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We study hidden- and open-strange pentaquark configurations in the hadronic molecular picture with
QCD sum rules. Starting from the baryon octet combined with an ss̄ pair, we construct 21 interpolating
currents with J ¼ 1=2 and 3=2. In the analysis, contributions up to dimension 11 are included in the
operator product expansion, and both parity-projected spectra and the chiral-even and chiral-odd Lorentz
structures are examined. No bound-state solution is found in the JP ¼ 1=2− sector, although several
channels generate resonance masses near nearby thresholds or poorly established strange baryons. In the
JP ¼ 3=2− sector, the Σϕ and ΞK� currents both support a near-threshold bound-state solution around
2.2 GeV, suggesting a possible molecular configuration with channel mixing. In contrast, positive-parity
sectors are more difficult to identify the corresponding states. In addition, our results favor the spin-parity
assignments JP ¼ 3=2− for Σð2250Þ, JP ¼ 1=2− for Σð2455Þ, Σð2620Þ, and Ξð2370Þ, and JP ¼ 3=2þ for
Ξð2250Þ. These results provide a systematic QCD sum rule study of strange pentaquark molecular
candidates in the strange sector.
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I. INTRODUCTION

The study of nucleon structures moving beyond the
traditional quark model, including hadronic molecular,
compact pentaquarks, and hybrid states, has emerged as
a frontier research area in hadron physics. The discovery of
J=ψp resonances in 2015 by the LHCb Collaboration
presented striking evidence, named Pþ

c ð4380Þ and
Pþ
c ð4450Þ, in Λ0

b → K−J=ψp decays [1]. Further informa-
tion was reported in 2019; the LHCb Collaboration
declared the Pþ

c ð4312Þ state and a two-peak structure of
the Pþ

c ð4450Þ state, which is resolved into Pþ
c ð4440Þ

and Pþ
c ð4457Þ [2].

Within the hadronic molecular picture, these Pc states
are well interpreted into D̄Σ�

c and D̄�Σc bound states.
Similarly, systems containing a hidden-charm quark pair
can be analogized to those with a hidden-strangeness
pair [3–5], allowing us to propose a series of partners to
the Pc states in the strange sector—denoted here as KΣ�,
K�Σ, and K�Σ� bound states, namely, Nð1875Þ, Nð2080Þ,
and Nð2270Þ, respectively—in the strange quark sector.
The decay properties of these states have also been

systematically investigated [6,7]. Furthermore, these states
have also been employed with success in explaining the
mechanisms of photoproduction reactions in γp → ϕp,
K�Σ, KΣ, and K�Λ [8–11].
Current understanding of the baryons remains limited.

While the nucleon spectrum has been relatively well
studied, gaps persist both experimentally and theoretically
in the spectra of Σ, Λ, and especially Ξ baryons. To fill this
blank, a naturally raised thought is that if the nucleon has its
own octet partners, these N states might contain a pair of ss̄
quarks that also possess corresponding multiplet partners in
theory. These multiplet partners can provide crucial insights
for advancing our understanding of baryonic spectroscopy,
which can be further investigated in ν̄N and K̄N scattering
processes, such as K̄N → KΞ [12–18].
To explore such possible multiplet partners, one of the

most powerful and widely used tools in hadron physics-
QCD sum rules [19,20] is employed. Over the past four
decades, this approach has played a crucial role in
advancing our understanding of hadron spectroscopy [21–
36] and decays [37–46]. The basic principles and applica-
tions of QCD sum rules can be referred to in these
reviews [47–50].
In particular, for the QCD sum rules studies of hidden-

charm pentaquark states, Chen et al. investigated the exotic
hidden-charm pentaquarks Pcð4380Þ and Pcð4450Þ com-
posed of an anticharmed meson and a charmed baryon,
where the results indicate that Pcð4380Þ and Pcð4450Þ can
be interpreted as D̄�Σc with JP ¼ 3=2− and mixed D̄Σ�

c −
D̄�Λc configurations with JP ¼ 5=2þ [51], respectively.
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Wang also constructed the interpolating currents within the
diquark-diquark-antiquark picture and the studies also
supported to assign Pcð4380Þ and Pcð4450Þ as JP ¼
3=2− and JP ¼ 5=2þ [31]. In Ref. [52], the authors studied
the scalar-diquark-scalar-diquark-antiquark type udscc̄ for
Pcsð4459Þ, where the analysis supported assigning this
state with JP ¼ 1=2−. Other QCD sum rules studies for
hidden-charm pentaquarks can be found in Refs. [53–59].
Thus, by following the ideas above, we systematically

construct hidden- and open-strange hadronic molecules
from the baryon octet combining with a pair of ss̄ quarks
and discuss the spectrum obtained from QCD sum rules.
This paper is organized as follows. In Sec. II, we briefly

introduce the framework of our theoretical model. In
Sec. III, the results of our theoretical calculations with
some discussions are presented. Finally, in Sec. IV, we give
a brief summary and conclusions.

II. FORMALISM

In this work, the pentaquark currents constructed within
the hadronic molecular picture can be interpreted at the
quark level as being formed by coupling the constituent
quarks of an octet baryon with an ss̄ pair. This pairing
process involves two distinct configurations: (a) The
strange and antistrange quarks form a mesonic component
within the composite system; (b) the strange quark from the
pair is incorporated into the baryonic component, while the
antistrange quark enters the mesonic component. The
corresponding quark compositions for these two configu-
rations are summarized in Table I, where we use constituent
hadrons to refer to the specific quark configurations and
ignore the isospin differences.
Note that in case (b), where the strange quark is

incorporated into the baryonic component, an Ω baryon
will appear. However, the Ω belongs to the baryon decuplet
and involves a spin-parity JP ¼ 3=2þ current. When the
baryon decuplet is systematically taken into account, the
situation becomes more interesting but also more complex,
as there are more varieties of current combinations for each
spin parity. For simplicity, the baryonic currents are
restricted with JP ¼ 1=2þ in this work; therefore, the Ω
baryon is not under consideration. Two types of mesonic
component are examined, which are pseudoscalar octet
(JP ¼ 0− current) and vector octet (JP ¼ 1− current). In
Table I, these correspond to the particles shown in the right
and left parentheses, respectively.

It should be mentioned that the quark-flavor scheme is
one of the commonly used scheme of η and η0
mixing [60,61]. In this scheme, the assumed orthogonal
state ηs are employed to incorporate a pseudoscalar current
with a pure ss̄ in our construction. Using the mass mss
defined in the η − η0 quark-flavor mixing scheme [60],

m2
ss ¼ 2M2

K −M2
π; ð1Þ

we have obtained a mass value of mηs ¼ mss ¼ 683 MeV.
Thus, in the following discussion, we adopt ηs to label this
pseudoscalar current and to indicate its pure strange quark
configuration.
In order to study the strange pentaquark states listed in

Table I using QCD sum rules, the first step is to construct
the corresponding currents. In our calculations, the inter-
polating currents for the constituent baryons and mesons
are as follows:

jp ¼ ϵabcðuTaCγ5dbÞuc; ð2Þ

jΛ ¼ ϵabcðuTaCγ5dbÞsc; ð3Þ

jΣþ ¼ ϵabcðuTaCγ5sbÞuc; ð4Þ

jΞ0 ¼ ϵabcðsTaCγ5ubÞsc; ð5Þ

jϕ ¼ s̄dγμsd; ð6Þ

jηs ¼ s̄dγ5sd; ð7Þ

jK�þ ¼ s̄dγμud; ð8Þ

jKþ ¼ s̄dγ5ud; ð9Þ

where a, b, c, and d are color indices and C is the charge
conjugation operator.
Within the hadronic molecular picture, we classify the

spin parity of the pentaquark states based on the assumption
that they are composed of constituent hadrons in an s-wave
coupling (orbital angular momentum L ¼ 0). For a system
consisting of a baryon from the octet and a pseudoscalar
meson, the resulting spin parity is uniquely determined to
be JP ¼ 1=2−. For a system composed of a baryon octet
and a vector meson, we consider both possible s-wave
molecular configurations, which yield states with spin
parity JP ¼ 1=2− and JP ¼ 3=2−, respectively.
To construct the pentaquark currents described above, it

is necessary to introduce appropriate Lorentz structures that
endow the currents with the desired spin-parity quantum
numbers. For each case, the explicit form of the resulting
pentaquark current for the pseudoscalar meson case, after
incorporating these Lorentz structures, is given by

TABLE I. Calculated channels. Note that the constituent
hadrons refer to the specific quark configurations.

Case (a) Nðϕ=ηsÞ Λðϕ=ηsÞ Σðϕ=ηsÞ Ξðϕ=ηsÞ
Case (b) � � � ΛðK�=KÞ ΣðK�=KÞ ΞðK�=KÞ
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j1=2− ¼ jBjP; ð10Þ

where jB is the corresponding baryon current while the jP
is the pseudoscalar meson current. The vector meson case is
given by

j1=2− ¼ jBγ5γμj
μ
V; ð11Þ

jμ3=2− ¼ jBj
μ
V; ð12Þ

where jμV is the vector meson current.
Thus, through the construction scheme outlined above

and based on the constituent-hadron pairs listed in Table I
along with the corresponding initial spin parity, a total of 21
distinct particle states have been systematically considered
and calculated in our work.
After constructing the appropriate interpolating currents,

the next step is to calculate the two-point correlation
functions:

Πðq2Þ ¼ i
Z

d4xeiq·xh0jT½jðxÞ; j†ð0Þ�j0i; ð13Þ

Πμνðq2Þ ¼ i
Z

d4xeiq·xh0jT½jμðxÞ; j†νð0Þ�j0i: ð14Þ

Here, jðxÞ and jμðxÞ represent the interpolating currents for
states with spin parity JP ¼ 1=2− and JP ¼ 3=2−, respec-
tively. The correlation functions can be decomposed into
two independent Lorentz structures:

Πðq2Þ ¼ =qΠ1ðq2Þ þ Π2ðq2Þ;

Πμνðq2Þ ¼
�
−gμν þ

qμqν
q2

�
ð=qΠ1ðq2Þ þ Π2ðq2ÞÞ � � � : ð15Þ

For the spin-3=2 case, we retain only the Lorentz structure
proportional to ð−gμν þ qμqν=q2Þ in Eq. (15). This struc-
ture projects out the pure spin-3=2 component, while the
spin-1=2 contaminations are contained in the other tensor
structures and are, therefore, not used in the present
analysis. Two independent QCD sum rules can be derived
for each invariant function Π1ðq2Þ and Π2ðq2Þ. These two
different Lorentz structure is decomposed to be a chiral-
even structure Π1 and a chiral-odd structure Π2. These two
pieces have different operator product expansion (OPE)
content and probe different aspects of QCD dynamics.
Practically, Π1 often depends more on the perturbative and
higher-dimension terms, while Π2 is dominated by low-
dimension condensates.
The correlation functions can be described at both the

quark-gluon level and the hadron level, where the former is
called QCD representation and the latter is called phenom-
enological representation. At the quark-gluon level, the
correlation functions can be represented by the OPE and

dispersion relations in the following form:

ΠQCDðq2Þ ¼
Z

∞

smin

ρQCDðsÞ
s − q2

ds

¼
Z

∞

smin

=qρQCD1 ðsÞ þ ρQCD2 ðsÞ
s − q2

ds; ð16Þ

where smin is the kinematic limit and i ¼ 1, 2 denotes the
two Lorentz structures presented in Eq. (15). ρQCDi ðsÞ is the
spectral density, which is given by the imaginary part of
the correlation function:

ρQCDi ðsÞ ¼ 1

π
ImΠQCD

i ðsÞ: ð17Þ

In this work, contributions up to dimension 11 are taken
into account in the OPE series, which can be expressed as

ρQCDi ðsÞ ¼ ρperti ðsÞ þ ρhq̄qii ðsÞ þ ρhg
2
sG2i

i ðsÞ þ ρhgsq̄σ·Gqii ðsÞ
þ ρhq̄qi

2

i ðsÞ þ ρhg
3
sG3i

i ðsÞ þ ρhq̄qihg
2
sG2i

i ðsÞ
þ ρhq̄qihgsq̄σ·Gqii ðsÞ þ ρhg

2
sG2i2

i ðsÞ
þ ρhg

2
sG2ihgsq̄σ·Gqi

i ðsÞ þ ρhq̄qi
3

i ðsÞ þ ρhgsq̄σ·Gqi
2

i ðsÞ
þ ρhq̄qi

2hg2sG2i
i ðsÞ þ ρhq̄qi

2hgsq̄σ·Gqi
i ðsÞ: ð18Þ

For the higher-dimensional condensates in the OPE, a
nontrivial choice of factorization scheme is required
[62–65]. The possible deviations from the factorization
hypothesis are parametrized by a coefficient κ, for which
κ ¼ 1 corresponds to exact vacuum saturation. A unified
parametrization of κ is introduced for all factorized con-
densates according to Ref. [66]:

hq̄qq̄qi ¼ κhq̄qi2; hq̄qq̄qq̄qi ¼ κ2hq̄qi3;
hq̄qq̄gσ · Gqi ¼ κhq̄qihq̄gσ ·Gqi;

hq̄gσ ·Gqq̄gσ · Gqi ¼ κhq̄gσ ·Gqi2;…: ð19Þ

The vacuum saturation approximation has been shown to
be valid in the leading order of the large-Nc expansion,
even though the 1=Nc corrections may be quite large [66].
In this work, κ is varied over the range 1–2.1 [48,49], and
the resulting uncertainty is propagated into the final results.
To evaluate the spectral density of the QCD representa-

tion, the full propagators for light quarks (u, d, and s) are
given by [63]
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SqabðxÞ ¼ h0jT½qaðxÞq̄bð0Þ�j0i

¼ iδabx
2π2x4

−
mqδab
4π2x2

−
δab
12

hq̄qi þ iδabx
48

mqhq̄qi

−
δabx2

192
hgsq̄σ ·Gqi − igstAabG

A
μν

32π2x2
ðxσμν þ σμνxÞ

þ iδabx2x
1152

mqhgsq̄σ · Gqi − tAabσ
μν

192
hgsq̄σ · Gqi

þ � � � ; ð20Þ

where a and b are color indices, mq is the quark mass,
tA ¼ λA=2 with λA being the Gell-Mann matrices, and GA

μν

is the gluon field strength tensor. The first two terms
of the full propagator represent the perturbative contribu-
tions, while the remaining terms account for non-
perturbative effects, which are parametrized by various
condensates.
At the hadron level, the correlation functions can be

expressed in terms of hadronic observables using
dispersion relations:

ΠpheðsÞ ¼ λ2−ð=qþM−Þδðs−M2
−Þ þ λ2þðq−MþÞδðs−M2þÞ

þ � � �
¼ =qðλ2−δðs−M2

−Þ þ λ2þδðs−M2þÞÞ
þ ðλ2−M−δðs−M2

−Þ− λ2þMþδðs−M2þÞÞ þ � � �
¼ =qρphe1 ðsÞ þ ρphe2 ðsÞ; ð21Þ

whereM� is the mass of the hadron and λ� is the coupling
constant between the current and the hadron. After con-
structing parity-projected spectral densities ρphe� ðsÞ ¼ffiffiffi
s

p
ρphe1 ðsÞ ∓ ρphe2 ðsÞ, one can obtain

ρphe− ðsÞ ¼ ffiffiffi
s

p ðλ2−δðs −M2
−Þ þ λ2þδðs −M2þÞÞ

− ðλ2−M−δðs −M2
−Þ − λ2þMþδðs −M2þÞÞ

¼ 2Mþλ2þδðs −M2þÞ ð22Þ

and

ρpheþ ðsÞ ¼ ffiffiffi
s

p ðλ2−δðs −M2
−Þ þ λ2þδðs −M2þÞÞ

þ ðλ2−M−δðs −M2
−Þ − λ2þMþδðs −M2þÞÞ

¼ 2M−λ
2
−δðs −M2

−Þ: ð23Þ

In the present analysis, we employ the zero-width approxi-
mation; i.e., the resonance contribution to the spectral
density is represented by a δ function. Finite-width effects
will shift the pole position; however, the mass extraction is
rather insensitive to the width variation, and the mass in the
zero-width approximation agrees with that including finite-
width effects within their uncertainties, as demonstrated
for Δð1232Þ [67]. Furthermore, the simultaneous fit
of mass and width has been shown to be not feasible in
parity-projected sum rules [67,68], the same framework
employed here. For the pentaquark configurations con-
structed in this work, reliably determining the decay widths
is itself a challenge, as a reasonable estimate of the total
width would require more involved calculations such as
triangle-loop diagrams [6,7]. As this work focuses on the
mass spectrum, the total width is left for future studies.
After performing the Borel transformation and invoking

quark-hadron duality, the sum rules can be written as

2M�λ2�e
−M2

�=M
2
B ¼

Z
s0

smin

ds½ ffiffiffi
s

p
ρQCD1 ðsÞ ∓ ρQCD2 ðsÞ�e−s=M2

B ;

ð24Þ

from which the hadron masses of definite parity can be
extracted as

M2
H;� ¼

R
s0
smin

dss½ ffiffiffi
s

p
ρQCD1 ðsÞ ∓ ρQCD2 ðsÞ�e−s=M2

BR
s0
smin

ds½ ffiffiffi
s

p
ρQCD1 ðsÞ ∓ ρQCD2 ðsÞ�e−s=M2

B

: ð25Þ

Here, s0 is the threshold parameter that separates the ground
state from higher excited states and continuum contributions.
For comparison, in numerical analysis we present both the
parity-projected results and the results obtained separately
from the chiral-even and chiral-odd structures from Eq. (15).
The analytical results for the spectral densities are lengthy,

and, thus, we showcase only the expression of pη0ð1=2−Þ:

ρQCD1 ðsÞ ¼ −
s5

137625600π8
−

m2
ss4

3932160π8
−

hg2sG2is3
5242880π8

þ mshs̄sis3
122880π6

þm2
shg2sG2is2

1048576π8
−
mshgss̄σ ·Gsis2

24576π6
−
hq̄qi2s2
6144π4

−
hs̄si2s2
6144π4

þ hs̄sihgss̄σ ·Gsis
1536π4

þ hq̄qihgsq̄σ ·Gqis
1536π4

þ hg2sG2i2s
3145728π8

−
m2

shq̄qi2s
768π4

−
mshs̄sihg2sG2is

98304π6
−
m2

shs̄si2s
3072π4

þmshq̄qi2hs̄si
192π2

þm2
shq̄qihgsq̄σ ·Gqi

512π4
þm2

shs̄sihgss̄σ · Gsi
3072π4

þmshg2sG2ihgss̄σ ·Gsi
98304π6

−
hq̄qi2hg2sG2i

6144π4

þ hg2sG2ihs̄si2
24576π4

−
hgsq̄σ ·Gqi2

4096π4
−
hgss̄σ ·Gsi2
4096π4

; ð26Þ
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ρQCD2 ðsÞ ¼ hq̄qis4
491520π6

þm2
shq̄qis3

24576π6
−
hgss̄σ · Gsis3
98304π6

þ hq̄qihg2sG2is2
65536π6

−
m2

shgss̄σ ·Gsis2
8192π6

−
mshq̄qihs̄sis2

1536π4
−
m2

shq̄qihgsG2is
32768π6

þmshq̄qihgss̄σ · Gsis
768π4

þmshgsq̄σ ·Gqihs̄sis
1024π4

þ hq̄qi3s
192π2

þ hq̄qihs̄si2s
192π2

−
3hgsG2ihgsq̄σ ·Gqis

131072π6
; ð27Þ

ΠsumðsÞ ¼ q
s

�
mshq̄qi2hgss̄σ · Gsi

288π2
−
m2

shg2sG2ihs̄si2
49152π4

þmshq̄qihgsq̄σ ·Gqihs̄si
192π2

þm2
shgsq̄σ ·Gqi2
2048π4

þm2
shgss̄σ ·Gsi2
18432π4

�

þ 1

s

�
m2

shq̄qi2hgsq̄σ ·Gqi
128π2

þm2
shgsq̄σ · Gqihs̄si2

1536π2
þm2

shq̄qihs̄sihgss̄σ · Gsi
1152π2

�
; ð28Þ

where ΠsumðsÞ collects terms of the correlation function
with vanishing imaginary part, which nevertheless produce
nontrivial effects upon Borel transformation. We observe
that, for certain states like pη0ð1=2−Þ, the spectral density
ρQCD2 ðsÞ contains no perturbative term, which is consistent
with Ref. [54].

III. RESULTS AND DISCUSSION

In the numerical analysis, the following inputs are
adopted [47,63,69–71]:

hq̄qi ¼ −ð0.24� 0.01Þ3 GeV3;

hs̄si ¼ ð1.15� 0.12Þhq̄qi;
hq̄gsσ · Gqi ¼ m2

0hq̄qi; hs̄gsσ ·Gsi ¼ m2
0hs̄si;

hg2sG2i ¼ ð0.88� 0.25Þ GeV4;

hg3sG3i ¼ ð0.045� 0.013Þ GeV6;

m2
0 ¼ ð0.8� 0.1Þ GeV2;

ms ¼ ð95� 5Þ MeV: ð29Þ

The quark masses are given in the MS scheme, and the
condensates correspond to a common renormalization scale
μ ∼ 1 GeV [47,63,72]. In addition to the above QCD
parameters, the variation of the factorization-breaking
parameters in the range κ ¼ 1–2.1 around the vacuum-
saturation limit is also considered. Moreover, the masses of
the u and d quarks are neglected.
QCD sum rules involve two crucial parameters, which

are the Borel parameterM2
B and the threshold parameter s0.

The selection of appropriate ranges for these two param-
eters is essential to ensure the reliability of the QCD sum
rule analysis. The determination of these two parameters is
typically guided by two main criteria. First, the conver-
gence of the OPE series must be ensured, which requires
that the contributions from the highest-dimensional con-
densates are sufficiently suppressed. In this work, to
guarantee convergence of the OPE we demand that the
contribution from the highest-dimension term remain
below 5% of the total OPE contribution, i.e.,

ROPE ¼
R
s0
smin

dsρQCD1;DmaxR
s0
smin

dsρQCD1

< 5%; ð30Þ

where ρQCD1;Dmax
represents the contribution from the highest-

dimensional condensate considered in the OPE series.
Second, the pole contribution (PC) from the ground state

should be substantial compared to the total contribution. As
noted in Refs. [73–75], the high power of s in the spectral
density will suppress the PC value; accordingly, the pole
contribution will be required larger than 20%, i.e.,

RPC ¼
R
s0
smin

dsρQCD1 ðsÞe−s=M2
BR∞

smin
dsρQCD1 ðsÞe−s=M2

B

> 20%: ð31Þ

Furthermore, since the hadron mass is a physical observ-
able, it should be independent of auxiliary parameters.
Consequently, a trustworthy prediction is obtained in an
optimal window where the extracted mass is minimally
sensitive to the Borel parameter M2

B.
In practice, we gradually adjust

ffiffiffiffiffi
s0

p
by 0.1 GeV within

the range
ffiffiffiffiffi
s0

p ∼ ðEth þ δÞ to find the acceptable range of
the Borel parameters, where Eth is the two-particle thresh-
old of the constituent states. Since s0 is the parameter that
separates the ground state from the excited states and
continuum, the choice of δ should, in principle, ensure that
the extracted hadronic state corresponds to the ground state.
In the heavy-quark sector, δ is generally taken to be less
than or equal to 1 GeV [76–78]. However, in the strange
regime relevant to our study, RPP(PDG) [69] provides
substantially more spectroscopic information. The mass
gap between the ground states and excited states for several
baryons are compiled in Table II, where all observed mass
splittings cluster around 0.5 GeV, except for the Ξ baryon
whose excitation spectrum remains incomplete.
Based on this observation, the following criterion is

adopted in our analysis: If a stable Borel window and a
corresponding hadron state can be identified with
δ ≤ 0.5 GeV, we interpret the state as the ground state
associated with the constructed current. Otherwise, the state
is regarded as an excited state contribution. The latter case
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also implies that the chosen current may not be adequate for
describing the true ground state in that channel.
Through the above procedure, the variations of the pole

contribution, OPE convergence, and the mass with respect to
the Borel parameter M2

B are presented in the Appendix,
where Figs. 1, 3, 5, and 7 show the pole contribution and
OPE convergence, and Figs. 2, 4, 6, and 8 show the M2

B
dependence of the extracted masses. The numerical results
are listed in Tables III and V–XII, with all uncertainties from
the QCD parameters, Borel parameters, threshold parame-
ters, and the variation of κ taken into account. We find that
the contribution from the variation of κ, i.e., the uncertainty
induced by the factorization approximation for higher-
dimensional condensates, amounts to approximately 1%.
It should be noted that the phenomenological spectral

density may also receive contributions from meson-baryon
scattering states carrying the same quantum numbers as the
interpolating current [66,79,80]. Such scattering states
produce a spectral function that grows rapidly with energy,
leading to a strong dependence of the extracted mass on the
threshold parameter s0, whereas a narrow resonance pole
gives a mass weakly dependent on s0 [66]. As shown in
Figs. 2, 4, 6, and 8, the extracted masses in the Borel
windows vary only weakly with s0, indicating that a narrow
pole rather than scattering states dominates the spectral
function. A more rigorous treatment to further suppress
scattering-state contamination, such as the projected cor-
relation function approach [66,81], would be valuable for
confirmation.

In following discussion, we will focusing on the result of
negative parity since our purpose is to investigate the
possible molecules. Meanwhile, we calculated the positive-
parity states to fill the full spectrum. In addition, to make
strong interpretation, the mass spectrum generated from
chiral-even and chiral-odd structure Π1 and Π2 are also
provided. The discussion will follow the order of J ¼ 1=2
baryon pseudoscalar meson system, J ¼ 1=2 baryon vector
meson system, and J ¼ 3=2 baryon vector meson system.

A. 1=2+ and 0− to J = 1=2 system

Since the currents we constructed provides only the
assumption of quark component and spin parity, that means,
for instance, K and Kð1460Þ share same current due to the
same quark configuration and spin parity JP ¼ 0−. Thus,
following the selection rules above, when the threshold
parameter δ > 0.5 GeV, we consider the scenario in which
one or both of the two constituent hadrons may exist in their
excited states within the composite system.
It is important to emphasize that we aim to search for

molecular states containing a pair of strange and antistrange
quarks (ss̄). Based on the S-wave spin-orbital (L − S)
coupling, where L ¼ 0, the overall parity of the required
pentaquark state is determined to be −1. We first examine,
within the framework of QCD sum rules, whether a bound
state can be obtained for a system with spin par-
ity JP ¼ 1=2−.
As shown in Table III, we are unable to find any bound

states in the 1=2− sector. It is crucial to emphasize that the
molecules and candidates listed in our table do not imply
that the specific current we calculated corresponds directly
to such molecular components or configurations. We
simply select nearby states to serve as possible references.
To provide a concrete example, we find that the resonance

TABLE II. Mass statistics listed on RPP(PDG) [69] of ground
states and their first excitation within the same quantum number,
where mG is the mass of the ground state, mE is the mass of the
lowest excited state, and δm is the mass difference. We truncated
the numerical values to the nearest integer.

Particle mG (MeV) mE (MeV) δm (MeV)

N 939 1440 501
Λ 1116 1600 484
Σ 1193 1660 467
Ξ 1318 � � � � � �

TABLE III. JP ¼ 1=2− states generated from a baryon octet and a pseudoscalar meson. Where constituent
hadrons refer to the specific quark configurations, Eth is the two-particle threshold of constituent hadrons,M2

B is the
energy range of the Borel window,

ffiffiffiffiffi
s0

p
is the threshold parameter,MH is the calculated mass, molecule implies that

the nearest possible two-particle threshold and candidate is the possible state which listed on RPP(PDG) [69].

Constituent hadrons Eth (GeV) M2
B (GeV2)

ffiffiffiffiffi
s0

p
(GeV) MH (GeV) Molecule Candidate

Nηs 1.621 1.6–2.5 2.7� 0.1 2.42� 0.08 Nð1440Þη0 � � �
Ληs 1.798 1.8–2.6 2.8� 0.1 2.48� 0.08 Ληð1295Þ � � �
Σηs 1.899 1.6–2.4 2.7� 0.1 2.38� 0.08 Σηð1295Þ Σð2455Þ
Ξηs 1.998 1.7–2.5 2.7� 0.1 2.41� 0.08 � � � Ξð2370Þ
ΛK 1.609 1.8–2.4 2.8� 0.1 2.49� 0.08 ΛKð1460Þ � � �
ΣK 1.683 1.8–2.4 2.7� 0.1 2.42� 0.08 � � � � � �
ΞK 1.808 1.7–2.5 2.8� 0.1 2.48� 0.08 � � � Σð2455Þ

TABLE IV. Ground states of JP ¼ 1=2− within QCD sum rule
[82].

Baryon N− Λ− Σ− Ξ−

Mass (GeV) 1.54 1.55 1.63 1.63
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energy obtained from the Nηs current calculation is near
2.4 GeV. The combination of N or N� with JP ¼ 1=2þ and
η or η� with JP ¼ 0− that is closest to this energy
corresponds to the Nð1440Þ1=2þ and η0 combination.
However, based on current understanding, η and η0 mixing
exists, which is also discussed in Eq. (1), and neither can be
fully explained as a pure ss̄ pseudoscalar meson state in
terms of quark configuration. Therefore, using a current with
a pure ss configuration to represent η0 would be biased.
Consequently, the possible molecule combinations listed
here serve merely as a potential reference. Furthermore, there
is no direct connection between the molecules and candi-
dates in tables, and the only link between them is that both
the molecules and candidates happen to fall within the
calculated resonance mass and its error margin.
A more intriguing observation is that we find that for

both the Ληs and Σηs currents, the obtained resonance
masses fall precisely near the Ληð1295Þ and Σηð1295Þ
thresholds, respectively. In terms of current construction,
this conversely implies that the ηð1295Þ is likely dominated
by an ss̄ structure.
Furthermore, the result for the Ξηs current falls precisely

in the vicinity of Ξð2370Þ, while the result for the ΛK
current is located near the ΛKð1460Þ two-body threshold.
Additionally, Σð2455Þ falls within the resonance mass
range corresponding to both the Σηs and ΞK currents.
Although the specific numerical results of these two
currents differ, their quark configurations are both qqsss̄
from the perspective of quark content. We currently know
little about Σð2455Þ, and it remains a one-star resonance in
the RPP(PDG). However, our calculation results suggest
that Σð2455Þmay contain a pentaquark component with the
qqsss̄ configuration, and mixing may exist between the
color-singlet cluster combinations of the aforementioned
two currents. Meanwhile, the possible spin-parity assign-
ment of Σð2455Þ is 1=2−.
It is well known that baryon currents can simultaneously

project onto both positive- and negative-parity components.
Therefore, following the calculation of the negative-parity
sector JP ¼ 1=2−, we can likewise obtain the results for the
positive-parity part, which are listed in Table V.
It is worth mentioning that we did not introduce addi-

tional orbital angular momentum when constructing the

currents. In other words, the coupling between the two
color-singlet structures within the molecular currents we
constructed remains in the form of s-wave coupling.
However, when we project onto the P ¼ þ1 sector, we
recognize that, while the parity of the meson current
component is fixed, the baryon current simultaneously
contains both positive- and negative-parity components.
Within such a framework, a possible interpretation in the
molecular picture is that the positive-parity part calculated
here corresponds to a JP ¼ 1=2− baryon s wave coupled to
a JP ¼ 0− pseudoscalar meson, thereby yielding a 1=2þ
pentaquark current structure.
Thus, to use actual physical designation refers to a three-

quark color-singlet structure with spin parity 1=2−, we
select 1=2− states based on the calculation within QCD sum
rule framework [82], listed in Table IV and named as N−,
Λ−, Σ−, and Ξ−, as the ground states to determine our
corresponding threshold values and constrain the threshold
parameter

ffiffiffiffiffi
s0

p
.

It is interesting that, when we project onto the positive-
parity sector, we find that it is extremely difficult to identify
a corresponding state for the currents we constructed. Only
N−ηs, Σ−ηs, and Σ−K find resonances at very high energy
which are above 2.7 GeV.

B. 1=2+ and 1− to J = 1=2 system

When it comes to the JP ¼ 1=2 sector generated from a
baryon octet and a vector meson, the calculated mass of
JP ¼ 1=2− states are listed in Table VI. Still, although
resonance can be found in all cases, no bound state can
generated in this sector.
Interestingly, the scenario observed for Σð2455Þ recurs

for Σð2620Þ. Instead, Σð2620Þ falls within the resonance
mass range corresponding to both the Σϕ and ΞK� currents.
Although the specific numerical results of these two
currents differ, their quark configurations are both qqsss̄
from the perspective of quark content.
We also know little about Σð2620Þ, and it remains a one-

star resonance in the RPP(PDG). However, our calculation
results suggest that Σð2620Þ may contain a pentaquark
component with the qqsss̄ configuration, and mixing may
exist between the color-singlet cluster combinations of the

TABLE V. JP ¼ 1=2þ states generated from a baryon octet and a pseudoscalar meson. The notation is the same as
in Table III.

Constituent hadrons Eth (GeV) M2
B (GeV2)

ffiffiffiffiffi
s0

p
(GeV) MH (GeV) Molecule Candidate

N−ηs 2.223 2.1–2.6 3.1� 0.1 2.78� 0.11 Nð1535Þηð1295Þ � � �
Λ−ηs 2.233 � � � � � � No state � � � � � �
Σ−ηs 2.313 2.1–2.6 3.2� 0.1 2.79� 0.11 Σð1900Þη0 � � �
Ξ−ηs 2.313 � � � � � � No state � � � � � �
Λ−K 2.045 � � � � � � No state � � � � � �
Σ−K 2.125 2.0–2.6 3.1� 0.1 2.76� 0.10 � � � � � �
Ξ−K 2.125 � � � � � � No state � � � � � �
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Σϕ and ΞK�. The possible spin-parity assignment of
Σð2620Þ should be JP ¼ 1=2− suggested by our result.
What is more, the resonance generated by Nϕ, Λϕ, and

ΛK� located near the two-body threshold of Nϕð1680Þ,
Λð1600Þϕ, and Λð1810ÞK�, respectively, implies that these
states may interpret as such molecules.
Similarly, we can continue to discuss the situation when

we project onto the positive-parity states. We still apply the
masses listed in Table IV to determine our two-body
thresholds and constrain our threshold parameter

ffiffiffiffiffi
s0

p
ranges. The calculated results for the corresponding
1=2þ states generated from a baryon octet and a vector
meson are listed in Table VII.
The same situation occurs once again. For the positive-

parity sector, we either fail to obtain a corresponding
resonance or the mass of the resonance we obtain is
extremely large. Besides the Σ−K� current obtain a

resonance near 2.8 GeV, all other channels where reso-
nances can be obtained, we find only states with central
masses above 3.0 GeV.

C. 1=2+ and 1− to J = 3=2 system

As shown in Table VIII, all cases related to JP ¼ 3=2−

states generated from a baryon octet and a vector meson are
listed. In this sector, the scenario observed for Σð2455Þ and
Σð2620Þ recurs for Σð2250Þ again. Σð2250Þ also falls
within the resonance mass range corresponding to both
the Σϕ and ΞK� currents. Although the specific numerical
results of these two currents differ, their quark configura-
tions are both qqsss̄ from the perspective of quark content.
With a two-star resonance in the RPP(PDG) Σð2250Þ, our
calculation results suggest that it should contain a penta-
quark component with the qqsss̄ configuration, and mixing
may exist between the color-singlet cluster combinations of

TABLE VI. JP ¼ 1=2− states generated from a baryon octet and a vector meson. The notation is the same as in
Table III.

Constituent hadrons Eth (GeV) M2
B (GeV2)

ffiffiffiffiffi
s0

p
(GeV) MH (GeV) Molecule Candidate

Nϕ 1.958 2.0–2.8 3.0� 0.1 2.67� 0.08 Nϕð1680Þ � � �
Λϕ 2.135 2.0–2.6 3.0� 0.1 2.69� 0.09 Λð1600Þϕ � � �
Σϕ 2.209 1.8–2.3 2.8� 0.1 2.56� 0.07 � � � Σð2620Þ
Ξϕ 2.334 1.9–2.5 2.9� 0.1 2.62� 0.08 � � � � � �
ΛK� 2.007 2.0–2.6 3.0� 0.1 2.70� 0.08 Λð1810ÞK� � � �
ΣK� 2.081 1.9–2.5 2.9� 0.1 2.64� 0.08 � � � � � �
ΞK� 2.206 2.0–2.5 2.8� 0.1 2.59� 0.07 � � � Σð2620Þ

TABLE VII. JP ¼ 1=2þ states generated from a baryon octet and a vector meson. The notation is the same as in
Table III.

Constituent hadrons Eth (GeV) M2
B (GeV2)

ffiffiffiffiffi
s0

p
(GeV) MH (GeV) Molecule Candidate

N−ϕ 2.560 2.0–2.7 3.3� 0.1 3.00� 0.09 Nð1895Þϕ � � �
Λ−ϕ 2.570 � � � � � � No state � � � � � �
Σ−ϕ 2.650 2.0–2.7 3.3� 0.1 3.01� 0.10 Σð1900Þϕ � � �
Ξ−ϕ 2.650 � � � � � � No state � � � � � �
Λ−K� 2.440 � � � � � � No state � � � � � �
Σ−K� 2.520 1.9–2.5 3.1� 0.1 2.82� 0.09 ΣK�ð1680Þ � � �
Ξ−K� 2.520 � � � � � � No state � � � � � �

TABLE VIII. JP ¼ 3=2− states generated from a baryon octet and a vector meson. The notation is the same as in
Table III.

Constituent hadrons Eth (GeV) M2
B (GeV2)

ffiffiffiffiffi
s0

p
(GeV) MH (GeV) Molecule Candidate

Nϕ 1.958 1.6–2.2 2.6� 0.1 2.37� 0.07 � � � � � �
Λϕ 2.135 2.2–2.8 3.0� 0.1 2.73� 0.08 Λϕð1680Þ � � �
Σϕ 2.209 1.7–2.1 2.6� 0.1 2.31� 0.09 � � � Σð2250Þ
Ξϕ 2.334 2.3–2.8 3.0� 0.1 2.66� 0.11 � � � � � �
ΛK� 2.007 1.6–2.2 2.5� 0.1 2.23� 0.07 � � � � � �
ΣK� 2.081 2.2–2.8 3.1� 0.1 2.88� 0.08 � � � � � �
ΞK� 2.206 1.7–2.1 2.6� 0.1 2.30� 0.10 � � � Σð2250Þ
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the Σϕ and ΞK�, while the possible spin-parity assignment
of Σð2250Þ should be JP ¼ 3=2−. Moreover, considering
the uncertainties in the computed masses, the ΞK� system
with JP ¼ 3=2− emerges as the only remaining candidate
that may potentially form a bound-state solution within our
calculation. A very recent result from BESIII claimed a
state found in the p̄Kþ invariant mass of ψð3686Þ →
p̄KþΣ0 channel, named Σð2330Þ, with spin-parity JP ¼
3=2− [83], which meets our predictions from the ΞK� and
Σϕ currents; further cross-check should be performed.
It is worth to be mentioned that the constituent quark

model predicts that ΣK� and pϕ with JP ¼ 3=2− can form
bound states [5,84]. Meanwhile, using the one-boson-
exchange potential, bound states arising from ΣK� inter-
actions are investigated via a quasipotential Bethe-Salpeter
equation approach [4]. Unfortunately, in our calculations of
QCD sum rule performed with the currents we constructed,
we did not obtain corresponding bound states in ΣK� and
Nϕ channels.
When it comes to the positive-parity sector, the results of

JP ¼ 3=2þ states generated from a baryon octet and a
vectormeson are listed inTable IX. Two extremes emerge this
time.Weeither find a deeply bound statevery easily, orwe fail
to find a corresponding resonance at all. For Λ−ϕ, Ξ−ϕ and
Σ−K� currents, bound states with a very large binding energy
of hundreds of MeV are obtained, corresponding to
Λð2070Þ3=2þ, Ξð2250Þ, and Nð2040Þ3=2þ states listed in

RPP(PDG). The results here lead to a very interesting
interpretation, that is while these states are composed of
two color-singlet clusters, for some reason, these two color-
singlet clusters can bind unexpectedly tightly. In addition, our
calculation suggest the spin-parity assignment of Ξð2250Þ
should be 3=2þ.

D. Mass splitting

Recall that the Π1 and Π2 corresponding to the chiral-
even and chiral-odd structures in the correlation functions,
Π1 contains positive and negative states with the same sign,
while Π2 contains them with different signs. To figure out
the possible relationship, we separately calculated the so-
called hadronic mass corresponding to the different Lorentz
structure Π1 and Π2. The extracted J ¼ 1=2 spectrum
generated from a baryon octet and a pseudoscalar meson,
and the J ¼ 1=2 spectrum generated from a baryon octet
and a vector meson, while the J ¼ 3=2 spectrum generated
from a baryon octet and a vector meson via different
Lorentz structure Π1 and Π2 are listed in Tables X–XII,
respectively.
To further directly shows the mass splitting, we listed the

mass differences of above three cases in TablesXIII–XV.We
found that, for the 1=2 and 3=2 cases, the directions of their
mass splittings are exactly opposite. Furthermore, for the
cases where a resonance can be found for positive parity, the
difference between theMH values calculated byΠ1 andΠ2 is

TABLE IX. JP ¼ 3=2þ states generated from a baryon octet and a vector meson. The notation is the same as in
Table III.

Constituent hadrons Eth (GeV) M2
B (GeV2)

ffiffiffiffiffi
s0

p
(GeV) MH (GeV) Molecule Candidate

N−ϕ 2.560 � � � � � � No state � � � � � �
Λ−ϕ 2.570 2.0–2.7 2.6� 0.1 2.08� 0.08 � � � Λð2070Þ
Σ−ϕ 2.650 � � � � � � No state � � � � � �
Ξ−ϕ 2.650 2.4–3.4 2.8� 0.1 2.24� 0.09 � � � Ξð2250Þ
Λ−K� 2.440 � � � � � � No state � � � � � �
Σ−K� 2.520 2.0–3.0 2.5� 0.1 2.00� 0.08 � � � Nð2040Þ
Ξ−K� 2.520 � � � � � � No state � � � � � �

TABLE X. J ¼ 1=2 spectrum generated from a baryon octet and a pseudoscalar meson via different Lorentz
structure Π1 and Π2. Where constituent hadrons refer to the specific quark configurations, Eth is the two-particle
threshold of constituent hadrons, M2

B is the energy range of the Borel window,
ffiffiffiffiffi
s0

p
is the threshold parameter, and

MH is the calculated mass.

Lorentz structures Π1 Π2

Constituent hadrons M2
B (GeV2)

ffiffiffiffiffi
s0

p
(GeV) MH (GeV) M2

B (GeV2)
ffiffiffiffiffi
s0

p
(GeV) MH (GeV)

Nηs 2.1–2.6 2.8� 0.1 2.44� 0.09 2.0–2.6 2.6� 0.1 2.36� 0.08
Ληs 2.0–2.5 2.7� 0.1 2.48� 0.08 2.0–2.6 2.7� 0.1 2.38� 0.09
Σηs 2.3–2.9 3.0� 0.1 2.55� 0.11 2.1–2.7 2.7� 0.1 2.39� 0.09
Ξηs 2.0–2.6 2.8� 0.1 2.54� 0.08 1.8–2.6 2.6� 0.1 2.30� 0.07
ΛK 2.2–2.8 2.9� 0.1 2.62� 0.08 2.2–2.8 2.8� 0.1 2.45� 0.09
ΣK 2.0–2.7 2.8� 0.1 2.45� 0.09 2.2–2.8 2.7� 0.1 2.39� 0.08
ΞK 2.0–2.7 2.8� 0.1 2.54� 0.08 2.0–2.6 2.7� 0.1 2.38� 0.08

STRANGE PENTAQUARK MOLECULES IN QCD SUM RULES PHYS. REV. D 114, 034030 (2026)

034030-9



smaller than in those caseswherenopositive-parity resonance
is found. From a theoretical perspective, the mass splitting
itself is caused by chiral-odd terms, which are proportional to
the quark condensate hq̄qi and mixed condensate hq̄gσ ·Gqi
terms [82,85], which mainly correspond to the Lorentz
structures ofΠ2. When the difference between theMH values
calculated by Π1 and Π2 is relatively large, which often
corresponds to the mass of the Π2 term being significantly
lower than the mass of Π1 term, it implies that the Π2 term
dominates the calculation. This results in an excessively large
splitting between the positive- and negative-parity states,
making it difficult for us to find the state corresponding to
positive parity within an appropriate

ffiffiffiffiffi
s0

p
range.

TABLE XI. J ¼ 1=2 spectrum generated from a baryon octet and a vector meson via different Lorentz structures
Π1 and Π2. The notation is the same as in Table X.

Lorentz structures Π1 Π2

Constituent hadrons M2
B (GeV2)

ffiffiffiffiffi
s0

p
(GeV) MH (GeV) M2

B (GeV2)
ffiffiffiffiffi
s0

p
(GeV) MH (GeV)

Nϕ 2.2–2.8 3.0� 0.1 2.75� 0.08 2.2–2.7 2.7� 0.1 2.46� 0.08
Λϕ 2.3–2.9 3.1� 0.1 2.91� 0.08 2.1–2.7 2.7� 0.1 2.45� 0.08
Σϕ 2.6–3.0 3.1� 0.1 2.74� 0.09 2.1–2.7 2.6� 0.1 2.39� 0.07
Ξϕ 2.4–2.9 3.1� 0.1 2.89� 0.08 2.0–2.6 2.6� 0.1 2.38� 0.07
ΛK� 2.3–2.9 3.1� 0.1 2.88� 0.08 2.3–2.9 2.9� 0.1 2.57� 0.09
ΣK� 2.2–2.8 3.0� 0.1 2.75� 0.08 2.3–2.8 2.8� 0.1 2.53� 0.08
ΞK� 2.3–2.9 3.1� 0.1 2.87� 0.08 2.1–2.6 2.7� 0.1 2.46� 0.08

TABLE XII. J ¼ 3=2 spectrum generated from a baryon octet and a vector meson via different Lorentz structure
Π1 and Π2. The notation is the same as in Table X.

Lorentz structures Π1 Π2

Constituent hadrons M2
B (GeV2)

ffiffiffiffiffi
s0

p
(GeV) MH (GeV) M2

B (GeV2)
ffiffiffiffiffi
s0

p
(GeV) MH (GeV)

Nϕ 2.5–3.0 3.1� 0.1 2.77� 0.09 2.0–2.6 2.6� 0.1 2.23� 0.08
Λϕ 6.0–7.0 2.6� 0.1 2.05� 0.09 2.0–2.7 2.5� 0.1 2.09� 0.09
Σϕ 2.1–2.8 2.9� 0.1 2.63� 0.08 2.0–2.6 2.6� 0.1 2.19� 0.08
Ξϕ 7.5–8.5 2.8� 0.1 2.23� 0.09 2.2–2.9 2.7� 0.1 2.19� 0.09
ΛK� 2.3–2.9 3.0� 0.1 2.75� 0.08 1.5–2.3 2.3� 0.1 1.98� 0.07
ΣK� 6.0–7.0 2.5� 0.1 1.99� 0.09 2.0–2.6 2.5� 0.1 2.04� 0.08
ΞK� 2.4–3.0 3.2� 0.1 2.83� 0.09 1.7–2.6 2.6� 0.1 2.15� 0.09

TABLE XIII. Comparison of the calculated hadron massesMH

(in GeV) for the JP ¼ 1=2 sector generated from a baryon octet
and a pseudoscalar meson, derived from different Lorentz
structures Π1, Π2, Π−, and Πþ. The table includes the mass
differences Πþ − Π− and Π1 − Π2.

MH (GeV) Π1 Π2 Π1 − Π2 Πþ Π− Πþ − Π−

Nηs 2.44 2.36 0.08 2.78 2.42 0.36
Ληs 2.48 2.38 0.10 � � � 2.48 � � �
Σηs 2.55 2.39 0.14 2.79 2.38 0.41
Ξηs 2.54 2.30 0.24 � � � 2.41 � � �
ΛK 2.62 2.45 0.17 � � � 2.49 � � �
ΣK 2.45 2.39 0.06 2.76 2.42 0.34
ΞK 2.54 2.38 0.16 � � � 2.48 � � �

TABLE XIV. Comparison of the calculated hadron masses MH

(in GeV) for the JP ¼ 1=2 sector generated from a baryon octet
and a vector meson. Notation is the same as Table XIII.

MH (GeV) Π1 Π2 Π1 − Π2 Πþ Π− Πþ − Π−

Nϕ 2.75 2.46 0.29 3.00 2.67 0.33
Λϕ 2.91 2.45 0.46 � � � 2.69 � � �
Σϕ 2.74 2.39 0.35 3.01 2.56 0.45
Ξϕ 2.89 2.38 0.51 � � � 2.62 � � �
ΛK� 2.88 2.57 0.31 � � � 2.70 � � �
ΣK� 2.75 2.53 0.22 2.82 2.64 0.18
ΞK� 2.87 2.46 0.41 � � � 2.59 � � �

TABLE XV. Comparison of the calculated hadron masses MH

(in GeV) for the JP ¼ 3=2 sector generated from a baryon octet
and a vector meson, derived from different Lorentz structures Π1,
Π2, Π−, and Πþ. The table includes the mass differences Πþ −
Π− and Π1 − Π2.

MH (GeV) Π1 Π2 Π1 − Π2 Πþ Π− Πþ − Π−

Nϕ 2.77 2.23 0.54 � � � 2.37 � � �
Λϕ 2.05 2.09 −0.04 2.08 2.73 −0.65
Σϕ 2.63 2.19 0.44 � � � 2.19 � � �
Ξϕ 2.23 2.19 0.04 2.24 2.59 −0.35
ΛK� 2.75 1.98 0.77 � � � 2.23 � � �
ΣK� 1.99 2.04 −0.05 2.00 2.88 −0.88
ΞK� 2.83 2.15 0.68 � � � 2.20 � � �
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IV. SUMMARY AND CONCLUSIONS

In this work, we have systematically studied hidden- and
open-strange pentaquark configurations in the hadronic
molecular picture by means of QCD sum rules. A total of
21 interpolating currents with J ¼ 1=2 and 3=2 were
constructed from the baryon octet combined with an ss̄
pair. In the numerical analysis, we included OPE contri-
butions up to dimension 11, considered both parity-pro-
jected spectra and the separate Π1 and Π2 structures, and
incorporated the uncertainty associated with the factoriza-
tion approximation of higher-dimensional condensates.
Our results show that no bound-state solution is found in

the JP ¼ 1=2− sector, while several channels generate
resonance masses close to nearby thresholds or to poorly
established strange baryon candidates. In the JP ¼ 3=2−

sector, resonance solutions are obtained, but still none
support a bound-state interpretation.
In positive-parity sectors, including both JP ¼ 1=2þ and

3=2þ, it is more difficult to identify the corresponding
states of the current we contracted. A large mass splitting
was found between the positive- and negative-parity states
raised from the same current.
Few spin-parity quantum number to be suggest by our

calculation, including Σð2250Þ, Σð2455Þ, Σð2620Þ,
Ξð2250Þ, and Ξð2370Þ, to be JP ¼ 3=2−, 1=2−, 1=2−,
3=2þ, and 1=2−, respectively. Meanwhile, these states are
very favorable to the pentaquark configuration, especially
for the Σ states above. For all three Σ states, it is found that
they may contain a pentaquark component with the qqsss̄
configuration, and mixing may exist between the color-
singlet cluster combinations of Σþ ηs=ϕ and Ξþ K=K�
currents. The mixing between the currents will require

further investigation in future work. This also seems to
suggest that it may be possible to search for the corre-
sponding pole structures within such coupled-channel
frameworks.
Further studies with a more complete current basis may

help clarify the nature of these states and their possible
multiplet relations in the strange sector. Alternative con-
structions may offer new possibilities for identifying such
states. For instance, in future work, we will extend the
construction of molecular currents from the baryon octet to
the baryon decuplet. In this context, we will not only cover
the range of spins from 1=2 to 5=2, but also consider the
mixing between channels for specific quantum numbers.
Future investigations into a broader range of current
structures may provide further insights into the open
questions addressed in this work, while also improving
the interpretation of the light-flavor hadron spectrum from
the perspective of QCD sum rules.
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APPENDIX: FIGURES OF THE POLE CONTRIBUTION, THE OPE CONVERGENCE, AND THE MASS

FIG. 1. The ratio with respect to the Borel parameter M2
B with different threshold parameter
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FIG. 2. The mass with respect to the Borel parameter M2
B with different threshold parameter

ffiffiffiffiffi
s0

p
for Π1.

STRANGE PENTAQUARK MOLECULES IN QCD SUM RULES PHYS. REV. D 114, 034030 (2026)

034030-13



FIG. 3. The ratio with respect to the Borel parameter M2
B with different threshold parameter

ffiffiffiffiffi
s0

p
for Π2.

DI BEN and SHENG-QI ZHANG PHYS. REV. D 114, 034030 (2026)

034030-14



FIG. 4. The mass with respect to the Borel parameter M2
B with different threshold parameter
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FIG. 5. The ratio with respect to the Borel parameter M2
B with different threshold parameter
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FIG. 6. The mass with respect to the Borel parameter M2
B with different threshold parameter
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FIG. 7. The ratio with respect to the Borel parameter M2
B with different threshold parameter

ffiffiffiffiffi
s0

p
for Π−.
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FIG. 8. The mass with respect to the Borel parameter M2
B with different threshold parameter

ffiffiffiffiffi
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