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Abstract: In our previous studies, we analyzed the two-body strong decays of the low-lying Q baryon states within
a chiral quark model. The results showed that the mass, total width, and two body decay Q(2012) — K= could be
well reproduced with the spin-parity J¥ =3/27 state Q*|1P3 /2-) classified in the quark model. Stimulated by the
new observations of the three-body decay process Q(2012)" — Z%(1530)°K~ - E-xtK~ at Belle, in the present
study, we further investigate the three-body strong decay Q*|1P3/,-) — E*(1530)K — ExK within the chiral quark
model. It is found that the Q*|1P3/>-) has a sizeable decay rate into the three-body final states ZxK. When consider-
ing Q*1P3;5-) as the Q(2012) resonance, the predicted ratio Rg’g{ = B[Q*|1P35-) = E*(1530)K — EnK]/
B[Q¥[1P3/2-) = EK] = 12% is close to the upper limit 11% measured by the Belle Collaboration in 2019; however,
it is too small to be comparable to the recent measurement 0.97 +0.24 +0.07. In addition, the coupled-channel ef-
fects on the bare three-quark state Q*|1P3/,-) from nearby channels EK, Qn, and E*(1530)K are studied. Our theor-
etical results show that the coupled-channel effects on Q*|1P3/,-) are not very large, and the molecular component
is no more than 30%. To clarify the nature of ©Q(2012) resonance, precise measurements on the ratio R?}(K are

needed, and further investigation on the effects of coupled channels is recommended.
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I. INTRODUCTION

In 2018, the Belle Collaboration observed a new ex-
cited hyperon ©(2012)~ decaying into Z°K~ and Z-K°
with a mass of 2012.4+0.7(stat) + 0.6(syst) MeV and a
width of T =6.4*2(stat) = 1.6(syst) MeV [1]. In 2021,
evidence of Q(2012)” was observed in the Q. weak de-
cay process Q.— 7tQ(2012) — 7*(E°K~) at Belle [2],
following the proposal suggested in Ref. [3]. According
to the previous mass spectrum predicted in various mod-
els and methods, e.g., the Skyrme model [4], quark mod-
el [5— 14], lattice gauge theory [15, 16], and so on
[17-22], the newly observed Q(2012) may be a good can-
didate of the first orbital (1P) excitations of Q(1672).

The discovery of ©(2012) immediately attracted a
great deal of attention from the hadron physics com-
munity. The Okubo-Zweig-lizuka (OZI)-allowed two
body strong decays of the low-lying P- and D-wave Q ba-
ryon states were analyzed within the chiral quark model
[23, 24] and 3Py model [25] by combining the mass spec-
trum analysis. It is found that the Q(2012) resonance fa-
vors the assignment of the 1P-wave state with spin-par-
ity J#=3/27, i.e., Q*|1P3)-). Furthermore, the newly
measured ratio B[Q. — QQR012)x" — (EK) 77]/B[Q. —
Qn*] at Belle was understood to be well within the three-
quark picture in a recent study [26]. The conclusion is
consistent with that based on the framework of QCD sum
rules [27, 28], the constituent quark model including re-
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lativistic corrections [29], and the flavour SU(3) analysis
[30]. Additionally, in literature, the Q(2012) was inter-
preted as a hadronic molecule [31-41]. In the hadronic
molecular picture, the decay rate into the three-body fi-
nal state ZnK is predicted to be similar to that of the two-
body final state ZK. In contrast, in the three-quark pic-
ture, the decay rate for the OZlI-allowed two-body final
state. 2K should be dominant, and the decay rate of
Q(2012) — Z*(1530)K — ZxK should be suppressed be-
cause of the limited phase space of the intermediate had-
ron state Z*(1530).

To test the decay properties of Q(2012) predicted
within different pictures, the three-body channel ExK
through the decay chain Q(2012) — E*(1530)K — EnK
was observed by the Belle Collaboration. The first obser-
vation was carried out in 2019 [42]. The collaboration ob-
served no significant Q(2012) signals in the three-body fi-
nal state 27K and set an upper limit at a 90% confidence
level on the branching fraction ratio Rg’g—( = B[Q((2012) —
=*(1530)K — ExK]/B[Q(2012) — EK] < 11%, which se-
ems to be consistent with expectation in the three-quark
picture. However, in a recent measurement, they ob-
served significant Q(2012) signals in the three-body de-
cay chain Q(2012) —» Z*(1530)°K~ - Z-x*K~ [43]. A
rather large ratio, RE’EK =0.97+0.24+0.07 , was extrac-
ted from the observgtions, which seems to be consistent
with the expectation in the hadronic molecular picture [3,
32, 35].

In previous studies [23, 24], we did not investigate the
three-body decay process Q*|1P3),-) — Z*(1530)K — EnK.
It is unclear how large the decay rate of the ZxK mode is
within the three-quark picture. Furthermore, ©(2012) , as
a conventional three-quark state, can couple to the
E*(1530)K, EK, and Qn channels; then, Q(2012) may
contain significant molecular components due to coupled-
channel effects. To uncover these puzzles and better un-
derstand the nature of Q(2012), in the three-quark picture,
we further study the three-body decays of Q*|1P3,-) —
EnK and the coupled-channel effects from nearby chan-
nels EK, Qpn, and E*(1530)K. For self-consistency, we
adopt the same framework, i.e., the chiral quark model
[44], as in our previous studies for the excited Q state
studies [23, 24]. In this model an effective chiral Lag-
rangian is introduced to account for the quark-meson
coupling at the baryon-meson interaction vertex. The
light pseudoscalar mesons, i.e., 7, K, and 7, are treated as
Goldstone bosons. Since the quark-meson coupling is in-
variant under the chiral transformation, some of the low-
energy properties of QCD are retained [45—47].

This paper is organized as follows. In Sec. II, a brief
review of the chiral quark model is given; then, by using
this model, the two-body and three body strong decays of
Q*|1P3),-) are estimated. In Sec. III, the coupled-channel
effects on Q*|1P;3/,-) are evaluated by combining the

simplest version of the coupled-channel model with the
chiral quark model. Finally, we provide a short discus-
sion and summary in Sec. IV.

II. STRONG DECAY MODES OF Q*[1P35-)

A. Two-body decay

In the chiral quark model [44], the low-energy quark-
pseudoscalar-meson interactions in the SU(3) flavor basis
are described by the effective Lagrangian [45—47]

1. >
L= ZE‘/’n’fn’élﬁj?'a%m (1)
j

In the above effective Lagrangian, 7 is an isospin operat-
or, ; represents the jth quark field in the hadron, ¢,, is
the pseudoscalar meson field, and f;, is the pseudoscalar
meson decay constant. In this study, the decay constants
for z, K, and # mesons are taken as f; = 132 MeV and
fx = f; =160 MeV, respectively. To match the nonre-
lativistic wave functions of the initial and final hadron
states, we adopt the nonrelativistic form of the Lagrangi-
an:

16 \J(Ef + M) (E; + M) Z{ Wi

.7_{}’[7' - .‘P
f 7 - E o Mf gj-Er
w [
i 1 q

where w,, and q are the energy and three momentum of
the final state pseudoscalar meson, respectively; E; and
M; are the energy and mass of the initial heavy hadron,
respectively; E; and M, represent the energy and mass of
the final state heavy hadron, respectively; P; and Py are
the momenta of the inial and final baryons, respectively;
o is the spin operator for the jth quark of the baryon sys-
tem; and y, is a reduced mass expressed as 1/u, = 1/m;+
1m';, with m; and m’ being the masses of the jth quark
in the initial and final baryons, respectively. p) is the in-
ternal momentum operator of the jth quark; p} can be re-
lated to the jth quark momentum p; and center-of-mass
momentum P.,, of a hadron with the relation p;. =p;~
m;/MP.,,. The plane wave part of the emitted light
meson is ¢, = 797/, and I; is an isospin operator defined
in the SU(3) flavor space [46, 48, 49]. 0 as a global para-
meter accounts for the strength of the quark-meson coup-
lings.

For an excited baryon state, within the chiral quark
model, its two-body OZI-allowed strong decay amp-
litudes with the emission of a light pseudoscalar meson
M can be described by
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M[B - B'M] =(F'

Hy|B), 3)

where |8) and |8’) stand for the initial and final baryon
states, respectively. With the decay amplitudes derived
from Eq. (3), the partial decay width for the 8 —» 8'M
process can be calculated with

_llg 1 ,
= 8 M2 2J;i+1 JZJ: Mo 4)
iz fz

where J; is the total angular momentum quantum num-
ber of the initial baryon, and J;; and Jy, represent the
third components of the total angular momenta of the ini-
tial and final baryons, respectively.

The OZI-allowed two-body strong decay for the Q
resonances has been evaluated under the framework of
the chiral quark model in our previous studies [23, 24]. It
is found that the newly observed Q(2012) resonance fa-
vors the assignment of the 1P-wave state with J” =3/2~
(i.e., Q|1 P3;p-) listed in Table 1) in the Q baryon family
[23]. Considering Q(2012) as Q*|1P5),-), EK is the only
OZI allowed two-body decay channel, which is shown in
Fig. 1, while the ©(2012) — =*(1530)K decay process is
forbidden since the mass of Q(2012) lies below the
=*(1530)K threshold. Thus, the total width should be
nearly saturated by the ZK channel.

By using the wave function calculated from the po-
tential model [23], within the chiral quark model, the par-
tial width of Q*|1P3,-) — EK is predicted to be

FEf( =z + F_Effgu ~(3.0+2.7) MeV, (5)

which is consistent with the measured width Ty =
6.425+£1.6 MeV of Q(2012) [51].1t should be men-
tioned that, in the calculations, to be consistent with the
mass spectrum predicted in the potential model [23], the
constituent quark masses of u/d and s quarks are adopted
to be m, = my =350 MeV and m; = 600 MeV. The decay
constants for z, K, and # mesons are taken as f; =132
MeV and fx = f, = 160 MeV, respectively. The masses of

Table 1.
lations. v

A
plpmyp and wn,] Lymy

The baryon wave functions involved in our calcu-
represent the radial wave functions
of p-mode and Z-mode, respectively, while x{; and ¢ .. -
express the spin and flavor wave functions of the baryon Sys-
tem, respectively. The details can be found in Ref. [50].

1
*112 — A A s A s
Q|1°P3p-) = ﬁ{'ﬁﬁoo%lm,ﬂ’%sz%Jr 01m,,¢000/\/251¢9}
QI1*S3)+) = ‘/’goo'//goo/\’xgs %0
59z
E*(I530)1148 372+ ) = W00k s 5 P
59z

the final and initial states are taken as the measured val-
ues from experiments [51], which are listed in Table 2.
The global parameter in Eq. (2) is considered to have the
same value as that determined in Refs. [23, 24, 50], i.e.,
6 = 0.576. The spatial wave functions of the baryons ap-
pearing in the initial and final states are in the form of a
harmonic oscillator. For the Z and Z*(1530) states, the
harmonic oscillator strength parameter «, is taken as
@, = 400 MeV, while the parameter «; for the 4 oscillat-
or is related to a, via &, = \Bm,/(2m,+m,)a, [48]. For
the Q*|1P3),-) state, we take a, = @y =411 MeV, which is
fitted by reproducing the root-mean-square radius of the
p-mode excitations from the potential model [23].

B. Three-body decay

Recently, the Belle Collaboration observed a rather
large three-body decay rate in the Q(2012) — Z*(1530)°K~
— E~n" K~ process. To test the nature of Q(2012) using
the new data, we further evaluate the decay chain
Q*|1P3)2-) = E*(1530)K — [En]K within the chiral quark
model. For the cascade decay process QF|1P3;-)—
Z*(1530)K — [Ex]K , as shown in Fig. 2, the decay amp-

(i) K
OF17P,, ) g =
(ii)
K
QF[17P3,.) E
Fig. 1. The OZI-allowed two-body decay process Q*|1P3,-)

— EK at (i) the hadronic level and (ii) the quark level.

Table 2. Masses (MeV) of the hadrons adopted in this
study. The data are taken from the Particle Data Group [51].

Hadron JP Mass/MeV
70, 0" 135.0,139.6
KO, K* 0" 497.6,493.6
n 0" 547.9
=50 1/2* 1321.7,1314.9
=, =50 3/2+ 1535.0,1531.8
Q 3/2* 1671.7
Q(2012) 3/2° 2012.4
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() _
K n
Q*|1°Py,.) =1530) =
(ii) K x
(\ > 4 > /)
) > > > \
QF|1°Py, ) =1530) E
Fig. 2. The three-body decay process Q*|1P3,-) — E*(1530)K

— [En]K at (i) the hadronic level and (ii) the quark level.

litude can be expressed as

Mapip,, yoz kMzozr
2Ms- (MEIr - Mz + ifs'ﬁsn/z)’

(6)

MQ‘llP;,r)—)EnIE’ =

where Mqip,, yozas3pg and Mzz, arethe amp-
litudes defined in Eq. (3). It should be emphasized that
the Z*(1530) baryon mass Mz in Maqqp,, )=k and
M=z, is replaced with the invariant mass Mz, of the
En system, since the intermediate state =*(1530) can be
slightly off-shell. Adopting the wave functions listed in
Table 1, one can calculate the Mg ip,, \=s308 and
Mz _z, within the chiral quark model. Moreover,
'z (1530)»z depends on the invariant mass of M=, and it
can be obtained by Eq. (4).

Then, the three-body decay width of the Q*|1P3),-)
resonance in its rest frame was obtained as

. 2
2 . _
M2 |kl Tz Mapp,, oz £l

Mg 4% M2 [(Mzr— Mz )* +T2._ /4]

=g

drEnf( =

dMEm
(7

where the magnitude of the momentum for the final K
meson is given by

Table 3.

VM2, —nic+ M| [ M2, - (mg — Mz )?]

laxl = T, . ®

Integrating the right hand side of Eq. (7) from Mz +m, to
Mg. —mg, one can easily calculate the three-body decay
width of the cascade decay process QF|1P3-) —
=*(1530)K — [Ex]K. Our results are listed in Table 3.

Q(2012) as the QF|1P3/»-) state has a sizeable partial
decay width when decaying into the three-body final state
=nkK,

Tz ~0.67 MeV. 9)

Combining it with the two-body decay width predicted in
Eq. (5), the total width is predicted to be

T = 6.37 MeV, (10)

which is in good agreement with the data T'eyp, = 6.4*30+
1.6 MeV [51]. Then, the predicted ratio,

= B[Q1P3-) = E*(1530)K — ZnK
RE [Q1P3/2-) — E%( l__) K < 12a, (11)
2 B[Q*[1P3)r-) = EK]

is close to the previous value (6.0 +3.7 + 1.3)% measured
by the Belle Collaboration in 2019 [42]; however, it is
4 ~ 8 times smaller than the value measured in 2022, i.e.,
0.97+0.24 +0.07 [43].

In a recent study [29], the three-body decay of
Q(2012) — ZxK was also investigated within a constitu-
ent quark model by including relativistic corrections; a
small ratio, RS’}(K ~45% , was obtained with the Q|
1P3),-) assignment. It should be mentioned that the
isospin breaking effects (i.e., considering the mass differ-
ences of the isospin multiplet in the final states) on the
partial widths of the three-body decays are evident be-
cause the phase space of the three-body decay is very
small; the magnitude of the K-meson momentum appear-
ing in the phase space is sensitive to the the masses of the
baryons (-, 2°) and mesons (K°, K*, 7°, n*) with dif-
ferent charges in the ZxK final state. The results in Table
3 show that there are significant differences between the
partial widths with and without consideration of the

The partial widths (MeV) of three-body final states for the Q*|1P5/,-) state. I'; stands for the results including isospin break-

ing effects (i.e., considering the mass differences for the isospin multiplet in the final states). While T; stands for the results without the
isospin breaking effects, the mass for the isospin multiplet in the final states is adopted as the average value of different charged states.

Channel E vk =070k~ =7K0 =07~ K0 Sum
[;/MeV 0.25 0.18 0.07 0.17 0.67
T;/MeV 0.21 0.11 0.11 0.21 0.64
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isospin breaking effects.

It should be mentioned that the recent measured ratio,
RE”.K , at Belle [43] seems to be compatible with the mo-
lecular interpretation for Q(2012) proposed in Refs.
[38—41], where similar branching fractions for Q(2012)

decay into ZxK and ZK were predicted.

III. COUPLED-CHANNEL EFFECTS

In the following, we will further explore the molecu-
lar components of Q*|1P3/,-)due to coupled-channel ef-
fects. First, we provide a brief review of the coupled-
channel model adopted in this study. A bare baryon state
|A) predicted in the quark model can couple to the two-
hadron continuum BC via hadronic loops, as shown in
Fig. 3. In the simplest version of the coupled-channel
model [52-56], the wave function of the physical state is
given by

) = caldy+ Y f ce®EPECE, (12
BC

where p = pp = —pc is the final two-hadron relative mo-
mentum in the initial hadron static system; ¢4 and cpc(p)
denote the probability amplitudes of the bare valence
state |A) and |BC,p) continuum, respectively.

The coupling between the bare state |[A) and the con-
tinuum components sectors |BC,p) is achieved by creat-
ing light quark pairs. This coupling, as an effective coup-
ling for the quark-meson interactions, can be described
with the chiral interactions expressed in Eq. (2) in the
chiral quark model. Thus, the full Hamiltonian of the
physical state |¥) can be written as

® C

>
YY

B
Fig. 3. The hadronic loop for a bare baryon state |A) coup-

ling to two-hadron continuum BC at (i) the hadronic level and
(ii) the quark level.

YY

_(Ho HY

where H, is the Hamiltonian of the bare state |A) in the
potential model, while H, is the Hamiltonian for the con-
tinuum state |BC,p). Neglecting the interaction between
the hadrons B and C, one has

H.|BC,p) = Epc|BC,p), (14)

where Epc = \/m% +p?+ \/mé + p? represents the energy
of BC continuum.

The Schrodinger equation of a mixed system can be
written as

7_{0 7.{nr CA|A>
(7{,;7 ) 2 J cbc@)d*pIBC.p)

calA) ]
(15)

=M [BZC [ cbe(P)d’pIBC, p) |-
From Eq. (15), we have

(AIHI®) =eaM
—catta+ ) [ encto)dpiaH;15C.p)
BC
(16)

(BC,plH|Y) =cpc(p)M
=cpc(P)Epc + ca(BC,plH,,; |A). (17)

Deriving cpc(p) from Eq. (17) and substituting it into Eq.
(16), we obtain a coupled-channel equation

M = M4+ AM(M), (18)

where the mass shift AM(M) is given by

BC,plH™|A)?
AM(M) =Re Zf ¢ (MP|E |)>| PAdpdQ,,

Misc®@P
‘Rer M=) TP (19)

and M, is the bare mass of the baryon state |A), which
can be predicted within the potential model. By plotting
AM(M) and M — M, as functions of M, the physical mass
M,y and the mass shift AM due to coupled-channel ef-
fects are both determined at the intersection point of two
curves, as shown in Fig. 4.
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Fig. 4.

(color online) Determination of the mass shift for the Q*|1P);/,- state using two methods: (i) cut off at the inflection point (left

hand side); (ii) with a suppressed factor (right hand side). AM(M) and M — M, as functions of M are indicated as thick and thin solid
curves, respectively, while the partial mass shift functions for the ZK, Qn , and Z*K channels are shown with dotted, dash-dot-dotted,

and dashed curves, respectively.

30 —
—_ Q-ZK
> 20t
Eh
2 10} J
20 1 p—
= ol ,
<- No suppressed factor
204
-30 L 1 L 1
500 1000 1500 2000
40 —
[==gY
- 20F ‘With suppressed factor
E 0 I = b*:"'_'"-i-""‘_"'—"'-"—'—'
~ 20F
=
~ _40}
=
< 60}
-80 L v L L
500 1000 1500 2000
~~
>
)
e |l ==
~-20F
=4 40
="
-80 H s " L
500 1000 1500 2000
p (MeV)
. ; : (7 — WMas )
Fig. 5. (color online) The integrand AM(p) = % p? as

a function of the momentum p = |p| for the 2K, =*(1530)K, and
Qn channels, respectively. The dashed line indicates the res-
ults with a suppressed factor e?°/2A (A=780 MeV), while the
solid line indicates the results without suppressed factors. The
shadow area represents the high momentum region, which
may include non-physical contributions.

To provide more details about the mass shift due to
coupled-channel effects, in Fig. 5, we plot the integrand
2

AFI(p) = IMa—pc(p)l

(M —Epc)
mentum p = |p|. It can be seen that the coupled-channel

effects significantly contribute to the hadron mass shift in
a wide momentum range, p =~ (0—2000) MeV. There is a
bump structure in the higher p range of p =~ (500 —2000)
MeV. Most of the contribution from the bump structure
may be nonphysical because the quark pair production
rates via the nonperturbative interaction H,, should be
strongly suppressed in the high momentum region [52,
57-59]. The main contribution of the coupled-channel ef-
fects may come from the low momentum region around
the pole position.

To suppress the nonphysical contributions of the
coupled-channel effects at the high momentum region, in
literature [52, 57—59], a suppressed factor e /@A) was
introduced in the decay amplitudes, i.e.,

p? of Eq. (19) as a function of mo-

Miosse(P) = Massc(ple 5. (20)

Here, A is the cut-off parameter. In Fig. 5, we also plot
AM(p) as a function of momentum p = |p| by introducing
a suppressed factor e ”/?A) In this study, we adopt
A =780 MeV, which is determined from our recent study
of the heavy-light meson spectrum with coupled-channel
effects [60]. The cut-off parameter adopted in the present
study is slightly smaller than the value of A =840 MeV
used in Refs. [58, 59]. From Fig. 5, it is seen that the
coupled-channel effects are suppressed to be negligibly
small at the high momentum range of p>800 MeV,
while the contributions at the low momentum range of
p <500 MeV are almost not affected by the suppressed
factor. In a previous study [61], the contribution of the
high momentum range was directly cut off at the inflec-
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Table 4.

The proportions of different components and mass shifts for the Q*|1P5,,-) state predicted with three methods: (i) cut off at

the inflection point; (ii) with a suppressed factor; (ii) without any suppressions. The cut-off momenta for the ZK, =*(1530)K, and Qn

channels are determined as 550, 450 , and 500 MeV, respectively.

Channel =K Z*(1530)K Qn Baryon core Total
Cut-of f at inflection point
AM/MeV -2.2 -9.4 -3.0 -14.6
Proportion (%) 1.8 13.5 0.8 83.9 100
With a suppressed factor
AM/MeV -5.6 -21.5 -8.8 -359
Proportion (%) 1.4 14.6 1.3 82.6 100
Without any suppressions
AM/MeV -17.5 =755 =513 -144.3
Proportion (%) 3.0 18.7 3.8 745 100

tion point as shown in Fig. 5. With this method, from Ta-
ble 4, it is seen that the predicted mass shift is approxim-
ately 2 times smaller than that predicted using a sup-
pressed factor. To see the nonphysical contributions, in
Table 4, we also present the results without any suppres-
sions in the high momentum range. The nonphysical con-
tributions may be very significant. The mass shift without
any suppressions is approximately one order of mag-
nitude larger than that with a suppressed factor.

To estimate the baryon core and baryon-meson con-
tinuum components in the physical state, for below-
threshold states, deriving cpc(p) from Eq. (17) and substi-
tuting it into normalized constants containing two Fock
components,

P+ [lencwPdp=1 @
BC

we obtain the probability of hadron 4 component,

Py =leal’ =(1+Z

BC

(22)

— -1
IMassc(P)I? 24
(M - Epc)? pepy

Further, combining Eq. (17) and Eq. (22), we can obtain
the probability of the |BC,p) continuum components,

Mas, 2
Pac = leal? f ﬁpzdn (23)

With Egs. (22) and (23), one can estimate the probabilit-
ies of the bare baryon components and BC hadron pair
components of a physical state. However, the integrands
in Egs. (22) and (23) are only well defined for M < mp+
mc. For states above the BC hadron pair threshold, as
suggested in Ref. [37], we replace the real M with its
complex counterpart, M+iI'/2, where I' is the decay

width of the physical state.

By using the above coupled-channel model, we study
the coupled-channel effects on the Q*|1P5)-). The bare
state |A) is considered to be the 1P-wave state with
JP=3/27 (i.e., Q'1P3)»-)) predicted within the quark
model. Three nearby channels ZK, Qn , and Z*(1530)K
are considered. The strong coupling amplitudes (EK
JE*(1530)K /QnlH|Q*1P3)p-) can be easily obtained
within the chiral quark model by using the same paramet-
er set. Using this, we further extract the mass shift of the
bare state |Q*1P3,5-) due to the coupled-channel effects
and the proportion of various components. Our results are
listed in Table 4.

It is found that the coupled-channel effects on
Q(2012) is not very large if one considers it as the
Q*|1P3,-) state. The mass shift due to coupled-channel
effects is predicted to be A € (—144,-15) MeV, which is
mainly contributed by the S-wave channel Z*(1530)K.
The components of ©(2012) may be dominated by the ba-
ryon core QF|1P3,-), the proportion of which is pre-
dicted to be ~ 75, while the proportion of the Z*(1530)K
component is only ~ 14.

IV. DISCUSSION AND SUMMARY

With the QF|1P5,-) assignment, both the observed
mass and total width of Q(2012) can be well explained
[23-25]. Furthermore, the newly measured ratio 8[Q, —
QQ012)n* = (EK) 7*]/B[Q. — Qnt] at Belle can be
well understood [26]. The decay width is nearly satur-
ated by the two-body decay channel ZK. In the present
study, to further understand the nature of (2012) reson-
ance, we investigate the three-body decays of Q*[1P3,,-) —
EnK and coupled-channel effects from nearby channels
2K, Qn, and Z*(1530)K.

It is found that, considering the Q(2012) resonance as
a conventional 1P-wave state Q*|1P3),-), it has sizeable
decay rates into the three-body final state ZxK. The par-
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tial width and branching fraction are predicted to be
Izz ~0.67 MeV and B[Q(2012) — ExK] =~ 12%, respect-
ively. The predicted ratio R;’}(K = B[Q(2012) — E*(1530)K
— ZxK]/B[Q(2012) — EK] ~ 0.12 is close to the previ-
ous value (6.0+3.7+1.3)% measured by Belle in 2019
[42]; however, it is too small to be comparable to the re-
cent value 0.97+0.24+0.07 measured by Belle in 2022
[43].

Note that the newly measured ratio R“"K 0.97+
0.024 +0.07 at Belle seems to be consistent w1th the mo-
lecular interpretation for the ©(2012) resonance proposed
in Refs. [38—41]. However, our results show that the mo-
lecular component of Q(2012) is no more than 30% if we
consider the ©(2012) resonance as a dressed baryon core

of Q*[1P3/,-). It should be mentioned that the mass and
strong decay behaviors of the Q(2012) resonance were in-
vestigated in a coupled-channel approach in a recent
study [62]. The results of that study indicate that both the
three-quark core and E*(1530)K channel are important
and play essential roles in describing the mass and strong
decay behaviors of the ©Q(2012) resonance. It is expected
that further studies on the coupled-channel effects, espe-
cially based on the quark models, are needed. Precise
measurements of the ratio R“”K can be used to clarify this
issue. In addition, the latest observations by the Belle
Collaboration [43] make the situation more complicated
for the ©(2012) resonance, and it is hoped that the ratio
RETK can be tested by other experiments as well.
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