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In this work, we investigate the interactions between an excited anticharm meson doublet ðD̄1; D̄�
2Þ and

ground-state octet baryons ðN;Λ;Σ;ΞÞ with the aim of identifying possible molecular pentaquark states.
A systematic analysis is performed within the one-boson-exchange model, which incorporates both S- and
P-wave interactions, S-D-wave mixing, and coupled-channel effects. By solving the Schrödinger
equations, we can predict a rich spectrum of loosely bound anticharm molecular pentaquarks with
strangeness jSj ¼ 0, 1, 2. Our results provide specific quantum number assignments and mass range
predictions to guide future experimental searches at facilities such as LHCb and Belle II. The discovery of
such states would significantly enrich the hadron spectrum and serve as a critical test of theoretical models
for hadronic interactions.
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I. INTRODUCTION

The search for exotic states—hadrons beyond the conven-
tional quark-antiquark mesons and three-quark baryons—
has been a central pursuit in hadron physics since the quark
model was proposed [1–3]. These exotic structures serve as
unique laboratories for probing quantum chromodynamics
in the strongly coupled, nonperturbative regime, advancing
our fundamental understanding of matter and interaction.
Among these particles, pentaquark states, comprising four

quarks and one antiquark, constitute an important and
intriguing category of exotic hadrons. Theoretical investi-
gations on their existence can be traced back to 1979, when
Strottman calculated the masses of light-quark pentaquarks
within the MIT bag model [4]. Then, studies that explored
the possibilities of stable pentaquarks containing a charm
quark were carried out [5,6]. The first tentative experimental
evidence emerged in 2003 with the LEPS Collaboration’s
report of the Θð1540Þ, a state interpreted as a pentaquark
composed of four light quarks and an s̄ antiquark [7].
However, subsequent high-statistics experiments failed to

confirm this observation [8]. Similarly, early evidence for
other candidates, such as the double-strange Ξ−−ðddssūÞ [9]
and the anticharmed Θcðuuddc̄Þ [10], could not be inde-
pendently verified [11–13].
However, things have changed dramatically in the past

decade. In 2015, the LHCb Collaboration announced the
discovery of two hidden-charm pentaquarks, Pcð4380Þ and
Pcð4450Þ, in the decay Λ0

b → J=ψpK− [14]. A subsequent
analysis with combined Run I and Run II data in 2019 not
only revealed a new narrow state, Pcð4312Þ, but also
resolved the Pcð4450Þ into two distinct peaks, Pcð4440Þ
and Pcð4457Þ [15].
The proximity of these states to the ΣcD̄ð�Þ thresholds has

led to a widespread molecular interpretation in theoretical
studies [16–44]. In our previous work, we employed the
one-boson-exchange (OBE) model to study the interactions
between a charmed baryon and an anticharmed meson. Our
results supported the identification of Pcð4312Þ, Pcð4440Þ,
and Pcð4457Þ as ΣcD̄, ΣcD̄�, and ΣcD̄� molecules with
IðJPÞ ¼ 1=2ð1=2−Þ, 1=2ð1=2−Þ, and 1=2ð3=2−Þ, respec-
tively, and highlighted the importance of coupled-channel
effects [21]. It is worth noting that theoretical predictions
for such hidden-charm molecular baryons existed prior to
their experimental discovery [45–50].
Obviously, with the ongoing accumulation of experimen-

tal data and advances in technique, discoveries on additional
pentaquark states must be possible. Thus, it is both timely
and important to carry out theoretical investigations on other
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possible molecular pentaquark configurations. Such studies
can not only enrich the hadron spectrum, but also provide a
deeper understanding of strong interactions in the non-
perturbative region and offer further insights into the
molecular nature of the observed exotic states.
In this work, we investigate the interactions between an

anticharmed meson T̄ ¼ ðD̄1; D̄�
2Þ and an octet baryon B ¼

ðN;Λ;Σ;ΞÞ to predict possible T̄B molecular pentaquarks.
Compared to the well-studied ΣcD̄ð�Þ systems, the T̄B
configurations present distinct characteristics. On the one
hand, the larger number of light quarks in the T̄B systems
may enhance the contributions from light meson exchange.
On the other hand, the relatively smaller reduced mass of
these systems results in a larger kinetic energy, which can
suppress bound-state formation. Thus, these two opposite
traits make such a kind of system interesting and mean-
ingful to be investigated, which can at least help us seek the
boundary of interaction through experimental verification.
Our exploration builds upon earlier work, where we

predicted possible molecular pentaquarks composed of
D1N and D�

2N using an effective potential based on one-
pion exchange (OPE) [51]. The T̄B systems offer a simpler
theoretical framework than their TB counterparts, as they
avoid complications arising from quark annihilation proc-
esses. In the present study, we employ a comprehensive
OBE model to derive the effective potentials, which means
that, apart from the long-range OPE contribution, we also
include intermediate- and short-range interactions mediated
by scalar (σ) and vector (ρ, ω) meson exchanges. In
addition, we consider the coupled-channel effects, which
were previously shown to be crucial for generatingD1N and
D�

2N molecular candidates [51]. The coupled-channel
Schrödinger equation is then solved to search for loosely
bound molecular states.
This paper is organized as follows. In Sec. II, we derive

the OBE effective potentials for the systems under study. The
numerical results are presented and discussed in Sec. III.
Finally, a summary is provided in Sec. IV.

II. THE OBE INTERACTIONS

We begin with the constructions on the flavor and spin-
orbit wave functions, which are summarized in Table I. The
general forms of the spin-orbit wave functions are

jD̄1Bð2Sþ1LJÞi ¼
X

m;m0;mSmL

CS;mS
1
2
m;1m0C

J;M
SmS;LmL

χ1
2
mϵ

m0 jYL;mL
i;

jD̄�
2Bð2Sþ1LJÞi ¼

X
m;m00;mSmL

CS;mS
1
2
m;2m00C

J;M
SmS;LmL

χ1
2
mζ

m00 jYL;mL
i;

where CJ;M
j1m1;j2m2

are Clebsch-Gordan coefficients. Here,
χ1
2
;m and YL;mL

denote the spinor of the ground-state baryon
and the spherical harmonic function, respectively. The
polarization vector for the D̄1 meson is ϵμm (m ¼ 0;�1),

and the polarization tensor for the D̄�
2 meson is con-

structed as ζμνm ¼Pm1;m2
h1; m1; 1; m2j2; miϵμm1

ϵνm2
[52],

with the explicit representations ϵμ� ¼ ð0;�1; i; 0Þ= ffiffiffi
2

p
and ϵμ0 ¼ ð0; 0; 0;−1Þ.
The OBE effective potentials are derived through the

following standard procedure. After constructing the rel-
evant effective Lagrangians, we obtain the scattering ampli-
tudes MðT̄iBi → T̄fBfÞ for t-channel single-meson (M)
exchange. The momentum-space potential in the nonrela-
tivistic limit is then given by the Breit approximation as

V
T̄iBi→T̄fBf

M ðqÞ ¼ −
MðT̄iBi → T̄fBfÞffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
2mT̄i

2mBi
2mT̄f

2mBf

q : ð1Þ

The contributing mesonsM are the scalar σ, pseudoscalars π
and η, and vectors ρ and ω. The coordinate-space potential
VðrÞ follows from the Fourier transform as

VðrÞ ¼
Z

d3q⃗
ð2πÞ3 e

iq⃗·rVðqÞF 2ðq2; m2
EÞ: ð2Þ

Here, a monopole form factor F ðq2; m2
EÞ ¼ ðΛ2 −m2

EÞ =
ðΛ2 − q2Þ is introduced at each vertex to account for the

TABLE I. The flavor wave functions jI; I3i and spin-orbit wave
functions j2Sþ1LJi for the discussed T̄B systems.

jI; I3i JP j2Sþ1LJi
T̄N j1; 1i ¼ T̄0p D̄1B 1

2
þ j2S1

2
; 4D1

2
i

j1; 0i ¼ 1ffiffi
2

p ðT̄0nþ T−pÞ 3
2
þ j4S3

2
; 2D3

2
; 4D3

2
i

j1;−1i ¼ T−n 1
2
− j2P1

2
; 4P1

2
i

j0; 0i ¼ 1ffiffi
2

p ðT̄0n − T−pÞ 3
2
− j2P3

2
; 4P3

2
i

T̄Λ j 1
2
; 1
2
i ¼ T̄0Λ0 5

2
− 4P5

2
i

j 1
2
;− 1

2
i ¼ T−Λ0 D̄�

2B
1
2
þ j4D1

2
; 6D1

2
i

T̄Σ j 1
2
; 1
2
i ¼

ffiffi
1
3

q
T̄0Σ0 −

ffiffi
2
3

q
T−Σþ 3

2
þ j4S3

2
; 4D3

2
; 6D3

2
i

j 1
2
;− 1

2
i ¼ −

ffiffi
1
3

q
T−Σ0 þ

ffiffi
2
3

q
T̄0Σ− 5

2
þ j6S5

2
; 4D5

2
; 6D5

2
i

j 3
2
; 3
2
i ¼ T̄0Σþ 1

2
− j4P1

2
i

j 3
2
; 1
2
i ¼

ffiffi
2
3

q
T̄0Σ0 þ

ffiffi
1
3

q
T−Σþ 3

2
− j4P3

2
; 6P3

2
i

j 3
2
;− 1

2
i ¼

ffiffi
2
3

q
T−Σ0 þ

ffiffi
1
3

q
T̄0Σ− 5

2
− j4P5

2
; 6P5

2
i

j 3
2
;− 3

2
i ¼ T−Σ− 7

2
− j6P7

2
i

T̄Ξ j1; 1i ¼ T̄0Ξ0

j1; 0i ¼ 1ffiffi
2

p ðT̄0Ξ− þ T−Ξ0Þ
j1;−1i ¼ T−Ξ−

j0; 0i ¼ 1ffiffi
2

p ðT̄0Ξ− − T−Ξ0Þ
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composite nature of the hadrons and to regulate the high-
momentum divergence, where Λ, mE, and q are the cutoff
parameter, mass, and four-momentum of the exchanged
meson, respectively. Based on the successful description
of the deuteron and other molecular candidates
[21–25,46,47,53–85], the reasonable cutoffs Λ are in the
range around 1.00 GeV, as corresponding to the typical
hadronic scale or to the intrinsic size of hadrons. As we will
see in the following numerical calculations, we attempt to
search for bound-state solutions by varying the cutoff
parameter in the region of Λ ≤ 2.00 GeV to obtain binding
energy around a few to 10 MeV for loosely bound
molecular hadrons. The physical relevance of the results
will be discussed in terms of the cutoff parameters. For
loosely bound systems with the same binding energy, the
smaller cutoff parameters correspond to stronger attractive
OBE effective potentials, thereby increasing the likelihood
of the system being a hadronic molecular candidate.
The effective Lagrangians governing the interactions of

the P-wave anticharmed meson doublet ðD̄1; D̄�
2Þ with light

mesons are constructed with heavy-quark symmetry and
chiral symmetry [86–89] as follows:

L ¼ g00σ

�
T̄ðQ̄Þμ
b σTðQ̄Þ

bμ

�
þ ik

�
T̄ðQ̄Þμ
a Aabγ5T

ðQ̄Þ
bμ

�

−
�
iT̄ðQ̄Þ

aλ

�
β00vμðVμ − ρμÞ − λ00σμνFμνðρÞ

�
ab
TðQ̄Þλ
b

�
;

ð3Þ

where the axial current Aμ ¼ 1
2
ðξ†∂μξ − ξ∂μξ

†Þμ, vector

current Vμ ¼ 1
2
ðξ†∂μξþ ξ∂μξ

†Þμ, and vector meson field
strength FμνðρÞ ¼ ∂μρν − ∂νρμ þ ½ρμ; ρν� are defined in the
standard chiral perturbation theory formalism. The pseudo-
Goldstone and vector meson matrices are ξ ¼ expðiP=fπÞ
and ρμ ¼ igVVμ=

ffiffiffi
2

p
, respectively. The superfield TðQ̄Þμa,

which combines the D̄1 and D̄�
2 states, is

TðQ̄Þμ
a ¼

�
D̄�ðQ̄Þμν

2a γν−
ffiffiffi
3

2

r
D̄ðQ̄Þ

1aνγ5

�
gμν−

1

3
ðγμ−vμÞγν

��
P−:

Here, P− ¼ ð1 − =vÞ=2 is the heavy-quark projection oper-
ator, and vμ ¼ ð1; 0; 0; 0Þ is the four-velocity of the heavy
quark in the nonrelativistic approximation.
After expanding Eq. (3), we further obtain the explicit

interaction Lagrangians as

LD̄1D̄1σ ¼ −2g00σD̄1aμD̄
μ†
1aσ; ð4Þ

LD̄�
2
D̄�

2
σ ¼ 2g00σD̄

�†
2aμνD̄

�μν
2a σ; ð5Þ

LD̄1D̄�
2
σ ¼

ffiffiffi
2

3

r
ig00σϵμνρτvρðD̄†

1aνD̄
�
2aμτ − D̄1aνD̄

�†
2aμτÞσ; ð6Þ

LD̄1D̄1P ¼ −
5ik
3fπ

εμνρτvνD̄
†
1aρD̄1bτ∂μPab; ð7Þ

LD̄�
2
D̄�

2
P ¼ 2ik

fπ
εμνρτvνD̄

�α†
2aρD̄

�
2bατ∂μPab; ð8Þ

LD̄1D̄�
2
P ¼

ffiffiffi
2

3

r
k
fπ

ðD̄�μλ
2a D̄†

1bμ þ D̄1aμD̄
�μλ†
2b Þ∂λPab; ð9Þ

LD̄1D̄1V ¼
ffiffiffi
2

p
β00gVðv · VabÞD̄1aμD̄

μ†
1b

þ 5
ffiffiffi
2

p
iλ00gV
3

ðD̄ν
1aD̄

μ†
1b − D̄ν†

1aD̄
μ
1bÞ∂μVabν; ð10Þ

LD̄�
2
D̄�

2
V ¼ −

ffiffiffi
2

p
β00gVðv · VabÞD̄�λν

2a D̄
�†
2bλν þ 2

ffiffiffi
2

p
iλ00gV

× ðD̄�λν†
2a D̄�μ

2bλ − D̄�λν
2a D̄

�μ†
2bλÞ∂μVabν; ð11Þ

LD̄1D̄�
2
V ¼ iβ00gVffiffiffi

3
p ελαρτvρðv · VabÞðD̄†

1aαD̄
�
2bλτ − D̄1aαD̄

†�
2bλτÞ

þ 2λ00gVffiffiffi
3

p ½3εμλντvλðD̄α†
1aD̄

�
2bατ þ D̄α

1aD̄
�†
2bατÞ∂μVabν

þ 2ελαρνvρðD̄†
1aαD̄

�μ
2bλ þ D̄1aαD̄

†μ�
2bλÞ

× ð∂μVabν − ∂νVabμÞ�: ð12Þ

As for the interactions between the light octet baryons (B)
and light mesons, we employ the following SUð3Þ-
symmetric Lagrangians as

LBBσ ¼ gBBσB̄σB; ð13Þ

LBBP ¼
ffiffiffi
2

p gBBP
mP

B̄γ5γμ∂μPbaB; ð14Þ

LBBV ¼
ffiffiffi
2

p
gBBVB̄γμVbaμB −

fBBVffiffiffi
2

p
mB

B̄σμv∂vVbaμB; ð15Þ

where pseudoscalar meson matrices P and vector meson
matrices Vμ are expressed as

TABLE II. Coupling constants adopted in our calculations.

g2σNN
4π ¼ 5.69 gNNη ¼ 0.33 g2πNN

4π ¼ 0.07 gΛΛω ¼ 7.98

g2ρNN

4π ¼ 0.81 fΛΛω ¼ −9.73 fρNN

gρNN
¼ 6.10 gΛΛη ¼ −0.67

g2ωNN
4π ¼ 20.00

fωNN
gωNN

¼ 0.00 k ¼ 0.78 fπ ¼ 0.13

fΛΣρ ¼ 16.85 gΛΣρ ¼ −0.55 gΛΣπ ¼ 0.67 gNΣK ¼ 0.19

gΣΣρ=ω ¼ 7.34 fΣΣρ=ω ¼ 9.73 gΣΣπ ¼ 0.77 gΣΣη ¼ 0.67

gΞΞπ ¼ −0.19 gΞΞη ¼ −0.99 gΞΞρ=ω ¼ 4.23 λ00gV ¼ 7.38

fΞΞρ=ω ¼ −9.91 gσ ¼ 2.82 β00gV ¼ −6.50
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P ¼

0
BBB@

π0ffiffi
2

p þ ηffiffi
6

p πþ Kþ

π− − π0ffiffi
2

p þ ηffiffi
6

p K0

K− K̄0 −
ffiffi
2
3

q
η

1
CCCA;

Vμ ¼

0
BBB@

ρ0ffiffi
2

p þ ωffiffi
2

p ρþ K�þ

ρ− − ρ0ffiffi
2

p þ ωffiffi
2

p K�0

K�− K̄�0 ϕ

1
CCCA

μ

;

B ¼

0
BBB@

Σ0ffiffi
2

p þ Λffiffi
6

p Σþ p

Σ− − Σ0ffiffi
2

p þ Λffiffi
6

p n

Ξ− Ξ0 − 2ffiffi
6

p Λ

1
CCCA;

respectively. Then, for all the coupling constants, they are
estimated from well-established nucleon-nucleon inter-
actions through the quark model and SUð3Þ symmetry
relations [48,90–93], whose numerical values are compiled
in Table II.
The total OBE effective potential for a given T̄B channel

is a sum over the exchanged mesons M as

VT̄B ¼
X
M

GMVM
T̄B→T̄B; ð16Þ

where GM is the isospin factor listed in Table III, and
VM
T̄B→T̄B are the OBE subpotentials for the process

T̄B → T̄B by exchanging meson M, i.e.,

Vσ
D̄1B→D̄1B

¼ −C1A1YΛ;mσ
; ð17Þ

Vπ;η
D̄1B→D̄1B

¼ 5C2

9
ffiffiffi
2

p ðA2ZΛ;mP
þA3TΛ;mP

Þ; ð18Þ

Vρ;ω
D̄1B→D̄1B

¼ −
5C3

9
A2ZΛ;mV

þ 5C3

18
A3TΛ;mV

− C4A1YΛ;mV
; ð19Þ

Vσ
D̄�

2
B→D̄�

2
B ¼ −C1A4YΛ;mσ

; ð20Þ

Vπ;η
D̄�

2
B→D̄�

2
B ¼

ffiffiffi
2

p
C2

3
ðA5ZΛ;mP

þA6TΛ;mP
Þ; ð21Þ

Vρ=ω
D̄�

2
B→D̄�

2
B ¼ C3

3
A6TΛ;mV

−
2C3

3
A5ZΛ;mV

− C4A4YΛ;mV
; ð22Þ

Vπ
D̄1B→D̄�

2
B ¼ −

C2

3
ffiffiffi
3

p ðA7ZΛ;mP
þA8TΛ;mP

Þ; ð23Þ

Vρ
D̄1B→D̄�

2
B ¼

ffiffiffi
6

p
C3

18
ð2A7ZΛ;mP

þA8TΛ;mP
Þ: ð24Þ

Here, we have defined several coupling constants, oper-
ators, and useful functions, whose explicit forms are

C1 ¼ gσgσBB; C2 ¼
gBBPk
fπmπ;η

;

C4 ¼ gBBVβ00gv; ð25Þ

C3 ¼
5λ00gv
9

�
gBBV
2m2

þ gBBV
2m4

þ fBBV
mB

�
; ð26Þ

A1 ¼ χ†4χ
†
3ϵ

†
3 · ϵ1χ2χ1; ð27Þ

A2 ¼ χ†4χ
†
3ðiϵ1 × ϵ3† · σÞχ2χ1; ð28Þ

A3 ¼ χ†4χ
†
3Sðiϵ1 × ϵ3†; σ; r̂Þχ2χ1; ð29Þ

A4 ¼
X

m;n;a;b

C2;mþn
1m;1n C

2;aþb
1a;1b χ

†
4χ

†
3ðϵa1 · ϵm†

3 Þðϵb1 · ϵn†3 Þχ2χ1; ð30Þ

A5 ¼
X

m;n;a;b

C2;mþn
1m;1n C

2;aþb
1a;1b χ

†
4χ

†
3ðϵa1 · ϵm†

3 Þðiϵb1 × ϵn†3 Þ · σχ2χ1;

ð31Þ

A6 ¼
X

m;n;a;b

C2;mþn
1m;1n C

2;aþb
1a;1b χ

†
4χ

†
3ðϵa1 · ϵm†

3 Þ

× Sðiϵb1 × ϵn†3 ; σ; r̂Þχ2χ1; ð32Þ

A7 ¼
X

m;n;a;b

C2;mþn
1m;1n χ

†
4χ

†
3ðϵ1 · ϵm†

3 Þðϵn†3 · σÞχ2χ1; ð33Þ

TABLE III. The isospin factor for different exchanged mesons
in our calculations.

I Gσ Gπ Gη Gρ Gω

T̄N − T̄N 0 1 − 3
2

ffiffi
3

p
6

− 3
2

1
2

1 1 1
2

ffiffi
3

p
6

1
2

1
2

T̄Λ − T̄Λ 1
2

1 � � � ffiffi
3

p
6

� � � 1
2

T̄Σ − T̄Σ 1
2

1 −1
ffiffi
3

p
6

−1 1
2

3
2

1 1
2

ffiffi
3

p
6

1
2

1
2

T̄Ξ − T̄Ξ 0 1 − 3
2

1

2
ffiffi
3

p − 3
2

1
2

1 1 1
2

1

2
ffiffi
3

p 1
2

1
2

T̄Λ − T̄Σ 1
2

� � � ffiffi
3

p
2

� � � ffiffi
3

p
2

� � �
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A8 ¼
X

m;n;a;b

C2;mþn
1m;1n χ

†
4χ

†
3ðϵ1 · ϵm†

3 ÞSðϵn†3 ; σ; r̂Þχ2χ1; ð34Þ

YΛ;m ¼ 1

4πr
ðe−mr − e−ΛrÞ − Λ2 −m2

8πΛ
e−Λr; ð35Þ

TΛ;m ¼ r
∂

∂r
1

r
∂

∂r
YΛ;m; ZΛ;m ¼ ∇2YΛ;m: ð36Þ

When performing the numerical calculations, the operators
in Eqs. (27)–(34) will be replaced by numerical matrices,
which are summarized in Table IV.

III. NUMERICAL RESULTS

Following the derivation of the OBE effective potentials,
we investigate the possible existence of anticharm molecu-
lar pentaquarks with strangeness jSj ¼ 0, 1, and 2. We
numerically solve the coupled-channel Schrödinger equa-
tions to search for bound-state solutions, and the identi-
fication criteria on the loosely bound molecules are a
binding energy E on the order of several to several tens of
MeV and a root-mean-square (rms) radius rrms of approx-
imately 1.00 fm or larger. In our analysis, the cutoff
parameter Λ is varied within the range Λ ≤ 2.00 GeV.
Drawing upon the established phenomenology of nucleon-
nucleon interactions [55,56], we regard loosely bound

states that emerge with a cutoff Λ ∼ 1.00 GeV as the most
promising candidates for anticharm molecular pentaquarks.

A. The D̄1N and D̄�
2N systems

The bound-state solutions for the D̄1N and D̄�
2N systems,

incorporating S-D-wave mixing and P-wave interactions,
are summarized in Table V, where the analyzed quantum
number configurations are JP ¼ 1=2�, 3=2�, and 5=2− for
D̄1N and 1=2−, 3=2�, 5=2�, and 7=2− for D̄�

2N. To quantify
the cutoff sensitivity, we present the binding energies as
functions of the cutoff Λ in Fig. 1. We can see that, for all
promising molecular candidates, the binding energy varies
around 10 MeV when Λ changes by �0.1 GeV around the
value where the state first appears.
For a cutoff Λ ∼ 1.00 GeV, we can obtain bound-state

solutions for the D̄1N systems with IðJPÞ ¼ 0ð1=2�; 3=2þÞ,
1ð1=2�; 3=2þÞ, and 0ð3=2−Þ. The corresponding binding
energies range from several to several tens of MeV, with
rms radii on the order of 1.00 fm or larger, consistent with
the properties of loosely bound molecular states. A com-
parison of cutoff values reveals a systematic pattern: for
identical spin-parity with the S-wave interactions, the
required cutoff is smaller for isoscalar states than for
isovector states, e.g., Λð0ð1=2þÞÞ < Λð1ð1=2þÞÞ and
Λð0ð3=2þÞÞ < Λð1ð3=2þÞÞ. This indicates that the OBE
effective potentials are more attractive in the isoscalar

TABLE IV. Matrix elements for the spin-spin interactions and tensor force operators in the OBE effective potentials. Here, hA1i ¼
hA4i ¼ I with I being the identity matrix.

JP A2 A3 A7 A8 A5 A6

1
2
−

�−2 0

0 1

� �
0 −

ffiffiffi
2

p
−
ffiffiffi
2

p
−2

� �
0 ffiffi

5
2

q � 0
@

ffiffi
1
5

q
ffiffi
2
5

q
1
A

�
− 3

2
0

0 1

�  
− 12

25
− 63
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50

− 28
25

!

3
2
− �
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0 1

� �
0 1ffiffi
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p

1ffiffi
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p 8
5

� �
0 0ffiffi
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q
0
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2
5

q
− 21

5
ffiffiffiffi
10
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7
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channels. Furthermore, S-wave states generally exhibit
deeper binding than P-wave states with the same isospin
and total spin, as evidenced by relations such as
Λð0ð1=2þÞÞ < Λð0ð1=2−ÞÞ. As for the D̄1N systems with
0ð5=2−Þ and 1ð3=2−; 5=2−Þ, no bound-state solutions are
found within Λ ≤ 2.00 GeV, indicating insufficient attrac-
tion in these channels.
Next, we perform a coupled-channel analysis for the

D̄1N=D̄�
2N systems. For the channels IðJPÞ ¼ 0ð1=2�Þ,

1ð1=2�Þ, 0ð3=2þÞ, 1ð3=2þÞ, and 0ð3=2−Þ, the binding
energies increase slightly compared to the single-channel
D̄1N results, while the qualitative features of the bound
states remain unchanged. This confirms the molecular nature
of these states and demonstrates that coupled-channel effects
provide additional attractive contributions. For the systems
with 1ð5=2−Þ, bound states remain elusive even after
considering the coupled-channel effects.
However, the coupled-channel calculation yields bound

solutions for the 1ð3=2−Þ and 0ð5=2−Þ configurations.
These states are dominated by the D̄�

2N component and
are characterized by rms radii smaller than 1.00 fm. Their
compact size is inconsistent with a loosely bound molecular

configuration. Therefore, they are not considered promising
molecular candidates despite the presence of a sufficiently
attractive potential.
Thus, we now focus on possible molecular states pre-

dominantly composed of D̄�
2N. As shown on the right half of

Table V, we find strong attractive interactions supporting
loosely bound states for the D̄�

2N systems with 1ð3=2−Þ and
0ð5=2−Þ, with binding energies from several to tens of MeV,
rms radii around or above 1.00 fm, and reasonable cutoff
parameters, which all indicate that these two states qualify as
promising molecular candidates.
In addition, we can identify six further D̄�

2N mole-
cular candidates with quantum numbers IðJPÞ ¼ 0ð1=2− ;
3=2�; 5=2þÞ and 1ð3=2þ; 5=2þÞ, all of which can yield
loosely bound solutions within a reasonable cutoff range.
Consistent with the D̄1N findings, the analysis of cutoff
values suggests that S-wave isoscalar configurations are
the most favorable for molecular formation. For the D̄�

2N
systems with 0ð7=2−Þ and 1ð1=2−; 5=2−; 7=2−Þ, no
bound states can be found within Λ ≤ 2.00 GeV, imply-
ing that the OBE potentials in these channels lack
sufficient strength.

TABLE V. The bound-state solutions for the T̄N systems. Here, the units for the cutoff Λ, the binding energy E, and the root-mean-
square radius rrms are GeV, MeV, and femtometer, respectively. Channels that are forbidden or dominant are marked with the symbols
“� � �” and in bold manner, respectively. The mass thresholds for the involved channels are mD̄1N ¼ 3360.27 andmD̄�

2
N ¼ 3401.32 MeV,

respectively.

IðJPÞ Λ E rrms D̄1Nð2S=4DÞ IðJPÞ Λ E rrms D̄�
2Nð4S=4D=6DÞ

0ð1
2
þÞ 0.78 −9.57 1.51 99.09=0.91 0ð3

2
þÞ 0.78 −6.77 1.76 98.32=0.23=1.45

0.79 −11.39 1.41 99.08=0.92 0.79 −8.26 1.63 98.27=0.25=1.48
1ð1

2
þÞ 1.33 −0.51 4.72 97.80=2.20 1ð3

2
þÞ 1.33 −1.42 3.29 96.03=0.77=3.20

1.35 −8.13 1.40 94.75=5.25 1.34 −3.95 2.04 94.36=1.11=4.53

IðJPÞ Λ E rrms D̄1Nð4S=2D=4DÞ IðJPÞ Λ E rrms D̄�
2Nð6S=4D=6DÞ

0ð3
2
þÞ 1.05 −1.17 4.00 95.52=0.65=3.83 0ð5

2
þÞ 1.05 −1.52 3.63 94.30=1.62=4.08

1.10 −5.31 2.16 92.15=1.11=6.74 1.10 −6.55 2.00 90.22=2.75=7.03
1ð3

2
þÞ 1.45 −1.06 3.93 95.64=1.03=3.33 1ð5

2
þÞ 1.50 −2.08 3.00 94.75=2.21=3.04

1.50 −4.03 2.26 92.00=1.95=6.05 1.55 −5.57 1.99 91.88=3.48=4.64

IðJPÞ Λ E rrms D̄1Nð2P=4PÞ IðJPÞ Λ E rrms D̄�
2Nð4P=6PÞ

0ð1
2
−Þ 1.66 −0.72 2.39 83.00=17.00 0ð1

2
−Þ 1.63 −1.75 1.98 100.00= � � �

1.70 −5.68 1.49 83.55=16.45 1.66 −5.43 1.52 100.00= � � �
1ð1

2
−Þ 1.48 −1.35 2.14 17.57=82.43 0ð3

2
−Þ 1.91 −0.67 2.33 69.68=30.32

1.65 −7.27 1.39 17.81=82.19 1.96 −7.37 1.33 70.40=29.60
0ð3

2
−Þ 1.28 −1.11 2.50 10.89=89.11 1ð3

2
−Þ 1.53 −1.52 2.03 32.14=67.86

1.3 −5.30 1.68 11.27=88.73 1.55 −6.90 1.39 32.97=67.03
1ð3

2
−Þ � � � � � � � � � � � � = � � � 0ð5

2
−Þ 1.21 −0.83 2.75 25.15=74.85

� � � � � � � � � � � � = � � � 1.24 −6.87 1.61 26.46=73.54

0ð5
2
−Þ � � � � � � � � � � � � = � � � 1ð1

2
−Þ � � � � � � � � � � � � = � � �

1ð5
2
−Þ � � � � � � � � � � � � = � � � 1ð5

2
−Þ � � � � � � � � � � � � = � � �

0ð7
2
−Þ � � � � � � � � � � � � = � � �

1ð7
2
−Þ � � � � � � � � � � � � = � � �
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In summary, we propose the following systems as
promising anticharm molecular pentaquark candidates:

(i) D̄1N states with IðJPÞ ¼ 0; 1ð1=2�; 3=2þÞ and
0ð3=2−Þ;

(ii) D̄�
2N states with IðJPÞ ¼ 0; 1ð3=2�; 5=2þÞ and

0ð1=2−; 5=2−Þ.

B. The D̄1Λ, D̄1Σ, D̄�
2Λ and D̄�

2Σ systems

Compared to the T̄N systems, the T̄Λ interactions lack
contributions from π and ρ meson exchange due to the
isospin-forbidden ΛΛπðρÞ vertex. This absence of key
short- and intermediate-range forces is expected to weaken
the effective potential, making bound-state formation less
likely in a single-channel analysis. For the T̄Σ systems,
π and ρ exchange is permitted. However, the reduced
number of light u=d quarks in the Σ hyperon relative to the
nucleon may also lead to somewhat weaker OBE potentials
compared to the T̄N case. Consequently, while single-
channel T̄Λ molecules appear improbable, the introduction

of coupled-channel effects with T̄Σ channels may yield
viable T̄Λ=T̄Σ molecular candidates dominated by the
lower T̄Λ threshold, as well as single T̄Σ molecules.
To verify the above analysis, a single-channel analysis of

the D̄1Λ and D̄�
2Λ systems across the cutoff range 0.80 ≤

Λ ≤ 2.00 GeV is performed that yields no bound-state
solutions for any of the considered quantum numbers,
confirming the insufficient attraction from σ and ω exchange
alone.
However, bound states emerge when T̄Σ channels are

coupled. As shown in Table VI and Fig. 2, we find loosely
bound solutions for the coupled D̄1Λ=D̄�

2Λ=D̄1Σ=D̄�
2Σ

systems with IðJPÞ ¼ 1=2ð1=2�; 3=2þÞ and the coupled
D̄�

2Λ=D̄1Σ=D̄�
2Σ systems with 1=2ð3=2þ; 5=2þÞ. For these

states, the dominant component is the lowest T̄Λ channel.
With binding energies of several MeVand rms radii on the
order of 1.00 fm or larger, these systems satisfy the criteria
for loosely bound molecules and are identified as promising
molecular candidates. Their existence underscores the

FIG. 1. The Λ dependence of the binding energies E for the T̄N bound states.
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crucial role of coupled-channel effects in providing the
necessary attraction. In addition, a quantitative analysis
regarding the cutoff dependence of the bound-state sol-
utions for the D̄1Λ and D̄�

2Λ systems is presented in Fig. 2.
In contrast, for theP-wave coupled D̄1Λ=D̄�

2Λ=D̄1Σ=D̄�
2Σ

systems with 1=2ð3=2−; 5=2−Þ and the D̄�
2Λ=D̄1Σ=D̄�

2Σ
systems with 1=2ð1=2−; 3=2−; 5=2−Þ, bound solutions
obtained near Λ ∼ 1.00 GeV are dominated by the heavier
T̄Σ components. This results in compact configurations with
rms radii significantly below 1.00 fm, which are incompatible
with a molecular interpretation. Finally, no bound states are
found for the D̄�

2Λ=D̄1Σ=D̄�
2Σ system with 1=2ð7=2−Þ

within the studied cutoff range.
The bound-state solutions for the D̄1N and D̄�

2N sys-
tems, incorporating S-D-wave mixing and P-wave inter-
actions, are summarized in Table V, where the analyzed

quantum number configurations are JP ¼ 1=2�, 3=2�, and
5=2− for D̄1N and 1=2−, 3=2�, 5=2�, and 7=2− for D̄�

2N.
We now investigate possible molecular states dominated

by T̄Σ components. The bound-state solutions for single-
channel D̄1Σ and D̄�

2Σ systems are collected in Table VII
for 0.80 ≤ Λ ≤ 2.00 GeV, where loosely bound states are
found as

(i) D̄1Σ states with IðJPÞ ¼ 1=2; 3=2ð1=2�; 3=2þÞ
and 1=2ð3=2−Þ;

(ii) D̄�
2Σ states with IðJPÞ ¼ 1=2; 3=2ð3=2þ; 5=2þÞ,

1=2ð1=2−; 5=2−Þ, and 1=2; 3=2ð3=2−Þ.
These states, characterized by reasonable cutoff values,
binding energies of several MeV, and rms radii around
1.00 fm, qualify as good molecular candidates.
A subsequent coupled-channel analysis of the D̄1Σ=D̄�

2Σ
systems shows that the binding energies increase modestly,
but the qualitative features of the states remain largely

TABLE VI. The bound-state solutions for the T̄Λ systems. Here, the units for the cutoff Λ, the binding energy E, and the root-mean-
square radius rrms are GeV, MeV, and femtometer, respectively. Channels that are forbidden or dominant are marked with the symbols
“� � �” and in bold manner, respectively. The mass thresholds for the involved channels are mD̄1Σ ¼ 3537.68, mD̄�

2
Σ ¼ 3578.73,

mD̄1Λ ¼ 3615.15, and mD̄�
2
Λ ¼ 3656.20 MeV, respectively.

IðJPÞ Λ E rrms D̄1Λð2S=4DÞ D̄�
2Λð4D=6DÞ D̄1Σð2S=4DÞ D̄�

2Σð4D=6DÞ
1
2
ð1
2
þÞ 1.10 −0.90 3.67 84.19=0.16 ∼0=0.02 15.06=0.55 ∼0=0.02

1.15 −2.86 2.01 62.51=0.50 ∼0=0.05 35.88=1.03 ∼0=0.03

IðJPÞ Λ E rrms D̄1Λð4S=2D=4DÞ D̄�
2Λð4S=4D=6DÞ D̄1Σð4S=2D=4DÞ D̄�

2Σð4S=4D=6DÞ
1
2
ð3
2
þÞ 1.20 −0.37 5.13 96.66= ∼ 0=0.09 0.13= ∼ 0= ∼ 0 1.28=1.77=0.88 0.78= ∼ 0=0.01

1.24 −4.80 1.68 65.21=0.14=0.98 1.04=0.02=0.15 16.53=0.61=3.28 11.85=0.02=0.17

IðJPÞ Λ E rrms D̄1Λð2P=4PÞ D̄�
2Λð4P=6PÞ D̄1Σð2P=4PÞ D̄�

2Σð4P=6PÞ
1
2
ð1
2
−Þ 1.73 −0.39 2.00 4.86=67.29 0.02= � � � 17.07=10.29 0.47= � � �

1.75 −6.05 1.11 4.87=62.02 0.02= � � � 20.76=11.77 0.56= � � �
1
2
ð3
2
−Þ 1.46 −3.04 1.16 4.07=38.72 0.05=0.02 6.48=50.55 0.14=0.07

1.47 −8.10 0.96 3.63=35.50 0.05=0.02 6.78=53.78 0.16=0.08
1
2
ð5
2
−Þ 1.47 −1.95 0.73 � � � = ∼ 0 6.86=25.70 � � � =0.01 17.25=50.18

1.48 −9.25 0.71 � � � = ∼ 0 6.60=25.25 � � � = ∼ 0 17.23=50.92

IðJPÞ Λ E rrms D̄�
2Λð4S=4D=6DÞ D̄1Σð4S=2D=4DÞ D̄�

2Σð4S=4D=6DÞ
1
2
ð3
2
þÞ 1.10 −2.69 2.22 74.28=0.05=0.40 0.19= ∼ 0=0.01 23.62=0.20=1.25

1.13 −5.29 1.55 59.05=0.10=0.71 0.26= ∼ 0=0.01 37.88=0.2=1.72

IðJPÞ Λ E rrms D̄�
2Λð6S=4D=6DÞ D̄�

2Σð6S=4D=6DÞ
1
2
ð5
2
þÞ 1.20 −0.47 4.89 97.44=0.03=0.11 1.14=0.41=0.87

1.25 −7.02 1.53 73.08=0.43=1.28 19.20=1.81=4.20

IðJPÞ Λ E rrms D̄�
2Λð4P=6PÞ D̄1Σð2P=4PÞ D̄�

2Σð4P=6PÞ
1
2
ð1
2
−Þ 1.84 −1.36 1.25 33.98= � � � 4.39=0.88 60.75= � � �

1.86 −5.87 0.96 29.79= � � � 4.65=0.95 64.61= � � �
1
2
ð3
2
−Þ 1.61 −2.36 0.87 1.88=5.90 10.33=76.77 3.23=1.89

1.62 −7.06 0.82 2.09=5.98 10.15=76.14 3.60=2.04
1
2
ð5
2
−Þ 1.40 −1.84 1.33 10.76=35.17 0.02 14.87=39.18

1.41 −6.53 1.03 9.61=31.95 0.01 15.93=42.50
1
2
ð7
2
−Þ � � � � � � � � � � � � = � � � � � � = � � �
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unchanged. This indicates that while coupled-channel effects
provide a positive, attractive contribution, they are not
essential for the formation of these particular T̄Σ molecules.
For P-wave D̄1Σ with 1=2ð5=2−Þ, 3=2ð3=2−; 5=2−Þ or

D̄�
2Σ with 1=2ð7=2−Þ, 3=2ð1=2−; 5=2−; 7=2−Þ, no single-

channel bound states can be found. However, when the
coupled-channel effects are further introduced, bound sol-
utions appear for the D̄1Σ=D̄�

2Σ systemswith 1=2ð5=2−Þ and
3=2ð3=2−Þ. Unfortunately, in these cases, the D̄1Σ compo-
nent is not dominant, and the resulting rms radii deviate
significantly from1.00 fm.Therefore, these coupled states are
not considered suitable molecular candidates.

C. The D̄1Ξ and D̄�
2Ξ systems

For the T̄Ξ systems, the reduced mass is somewhat larger
than for T̄N, which makes it a factor that generally favors
binding. However, the OBE effective potentials are
expected to be weaker due to the reduced number of light
u=d quarks in the Ξ hyperon, diminishing the effects from
light meson exchange.
The bound-state solutions for the T̄Ξ systems, incorporat-

ing S-D-wave mixing andP-wave interactions, are presented

in Table VIII and Fig. 3. For a cutoff Λ ∼ 1.00 GeV, we
obtain loosely bound solutions for the D̄1Ξ states with
IðJPÞ ¼ 0ð1=2�; 3=2þÞ and 1ð3=2þÞ and the D̄�

2Ξ states
with 0ð3=2�; 5=2þÞ and 1ð5=2þÞ. A comparison with the
T̄N systems reveals that, for identical binding energies, the
required cutoff values are slightly larger for the correspond-
ing T̄Ξ states. This cutoff hierarchy confirms that
the OBE potentials are indeed somewhat less attractive in
the T̄Ξ sector. The rms radii of the states listed above are
consistent with the typical size of a loosely boundmolecule.
Therefore, we identify them as promising molecular
candidates.
Furthermore, we observe that, for the positive-parity

bound states, the S-wave channel provides the dominant
component. In contrast, for the negative-parity states, the
higher-spin channels exhibit the largest probabilities.
While for the D̄1Ξ systems with 0ð3=2−; 5=2−Þ and

1ð1=2þ; 1=2−; 3=2−; 5=2−Þ, and the D̄�
2Ξ systems with

0ð1=2−;5=2−;7=2−Þ and 1ð1=2−;3=2þ;3=2−;5=2−;7=2−Þ,
no bound-state solutions are found within a reasonable
cutoff range. This indicates that the OBE effective
potentials for these channels lack sufficient strength to

TABLE VII. The bound-state solutions for the T̄Σ systems. Here, the units for the cutoff Λ, the binding energy E, and the root-mean-
square radius rrms are GeV, MeV, and femtometer, respectively. Channels that are forbidden or dominant are marked with the symbols
“� � �” and in bold manner, respectively. The mass thresholds for the involved channels are mD̄1Σ ¼ 3615.15 and mD̄�

2
Σ ¼ 3656.20 MeV,

respectively.

IðJPÞ Λ E rrms D̄1Σð2S=4DÞ IðJPÞ Λ E rrms D̄�
2Σð4S=4D=6DÞ

1
2
ð1
2
þÞ 0.83 −0.91 3.82 99.60=0.40 1

2
ð3
2
þÞ 0.85 −1.43 3.18 99.20=0.11=0.68

0.89 −6.05 1.72 99.40=0.60 0.90 −5.91 1.75 98.91=0.16=0.93
3
2
ð1
2
þÞ 1.38 −0.46 4.70 97.68=2.32 3

2
ð3
2
þÞ 1.35 −0.13 5.91 98.16=0.35=1.49

1.41 −7.02 1.45 93.92=6.08 1.39 −5.34 1.71 93.25=1.34=5.41

IðJPÞ Λ E rrms D̄1Σð4S=2D=4DÞ IðJPÞ Λ E rrms D̄�
2Σð6S=4D=6DÞ

1
2
ð3
2
þÞ 1.05 −0.49 4.91 98.50=0.25=1.25 1

2
ð5
2
þÞ 1.10 −2.56 2.65 96.88=0.99=2.13

1.15 −8.29 1.63 96.10=0.66=3.24 1.13 −5.15 1.98 96.06=1.24=2.70
3
2
ð3
2
þÞ 1.40 −0.96 3.83 96.24=0.89=2.87 3

2
ð5
2
þÞ 1.40 −0.49 4.78 97.47=1.05=1.48

1.50 −6.36 1.76 90.91=2.22=6.87 1.50 −4.22 2.08 93.22=2.89=3.89

IðJPÞ Λ E rrms D̄1Σð2P=4PÞ IðJPÞ Λ E rrms D̄�
2Σð4P=6PÞ

1
2
ð1
2
−Þ 1.75 −0.19 2.65 82.55=17.45 1

2
ð1
2
−Þ 1.72 −1.02 1.99 100.00= � � �

1.80 −5.08 1.36 82.30=17.00 1.77 −6.06 1.30 100.00= � � �
3
2
ð1
2
−Þ 1.48 −0.45 2.60 17.76=82.24 1

2
ð3
2
−Þ 1.94 −1.41 1.80 68.64=31.36

1.52 −8.20 1.31 18.16=81.84 1.98 −5.26 1.31 68.90=31.10
1
2
ð3
2
−Þ 1.48 −0.02 3.31 11.75=88.25 3

2
ð3
2
−Þ 1.54 −1.35 2.00 32.37=67.63

1.53 −7.63 1.33 12.31=87.69 1.57 −7.67 1.30 33.08=66.92
3
2
ð3
2
−Þ � � � � � � � � � � � � = � � � 1

2
ð5
2
−Þ 1.41 −0.05 3.31 26.69=73.31

1
2
ð5
2
−Þ � � � � � � � � � � � � = � � � 1.45 −5.81 1.46 28.02=71.98

3
2
ð5
2
−Þ � � � � � � � � � � � � = � � � 3

2
ð1
2
−Þ � � � � � � � � � � � � = � � �

3
2
ð5
2
−Þ � � � � � � � � � � � � = � � �

1
2
ð7
2
−Þ � � � � � � � � � � � � = � � �

3
2
ð7
2
−Þ � � � � � � � � � � � � = � � �
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FIG. 2. The Λ dependence of the binding energies E for the T̄Λ and T̄Σ bound states.

YU-YUE CUI, RUI CHEN, and QI HUANG PHYS. REV. D 113, 114034 (2026)

114034-10



form molecular states. This conclusion remains un-
changed even after including coupled-channel effects
for the D̄1Ξ=D̄�

2Ξ systems with 0ð3=2−; 5=2−Þ and
1ð1=2þ; 1=2−; 3=2−; 5=2−Þ.
Here, we also notice there are additional channel families,

such as the Ds1N,D�
s2N,Ds1ΛðΣÞ, andD�

s2ΛðΣÞ, with their

mass threshold close to the coupled T̄B systems with
jSj ¼ 1, 2. When we further consider the contributions from
these additional channels, we cannot obtain additional
loosely bound states composed by a charmed meson and a
light baryon, but find that there can exist possible bound
states dominantly composed by a charm-strange meson

TABLE VIII. The bound-state solutions for the T̄Ξ systems after considering the S-D-wave mixing effects and the P-wave
interactions. Here, the units for the cutoff Λ, the binding energy E, and the root-mean-square radius rrms are GeV, MeV, and femtometer,
respectively. Channels that are forbidden or dominant are marked with the symbols “� � �” and in bold manner, respectively. The mass
thresholds for the involved channels are mD̄1Ξ ¼ 3740.29 and mD̄�

2
Ξ ¼ 3781.34 MeV, respectively.

IðJPÞ Λ E rrms D̄1Ξð2S=4DÞ IðJPÞ Λ E rrms D̄�
2Ξð4S=4D=6DÞ

0ð1
2
þÞ 1.10 −2.96 2.33 99.80=0.20 0ð3

2
þÞ 1.06 −0.76 4.13 99.81=0.03=0.16

1.11 −3.96 2.06 99.78=0.22 1.12 −5.91 1.74 99.63=0.06=0.31

1ð1
2
þÞ � � � � � � � � � � � � = � � � 1ð3

2
þÞ � � � � � � � � � � � � = � � �

IðJPÞ Λ E rrms D̄1Ξð4S=2D=4DÞ IðJPÞ Λ E rrms D̄�
2Ξð6S=4D=6DÞ

0ð3
2
þÞ 1.00 −1.02 3.66 99.74=0.05=0.21 0ð5

2
þÞ 1.01 −1.87 2.83 99.69=0.11=0.20

1.05 −4.16 2.03 99.60=0.08=0.32 1.09 −8.64 1.51 99.52=0.18=0.30
1ð3

2
þÞ 1.70 −0.81 3.95 98.88=0.18=0.94 1ð5

2
þÞ 1.70 −1.58 2.98 98.32=0.51=1.17

1.90 −8.47 1.44 96.28=0.55=3.17 1.80 −5.50 1.72 96.78=0.95=2.27

IðJPÞ Λ E rrms D̄1Ξð2P=4PÞ IðJPÞ Λ E rrms D̄�
2Ξð4P=6PÞ

0ð1
2
−Þ 1.67 −0.65 2.25 18.23=81.77 0ð3

2
−Þ 1.70 −0.92 2.05 33.39=66.61

1.72 −7.17 1.25 19.29=80.71 1.75 −7.82 1.21 35.19=64.81

1ð1
2
−Þ � � � � � � � � � � � � = � � � 0ð1

2
−Þ � � � � � � � � � � � � = � � �

0ð3
2
−Þ � � � � � � � � � � � � = � � � 1ð1

2
−Þ � � � � � � � � � � � � = � � �

1ð3
2
−Þ � � � � � � � � � � � � = � � � 1ð3

2
−Þ � � � � � � � � � � � � = � � �

0ð5
2
−Þ � � � � � � � � � � � � = � � � 0ð5

2
−Þ � � � � � � � � � � � � = � � �

1ð5
2
−Þ � � � � � � � � � � � � = � � � 1ð5

2
−Þ � � � � � � � � � � � � = � � �

0ð7
2
−Þ � � � � � � � � � � � � = � � �

1ð7
2
−Þ � � � � � � � � � � � � = � � �

FIG. 3. The Λ dependence of the binding energies E for the T̄Ξ bound states.
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and a light baryon. For example, as shown in Table VIII,
there cannot appear bound-state solutions for the couple
D̄1Ξ=D̄�

2Ξ systems with IðJPÞ ¼ 1ð3=2−; 5=2−Þ. If we per-
form a coupled-channel analysis on the D̄1Ξ=D̄�

s2Σ=D̄�
2Ξ

systems with 1ð3=2−; 5=2−Þ, although we can obtain bound
state solutions with Λ ≤ 2.00 GeV, the channels with higher
mass play a important role, which makes the rms radii for
these bound states a little smaller for loosely bound molecu-
lar candidates; therefore, they cannot be good molecular
candidates. In a future study, we will further explore the

existence of possible molecular candidates composed by a
charm-strange meson and a light baryon.

IV. CONCLUSION AND DISCUSSION

The study of pentaquarks is a rapidly evolving field that
has seen significant progress in recent years, particularly in
the identification of new exotic hadrons at high-energy
colliders. While many pentaquark states have been observed
experimentally, their detailed structure and theoretical models

FIG. 4. A summary of predictions of possible molecular pentaquarks. We show here the (upper) positive-parity pentaquark molecular
states and the (lower) negative-parity ones. The short solid and long dashed lines label the mass locations for possible molecular
candidates and the mass thresholds for the anticharm meson and light baryon systems, respectively.
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are still being developed. This area of research continues to
be one of the most exciting frontiers in hadron physics.
In this work, we have systematically investigated the

interactions between the P-wave anticharmed mesons
ðD̄1; D̄�

2Þ and the light octet baryons ðN;Λ;Σ;ΞÞ within
the framework of the OBE model. Our analysis incorpo-
rates the coupled-channel effects, the S-D-wave mixing,
and P-wave interactions. The relevant coupling constants
are determined by extending the well-established nucleon-
nucleon interaction parameters via the quark model and
SUð3Þ symmetry.
By numerically solving the coupled-channel Schrödinger

equations, we can predict a series of promising anticharmed
molecular pentaquark candidates with strangeness jSj ¼ 0,
1, 2. As summarized in Fig. 4, these candidates include
(1) T̄N molecules: D̄1N states with IðJPÞ ¼ 0ð1=2�;

3=2�Þ, 1ð1=2�; 3=2þÞ; D̄�
2N states with 0ð1=2−;

3=2�; 5=2�Þ, 1ð3=2�; 5=2þÞ.
(2) T̄Σ molecules: D̄1Σ states with 1=2ð1=2�; 3=2�Þ,

3=2ð1=2�; 3=2þÞ; D̄�
2Σ states with 1=2ð1=2−;

3=2�; 5=2�Þ, 3=2ð3=2�; 5=2þÞ; D̄1Λ=D̄�
2Λ=

D̄1Σ=D̄�
2Σ coupled states with 1=2ð1=2�; 3=2þÞ

and D̄�
2Λ=D̄1Σ=D̄�

2Σ coupled states with
1=2ð3=2þ; 5=2þÞ.

(3) T̄Ξ molecules: D̄1Ξ states with 0ð1=2�; 3=2þÞ,
1ð3=2þÞ; D̄�

2Ξ states with 0ð3=2�; 5=2þÞ, 1ð5=2þÞ.
Furthermore, both D1 and D�

2 mesons have a width of
tens of MeV. These non-negligible widths may affect the
near-threshold poles and the corresponding experimental
signatures. In fact, the instability of constituent particles
can introduce three-body effects, primarily comprising the
self-energy and the OPE recoil corrections. While these
effects are well studied in narrow systems like Tcc and
Xð3872Þ [94], a recent study [95] demonstrated that, for
broad constituents like D̄1 and D̄�

2, the OPE recoil correc-
tion is strongly suppressed, leaving the self-energy correc-
tion dominant. Taking the BD1 system as an example, this
dominant self-energy effect transforms the near-threshold

bound state into a quasibound state. This state locates
on the first Riemann sheet with respect to the two-body
BD1 threshold, but on the second Riemann sheet of the
three-body BD�π threshold. Consequently, the real energy
of the pole experiences only a minor shift, while it acquires
an imaginary part comparable to the half-width of the
D1 meson. This effectively shifts the two-body threshold
into the complex plane: mth → m1 þm2 − iΓD1

=2.
Regarding experimental observability, although this qua-

sibound state ultimately decays into the three-body BD�π
channel, its invariant mass spectrum will not exhibit a
symmetric Breit-Wigner peak due to its proximity to the
BD1 threshold. Instead, it manifests as a distinctly asym-
metric threshold enhancement: the lower-energy side dis-
plays a broad tail governed by the large decay width of the
D1 meson, while the higher-energy side is sharply truncated
by the opening of the two-body BD1 phase space.
In addition, our analysis demonstrates that the coupled-

channel effects contribute actively to the formation of
single-channel molecular states and play an important role
in the formation of coupled-channel molecular states. Thus,
experimental search for the molecular pentaquarks predicted
in this work can not only test the molecular paradigm, but
also can deepen our understanding on the nonperturbative
interaction and coupled-channel effects in multiquark
systems.
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