4δ
3ðp3 þ p4Þ

× Y1m

�
p3 − p4

2

�
χ341;−mϕ

34
0 ðω34

0 Þijb†3iðp3Þd†4jðp4Þ;

ð2:19Þ

where the parameter γ in QPC model depicts the strength of
qq̄ creation from the vacuum. In this work, we adopt the
value γ ¼ 10.16 [48]. The decay width is proportional
to γ2, whereas the branching ratio typically shows no
dependence on this parameter. Ym

l ðpÞ≡ plYm
l ðθp;ϕpÞ is

the solid harmonics. χ, ϕ, and ω denote the spin, flavor, and
color wave functions respectively. p3 and p4 denote the
three-momenta of the quark pair created in vacuum.
Subindices i and j are the color index of the qq̄ pair.
The amplitude MMJA

MJB
MJC has the form

hBCjT jAi ¼ δ3ðPB þ PCÞMMJA
MJB

MJC ; ð2:20Þ

where PB and PC are the three-momenta of the meson B
and the meson C in the rest frame of the meson A, MJX
(with X ¼ A, B, C) denotes the magnetic quantum number
of the corresponding meson. Finally, the general form of
the decay width can be expressed as

Γ ¼ π

4

jPj
m2

A

X
J;L

jMJLðPÞj2; ð2:21Þ

(a)

(b)

FIG. 2. The model dependence of the radial wave functions’
shapes of K�

0ð4PÞ, K�
0ð5PÞ, and K�

0ð6PÞ derived from (a) the GI
potential model (GI wave function); and (b) the MGI potential
model (MGI wave function). “Re” and “Im” denote the real part
and the imaginary part of the wave functions, respectively.

(a)

(b)

FIG. 3. (a) The β dependence of the radial wave functions’
shapes of K�

0ð2PÞ, and the radial wave functions’ shapes of K�

and ϕ derived from the MGI model (MGI wave function); (b) The
β dependence of the radial wave functions’ shapes ofK�

0ð2PÞ, and
the radial wave functions’ shapes ofK� and ϕ from the SHO wave
function directly. The β values for the SHO wave functions of K�
and ϕ, referred to as effect β, are calculated based on the MGI
wave functions [58]. “Re” and “Im” denote the real part and the
imaginary part of the wave functions, respectively.

CHENG-QUN PANG, HAO CHEN, and YUN-HAI ZHANG PHYS. REV. D 112, 036017 (2025)

036017-6



where mA is the mass of the initial state A, J ¼ JB þ JC, L
is the relative orbital angular momentum between the
meson B and the meson C, and P ¼ PB. The two decay
amplitudes can be related by the Jacob-Wick formula [65]

MJLðPÞ ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
4πð2Lþ 1Þp
2JA þ 1

X
MJB

MJC

hL0; JMJA jJAMJAi

× hJBMJB ; JCMJC jJAMJAiMMJA
MJB

MJC ;

ð2:22Þ
in which

MMJA
MJB

MJC

¼ γ
X

MLA
;MSA

;MLB
;

MSB
MLC;MS

;

mhLAMLA
SAMSA jJAMJAi

× hLBMLB
SBMSB jJBMJBihLCMLC

SCMSC jJCMJCi
× h1m1−mj00ihχ14SBMSB

χ32SCMSC
jχ12SAMSA

χ341−mi
× ½hϕ14

B ϕ32
C jϕ12

A ϕ34
0 iIðP;m1;m2;m3Þ

þð−1Þ1þSAþSBþSCþLChϕ32
B ϕ14

C jϕ12
A ϕ34

0 iIð−P;m2;m1;m3Þ�;
ð2:23Þ

with

IðP; m1; m2; m3Þ

¼
Z

d3kψ�
Bðkþ UPÞψ�

Cðkþ VPÞψAðk − PÞYm
1 ðkÞ;

ð2:24Þ
here

U ¼ m3

m1 þm3

; V ¼ m3

m2 þm3

;

m1 and m2 are the masses of the quark and the antiquark
in meson A, respectively. For the K meson, we take

m1 ¼ 0.377 GeV, m2 ¼ 0.162 GeV. m3 denotes the mass
of the quark (or the antiquark) created from the vacuum,
and is set to 0.162 GeV for uū or dd̄, and 0.377 GeV for ss̄.
To investigate the quark mass effect on decays, we calculate
the decay width ofK�

0ð2PÞ → K�ϕ as a function of the ratio
ms=md as shown in Fig. 4(a) and find that the decay width
is not sensitive to this mass ratio in the range of 1–3.
When we calculate the strong decays of the K�

0 family
using QPC model in this work, the spatial wave functions
of mesons are obtained using the MGI model (MGI wave
function), as introduced in the previous subsection.
As previously discussed, the SHO wave function is

characterized by a single scale parameter, β. According to
Ref. [59], the node structure of the radial wave function can
influence the strong decay width of the process A → BC,
known as the node effect. Specifically, the spatial wave
function RnLðpÞ for the n-th radial excitation contains
(n − 1) nodes. In Fig. 4(b), we give the line shape of the
decay width of K�

0ð2PÞ → K�ϕ depending on the β values.
When the SHO wave function is adopted, the decay width
exhibits strong β dependence, which is consistent with the
conclusions in Ref. [59], as shown in Fig. 4(b). In contrast,
when the MGI wave function is used, the width shows
virtually no β sensitivity. When employing different poten-
tial models (such as the GI model) to derive wave functions,
decay widths will also vary even with identical values for
other parameters (such as quark masses and γ).
Among the final states, the mixing scheme for natural

states (L ¼ J) of strange mesons can be expressed as� jKðnLÞi
jK0ðnLÞi

�
¼

�
cos θnL sin θnL
− sin θnL cos θnL

�� jKðn1LLÞi
jKðn3LLÞi

�
;

ð2:25Þ
where θnL is known as the mixing angle between the
Kðn1LLÞ and Kðn3LLÞ states. In this work, the masses of
KðnLÞ and K0ðnLÞ, the mixing angle θnL for the missing
states are also calculated via the MGI model [23] and listed
in Table III.

(a) (b)

FIG. 4. (a) Thems=md ratio dependence of the decay width ofK�
0ð2PÞ → K�ϕ obtained with the MGI wave function. (b) Decay width

of K�
0ð2PÞ → K�ϕ as a function of the harmonic oscillator scale β. The solid line and the dashed line represent the widths depending on

the β values when we take the SHO wave function and the MGI wave function, respectively, as taken from Fig. 3.
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The flavor wave functions of the isoscalar mesons may
have the mixing form

�
X

X0

�
¼

�
cosϕx sinϕx

− sinϕx cosϕx

�� jnn̄i
jss̄i

�
; ð2:26Þ

where X and X0 are two isoscalar mesons (such as η and η0),
ϕx is the mixing angle in the quark flavor scheme, and the
flavor nn̄ ¼ ðuūþ dd̄Þ= ffiffiffi

2
p

. We also list the flavor mixing
information of the isoscalar mesons appearing in this paper
in Table III.

III. MASS SPECTRA AND TWO-BODY
STRONG DECAY OF THE HIGHLY
EXCITED STATES OF K�

0 FAMILY

In this section, we discuss the mass spectra and two-body
strong decay information of the highly excited states of 0þ
strange meson family. We start with the mass spectra.

A. Mass spectra analysis

We employ the MGI model to calculate the mass spectra
of 0þ light strange meson family. The parameters of the
MGI model listed in Table I are obtained by fitting the
experimental masses of light mesons in our previous work
[48]. These parameters are universal and can also be used in
the study of masses of other light mesons. Reference [49]
calculated the mass spectra of the light mesons within the
framework of the relativistic quark model based on the
quasipotential approach. This quasipotential model has a
similar string tension to the GI model. Experimental values
and theoretical results from the GI model, the MGI model
(this work) and Ref. [49] are shown in Table II.
According to Table II, for the 13P0 state, our theoretical

value of the mass (1284 MeV) remains ∼140 MeV below
experimental value ð1425� 50Þ MeV. The GI model [16]
predicts 1233 MeV (∼192 MeV deficit), Ebert’s result of
1362 MeV is still ∼60 MeV lower [49]. We will now focus
on discussing the spectra of the highly excited states.
Our predictions of 33P0 (2185 MeV) overlap with exper-
imental error bars of K�

0ð2130Þ (2128� 40 MeV), the GI
model shows ∼230 MeV deviation, and Ebert’s result of
2160 MeV is also consistent with the experimental value.
This result shows that introducing the color screening effect
into the GI model can significantly improve the predictive
power for the high-excited-state meson spectrum.
For the K�

0ð4PÞ state, our theoretical mass of 2451 MeV
is 300 MeV lower than the value given by the GI model. We
predict that K�

0ð5PÞ has a mass of 2658 MeV, which is in
excellent agreement with the experimental central value.
We also calculate the mass of K�

0ð6PÞ to be 2832 MeV,
approaching the mass range of charmed mesons.
Through the analysis of the mass spectrum, we conclude

that the newly observed κð2600Þ meson in experiments is a
good candidate for the K�

0ð5PÞ state. Subsequently, we will

further validate this conclusion by investigating its decay
width and predicting the two-body strong decay properties
of K�

0ð4PÞ and K�
0ð6PÞ.

B. Strong decay analysis

In this section, we discuss the two-body strong decay of
the highly excited states in the K�

0 family. At first, we test
our model with the ground state K�

0. We obtain two decay
channels of K�

0ð1430Þ, Kπ and ηK as shown in Table V, in
which the decay channels with branching radios (BR) less
than 0.2% are omitted.
The Kπ channel accounts for 95.5% of total width

(ΓKπ ¼ 252 MeV), consistent with experimental branching

ratio 0.93� 0.1. The predicted branching ratio of ΓηK

ΓTotal
¼

4.2% is roughly consistent with the experimental value
0.086þ0.037

−0.034 . The calculated total width Γtotal ¼ 264 MeV
shows excellent agreement with the experimental data
270� 80 MeV. These results show that the QPC model
can work well for K�

0ð1430Þ, and we expect it to also be
suitable for the highly excited states of the K�

0 family.
Table VI provides the two-body strong decay informa-

tion for the excited kaonic states: K�
0ð4PÞ, κð2600Þð5PÞ,

and K�
0ð6PÞ. These decays are crucial to understanding the

resonance structures.
Reference [13] also calculated the two-body strong

decays of K�
0 meson family using the QPC model. In their

approach, the wave functions were derived from the GI
potential model, with the parameter γ fixed at 0.52. In
contrast, the value of γ used in our work differs by a factor
of

ffiffiffiffiffiffiffiffi
96π

p
[66], which leads to different results for the two-

body strong decays of K�
0ð4PÞ. And the different γ value

would cause our overall results to be 1.3 times larger than
those in Ref. [13].
The primary decay channel of K�

0ð4PÞ is K1π, with a
width of about 49 MeV, contributing 10.4% to the total
width, which is much larger than the one obtained by
Ref. [13]. Other significant decay modes include πKð4SÞ
and Kπ, which contribute 8.15% and 6.11%, respectively.
Kπ will be an ideal final channel to search for the K�

0ð4PÞ
state. K�ð1410Þρ and πK1ð2PÞ also have larger contribu-
tions to the total width about 5.7%. K�ð1410Þρ has a width
of about 33 MeV in Ref. [13]. Other decay channels with
branching ratios less than 5% can be found in Table VI. In
the QPC model, the processes K�

0ð4PÞ → K�ð1410Þω and
K�

0ð4PÞ → K�ð1410Þρ share the same initial state K�
0ð4PÞ

TABLE V. The decay information of K�
0ð1430Þ. The unit of the

width is MeV.

Channel Width BR Expt. [1]

Kπ 252 0.955 0.93� 0.1
ηK 11.1 0.042 0.086þ0.037

−0.034
Total width 264 270� 80
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TABLE VI. The two-body strong decay information of K�
0ð4PÞ

state, κð2600Þð5PÞ state, and K�
0ð6PÞ state. The unit of the width

is MeV. Channels with branching ratios less than 0.2% are
omitted.

K�
0ð4PÞ

Channel Width BR

K1π 49.4 0.104
πKð4SÞ 38.7 0.0815
Kπ 29.1 0.0611
K�ð1410Þρ 27.3 0.0575
πK1ð2PÞ 27.1 0.057
Kπð1300Þ 20.8 0.0438
πKð3SÞ 19.3 0.0406
Ka1ð1640Þ 19.1 0.0402
πKð1460Þ 17.4 0.0367
K�ρ 16 0.0338
Ka1 14.5 0.0304
πK2ð2DÞ 13.6 0.0286
πK1ð3PÞ 13.3 0.0281
Kπ2ð1880Þ 13.2 0.0277
πK0

1ð3PÞ 11.4 0.0239
Kb1ð2PÞ 10.3 0.0217
h1ð1595ÞK 10.3 0.0216
K�ρð1450Þ 9.55 0.0201
K�a1 9.18 0.0193
Kπð1800Þ 8.77 0.0185
Kb1 8.37 0.0176
ωK�ð1410Þ 8.24 0.0173
πK3ð1FÞ 6.02 0.0127
K0

1ρ 5.41 0.0114
ωK� 5.05 0.0106
K�f1 4.91 0.0103
h1K 4.32 0.0091
πK0

2ð2DÞ 4.11 0.00864
Kf1ð2PÞ 3.35 0.00704
ηKð1460Þ 3.33 0.00701
Kρ2ð1DÞ 3.26 0.00686
πK0

1ð2PÞ 3.04 0.00639
ωð1420ÞK� 3.01 0.00634
ηð1475ÞK 2.95 0.00621
f1ð1420ÞK 2.79 0.00587
K�f0ð1500Þ 2.32 0.00488
ηK1 2.26 0.00476
ρK�

0ð1430Þ 2.16 0.00454
ηK 1.94 0.00408
ωK0

1 1.82 0.00383
f1K 1.77 0.00373
K�a2 1.74 0.00367
ρK�

2 1.3 0.00274
η0K 1.21 0.00256
Kω2ð1DÞ 1.09 0.00229
K�ϕ 1.06 0.00224
η0Kð1460Þ 1.02 0.00215

� � �
Total width 475 1

(Table continued)

TABLE VI. (Continued)

κð2600Þð5PÞ
Channel Width BR

K1π 32.4 0.0751
K�ð1410Þρ 27.6 0.0639
πK1ð2PÞ 20.1 0.0466
Kb1ð1960Þ 18.5 0.0428
Kπ 17.1 0.0395
πK1ð3PÞ 14.7 0.0341
πKð5SÞ 14.5 0.0335
πK2ð2DÞ 14.1 0.0327
Ka1ð1640Þ 13.7 0.0318
Kπð1300Þ 13.1 0.0304
πKð4SÞ 13.1 0.0302
πKð1460Þ 11.5 0.0265
πK0

1ð4PÞ 11 0.0254
K�a1ð1640Þ 10.9 0.0254
πKð3SÞ 9.85 0.0228
Kπ2ð1880Þ 9.84 0.0228
ωK�ð1410Þ 8.66 0.0201
Kπð1800Þ 8.46 0.0196
Ka1 7.74 0.0179
πK3ð1FÞ 7.24 0.0168
Kb1ð2PÞ 6.89 0.016
Ka3ð2030Þ 6.77 0.0157
h1ð1595ÞK 6.31 0.0146
K�ρ 6.1 0.0141
K1b1 6.08 0.0141
K�a1 5.25 0.0122
πK0

3ð2FÞ 4.89 0.0113
K�ρð1450Þ 4.44 0.0103
πK0

1ð3PÞ 4.35 0.0101
h1ð1965ÞK 4.33 0.01
πK0

2ð3DÞ 4.29 0.00993
ρK0

1ð2PÞ 3.91 0.00905
K�ð1680Þρ 3.65 0.00844
K1h1 3.56 0.00824
Kb1 3.49 0.00808
K0

1ρ 2.92 0.00676
K�f1 2.91 0.00674
ηKð1460Þ 2.82 0.00652
Kf1ð2PÞ 2.76 0.00638
K1a1 2.52 0.00584
Kρ2ð1DÞ 2.1 0.00487
h1K 2.08 0.00482
K1πð1300Þ 2.06 0.00476
ωK� 1.91 0.00442
ηKð3SÞ 1.88 0.00435
πK0

2ð2DÞ 1.73 0.00401
Kf3ð2050Þ 1.73 0.00401
K�a2 1.6 0.0037
Ka1ð3PÞ 1.55 0.00358
K�a0 1.54 0.00357
f1ð1420ÞK 1.54 0.00356
K�ð1410Þϕ 1.44 0.00333
ηK1 1.42 0.00329

(Table continued)

NEWLY OBSERVED κð2600Þ AND THE HIGHLY … PHYS. REV. D 112, 036017 (2025)

036017-9



and the K�ð1410Þ final-state component. The wave func-
tions of ω and ρ are the same except for the flavor wave
functions. Combining the relationship mω ≃mρ, their
decay outcomes depend on the overlap of the flavor matrix

elements. Finally, we can roughly obtain
ΓK�ð1410Þρ
ΓK�ð1410Þω

≃ 3. In our

calculation,
ΓK�ð1410Þρ
ΓK�ð1410Þω

≃ 3.31. Another relation,
ΓK�ρ
ΓK�ω

≃ 3.17, is

also consistent with 3. Other decay channels can be found
in Table VI. Due to differences in both the model parameter
γ and the choice of wave functions, our calculated total
width of 475 MeV for the K�

0ð4PÞ state is about 2 times
larger than that reported in Ref. [13] when they take
MK�

0
ð4PÞ ¼ 2450 MeV. In addition to the different choices

of γ and wave functions, we have also considered the higher
excited final states which have not yet been found in
experiment (such as πKð3SÞ and πKð4SÞ.

TABLE VI. (Continued)

ηð1295ÞK1 1.42 0.00328
ηK 1.38 0.00319
ηð1475ÞK 1.37 0.00317
ρK�

2 1.33 0.00307
ωK0

1ð2PÞ 1.26 0.00291
Kρ2ð2DÞ 1.17 0.00271
πK0

1ð2PÞ 1.14 0.00263
ρK�

0ð1430Þ 1.13 0.00261
ωK�ð1680Þ 1.11 0.00257
K1ρ 1.02 0.00235
f1K 1.01 0.00234
ωK0

1 0.996 0.00231
ωð1420ÞK� 0.982 0.00228
K�ρ2ð1DÞ 0.956 0.00221
ρK2ð1770Þ 0.93 0.00215

� � �
Total width 432 1

K�
0ð6PÞÞ

Channel Width BR

K�ð1410Þρ 21.6 0.0568
K1π 20.8 0.0548
πK1ð2PÞ 14.6 0.0384
Kb1ð1960Þ 13.7 0.036
πK1ð3PÞ 11.8 0.0312
πK2ð2DÞ 11.6 0.0305
Kπ 10.8 0.0283
πKð5SÞ 9.69 0.0255
Ka3ð2030Þ 9.68 0.0255
πK0

1ð5PÞ 8.95 0.0236
Kπð1300Þ 8.87 0.0233
πK2ð4DÞ 8.63 0.0227
πKð1460Þ 8.16 0.0215
Ka1ð1640Þ 8.13 0.0214
πK1ð4PÞ 7.63 0.0201
πKð4SÞ 7.39 0.0194
Kπð1800Þ 7.31 0.0193
K�a1ð1640Þ 7.29 0.0192
πK0

3ð2FÞ 7.25 0.0191
ωK�ð1410Þ 6.87 0.0181
πK3ð1FÞ 6.4 0.0169
Kπ2ð1880Þ 6.2 0.0163
πKð3SÞ 5.89 0.0155
K1b1 5.64 0.0148
πK0

1ð4PÞ 5.3 0.0139
K�ð1410Þa1 4.76 0.0125
Kb1ð2PÞ 4.67 0.0123
h1ð1595ÞK 4.32 0.0114
Ka1 4.18 0.011
πK0

1ð3PÞ 2.19 0.00577
K1h1 2.17 0.00572
ηKð3SÞ 2.16 0.00569
K�f1ð2PÞ 2.09 0.00549
K�ρð1450Þ 2.08 0.00548
ηKð1460Þ 2 0.00526
K�ρ2ð1DÞ 1.89 0.00498

(Table continued)

TABLE VI. (Continued)

ρK�ð3SÞ 1.87 0.00493
h1ð2215ÞK 1.76 0.00464
Kf1ð2PÞ 1.68 0.00441
Kb1 1.66 0.00436
K�f1 1.65 0.00434
K�a0ð1740Þ 1.62 0.00427
Kb1ð2240Þ 1.62 0.00427
b1Kð1460Þ 1.61 0.00423
K0

1ρ 1.58 0.00416
πð1300ÞKð1460Þ 1.52 0.004
K�a2 1.46 0.00384
K0

1a1 1.44 0.00379
ρK0

1ð2PÞ 1.42 0.00375
Kρ2ð2DÞ 1.42 0.00374
πK4ð1GÞ 1.27 0.00334
ρK1ð2PÞ 1.22 0.00322
Kπ2ð3DÞ 1.2 0.00317
ρK2ð1770Þ 1.15 0.00303
ωK�ð1680Þ 1.12 0.00296
ηK1 1.08 0.00285
K�a0 1.08 0.00285
h1K 1.08 0.00285
Kηð4SÞ 1.04 0.00274
K�ð1410Þf1 1.02 0.0027
Kρ2ð1DÞ 1.02 0.00269
Kf1ð3PÞ 0.939 0.00247
K�f2ð2PÞ 0.938 0.00247
f1ð1420ÞK 0.934 0.00246
K1ρ 0.927 0.00244
K�ρð1700Þ 0.894 0.00235
ρK�

2 0.887 0.00233
ωK� 0.885 0.00233
πK0

2ð2DÞ 0.87 0.00229
ηK 0.832 0.00219
ηð1475ÞK 0.799 0.0021
K�ρ3ð1690Þ 0.797 0.0021
ρK�

2ð1980Þ 0.788 0.00207
� � �

Total width 380 1
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For κð2600Þð5PÞ, the largest decay channel is also K1π,
accounting for 7.5% of the total width. K�ð1410Þρ is
comparably significant (6.39%). This state also exhibits
considerable decay fractions into higher excitations, such
as πK1ð2PÞ and Kb1ð1960Þ, each contributing larger than
4%. The Kπ channel constitutes a major decay mode of the
κð2600Þð5PÞ state, consistent with its experimental obser-
vation in the same channel. πK1ð3PÞ, πKð5SÞ, πK2ð2DÞ,
Ka1ð1640Þ, and πKð4SÞ, all have a significant contribution
to the total width of κð2600Þð5PÞ, with branching ratios
being all about 3%. Other decay channels of κð2600Þð5PÞ
with branching ratios less than 3% can be found in
Table VI. The important thing is the total decay width
of κð2600Þð5PÞ overlaps with the experimental value
480� 47� 72 MeV. This result supports our classifica-
tion of κð2600Þ as the K�

0ð5PÞ resonance.
K�

0ð6PÞ configuration demonstrates remarkable parallels
to K�

0ð5PÞ, with the primary eight decay channels showing
negligible divergence. The most important decay modes
include K�ð1410Þρ (5.7%) and K1π (5.5%). πK1ð2PÞ,
Kb1ð1960Þ, πK1ð3PÞ, and πK2ð2DÞ are its larger decay
channels with branching ratios of 3.1% to 3.8%. As in
K�

0ð5PÞ, the Kπ channel constitutes a major decay mode of
this K�

0ð6PÞ state. Experiments can search for this state
through the Kπ final channel. This state exhibits a more
evenly distributed decay pattern, with multiple channels
contributing between 2% and 4%. Other decay channels of
K�

0ð6PÞ with more details are listed in Table VI. We find
that the total width of K�

0ð6PÞ is 380 MeV.

IV. CONCLUSION

In this work, we have systematically studied the mass
spectra and the OZI-allowed two-body strong decay
behaviors of the newly observed κð2600Þ, along with the
higher excited kaonic states, K�

0ð4PÞ and K�
0ð6PÞ.

The newly observed state κð2600Þ is a good candidate
for the K�

0ð5PÞ state. The findings are supported not only
by the Regge trajectory and the MGI model results, but also
through an analysis of the QPC model. The total and
branching decay widths allow for the identification of
κð2600Þ as the K�

0ð5PÞ state. Its two most important decay
channels are K1π and K�ð1410Þρ.
The masses of K�

0ð4PÞ and K�
0ð6PÞ states are predicted

to be about 2450 and 2830 MeV, respectively. The total
widths for the K�

0ð4PÞ state and K�
0ð6PÞ state are about 475

and 380 MeV, respectively. The Kπ channel is an ideal final
channel for searching these two K�

0 states. K1π and πKð4SÞ
are two of the most important decay channels of theK�

0ð4PÞ
state, with branching ratios of 10.4% and 8.2% respec-
tively. The branching ratio of Kπ channel is about 6% for
theK�

0ð4PÞ state. TheK�ð1410Þρ andK1π channels are two
main final states of the K�

0ð6PÞ state, and they have
branching ratios larger than 5%.
We look forward to future experimental studies, which

will play a crucial role in searching for the higher excited
states of kaons.
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