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In this work, we systematically investigate the mass spectra of fully heavy pentaquark states QQQQQ̄
within the framework of QCD sum rules. Employing three configurations of interpolating currents, we
obtain the following mass predictions: for the ccccc̄ states, the masses are determined to be 7.79þ0.18

−0.17 GeV,

7.76þ0.23
−0.18 GeV, 7.81þ0.17

−0.18 GeV, while for the bbbbb̄ states, the corresponding masses are calculated as

22.35� 0.19 GeV, 22.27� 0.22 GeV, 22.37þ0.18
−0.20 GeV, respectively.
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I. INTRODUCTION

Hadron physics represents a pivotal frontier in contem-
porary particle physics research, primarily investigating
bound states of quarks and gluons governed by strong
interactions. Conventionally, hadronic states are catego-
rized into two fundamental types: mesons and baryons.
However, quantum chromodynamics (QCD) imposes no
fundamental constraints limiting hadrons to conventional
configurations. The theory naturally accommodates more
complex structures, including multiquark systems and
gluonic bound states, which are collectively termed exotic
hadrons. Currently, the exploration of exotic hadron states
stands as one of the most significant and active research
domains within hadron physics. One could see some recent
reviews [1–9] and references therein.
The investigation of exotic hadron states gained signifi-

cant promotion with the discovery of theXð3872Þ resonance
[10]. Observed by the decay channel B� → K�πþπ−J=ψ ,
this state displayed characteristics that challenged conven-
tional quark model predictions. Its unusual properties stimu-
lated intense theoretical and experimental scrutiny of exotic
hadronic matter, including observations of pentaquark
states with the discovery of the Pcð4380Þþ and Pcð4450Þþ
resonances by theLHCbCollaboration in theΛ0

b → J=ψpK−

decay channel [11]. Subsequent analysis with improved
statistics in 2019 revealed a new state, Pcð4312Þþ, while
resolving the broad Pcð4450Þþ peak into two narrow
structures, Pcð4440Þþ and Pcð4457Þþ [12]. The LHCb

Collaboration has further reported two additional observa-
tions: the Pcsð4459Þ0 state, identified in the J=ψΛ mass
spectrum ofΞ−

b → J=ψΛK− decays [13], and thePcsð4338Þ0
state, found through amplitude analysis of B− → J=ψΛp̄
decays [14]. Moreover, the Pcð4337Þþ state observed by
LHCb in B0

s → J=ψpp̄ decays has been considered to be a
promising pentaquark state candidate [15]. In 2020, the LHCb
Collaboration reported a narrow structure Xð6900Þ and
proposed it to be an all-charmed tetraquark state [16],
which has greatly stimulated the study of fully heavy multi-
quark states.
On investigations of fully heavy pentaquark states,

researchers have employed a variety of theoretical method-
ologies [17–31]. Concretely, studies have been conducted
within the chromomagnetic interaction (CMI) model [17],
chiral quark model [20,24], Lattice-QCD inspired quark
model [22], Massachusetts Institute of Technology (MIT)
bag model [23], and nonrelativistic potential quark model
[25]. In addition, analyses of fully heavy pentaquark states
have been carried out utilizing approaches such as the
variational method within the constituent quark model
[21], the diffusion Monte Carlo method [27], the Suzuki
model [29], and the extended form of the Gursey-Radicati
mass formula [30].
During the study of fully heavy pentaquark states, it is

inevitable to confront the highly intricate nonperturbative
problems inherent in QCD. As one reliable method for
evaluating nonperturbative effects, the QCD sum rule
[32,33] is firmly established on the basic QCD theory
and has been successfully used in the study of hadronic
states [34–38]. By far, some works have made use of
QCD sum rules to address the nonperturbative issues on
fully heavy pentaquark states [18,19,26,28]. In Ref. [18],
the author gained a mass of 7.41þ0.27

−0.21 GeV for ccccc̄
states and 21.60þ0.73

−0.22 GeV for bbbbb̄ states, sugges-
ting that these states could be observed in the ΩQQQηQ
invariant mass spectrum. Reference [19] focused on the
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diquark-diquark-antiquark type fully heavy pentaquark
states with the spin-parity JP ¼ 1

2
−, obtaining the mass

of ccccc̄ to be 7.93� 0.15 GeV and that of bbbbb̄ to
be 23.91� 0.15 GeV. The author proposed that these
states might be detectable in the J=ψΩccc and ϒΩbbb
invariant mass spectrum. Reference [26] researched
the full-charm and full-bottom pentaquark states with
spin-parity 3

2
−, reporting masses of 7628� 112 MeV

and 21982� 144 MeV, respectively. In Ref. [28], the
authors analyzed the fully heavy pentaquark candidates
with quark contents of cccbc̄ and bbbcb̄. For the P4cb
states, they obtained masses of 11388.30� 107.79 MeV
and 11368.30� 112.68 MeV, while for P4bc states,
the reported masses were 20998.30� 121.52 MeV and
20990.50� 125.87 MeV.
In this paper, we are devoted to extending our pre-

vious research [18] and systematically investigating the
fully heavy pentaquark states from QCD sum rules.
The remainder of the paper is organized as follows: the
derivation of the QCD sum rules for fully heavy pentaquark
states is presented in Sec. II, and the numerical analysis
and discussions are given in Sec. III. The final section
comprises a concise summary.

II. FULLY HEAVY PENTAQUARK STATES
IN QCD SUM RULES

The interpolating current representing a fully heavy
pentaquark state can be constructed as different configu-
rations, such as the diquark-diquark-antiquark arrangement
adopted in Ref. [19], or compositions of the baryon and
meson currents. In this work, we will employ the fully
heavy pentaquark state current in the baryon-meson form.
Based on the interpolating current construction ways for

heavy mesons [39] and baryons [40,41] in full QCD, we
can formulate the following forms of currents

jμ ¼ ðϵabcQT
aCγμQbQcÞðQeQ̄eÞ; ð1Þ

jμρ ¼ ðϵabcQT
aCγμQbQcÞðQeγρQ̄eÞ; ð2Þ

and

jμρ ¼ ðϵabcQT
aCγμQbQcÞðQeγργ5Q̄eÞ ð3Þ

for QQQQQ̄ pentaquark states. Here, T denotes the
transpose of a matrix, C denotes the charge conjugate

matrix, andQ can be either a heavy charm or bottom quark.
The subscripts a, b, c, and e are color indices.
In order to derive the QCD sum rule, one can construct

the two-point correlator

Πμνðq2Þ ¼ i
Z

d4xeiq·xh0jT½jμðxÞj̄νð0Þ�j0i ð4Þ

for the current in Eq. (1). The parametrization of Πμνðq2Þ is
as follows

Πμνðq2Þ ¼ −gμν½=qΠ1ðq2Þ þ Π2ðq2Þ� þ � � � : ð5Þ

For the currents in Eqs. (2) and (3), the two-point
correlator

Πμρνσðq2Þ ¼ i
Z

d4xeiq·xh0jT½jμρðxÞj̄νσð0Þ�j0i ð6Þ

can be parametrized as

Πμρνσðq2Þ ¼ −gμνgρσ½=qΠ1ðq2Þ þ Π2ðq2Þ� þ � � � : ð7Þ

By matching the terms proportional to −gμν=q or
−gμνgρσ=q in the hadronic representation with the quark
representation and after applying the Borel transform,
one gets

λ2e−M
2
H=M

2 ¼
Z

s0

25m2
Q

dsρe−s=M
2

; ð8Þ

whereMH is the mass of the studied hadron and the spectral
density is ρ ¼ 1

π ImΠ1ðsÞ. The hadron mass is obtained by
taking the derivative of Eq. (8) with respect to − 1

M2 and
dividing by Eq. (8) itself. The expression is

MH ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiZ

s0

25m2
Q

dsρse−s=M
2

=
Z

s0

25m2
Q

dsρe−s=M
2

s
: ð9Þ

In operator product expansion (OPE) calculations, one
usually employs heavy quark propagators in momentum
space [39]. By extending the relevant techniques [42–48] to
fully heavy pentaquark systems as in Ref. [18], the specific
expression for the spectral density ρ¼ρpertþρhg2G2i þρhg3G3i
in Eq. (9) is calculated to be

ρpert ¼ −
3

5 × 214π8

Z
αmax

αmin

dα
α3

Z
βmax

βmin

dβ
β3

Z
γmax

γmin

dγ
γ3

Z
ξmax

ξmin

dξ
ξ3

h3ðm2
Q − hsÞ3

ð1 − α − β − γ − ξÞ3 f8h
2ðm2

Q − hsÞ2

− ½35h3sþ 5hm2
Qð3αβ − 2γξÞ�ðm2

Q − hsÞ þ 20h4s2 þ 20h2sm2
Qðαβ − γξÞ − 20αβγξm4

Qg;
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ρhg2G2i ¼ −
m2

Qhg2G2i
214π8

Z
αmax

αmin

dα
α3

Z
βmax

βmin

dβ
β3

Z
γmax

γmin

dγ
γ3

Z
ξmax

ξmin

dξ
ξ3

h3

ð1 − α − β − γ − ξÞ3 f½ð1 − α − β − γ − ξÞ3

þ 2β3 þ 2ξ3�½4h2ðm2
Q − hsÞ2 − 7h3sðm2

Q − hsÞ þ h4s2 − αβγξm4
Q − hm2

Qð3αβ − 2γξÞðm2
Q − hsÞ

þ h2sm2
Qðαβ − γξÞ� þ 3hð2γξ3 − 3αβ3Þðm2

Q − hsÞ2 − 6ðγξ3 − αβ3Þh2sðm2
Q − hsÞ

− 6αβγξðβ2 þ ξ2Þm2
Qðm2

Q − hsÞg;

and

ρhg3G3i ¼ −
hg3G3i
216π8

Z
αmax

αmin

dα
α3

Z
βmax

βmin

dβ
β3

Z
γmax

γmin

dγ
γ3

Z
ξmax

ξmin

dξ
ξ3

h3

ð1 − α − β − γ − ξÞ3 f½ð1 − α − β − γ − ξÞ3 þ 2β3 þ 2ξ3�

× ½4h2ðm2
Q − hsÞ2 − 7h3sðm2

Q − hsÞ þ h4s2� − αβγξm4
Q½ð1 − α − β − γ − ξÞ3 þ 12β3 þ 12ξ3�

− hαβm2
Q½ð1 − α − β − γ − ξÞ3 þ 12β3 þ 2ξ3�ð3m2

Q − 4hsÞ þ hγξm2
Q½ð1 − α − β − γ − ξÞ3 þ 2β3 þ 12ξ3�

× ð2m2
Q − 3hsÞ þ 2½ð1 − α − β − γ − ξÞ4 þ 2β4 þ 2ξ4�½h2m2

Qð8m2
Q − 15hsÞ þ hm4

Qð2γξ − 3αβÞ�g

for the current (1),

ρpert ¼ 3

214π8

Z
αmax

αmin

dα
α3

Z
βmax

βmin

dβ
β3

Z
γmax

γmin

dγ
γ3

Z
ξmax

ξmin

dξ
ξ3

h3ðm2
Q − hsÞ3

ð1 − α − β − γ − ξÞ3 fh
2ðm2

Q − hsÞ2

− ½6h3sþ 2hm2
Qðαβ þ γξÞ�ðm2

Q − hsÞ þ 4h4s2 þ 4h2sm2
Qðαβ þ γξÞ þ 4αβγξm4

Qg;

ρhg2G2i ¼ m2
Qhg2G2i
215π8

Z
αmax

αmin

dα
α3

Z
βmax

βmin

dβ
β3

Z
γmax

γmin

dγ
γ3

Z
ξmax

ξmin

dξ
ξ3

h3

ð1 − α − β − γ − ξÞ3 f½ð1 − α − β − γ − ξÞ3

þ 2β3 þ 2ξ3�½5h2ðm2
Q − hsÞ2 − 12h3sðm2

Q − hsÞ þ 2h4s2 þ 2αβγξm4
Q − 4hm2

Qðαβ þ γξÞðm2
Q − hsÞ

þ 2h2sm2
Qðαβ þ γξÞ� − 12hðγξ3 þ αβ3Þðm2

Q − hsÞ2 þ 12ðγξ3 þ αβ3Þh2sðm2
Q − hsÞ

þ 12αβγξðβ2 þ ξ2Þm2
Qðm2

Q − hsÞg;

and

ρhg3G3i ¼ hg3G3i
217π8

Z
αmax

αmin

dα
α3

Z
βmax

βmin

dβ
β3

Z
γmax

γmin

dγ
γ3

Z
ξmax

ξmin

dξ
ξ3

h3

ð1 − α − β − γ − ξÞ3 f½ð1 − α − β − γ − ξÞ3 þ 2β3 þ 2ξ3�

× ½5h2ðm2
Q − hsÞ2 − 12h3sðm2

Q − hsÞ þ 2h4s2� þ 2αβγξm4
Q½ð1 − α − β − γ − ξÞ3 þ 12β3 þ 12ξ3�

− hαβm2
Q½ð1 − α − β − γ − ξÞ3 þ 12β3 þ 2ξ3�ð4m2

Q − 6hsÞ − hγξm2
Q½ð1 − α − β − γ − ξÞ3 þ 2β3 þ 12ξ3�

× ð4m2
Q − 6hsÞ þ 2½ð1 − α − β − γ − ξÞ4 þ 2β4 þ 2ξ4�½h2m2

Qð10m2
Q − 22hsÞ þ 4hm4

Qðγξþ αβÞ�g

for the current (2), as well as

ρpert ¼ −
3

214π8

Z
αmax

αmin

dα
α3

Z
βmax

βmin

dβ
β3

Z
γmax

γmin

dγ
γ3

Z
ξmax

ξmin

dξ
ξ3

h3ðm2
Q − hsÞ3

ð1 − α − β − γ − ξÞ3 fh
2ðm2

Q − hsÞ2

− ½6h3sþ 2hm2
Qðαβ − γξÞ�ðm2

Q − hsÞ þ 4h4s2 þ 4h2sm2
Qðαβ − γξÞ − 4αβγξm4

Qg;

ρhg2G2i ¼ −
m2

Qhg2G2i
215π8

Z
αmax

αmin

dα
α3

Z
βmax

βmin

dβ
β3

Z
γmax

γmin

dγ
γ3

Z
ξmax

ξmin

dξ
ξ3

h3

ð1 − α − β − γ − ξÞ3 f½ð1 − α − β − γ − ξÞ3

þ 2β3 þ 2ξ3�½5h2ðm2
Q − hsÞ2 − 12h3sðm2

Q − hsÞ þ 2h4s2 − 2αβγξm4
Q − 4hm2

Qðαβ − γξÞðm2
Q − hsÞ

þ 2h2sm2
Qðαβ − γξÞ� þ 12hðγξ3 − αβ3Þðm2

Q − hsÞ2 − 12ðγξ3 − αβ3Þh2sðm2
Q − hsÞ

− 12αβγξðβ2 þ ξ2Þm2
Qðm2

Q − hsÞg;
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and

ρhg3G3i ¼ −
hg3G3i
217π8

Z
αmax

αmin

dα
α3

Z
βmax

βmin

dβ
β3

Z
γmax

γmin

dγ
γ3

Z
ξmax

ξmin

dξ
ξ3

h3

ð1 − α − β − γ − ξÞ3 f½ð1 − α − β − γ − ξÞ3 þ 2β3 þ 2ξ3�

× ½5h2ðm2
Q − hsÞ2 − 12h3sðm2

Q − hsÞ þ 2h4s2� − 2αβγξm4
Q½ð1 − α − β − γ − ξÞ3 þ 12β3 þ 12ξ3�

− hαβm2
Q½ð1 − α − β − γ − ξÞ3 þ 12β3 þ 2ξ3�ð4m2

Q − 6hsÞ þ hγξm2
Q½ð1 − α − β − γ − ξÞ3 þ 2β3 þ 12ξ3�

× ð4m2
Q − 6hsÞ þ 2½ð1 − α − β − γ − ξÞ4 þ 2β4 þ 2ξ4�½h2m2

Qð10m2
Q − 22hsÞ − 4hm4

Qðγξ − αβÞ�g

for the current (3).
It is defined as h ¼ 1

1
αþ1

βþ1
γþ1

ξþ 1
1−α−β−γ−ξ

, and the integration limits of α, β, γ, and ξ are given by

α ¼ 1

2

"�
1 −

15m2
Q

s

�
�

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi�
1 −

15m2
Q

s

�2

−
4m2

Q

s

s #
;

β ¼ 1

2

"�
1 − α −

8αm2
Q

αs −m2
Q

�
�

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi�
1 − α −

8αm2
Q

αs −m2
Q

�2

−
4αð1 − αÞm2

Q

αs −m2
Q

s #
;

γ ¼ 1

2

2
64
 
1 − α − β −

3
s
m2

Q
− 1

α −
1
β

!
�

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi 
1 − α − β −

3
s
m2

Q
− 1

α −
1
β

!
2

− 4
1 − α − β
s
m2

Q
− 1

α −
1
β

vuut
3
75;

and

ξ ¼ 1

2

"
ð1 − α − β − γÞ �

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
ð1 − α − β − γÞ2 − 4

1 − α − β − γ
s
m2

Q
− 1

α −
1
β −

1
γ

s #
:

III. NUMERICAL ANALYSIS AND DISCUSSIONS

In QCD sum rules, one expands the correlation function
by perturbation and nonperturbation approximation in the
OPE caculation and introduces a complex dispersion
integral structure including hadronic resonance and con-
tinuous spectrum at the phenomenological level. In order to
reliably extract the information of hadronic resonance
states, it is necessary to determine the appropriate working
windows of the continuum threshold

ffiffiffiffiffi
s0

p
and the Borel

parameter M2. The threshold
ffiffiffiffiffi
s0

p
represents the starting

energy point of the continuum state, and the energy gapffiffiffiffiffi
s0

p −MH is typically estimated at approximately 0.3–
0.8 GeV [49]. The Borel parameter is determined from two
considerations. First, the lower bound is determined by
the convergence requirement of the OPE, ensuring that
higher-order term contributions can be safely neglected.
Second, the upper bound is constrained by the condition
that pole contribution should significantly exceed con-
tinuum contribution.
The input parameters are taken as hg2G2i ¼ 0.88�

0.25 GeV4, hg3G3i ¼ 0.58� 0.18 GeV6 [32,33,49–53]
and mQ is set to the running charm mass mc ¼ 1.2730�
0.0046 GeV [54]. For the ccccc̄ represented by the

current (1), based on the typical energy gap between the
continuum spectrum and the resonance state,

ffiffiffiffiffi
s0

p
takes

the value in the range of 8.0–8.4 GeV. The lower limit of the
Borel parameter is taken to be M2 ≥ 3.5 GeV2. The pole
relative contribution at

ffiffiffiffiffi
s0

p ¼ 8.2 GeV reaches a critical
value of 50% at M2 ¼ 4.1 GeV2, and this contribution
decreases monotonically with increasing M2. Based on the
pole dominance condition, the choice of the Borel window
at

ffiffiffiffiffi
s0

p ¼ 8.2 GeV is finalized as M2 ∈ ½3.5; 4.1� GeV2.
By analyzing the pole dominance of the system and the
OPE convergence test, it can be obtained that whenffiffiffiffiffi
s0

p ¼ 8.0 GeV, the corresponding Borel window isM2 ∈
½3.5; 3.6� GeV2, while when

ffiffiffiffiffi
s0

p
increases to 8.4 GeV,

the Borel window extends to M2 ∈ ½3.5; 4.5� GeV2

accordingly.
In the calculations, the input parameters are kept at

their center values. The Borel curves for the ccccc̄
pentaquark states are shown in Figs. 1–3. The extracted
masses of bound states within the optimally chosen
working windows are MH1 ¼ 7.79� 0.16 GeV for current
(1), MH2 ¼ 7.76þ0.18

−0.15 GeV for current (2), and MH3 ¼
7.81þ0.15

−0.17 GeV for current (3). After systematically accoun-
ting for uncertainties in the input parameters, the extracted
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masses of the ccccc̄ pentaquark states are MH1 ¼
7.79� 0.16þ0.02

−0.01 GeV, MH2 ¼ 7.76þ0.18þ0.05
−0.15−0.03 GeV, as

well as MH3 ¼ 7.81þ0.15þ0.02
−0.17−0.01 GeV. The first uncertainty

arises from the variation in the value of the continuous
threshold parameter

ffiffiffiffiffi
s0

p
and the Borel parameter M2,

while the second arises from the errors in the QCD
parameters. These results can also be concisely expres-
sed as MH1 ¼ 7.79þ0.18

−0.17 GeV, MH2 ¼ 7.76þ0.23
−0.18 GeV,

and MH3 ¼ 7.81þ0.17
−0.18 GeV.

For the systematic analysis of the fully bottomed
bbbbb̄ pentaquark states, we use the running bottom
quark mass mb ¼ 4.183� 0.007 GeV [54] instead of
the mass mc. The threshold

ffiffiffiffiffi
s0

p
range for the bbbbb̄

state is taken as 22.6–23.0 GeV, and the Borel curves
are shown in Figs. 4–6. The final calculated masses of the
bbbbb̄ states are MH1 ¼ 22.35þ0.17þ0.02

−0.11−0.08 GeV, MH2 ¼
22.27þ0.20þ0.02

−0.15−0.07 GeV, and MH3¼22.37þ0.15þ0.03
−0.13−0.07 GeV.

FIG. 2. Borel curves for ccccc̄ state of current (2). The Borel
windows of M2 are 3.5–3.7 GeV2 for

ffiffiffiffiffi
s0

p ¼ 8.0 GeV,
3.5–4.4 GeV2 for

ffiffiffiffiffi
s0

p ¼ 8.2 GeV, and 3.5–5.1 GeV2 forffiffiffiffiffi
s0

p ¼ 8.4 GeV, respectively.

FIG. 3. Borel curves for ccccc̄ state of current (3). The
Borel windows of M2 are 3.5–3.6 GeV2 for

ffiffiffiffiffi
s0

p ¼ 8.0 GeV,
3.5–3.9 GeV2 for

ffiffiffiffiffi
s0

p ¼ 8.2 GeV, and 3.5–4.5 GeV2 forffiffiffiffiffi
s0

p ¼ 8.4 GeV, respectively.

FIG. 1. Borel curves for ccccc̄ state of current (1). The
Borel windows of M2 are 3.5–3.6 GeV2 for

ffiffiffiffiffi
s0

p ¼ 8.0 GeV,
3.5–4.1 GeV2 for

ffiffiffiffiffi
s0

p ¼ 8.2 GeV, and 3.5–4.5 GeV2 forffiffiffiffiffi
s0

p ¼ 8.4 GeV, respectively.

FIG. 4. Borel curves for bbbbb̄ state of current (1). The Borel
windows of M2 are 8.0–10.6 GeV2 for

ffiffiffiffiffi
s0

p ¼ 22.6 GeV,
8.0–12.3 GeV2 for

ffiffiffiffiffi
s0

p ¼ 22.8 GeV, and 8.0–13.7 GeV2 forffiffiffiffiffi
s0

p ¼ 23.0 GeV, respectively.
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These results can also be briefly written as MH1 ¼
22.35� 0.19 GeV, MH2 ¼ 22.27� 0.22 GeV, and
MH3 ¼ 22.37þ0.18

−0.20 GeV.
In Table I, we collect our final results for the mass spectra

of fully heavy pentaquark states and make a comparison
with other works. By comparison, the masses of 3

2
−

pentaquarks obtained in our works are smaller than the
rest of the results shown, which are gained from various
theoretical models, such as the CMI model, chiral quark
model and quark delocalization color screening model,
constituent quark model, lattice-QCD inspired quark
model, MIT bag model, extended Gursey-Radicati formal-
ism, effective quark mass and screened charge scheme,
etc. The main reason causing the mass differences is
due to different theoretical treatments on sophisticated

nonperturbative QCD effects. Unlike the model-dependent
approaches, the QCD sum rule is one nonperturbative
method firmly founded on the basic QCD theory. Our
results are consistent with the QCD sum rule results of
Ref. [26] within the errors (there some slight differences
come from our inclusion of high dimension three-gluon
condensates and choice of different Borel windows), which
are comparatively smaller than other theoretical models.
Moreover, we note that Ref. [27] states that there is

no compact structure between the baryon and the meson
about the 5

2
− state using diffusion Monte Carlo calculation.

In this work, we are devoted to systematically studying and
presenting the spectra of fully heavy pentaquark states from
QCD sum rules, in expectation that they could exist and
would be found in future experiments. For the sake of

FIG. 5. Borel curves for bbbbb̄ state of current (2). The Borel
windows of M2 are 8.0–12.6 GeV2 for

ffiffiffiffiffi
s0

p ¼ 22.6 GeV,
8.0–14.3 GeV2 for

ffiffiffiffiffi
s0

p ¼ 22.8 GeV, and 8.0–16.0 GeV2 forffiffiffiffiffi
s0

p ¼ 23.0 GeV, respectively.

FIG. 6. Borel curves for bbbbb̄ state of current (3). The Borel
windows of M2 are 8.0–10.6 GeV2 for

ffiffiffiffiffi
s0

p ¼ 22.6 GeV,
8.0–12.2 GeV2 for

ffiffiffiffiffi
s0

p ¼ 22.8 GeV, and 8.0–13.7 GeV2 forffiffiffiffiffi
s0

p ¼ 23.0 GeV, respectively.

TABLE I. Mass spectra of fully heavy pentaquark states (mass in unit of MeV except for “Our works”). Among them, CMI is CMI
model, ChQM-QDCSM is chiral quark model and quark delocalization color screening model, CQM is constituent quark model,
LQCD-IQM is lattice-QCD inspired quark model, MIT is MIT bag model, QCDSR is QCD sum rules, EGRF is extended Gursey-
Radicati formalism, and EQM is effective quark mass and screened charge scheme.

State JP
Our works
(GeV) CMI [17] ChQM-QDCSM [20] CQM [21] LQCD-IQM [22] MIT [23] QCDSR [26] EGRF [30] EQM [55]

Pccccc̄
3
2
− 7.41þ0.27

−0.31 [18] 7864 8144.6 8095 8229 7628� 112 8425.85� 91.12 8547.4
3
2
þ 7.79þ0.18

−0.17
5
2
− 7.76þ0.23

−0.18 8540.85� 91.61 8562.5
5
2
þ 7.81þ0.17

−0.18

Pbbbbb̄
3
2
− 21.60þ0.73

−0.22 [18] 23775 23748.2–23752.3 24210.9 24035 24761 21982� 144 25752.90� 172.06 25214.8
3
2
þ 22.35� 0.19
5
2
− 22.27� 0.22 25867.90� 172.32 25216.3

5
2
þ 22.37þ0.18

−0.20
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comparison, we list the constituent baryon and meson
masses of fully heavy pentaquark states in Table II. Seeing
that the extracted mass values with QCD sum rules
are lower than thresholds of the baryon and meson
constituents, one expects that they could form some loosely
bound states.

IV. SUMMARY

In the framework of the QCD sum rule method, we have
systematically studied fully heavy pentaquark QQQQQ̄
states and finally obtained their mass spectra. For three
different configurations of currents, the corresponding
masses are presented as 7.79þ0.18

−0.17 GeV, 7.76þ0.23
−0.18 GeV,

7.81þ0.17
−0.18 GeV for the ccccc̄ states, and 22.35� 0.19 GeV,

22.27� 0.22 GeV, 22.37þ0.18
−0.20 GeV for the bbbbb̄ states,

respectively. These fully heavy pentaquark states might
be experimentally searched for in their strong decay
channels, provided that they allow strong decay proc-
esses to occur. Among them, the states with JP ¼ 3

2
þ

could be detected in the ΩQQQχQ0 invariant mass
spectrum, the states with JP ¼ 5

2
− in the ΩcccJ=ψ or

Ωbbbϒ invariant mass spectrum, and the states with
JP ¼ 5

2
þ in the ΩQQQχQ1 invariant mass spectrum,

respectively. Subsequent theoretical studies and inten-
sive experimental observations will provide an important
basis for revealing the nature of these peculiar fully
heavy pentaquark states.
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