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Abstract: In this work, we apply the effective Lagrangian approach to investigate the two-body strong decay beha-
viors of the possible A.K* and Z.K*) molecules as predicted in our previous study [Phys. Rev. D 108, 054011
(2023)]. Our results indicate that the decay width for the coupled Z.K/A.K*/Z.K* molecule with I(J¥) = 1/2(1/27)
is on the order of several MeV, with the DgN channel being dominant. For the coupled A K*/Z.K* molecule with
1/2(1/27,3/27), the decay widths are on the order of tens of MeV, with the dominant channels being £.K and X}K,
respectively. For the £.K* molecules with 1/2(1/27), the decay width can reach one hundred MeV, with X.K and
AcK being the dominant decay channels. The decay widths for the X.K* molecules with 1/2(3/27) and 3/2(1/27)
are on the order of tens of MeV, with the dominant decay modes being £’K and X K, respectively. The branching

ratios for all the discussed channels exhibit slight dependence on the binding energies.
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I. INTRODUCTION

Since 2003, experiments have continuously observed
numerous near-threshold X/Y/Z/P./P,., states (see re-
view papers [1-8] for more details). Theoretical models
have proposed various explanations for these near-
threshold structures, including conventional hadrons,
multiquarks, hybrids, and glueballs. Among these explan-
ations, the hadronic molecular scheme has attracted signi-
ficant interest. As a special class of exotic states, a mo-
lecular state is composed of two or more conventional
mesons and/or baryons, with its constituent hadrons
bound together by strong interactions, typically resulting
in a shallow binding energy. Hadronic molecules exhibit
several characteristic features: their mass is frequently
close to the combined masses of their constituents, and
they have specific quantum numbers (such as spin, parity,
and isospin) that result from the combination of their con-
stituent hadrons. The study of hadronic molecules not
only enhances our understanding of the strong interac-
tions between conventional hadrons but also helps us ex-
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plore the nature of composite particles beyond the simple
quark model of hadrons.

Recently, the LHCb collaboration observed two res-
onances in the Din (x*) final states by performing a
combined amplitude analysis on the decays B® — D°D!n~
and B* — D™ D!zn* [9, 10]. Both states have a spin-parity
of J” = 0*. Their masses and widths are

T90(2900) : M =2892+ 14+ 15MeV,
I'=119+26+ 12MeV,
TS(2900): M =2921+17+19MeV,

I'=137+32+14MeV.

According to their mass positions, quantum numbers, and
decay channels, 7%°(2900) and 7% *(2900) belong to the
same isovector triplet, and the simplest valance quark
components are cidii and c3du, respectively. In addition
to 799(2900) and T%*(2900), two other interesting charm-
strange structures have been observed in the zai decay
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channel: Dy, (2317) [11-13] and D,;(2460) [12—15]. Note
that these states are very close to the mass thresholds of
the charmed and strange mesons, which has inspired the
proposal of hadronic molecular explanations for them
(see Refs. [2, 5] for a detailed review of the different as-
signments).

Exploring the molecular partners can be an important
way of verifying the hadronic molecular interpretations of
these states. When replacing the light quark in the
charmed meson with a light diquark, we can extend to
search for the charm-strange pentaquark P partners
composed of Y.K¥(Y, = A.,Z.) systems. In our previous
work [16], we studied the Y.K™ interactions using the
one-boson-exchange model, considering both S — D wave
mixing and coupled-channel effects. We can predict the
existences of possible charm-strange molecular
pentaquarks, including the single X.K* molecular states
with 1(J?)=1/2(1/27), 1/2(3/27) and 3/2(1/27), the
coupled A.K*/2.K* molecular states with 1/2(1/27) and
1/2(3/27), and the coupled X .K/A.K*/Z.K* molecular
state with 1/2(1/27). When we solved the coupled chan-
nel Schrddinger equations to explore the loosely bound
states primarily composed of the higher channels, such as
the A.K* and X.K*, the lower channels were not included,
as they generally have relatively weak coupling com-
pared with the dominant channels responsible for form-
ing the state.

A comprehensive study of the properties of these mo-
lecular states will provide more valuable information,
which can offer guidance for future experimental invest-
igations. In this work, we further study the two-body
strong decay behaviors for the predicted P.; molecules by
employing the effective Largrangians approach. Because
the coupled-channel effects play a crucial role in binding
the coupled P.; molecular candidates, we also consider
these effects in our analysis.

As is well known, the decay modes of a hadronic mo-
lecule reflect the possible ways in which the constituent
hadrons can interact or decay. Theorists have proposed
different models to explore the decay properties for the
possible molecules, such as the effective Lagrangian ap-
proach [17-34], constituent quark model [35, 36], quark
interchange model [37—41], spin rearrangement scheme
in the heavy quark limit [42, 43], heavy quark spin sym-
metry [44—46], QCD sum rule [47, 48], Fierz rearrange-
ment [49, 50], unitary approach [51], and Non-Relativist-
ic effective field theory [52]. We hope that our investiga-
tion of the decay properties will help confirm the exist-
ence and identify the nature of these predicted molecules.

This paper is organized as follows. After this intro-
duction, we present the two-body strong decay amp-
litudes for the predicted charm-strange YK molecular
pentaquarks in Sec. II. In Sec. III, we provide the corres-
ponding numerical results. The paper is summarized in
Sec. IV.

Oo. FORMALISM

In this work, we focus on the two-body strong decay
properties for the predicted P.; molecules via S -wave in-
teractions. In Fig. 1, we present the relevant diagram,
where the interactions can occur through the exchange of
either a meson (left side) or a baryon (right side) between
the molecular constituents.

For a hadronic molecule composed of several chan-
nels |i) =", 1A,B,), where A, and B, denote the molecu-
lar constitutions in the n-th channel, the two-body decay
interactions for the i — f; + f, process are related to the
interactions for the A, + B, — f + f> process, as follows:

hiflVi = Z(ﬁleVlAanXAanIi)

drd®r
= Z / (2ﬂ)3re_lk.rlﬂAnB,, (r)(flf2|V|Aan> (1)

Here, y4,5,(r) is the wave function for the n-th channel in
the r-coordinate space. Considering the different normal-
ization conventions used for the scattering amplitude, we
obtain

MG — fi+f)

i falV0Dy = - VE, \/2E; \/2E, 2
(flVIA,B,) =
_ M(A,(k)+ B,(—k) = fi(p) + fo(-=p))
V2E4, \/2Eg, \/2E; \J2E;,
3)

In the rest frame of the initial state, the partial decay
width for the i — f| + /> process can be expressed as

AC ZC fl Acrzc f2
7,1, p, @, K® A
D® —I_ E., E'f,
___________________________ -
K® f2 K® fi
Fig. 1. Diagram for the P.; molecules decaying into f; and

> final states.
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where J and m; are the spin and mass of the initial state,
respectively. p is the three momentum for the final states,
which is expressed as

1Pl = /(2 = Oy +mpe ) (= Oy = mp. ) [ @om).

M(i = fi+ f>) is the scattering amplitude. In Table 1, we
list the corresponding amplitudes for the molecular con-
stitutions decaying into two-body final states via S -wave
interactions.

The relevant effective Lagrangians can be construc-
ted as [53]

Lepy = iV2gppy(PYP~&'PP)V,, )

-EVVP = gvieyvnﬁau Vvau V'BR (6)
my

Table 1.

Lyyy = igvvv<Vﬂ[Vv,aqu)]>s @)
Lppp = @37”753;1133, 3
mp
_ ko,
Lspy = —gpsvB ()’“ - 270'# 3v> VuB, )
mpg
Lypp = =322 (B3 PD, + D, PB), (10)
mp
Luoy =152 [Byy D@V =3V
|4
+D,y,Y’B@'V' -8'V")]. (11)

Here, P, V, B, and D denote the pseudoscalar and vector
mesons, octet, and decuplet baryons, respectively. The
coupling constants are estimated using the SU(4) flavor
symmetry. In Table 2, we list the values of all the coup-
ling constants.

According to the above effective Lagrangians, we can
express the scattering amplitudes for the molecular con-

Amplitudes of ¥.K® decaying into two-body final states via S -wave interactions.

Initial state Final state

Amplitudes

ZcK1/2(1727) DN ~V3MBp g = 3MGp_ g
3 e =
AcK _%M’;PHBP = V3Mgh,pp = V3Mgo,pp
AcK*1/2(1/27) DN MRy g+ MBy_pp+ Miy_pg
DiN MBy gy + MRy gy + My vp
3 1 Ze E;
AcK 3 My pp = 6M§v—>b’1’ + My _pp+ Mgy pp
3 3 = =
K - %Mg‘VHBP - %M‘Z’VHBP - ‘/iMEE/HPB - \/gMBLVHPB
AcK*1/2(3/27) DN MBy gy + MBy gy + MGy v
N 3 3 Ee oA
LK _%MZ’VHDP - %Mgvﬁop - \/gMBVHPD - \/gMBVﬁPD
T K 1/2(1/27) DsN ~V3MBy_pp— VIMBy_p— 3MGy_ g
DiN ~V3IMBy gy = VBMD, = BMG
3 3 e .
AcK - %MJII;V—J?P - %M’;}V—H’EP - ‘BMBV—WB - \/gMBVaPB
3 3 = o
AK* =M = =My ey — VIMGS e — VMG
c v sv-sv = e Mavony BV—VB BV—VB
3 1 Ee =l
IK - V2MGy, g+ %MTIQVABP ~ V2Myypp - %M‘é)‘/qu Mgy ps = Mgy pp
ZK*1/2(3/27) DN - ﬁMgVHBV - ‘/gMg\*/HBv - ‘BM%vﬁvs
3 3 - -
AK* M == M~ VBMES = BM,
¢ Vg mv-nv = e Mpvopy BV—VB BV—VB
* 3 ) 1 e =
K ~V2MGy_pp + %MZVHDP - V2Myy_pp - %M%)VA)DP ~May_pp=Mpy_pp
1 3 1 1 - =
Z.K*3/2(1/27) I K %M’thaBP + %MZVABP + %M%VaBP - %Mlg‘/ﬁBP +2Myy L pp+2Mpy_pp
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Table 2.  Coupling constants adopted in our calculations. Here, we take gyw, =3.25, fwnp =19.82, gnnz=0.989, gann.=2.13,
8ANp = 16.03, gvvp = —7.07, gprPv = 3.02, gvvv = 2.30, and agpy = 1.15 [53]

1 1 4 2
8ASin = \7F2gAN” 8ENK = 58NNx 8%cIn = ﬁgNNﬂ Fohep = 73 Fawp 8%cAep = ﬁ(l —@BBV)ENNp
1 343 1
8Lexin = %gAN” 8AND = —%ngNn 85cEen = S8NNx SeeND* = EfNNp 8z.ip; = V2Q2asy — Dgnnp
1 32 p ! =(1-2
82K = T3 8ANp BAAD, =~ 8NNz 83.:Sep = 2QBBVENNp fongr = ifNNp gznk+ = (1 =2appv)gnny
1 5 1 3 !
gE:E:,K* = ﬁgANp 8X.2Dg = _?\FgNNn &s.DN = ggNN,r fANK* = —%fNNp 8ANK* = _ﬁ(l +2lIBBV)gNNp
V3 ! _ N
8LiE.K = 5 8ANT Sacnpe = _TfNNp 8z = ﬁgAN" Jacap; = ﬁf"”\’ﬂ 8acap; = —-(1+2appvignny
o 1 213 I 2
8siElK = ﬁgANﬂ 8r.Siw = —%é’ANp 8AcTen = —5— 8NN frosew = EfNNp 8AAw = 5(5aBBv—2)gNNp
1 1 1
85w = 2ABBVENNp SAELK = ?6 gNNr 8Azip = %gANp Fachew = -3 fnp 8AND* = —$(1 +2aBBv)ENNp
1 _ . 1, 1 NG
Jeomke = 2\/§fNNp Az ke = —zﬁfNNp Sasep = ifNNp frzp; = _$fNNP BAEK* = ?(SQBBV_Z)gNNp
V6 22 1 /3 2
852K = 5 8NNx 8L.EK = —5 8NNx SacEke = 5 EfNNp 8 5K = ‘/EU‘BBVgNN/J 8AEK = 5(1 — QBBV)ENNp
L 3V2 , 1 /3, 2
8%.%ip = %gANP 8AAD; = —5—8NNx Sk = 3 \/;fzva gsnp- = (1 =2appy)gnny 85 EK* = \/;(1 —@BBV)ENNp
g : ~ _ P 8BBP _ 1 8vvpe 4
stitutions decaying to the two-body final states by ex My gy = — usysy” q#ul " m AL
changing one particle as follows: !
X P4AE4¢P2<Y€2/3, (17)

_ Topv v
Mippp = {gBBvMﬁ’Hul + 4BBV (YY" =y )
mp

My gy = {gBBvb_ls)’#ul + %ﬁa()’%’v _VVY#)%IM}
mp

o 38~ dud, [my
7/4361 unf v { gPPV(pﬂ"'pﬁ)} gﬁ q qﬂ/m
(12) ﬂq%‘/gvvv {64 58(1720 qa)
€€l (1 + ) + €€l g + piel}
18)
8sBP _ 1 g (
B o= n%”ugy”pmvs —— BBP7 paysia,  (13)
B _ _ Soay _ v v
MBVHVB = gBBVM4’y'uEZy + MW(VUV -y yﬂ)pZHGZV
B
283 1
by = mp MWS qul m} gPPVEﬂ (G = P (14) X r : {8;33\/70[6;’41
f
Y =y "Ypsaeigit
_ SoBY _ v v
MBPHBV = gpavilzY"u; + 47143(7#7 =Y Y)qu (19)
g [ [m, SVVP i
HB #nf v . et ﬂl’zwfu%, gBBp_ .
q Vv 14 MDPHVB — Uy Yan
(15) e |
I :014 v ¥
d—mp my 5(7 —Y'u))que,, (20)
g _
MBPHVB . usy" pays q,f] {g33v63#7”1/l|
fBBV vy _ . Vi
_71)3;1637/(7#)/ -Y '}"U)CIvul 5 (16) MgP—)BV g’lePu3q/4u”q2 m2 lgPPVE4r(qV_p4v), (21)
P —Mmp
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% _ _.8sD
Mpp_gy = —1

V_ v
ity (Y —y'u))g,
my
% 8w — qvq,;/m%, 8gvvp B

i 22
qz _ m%/ my qﬂp4a€45 ( )

III. NUMERICAL RESULTS

After preparing all the scattering amplitudes, we next
adopt the wave functions obtained in Ref. [16] to numer-
ically calculate the partial decay widths of the predicted
P.; molecules. As is well known, the decay width can be
very sensitive to the interactions and wave functions of
the initial and final states. Our results can be useful for
distinguishing  molecular  states from  compact
pentaquarks owing to their different wave functions. In
addition, because the probabilities for the D-wave com-
ponents of all predicted molecular candidates are less
than 1% [16], they can hardly affect the decay behaviors.
Our results show that the difference of the total decay
widths is less than 2% whether the D-wave contributions
are considered or not, and the decay branching ratios for
the discussed decay channels remain nearly unchanged.
In the following, we use only the S-wave functions to
present our results.

For the coupled X.K/A.K*/Z.K* molecule with
I1(J?)=1/2(1/27), when the binding energy varies from 0

MYV T
S oKINGK TZ K" 1/2(1/27) |

. ——

E(MeV)

S oKINK TZ K" 1/2(1/2°) |

1.0F

0.8F

Branching ratios

0.2f 5

0'0“‘\“‘\“‘\“‘\“‘\“‘7

E(MeV)

Fig. 2. (color online) Two-body strong decay width for the
coupled Z.K/A.K*/Z.K* molecule with I1(J?) = 1/2(1/27).

to —12 MeV, the probabilities for the X.K component is
approximately 95% or larger. Therefore, the ¥.K com-
ponent can be play an important role in the decay proper-
ties.

In Fig. 2, we present the two-body strong decay
widths for the coupled X.K/A.K*/Z.K* molecule with
I1(J?)=1/2(1/27). The S-wave two-body strong decay
modes include D;N and A.K. When the binding energy
varies from 0 to —12 MeV, the total decay width is about
tens of MeV, and DN is the dominant decay channel.

Compared with the D,N mode, the partial decay
width for the A K final states is slightly smaller, being
less than 2 MeV. The reasons are as follows: the light p
exchange interactions appear in the tensor terms
fas.p/2mp, which are suppressed by the mass of the
heavy baryon, mp. The exchange interactions involving
the heavy Z¢ baryons are also suppressed owing to the
large mass of the exchanged baryon.

In addition, we compare the decay widths in the
single X.K channel, and we find that the results are very
similar. Therefore, the coupled channel effects play a
minor role for this coupled channel molecule.

In Fig. 3, we present the two-body strong decay
widths for the coupled A K*/X.K* molecule with
I1(JP)=1/2(1/27). We consider four decay modes: the
DN, DN, XL.K, and A.K channels. In the binding en-

I (MeV)

0.5 r ,:

12}

S F ]

2 04l ]

2 ]

S 03F ——-5k AcK ]

© L ]

@ Q2F ===-- DIN ——= DgN ]
0 Fmmm e mmmm e 1
0.0 ——————————————————————*

-8 -7 -6 -5 -4 -3 -2 -1
E[MeV]
Fig. 3. (color online) Two-body strong decay width for the

coupled A.K*/Z.K* molecule with I(J?) = 1/2(1/27).
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ergy region of E > -8 MeV, the total decay width varies
from 15 to 30 MeV. Among these four decay channels,
¥.K is the dominant decay channel, accounting for over
50% of the total decay width. The large partial width res-
ults from contributions due to light meson exchanges,
particularly the = exchange interactions in the A.K* —
¥ K decay process. The secondary and tertiary dominant
decay channels are A.K and D:N, respectively, with their
ratios reaching approximately 40% and 10%, respect-
ively. The decay width for the DN is less than 1 MeV.
Most importantly, the branching ratios for all the dis-
cussed channels are almost independent of the binding
energy.

In addition, we find that the S -wave X.K* component
significantly contributes to the total decay width owing to
the important 7 exchange interactions in the X.K* —
A.K decay process, although its probability is less than
10% in the binding energy range E > -8 MeV [16]. The
contributions from the S-wave X.K* component reduce
the total decay widths for this loosely bound molecular
state as a partial coherence cancellation occurs between
the interactions from the A.K* and X.K* components.
From the above analysis, we can conclude that the
coupled channel effects have a significant impact on the
decay properties for this state.

For the coupled A.K*/X.K* molecule with 1/2(3/27),

70

60 F
50F

40

I (MeV)

30F
20F b

10F B

E(MeV)

1.0f NK* K™ 112(3/27) [

Branching ratios
o
)
——r—
1

—2.5‘ o ‘—2.0‘ o ‘—1.5‘ o ‘—1.0‘ o ‘—0.5‘
E[MeV]

Fig. 4. (color online) Two-body strong decay width for the

coupled A K*/Z.K* molecule with 1/2(3/27).

we consider the XK and DN decay modes. In Fig. 4, we
present the decay width dependence on the binding en-
ergy. Here, the total decay width is several tens of MeV.
The dominant decay channel is X;K, which contributes
approximately 90% of the total decay width. The large
branching ratio results from the significant 7 exchange in-
teraction, along with a coherent growth existing in the
AK* - 2K and X K* — XK interactions. Thus, the cur-
rent results show the importance of the coupled channel
effects.

For the DN channel, the light mesons exchanges in-
teractions as collected in Table 1 do not exist, and the
partial decay width is much smaller at several MeV, as
shown in Fig. 4.

In our previous work [16], we also predicted three
possible single X.K* molecules with I(J")=1/2(1/27),
1/2(3/27), and 3/2(1/27). In Fig. 5, we present their two-
body strong decay widths for the X.K* molecule with
I1(JP)=1/2(1/27), where the the binding energy is taken
as E > —12 MeV. Five decay channels occur via S-wave
interactions: D,N, D;N, A.K, A.K*, and X K. The total
decay width can reach up to 200 MeV within the binding
energy E > -12 MeV. X K is the main decay channel,
followed by the A.K and A.K* channels. The corres-
ponding branching ratios are 54%, 38%, and 8%, respect-
ively. In contrast, the decay widths for the DN and D,N

250f Total — — - S K ———— AK ]
- — = AK* DsN - ==~ DN
200+
3 K* 172(1/27)
S 150+ b
Q
=3 T ——— —
= 100} - 1
50 b
>N
OfF-=====-=-==- ‘---__.-.-‘._.-_—.-.—‘--.—_'__:'_‘T:T: ]
-12 -10 -8 -6 -4 -2 0
E(MeV)
06l SK* 112(1/27)
05¢ ]
12}
S 04f 1
o
g 0.3} 1
® ——- 3K AK = === AcK*
“ 02! 1
DN ===~ DIN
0 o 1
00fzmmmgmmmns et il
-12 -10 -8 -6 -4 -2 0
E[MeV]
Fig. 5. (color online) Two-body strong decay width for the

single =.K* molecules with 1(J) = 1/2(1/27).
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channels are very small (less than 1 MeV within the same
binding energy range). We also find that the branching
ratios for the discussed decay channels are not sensitive
to the choice of the binding energy.

The above results can be explained as follows: as
shown in Table 1, the important interactions from the ex-
change of 7 and p mesons in the T.K* — Z.K(A.K®) de-
cay processes lead to the large decay widths for the A K,
A.K*, and 2. K decay modes. In addition, compared with
the £.K and A K channels, the phase space for the £ .K* —
A.K* decay process is much smaller, which is why the
corresponding decay width is also much smaller.

For the X.K* molecule with 1/2(3/27), we discuss the
DN, A.K*, and 'K decay modes. Our results indicate
that the total decay width is several tens of MeV when the
binding energy is taken as E > —12 MeV, as shown in
Fig. 6. This is much smaller than the £.K* molecule with
1/2(1/27), and the main reason is that the X.K* molecule
with 1/2(3/27) decays into the X.K and A.K channels
through D—wave interactions. ;K is the dominant decay
mode, which occupies approximately 90% of the total de-
cay width owing to the important 7 exchange interactions.
For the A.K* decay mode, the partial decay width is on
the order of several MeV, although light meson ex-
change interactions are involved. An important reason for
this small decay width is that the phase space for this de-

T .K* 112(3/27)

30

25

20

15

I (MeV)

10

1.0F T.K* 1/2(3/27)

0.8 b

0.6 b

Branch ratios

0.2+ S ]

) iialalvialniauiviafolriainiaulviau il il

E[MeV]

Fig. 6. (color online) Two-body strong decay width for the
single =.K* molecules with I(J?) = 1/2(3/27).

cay channel is much smaller than for the XK mode. In
addition, a strong coherent cancellation occurs between
the meson exchange and baryon exchange interactions in
the X.K* molecule with 1/2(3/27) decaying into the DN
final states, which results in a decay width less than 0.01
MeV when the binding energy is E > —12 MeV. In addi-
tion, Ref. [54] adopted the resonance group method in the
quark delocalization color screening model and predicted
the masses and widths for the possible £.K* bound states
with 1(J)=1/2(1/27) and 1/2(3/27). They also found
that the decay width for the higher spin is much smaller.

For the X.K* molecule with 3/2(1/27), X.K is the
only two-body strong decay mode via S-wave interac-
tion. The decay width is several tens of MeV with
E >-12 MeV, as shown in Fig. 7. Compared with the
. K* molecular with 1/2(1/27), the = and p exchange in-
teractions here are about twice as weak, as shown in Ta-
ble 1, which leads to the much smaller decay width for
the £ K* molecule with I(J*) =3/2(1/27).

IV. DISCUSSION AND CONCLUSION

Studying the strong decay properties of molecular
states is crucial for understanding their internal structure.
Different decay channels and branching ratios provide
clues about the internal structure and properties of the
hadronic molecular states.

In this work, we employ the effective Lagrangian ap-
proach to study the two-body strong decay behaviors of
the predicted open-charm molecules Y.K® [16]. Additin-
ally, we consider the coupled channel effects. The corres-
ponding numerical results are summarized in Table 3. We
find that the decay width for the coupled £ .K/A.K*/X.K*
molecule with 1/2(1/27) is about tens of MeV, with the
DN channel being dominant. The decay widths for the
coupled A K*/X.K* molecules with 1/2(1/27) and
1/2(3/27) are on the order of several tens of MeV, with
the dominant channels being X.K and X;K, respectively.
For the same binding energies, the coupled A .K*/X.K*

T S
] T .K* 312(1/27)
30; |
s
[0}
S 20 1
C [ — 35K
10} d
O’ L L L L L L L L L L L L L L L L L L L L L L L
-12 -10 -8 -6 -4 -2 0
E(MeV)
Fig. 7. (color online) Two-body strong decay width for the

single =.K* molecules with 1(J") =3/2(1/27).
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Table 3.

Summary of the two-body decay properties for the possible Y.K® molecules. Here, E and ' denote the ranges of the bind-
ing energy and total width, respectively. The unit of £ and I is MeV.

States 1Y) E r Channels (Branch ratios)
X.K/AK*[2.K* 1/2(1/27) (0,-12) (4,13) DsN(91%) A:K(9%)
AcK*[ZK* 1/2(1/27) (0,-8) (14,33) T K(54%) AK(36%) D:N(10%) DyN(< 1%)
1/2(3/27) (0,-2.5) (25,70) 25 K(90%) DN (10%)
2.K* 1/2(1/27) (0,-12) (50,245) 2. K(54%) A:K(38%) AcK*(8%) Dg.*)N(< 1%)
1/2(3/27) (0,-12) (5,30) X5 K(91%) AK*(9%) DiN(< 1%)
3/2(1/27) (0,-12) (10,39) 2K (100%)
Table 4. Summary of the total decay widths for the possible ¥.K® molecules via two-body strong decay interactions. Here, the unit
of Eand I' is MeV.
States 1U7) E I'(0.8gx) L(gn) I(1.2gx)
ZK/A K" [Z K 1/2(1/27) -5.30 451 10.76 22.10
AK* /S K 1/2(1/27) -4.88 21.32 30.51 40.82
1/2(3/27) —-1.14 35.26 54.56 77.91
T.K* 1/2(1/27) -4.75 102.72 159.02 227.02
1/2(3/27) =5.71 13.39 21.27 32.10
3/2(1/27) —5.62 21.13 32.07 44.86

molecules with 1/2(1/27) exhibits a narrower decay
width because the coupled-channel effects play an im-
portant role, here. The decay widths for the X .K* mo-
lecules with 1/2(1/27), 1/2(3/27), and 3/2(1/27) are on
the order of one hundred MeV and a few tens of MeV, re-
spectively. The dominant decay channels are T(A.)K,
driven by light meson exchanges such as 7 and p. Addi-
tionally, the branching ratios for all the discussed chan-
nels are not sensitive to the binding energy.

In this work, we focus on the two-body strong decay
properties for the Y.K™ molecules. The three-body de-
cay modes via K* — Kz may be important for the mo-
lecules involving the K* components. Compared with the
two-body decay modes, the phase space could be smaller
than the two-body decays, which can lead to smaller de-
cay widths. We aim to calculate the three-body decay
widths in our next work.

In addition, we must mention that the effective Lag-
rangians are taken the same forms of those constructed in
the well-established SU(3) symmetry. We apply the
SU4) symmetry to relate the coupling constants. As
shown in Egs. (8)—(9), we use the masses of pseudoscal-
ar and vector mesons instead of m,, m,, and m, in the
original SU(3) expressions. This could be considered a

correction to the strongly broken SU(4) flavor symmetry
[22, 28, 55, 53]. We also discuss the uncertainties of the
coupling constants as the SU(4) symmetry breaking. To
estimate the effects of SU(4) symmetry breaking, we
compare the coupling constant adopted in the correction
SU(4) symmetry relations and the values extracted from
the experimental widths, such as the decay widths for the
2 — A processes. We find that the uncertainties of the
coupling constants are less than 20%. Thus, we then se-
lect three groups of typical values to present our results,
where the coupling constant g, related to the heavy
quarks are taken as 0.8gy, gu, and 1.2gy, respectively, as
shown in Table 4. Here, we can determine the obtained
widths have the same order of magnitudes, and the
branch ratios for all the discussed modes are almost the
same.

In summary, the information obtained can both
provide insights into the interactions between the com-
ponents and serve as a valuable guide for experimental
searches. We expect experiments to verify our predic-
tions. Processes such as B— A (Z)AK, A,—
A.KKr have the potential to search for these possible
Y.K® molecules.
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