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Can the newly reported P, (4459) be a strange hidden-charm E.D*
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Stimulated by the P, (4459) reported by the LHCb collaboration, we perform a single Z.D* channel
and a coupled Z.D*/E:D/E.D*/Z:D* channel analysis by using a one-boson-exchange model. Our
results indicate that the newly P, (4459) cannot be a pure E.D* molecular state, but a coupled
E.D*/E:D/E.D*/Z:D* bound state with I(J”) = 0(3/27), where the E.D* and E:D components are
dominant. Meanwhile, we find the interactions from the Z.D* system with 0(1/27), the E:D system with
1(3/27), and the E:D* system with 1(1/27) are strongly attractive, where one can expect possible strange
hidden-charm molecular or resonant structures near these thresholds with the assigned quantum numbers.
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I. INTRODUCTION

In 2019, the LHCDb collaboration updated the observa-
tions in the Ag — J/wpK~ process by using more data [1],
they not only discovered a new narrow pentaquark state,
P.(4312)", but also found that the P.(4450) reported
previously [2] consists of two narrow overlapping peaks,
P.(4440)" and P.(4457)".

The discovery of P, states has sparked an enormous
interest in the study of multiquark systems and exotic
hadrons. Several possible explanations have been put
forward in the literature: the molecular states [3—11], the
compact pentaquark states [12—18], and the kinematical
effects [19,20] (see review papers [21-26] for more details).
In fact, before the observations of the P, states, the hidden-
charm pentaquarks were predicted in Refs. [27-31].

Among the different interpretations to these P, states, the
hadronic molecular state assignments to them are the most
popular one. The masses of the P, states are close to the
thresholds of a charmed baryon and an anticharmed meson,
which is the main reason why the hadronic molecular
state assignments to them were proposed. For example,
P.(4312), P.(4440), and P.(4457) are regarded as the
hidden-charm molecular pentaquarks, they are mainly
composed by the X.D state with 1(J*) = 1/2(1/27), the
¥.D* state with 1/2(1/27) and 1/2(3/27), respectively [6].
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Very recently, the LHCb collaboration reported evidence
of the P.,(4459) in B, — J/wAK~ with a 3.1¢ statistical
significant [32]. Its mass and width are
M =4458.8 £2.9717 MeV, T'=173+£6.5"3) MeV,
respectively. Its spin parity was not determined yet.
According to the decay final states J/wA, the P, (4459)
is a strange hidden-charm pentaquark containing ccsud
valence quark components. Since its mass is just below the
E.D* threshold with around 19 MeV, whether the newly
P_,(4459) can be explained as a strange hidden-charm
E.D* molecule is open to discussion [33-35], i.e., Chen
et al’s results supported the P, (4459) as the Z.D*
molecule of either J¥ = 1/2~ or 3/2~ after adopting the
QCD sum rules [33].

In fact, many groups have predicted the existence of the
strange hidden-charm pentaquarks [36—46], and proposed
to search for the P states in the A,(E,) — J/wAK ()
[40,41,47]. Especially, Wang et al. predicted two isoscalar
E.D* molecular states with the chiral effective field theory
[37], the masses of Z.D* molecules with J* = 1/2~ and
3/27 are 4456.9737 and 4463.0738 MeV, respectively.

As we mentioned, the long range interaction from one
pseudoscalar meson exchange is suppressed in the single
E.D* system [42]. In this work, we will give a more
comprehensive and systematic investigation of the molecu-
lar explanation of the P, (4459) after absorbing more
effects. We still adopt the one-boson-exchange (OBE)
model (including the 7z, o, 5, p, and w exchanges), and
adopt the S — D wave mixing and the coupled-channel
effect. By studying the hadronic molecular state assignment
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to the P;(4459), we want to further identify this molecular
pentaquark configuration, especially the corresponding
spin-parity quantum numbers.

This paper is organized as follows. After this introduc-
tion, we illustrate the deducing of the OBE effective
potentials in Sec. II. The corresponding numerical
results for the single Z.D* channel case and the coupled
E.D*/2:D/=E.D* /E:D* case are given in Secs. IIl and IV,
respectively. The paper ends with a summary in Sec. IV.

II. ONE-BOSON-EXCHANGE
EFFECTIVE POTENTIALS

According to the heavy quark symmetry and chiral
symmetry [48-53], the relevant effective Lagrangians are
constructed as

Ly = g5(HL ol ) + iglH Ly, AlyrsH, )

- iﬂ(I:IS,Q) v, (Vi — PZb)Hgag)>
+ il(H 6, P (p)HL), (1)

Lp, = lp(B3oBs3) + iBp(Bsv"(V, — pu)B3),  (2)

Lo, = 15(5,08") 3 01450,(5,A,5,)
+lﬁS<S va(V pab)S")—i—/ls(S F*(p)S,), (3)

Lp,p, = i91(S'ABs) + idie"™ v, (S,F;B5) + He.  (4)
Here, the multiplet field HQ s composed by the pseu-
doscalar meson P = (D°,D~)" and the vector meson
P* = (D, D*)7, while its conjugate field of H@ sat-
isfies H@) = yoH@7y,, and S is defined as a superfield,
which includes By with J¥ = 1/2% and B with J© = 3/2*
in the 65 flavor representation. Their expressions read as

-/
- 5)

H© = [Py, — Py

1
S, = —\é(yﬂ +0,)7°Bs + B¢, (6)

The expressions of the axial current and the vector
current are

(5T8ﬂ§ 56;451‘) aﬂﬂ:l) + -,

f

l\.)l~ NI»—

=5(£'0,6 - £0,8") = 55 [P.O,P] +

2f2
respectively, with & =exp(iP/f,) and the pion decay
constant f, = 132 MeV. pl, = ig)V; /V2, F*(p) =
Hp* — pt + [p*,p*]. P and V stand for the isoscalar

and vector matrices, respectively. In the above formulas, the

%)

matrices Bs, B , P, and V) are written as

0 Ar Ef
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V= - 2w 0
p it K
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By expanding Egs. (1)—(4), one can further get

Lpp, = _295752751,6 - 295751*, . 7521'0, (7)

2g
Eﬁ(*)f;(*) f (P P‘i‘,}) Pbl>ypab

2 ,
T fg baui PP, (8)

Lporpiy = V2BgyPiPyv - Vy,
- 2\/5/19\/1728&,4(1/1(7%”75;; + 752732”)3“\//;17
- \ﬁﬂgvﬁf : 73271 “Vap

— 2V2gy PP (9,V, - V), )
EBnga = 13<53033>v (10)

Lyopi, = —15(BY oBy)) + I5(Bs,0B")

6

- Bl + ) ) + e (1)
EBngv = %ﬁBQMBiU - VBs), (12)
Lo = 13- 0xlB11,0,P )
+ l\/T_% 8"”’1"<Bgﬂ8yPyAySBg>> +H.c.
- 59 e (5,0, By (13)
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ﬂsgv Agy () v v 0
Loogoy = 5 (BVv - vBY) - 3\/2(66 1 (00VY = VB
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e B VO B i B (Ve =0V ) By
Psgv i Asg
+ B v- VB + i B (O*VY — *VH)B: ) +H.c., 14
\/§<6yv 6 ) \[<6;4( )B5.) ¢ (14)
|
P . ik & —hyh
L:BéBé*)V _ \I)qgg””“vﬂ(l‘?g)}/sn(agvk _ 6KV,1)B§> Vh 1hy h3]4(r> _ (2 ? llI"Vh 1hy h3/4( )Fz(qZ’ sz)

A 9 K 2%
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(15)
lg
Loop =~ \f 7 BIr G+ v)0,PB;)
- 7 *(B;,0*PBs) + H.c., (16)

which will be applied to the deduction of scattering
amplitudes.

gs = 3/2V/6, § is the coupling for the process D(0) —
D(07) + & [54]. p is fixed as # = 0.9 according to vector
meson dominance [55], and A is determined through a
comparison of the form factor between the theoretical
calculation from the light cone sum rule and lattice QCD
[55]. For the = exchange couplings, they are extracted from
the decay width of D* - Dz, X. - A, and Zf - Az
[53,55,56]. The remaining coupling constants relevant to
the heavy baryons can be estimated by borrowing the
nucleon-nucleon interaction in the quark level [53]. Their
values are collected in Table 1.

In a Breit approximation, the effective potentials in the
momentum space can be related to the corresponding
scattering amplitudes, i.e.,

Vh ha—>h3h4(q) _ _M(hth - h3h4)’ (17)

IL2M T 2M

where M; and M stand for the masses of the initial states
(hy, hy) and final states (hs, hy), respectively. After
performing a Fourier transformation, we obtain the effec-
tive potential in the coordinate space V(r),

TABLE I. Coupling constants adopted in our calculation.

Ip Py Ls 9 Asgv(GeV™')  PBgy
-3.65 —-6.00 7.30 1.00 19.20 5.22
Psgv s 9 Jqgv(GeV')  Agy(GeVT')

12.00 0.76  1.06 —6.80 3.25

Here, we introduce a monopole form factor F (g% m%)=
(A2—m2%)/ (A% —q?) at every interactive vertex, it expresses
the off-shell effect of the exchanged boson. A, mg, and ¢
are the cutoff, mass, and four-momentum of the exchanged
meson, respectively. As we discussed in Ref. [57], there are
other kinds of form factors adopted to study the hadron-
hadron interactions, like the dipole and the exponential
forms. For the cutoff, it is a phenomenological parameter.
According to the experience of the deuteron, A in the
monopole form factor is taken around 1 GeV [58,59].

For the S-wave Z,D* system, its spin parity can be either
JP =1/27 or 3/2~. When we consider the S — D wave
mixing effect, the spin-orbit wave functions are

1_
’r=; :|2sl>, D) Dy,
=2y, Py, [DYfDY.  (18)
) of these discussed
systems are

2D 4 1.0) = (D) + [ELD)),
1.-1) = |20 D),
1 —(1%)+ _ —(7.%)0 750
0,0) =—= (8.7 "Dy = |E:"D*)), (19
) =5 )= ). (19)

where [ and /5 are the isospin and its third component of
the systems, respectively,

III. A SINGLE E.D* ANALYSIS

With the above preparations, the OBE effective potential
for the single Z.D* system is written as
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Ve, b+ = 2lpgs€r '€ZY(A, Mgy, )

g1
- %ﬂﬁBg%GZ : GZY(A9 m, I")
1
- ZﬁﬂBg%€2 'GIY(A Mg, 1), (20)

where G(I) is the isospin factor, its value is taken as 1 for
the isospin-1 system, and —3 for the isospin-0 system. The
function Y (A, m, r) denotes

1 A? —m?
Y(A, m, r) = 4—7” (e_"” - €_Ar) - 87[4A€_Ar. (21)

When performing the numerical calculations, the spin-
spin operator 0"/ should be replaced by a serial of matrix
elements (¥*IL7,|O>FIL,), the |»*IL,) and [¥*IL),)
stand for the spin-orbit wave functions for the initial and
finial states, respectively. For example, the matrix elements
(fle, - €})i) for the J* = 1/2~ and 3/2~ E.D* systems are
diag(1,1,1) and diag(1,1,1,1) respectively when inputting
the spin-orbit wave functions in Eq. (18). As we see, the
OBE effective potentials are exactly the same for the Z.D*
systems with J* = 1/2~ and 3/2".

There exist o, p, and @ exchange interactions for the
single Z.D* system in Eq. (20). In Fig. 1, we present the
corresponding S-wave effective potentials for the single
E.D* system with I(J¥) = 0(1/27,3/27). Here, the ¢ and
o exchanges provide an attractive and a repulsive inter-
action, respectively. The p exchange interaction is very
different for the isoscalar and isovector Z,D* systems, i.e.,
for the isovector case, the p exchange provides a repulsive
interaction, whereas a 3 times stronger attractive force
exists in the isoscalar case.

After solving the Schrodinger equation, we find that
bound solutions for the isoscalar Z.D* systems with
JP =1/27(3/27) appear in the range of A > 2.00 GeV.

<E.D|V|IE.D>
>
]
g
>
50 . 1 . 1 . 1 .
0 0.5 1 1.5 2
r (fm)
FIG. 1. The dependence of the S-wave OBE effective potentials

for the isoscalar Z.D* system on r with A = 1.00 GeV.
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FIG. 2. The A dependence of the bound solutions (the binding
energy E and the root-mean-square radius r.,,) for the single
E.D* states. Here, the shadow area corresponds to the P, (4459)
mass with experimental uncertainties. The horizontal solid line
and the vertical dotted line stand for the central mass of the
P.(4459) and the corresponding cutoff value.

With the increasing of the cutoff A, it binds more strongly.
As shown in Fig. 2, when the cutoff A is taken in the range
of 3.6 < A < 5.25 GeV, we can reproduce the mass of the
P.(4459) with the experimental uncertainties. Obviously,
the cutoff A is far away from the typical value 1.00 GeVin a
loosely bound hadronic molecular state. Thus, our results
indicate that the newly P (4459) cannot be a pure Z.D*
molecule, although the total OBE effective potential is
attractive.

Compared to the isoscalar Z.D* system, the OBE
effective potential for the isovector system is much weaker
attractive. We do not find the bound solutions in the range
of A <5.00 GeV.

In the SU(3) flavor symmetry and heavy quark sym-
metry, the 2.D* is not related to the £.D* system but the
A.D* system. Contrary to the E.D* and A.D* systems,
there exists the one-pion-exchange interaction in the
¥.D* system. Obviously, our results for the Z,D* state
in a single channel analysis are also consistent with the
predictions in Ref. [27], where Yang et al. found that
there does not exist the S-wave A.D* molecular state,
however, but the S-wave X.D* state with [(JP) =
1/2(3/27) which can be the possible hidden-charm
molecular pentaquarks.

IV. A COUPLED E.D*/E!D/E.D*/E:D*
ANALYSIS

In this section, we further introduce the coupled
channel effect to check whether the P, (4459) can be
explained as a strange hidden-charm molecular pentaquark.
Here, we study the E.D*/E:D/Z.D*/Z:D* interactions
with 7(JP) =0,1(1/27,3/27). The total effective poten-
tials are
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Vll V12 V13 V14 A’ c 1
34 _ 34 34 34
b, PRI 122 123 04 V _ﬁy’\ﬁ’mﬂﬁ +8\/§ <Q(I)ZA6’m”6 -3 Aﬁ’m’ﬁ)
311,32 1,33 1,34
1% 1% 1% 1% B B’ (g(l)y34 +y34 )
PAHL P2 Y3 83 Ag1y6 g
g.D"—>E.D* \)E:D—E.D* \)E.D*-E.D* \)E:D*-ED" D’
| G S -2 (GDZR,, + 2. (31)
VED —E:D ED-ED ED'-ED )ED'-ED 123 696 6:Mat
a VE(-D**QM V52D—>EQD* VE;D*—E;D* VE:D*—E’CD* ,
C 1
VED SED YED-ED YD -ED YED 5D V=AY - T <g(1 )2, — 3 Zf\‘fm,,)
(22) B
- § (g(l) Aéfm/, + yé}\4mm)
The subpotentials are expressed as D’
) -5 @ZE, + 2. (32)
YV =2AYL,, =7 GOV, + Vi) (23) :
Mo 4 o e In the above expressions, we define several useful func-
tions, i.e.
C b b
12 _ 12 12
Vie=-— m (g(I)ZAl,m,,] + ZAl,m,ﬂ ) ij
D Vim, = DijY(A,mg, 1), (33)
—ﬁ(g(l)lez.mp, + 23, ), (24) 519
Zx’ma = (5UV2+fier;E)Y(A,ma,r), (34)
VB = (G2, + 2R,
o ’ i ol1o0
D Z;\'{ma = (25UV2 - f,]ra——a—) Y(A, mg, r). (35)
BN (g(I)Zj\‘impz + 20, ) (25) rror
Dy, &;j, and F;; stand for the spin-spin interaction
C and tensor force operators, the concrete expressions are
4 _ _ (Q(I)Zl“ 4+ zl4 ) P p
62 Ag s Agomys summarized in the Appendix. The variables in these
D » » functions are defined as A? = A2 — g7, m? = m? — ¢2,
‘f‘m(g(l)zx\ymp3 +ZA3,mw3)’ (26) with i =0, 1,...,6. The coupling parameters and the
values for ¢; are summarized in Table II.
B’ Here, we neglect the D-wave components for all dis-
V2= -ADZ + < (G(1) %m/) +Y%,.), (27)  cussed systems. After solving the coupled channel
Schrodinger equation, we can only obtain bound states
c 1 with their masses below the lowest threshold of the
P23 — 7 <g(1)2,’12\34.m”4 —ng\iqu discussed channels. Here, we need to mention that one
8v3 ) can further search for the possible resonances with higher
D by solving the scattering problems, which we leave
- gz Z23 ). 28 masses by solving gp ,
12V/3 (G(1) A1y * A4""w4) (28) to the next task. As we will see in the following results, we
also take the cutoff value of cutoff from 1.00 to 5.00 GeV
c’ 1 (see Table III for more details).
24 _ 2 _ Lz
V= ) (g(l )Z Kemes 3 ZAsvm,,s> For the I(J¥) = 0(3/27) case, there exist bound state
D solutions with the cutoff around 1.00 GeV, and the Ecl_)*
-5 Gz, + 23, ), (29)  channel has a dominant contribution. It is obvious that the
RELLLR 5w
c 1 TABLE II. Coupling parameters and the values for ¢g; adopted
33 _ _A/y33 33 33 i
Ve=-A y/\-mo + 12 <g(1)Z/\,mn - §Z/\,mq> in our calculation. The unit for ¢, is GeV.
B’ A=I B = fpyg’ = P = Mg
_ 33 33 BYs ﬁﬂBgr C gg4/f7r D j"llgv
g (GDYR, + Vi, A=lg,  B=pg C=gn/fi D=g
D’ q; =0.16 q, = 0.06 gz = 0.10
—1g (G235, + 285, (30) g =010  g;=006 g5 = 0.04
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TABLE III. The obtained bound state solutions (the binding energy E, the root-mean-square r.,, the real binding energy
Ecal = E 4 Migwest — M gominant> the mass of the bound state M, and the probabilities of different channels for the investigated system) of
the coupled E.D*/Z:D/=.D* /Z:D* systems with I(J¥) = 0(1/27,3/27). Here, the cutoff A, the root-mean-square r,, the binding
energy E, the real binding energy E,.,, and the mass of the bound state M are in the units of GeV and fm, MeV, MeV, and MeV,

respectively. The dominant channels for a bound state are remarked by the boldface type.

1(J7) A E Frms E el M E.D* =D 2! D* E:D*
0(1/27) 1.17 -1.63 1.39 —109.04 4476.32 30.66 64.13 5.21
1.18 -7.52 0.62 —-114.93 4470.43 15.82 77.10 7.08
1.19 —-14.29 0.50 —-121.70 4463.66 11.12 80.82 8.06
1.20 —21.62 0.45 —129.03 4456.33 8.60 82.62 8.78
0(3/27) 0.99 —1.46 2.18 —1.46 4476.49 69.44 19.46 2.81 8.28
1.01 -5.73 1.09 -5.73 4472.22 53.70 28.41 5.52 13.37
1.03 —11.77 0.79 —11.77 4466.18 44.88 32.50 5.69 16.93
1.05 —-19.28 0.65 —-19.28 4458.67 38.95 34.58 6.61 18.86

value of the cutoff for the coupled channel case is smaller
than that for the single channel case. Thus, we can conclude
that the coupled channel effect is helpful to form this bound
state. We also notice that its root-mean-square (rms) radius
is around 1 fm when the binding energy varies from 0 to
—10 MeV, the size is reasonable for such a coupled
E.D*/E:D/=E.D*/Z:D* molecular system. As it binds
deeper and deeper, the Z:D component becomes more and
more important. In particular, when the cutoff A is taken as
1.05 GeV, one can reproduce the central mass of the newly
P_,(4459), the probabilities for both Z.D* and EiD
channels are over 30 percent.

When the cutoff is taking from 1.17 to 1.20 GeV, we can
obtain a loosely bound state for the I(J¥) =0(1/2")
case. Here, the E.D* channel is its dominant channel.
The “real” binding energy is over 100 MeV in the range of
1.17 < A < 1.20 GeV. Where the real binding energy E .,
is Ereal =E+M lowest — M dominant» M lowest and M, dominant ar'®
the mass thresholds of the channel with lowest mass and the
dominant channel, respectively. Although the cutoff is
reasonable, the corresponding rms radius is only around
or less than 0.5 fm when reproducing the mass of
P.(4459). It is obvious that the molecular state picture

with the I(J¥) = 0(1/27) assignment to P.(4459) is not
favored.

To summarize, the coupled E.D*/Z:D/Z.D*/E:D*
state with 1(J¥) = 0(3/27) can be a possible strange
hidden-charm molecular candidate, the Z.D* and E:D
channels are dominant, followed by the Z:D* channel. It
may relate to the new P (4459) recently reported by the
LHCb collaboration. Here, we also obtain bound state
solutions for the coupled E.D*/E:D/=E.D* /Z:D* system
with 7(JP) =0(1/27), its real binding energy reaches
around 100 MeV as the dominant channel is the Z.D*
channel, thus, the relevant OBE interaction from the
B! D* system is strongly attractive. Although it is not a
reasonable loose hadronic molecular candidate, in our
future study, we can search for possible loosely bound
strange hidden-charm molecules near the threshold of the
E! D* system.

As a by-product, we further discuss the existence of the
isovector strange hidden-charm molecular pentaquarks
from the S-wave Z.D*/E:D/E.D*/E:D* interactions.
According to the numerical results in Table IV, we find
the I1(JP)=1(1/27)E.D*/E:D/E.D*/E:D* state is a
tight bound state; the Z:D* channel is the dominant

TABLE IV. The obtained bound state solutions (the binding energy E, the root-mean-square r., the real binding energy
E it = E 4+ Migwest — M gominant> the mass of the bound state M, and the probabilities of different channels for the investigated
system) of the coupled E.D*/E:D/=.D* /E:D* systems with I(J¥) = 1(1/27,3/27). Here, the cutoff A, the root-mean-square 7p,
the binding energy E, the real binding energy E,.,, and the mass of the bound state M are in the units of GeV and fm, MeV, MeV, and
MeV, respectively. The dominant channels for a bound state are remarked by the boldface type.

1(J7) A E Foms Epeal M =D =D = D =D
1(1/27) 2.07 -2.05 0.36 ~178.56 4475.90 5.80 . 5.33 88.87
2.08 -16.84 0.24 ~193.35 4461.11 5.03 . 5.30 89.67
2.09 -32.20 0.23 —208.71 444575 4.95 . 5.23 89.81
2.10 —48.12 0.22 —224.63 4429.83 4.95 o 5.17 89.88
1(3/27) 1.43 -1.62 0.94 -36.78 4476.33 12.96 80.10 0.61 6.34
1.44 -5.68 0.67 —40.84 4472.27 9.92 82.29 0.64 7.14
1.45 -10.12 0.60 —45.28 4467.83 9.12 82.41 0.66 7.81
1.46 —14.91 0.57 ~50.07 4463.04 8.78 82.08 0.67 8.47
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channel. However, we need to specify that the cutoff A is a
little bit larger than 1 GeV. For the 1(J*) = 1(3/27) case,
when the cutoff reaches up to 1.43 GeV, we can obtain a
bound state, where the EjD channel is dominant. If strictly
taking A around 1 GeV and the rms radius around 1 fm, we
may predict there is a possible strange hidden-charm =D
molecular candidate.

In our former work [6], we study the X.D/X:D/
¥.D*/T:D* interactions by using the same approach.
When we take the same cutoff range around 1 GeV,
we find the P.(4312), P.(4440), and P.(4457) can be
explained as hidden-charm molecular pentaquarks, the
corresponding dominant channels are the X.D state
with 1/2(1/27), the £.D* states with 1/2(1/27) and
1/2(3/27), respectively. Based on the above analysis,
the new P, (4457) can be naturally assigned as a strange
hidden-charm molecular pentaquark.

V. SUMMARY

Inspired by the evidence of the first strange hidden-
charm pentaquark P (4459), we systematically discuss
whether the P (4459) can be assigned as the E.D*
molecular state. In this work, we adopt the OBE effective
potentials and present our results in two cases.

In case one, we study the single E.D* system and
consider the S — D wave mixing effect. The long range
interaction from the one-z-exchange is suppressed by the
spin parity forbidden. There remain the intermediate range
force from the one-o-exchange and the short range force
from the one-p/w-exchange. The OBE effective potentials
for the I(J¥) = 0(1/27,3/27) are exactly the same. Our
results indicate the OBE effective potentials are not strong
enough to form a single E.D* system.

In case two, we further study the coupled E.D*/E:D/
E.D*/E:D* systems with I(JP)=0(1/27,3/27) after
introducing the coupled channel effect. Finally, we obtain
a good strange hidden-charm molecular pentaquark with
1(JP) = 0(3/27), it is mainly composed by the Z.D* and
E:D channels. The coupled channel effect plays an
important role here. When the cutoff is taken as
A =1.05 GeV, we can reproduce the central mass of
the P (4459), and the probabilities for the E.D*, E:D,
E! D*, and Z:D* channels are 38.95%, 34.58%, 6.61%, and
18.86%, respectively.

In addition, we also find the OBE effective potentials for
the Z.D* system with 0(1/27) and the E;D system with
1(3/27) are strongly attractive in the reasonable cutoff
input, where one may search for more possible strange
hidden-charm molecules or resonances.
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APPENDIX: OPERATORS
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