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We have systematically calculated the mass spectra for S-wave and P-wave fully charm cc̄cc̄ and fully
bottom bb̄bb̄ tetraquark states in the 8½QQ̄� ⊗ 8½QQ̄� color configuration, by using the moment QCD sum

rule method. The masses for the fully charm cc̄cc̄ tetraquark states are predicted about 6.3–6.5 GeV for
S-wave channels and 7.0–7.2 GeV for P-wave channels. These results suggest the possibility that there are
some 8½cc̄� ⊗ 8½cc̄� components in LHCb’s di-J=ψ structures. For the fully bottom bb̄bb̄ system, their
masses are calculated around 18.2 GeV for S-wave tetraquark states while 18.4–18.8 GeV for P-wave ones,
which are below the ηbηb and ϒð1SÞϒð1SÞ two-meson decay thresholds.
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I. INTRODUCTION

The existence of multiquark states was first suggested by
Gell-Mann and Zweig at the birth of the quark model [1,2].
Since 2003, plenty of charmoniumlike exotic states and Pc
states have been observed [3–12], many of which are
unexpected and cannot be fitted into the conventional quark
model. To understand the nature of these new resonances,
many exotic hadron configurations have been proposed
such as hadron molecules, compact multiquarks, hybrid
mesons, and so on [13–18]. Among these theoretical
models, the loosely bound hadron molecule and compact
multiquark are two especially appealing configurations. For
the charmoniumlike XYZ and Pc states, it is complicated
and difficult to distinguish these two different hadron
configurations experimentally and theoretically because
of the existence of light quarks.
In 2017, an exotic structure around 18.4 GeV was

reported by the CMS Collaboration in the ϒð1SÞμþμ−
channel [19], which was once regarded as a fully bottom
bbb̄b̄ tetraquark state. In 2019, the ANDY Collaboration
at RHIC reported evidence of a significance peak at around
18.12 GeV [20]. Although these structures were not
confirmed by some other experiments [21,22], their
observations still attracted a lot of research interest in fully
heavy tetraquark states [23–32]. Very recently, the LHCb
Collaboration declared a narrow resonance Xð6900Þ in the

di-Jψ mass spectrum with a significance of more than 5σ
[33]. Moreover, a broad structure ranging from 6.2 to
6.8 GeV and a hint for another structure around 7.2 GeV
were also reported at the same time [33]. These exotic
structures observed in LHCb immediately attracted great
attention to study the fully charm ccc̄c̄ tetraquarks for their
mass spectra [34–61], their production mechanisms
[57,62–71], and their decay properties [37,46,72–75].
Because of the absence of light quarks, a fully heavy
tetraquark system is more likely to form a compact
tetraquark state via the gluon-exchange color interaction
rather than a loosely hadron molecule combined by the
light meson exchanged interaction [76,77].
Nevertheless, the authors of Ref. [78] discussed the

interaction between two J=ψ mesons via the exchange of
soft gluons, which hadronize into two light mesons at large
distance. By studying the correlated ππ and KK̄ exchanges,
they found that it is possible for two J=ψ mesons to form a
bound state. In Ref. [34], the authors studied the dichar-
monia states in 1½cc̄� ⊗ 1½cc̄� configuration with JPC ¼ 0þþ

and predicted their masses around 6.0–6.7 GeV in the
method of QCD sum rules. The existence of dicharmonia
bound states was also studied in Ref. [61], in which the
authors investigated the ηcηc; J=ψJ=ψ bound states in both
1½cc̄� ⊗ 1½cc̄� and 8½cc̄� ⊗ 8½cc̄� color structures by using a
nonrelativistic quark model. The 0þþ dicharmonia states in
the 8½cc̄� ⊗ 8½cc̄� color structure were also investigated in
Ref. [54] by the Laplace QCD sum rule method.
In our previous works in Refs. [23,79,80], we have

studied the fully heavy tetraquark states in diquark-anti-
diquark configuration with both 6½QQ� ⊗ 6̄½Q̄Q̄� and 3̄½QQ� ⊗
3½Q̄Q̄� color structures. In this work, we shall further
investigate the possibility of fully heavy tetraquark states
in meson-meson configuration with 8½QQ̄� ⊗ 8½QQ̄� color
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structure by using the method of QCD moment sum
rules [81,82].
This paper is organized as follows. In Sec. II, we

construct the interpolating currents for 8½QQ̄� ⊗ 8½QQ̄�
meson-meson tetraquark states. In Sec. III, we evaluate
the correlation functions for these interpolating currents.
We extract the masses for these tetraquark states by
performing the moment QCD sum rule analyses in
Sec. IV. The last section is a brief summary.

II. INTERPOLATING CURRENTS

The color structure of a meson-meson operator
½QQ̄�½QQ̄� can be written via the SU(3) symmetry

ð3 ⊗ 3̄Þ½QQ̄� ⊗ ð3 ⊗ 3̄Þ½QQ̄�

¼ ð1 ⊕ 8Þ½QQ̄� ⊗ ð1 ⊕ 8Þ½QQ̄�

¼ ð1 ⊗ 1Þ ⊕ ð1 ⊗ 8Þ ⊕ ð8 ⊗ 1Þ ⊕ ð8 ⊗ 8Þ
¼ 1 ⊕ 8 ⊕ 8 ⊕ ð1 ⊕ 8 ⊕ 8 ⊕ 10 ⊕ 10 ⊕ 27Þ; ð1Þ

in which the color singlet structures come from the
ð1½QQ̄� ⊗ 1½QQ̄�Þ and ð8½QQ̄� ⊗ 8½QQ̄�Þ terms. Following
Ref. [83], we can construct the S-wave and P-wave
½QQ̄�½QQ̄� interpolating currents as below.

(i) The S-wave interpolating currents are

JPC ¼ 0þþ∶ J1 ¼ ðQ̄aγ5λ
n
abQbÞðQ̄dγ5λ

n
deQeÞ;

J2 ¼ ðQ̄aγμλ
n
abQbÞðQ̄dγμλ

n
deQeÞ;

JPC ¼ 1þ−∶ J1μ ¼ ðQ̄aγμλ
n
abQbÞðQ̄dγ5λ

n
deQeÞ;

JPC ¼ 2þþ; 0þþ∶ Jμν ¼ ðQ̄aγμλ
n
abQbÞðQ̄dγνλ

n
deQeÞ;

ð2Þ

in which we obtain only ½QQ̄�½QQ̄� currents with
JPC ¼ 0þþ, 1þ−, and 2þþ in the S-wave channel.
The tensor current Jμν can couple to both the
JPC ¼ 0þþ and 2þþ quantum numbers but not the
JPC ¼ 1þþ channel because of the Lorentz sym-
metry restriction.

(ii) The P-wave interpolating currents are

JPC ¼ 0−þ∶ η1 ¼ðQ̄aγ5λ
n
abQbÞðQ̄dλ

n
deQeÞ;

η2 ¼ðQ̄aσμνλ
n
abQbÞðQ̄dσμνγ5λ

n
deQeÞ;

JPC ¼ 0−−∶ η3 ¼ðQ̄aγμλ
n
abQbÞðQ̄dγμγ5λ

n
deQeÞ;

JPC¼ 1−−∶ η1μ ¼ðQ̄aγμλ
n
abQbÞðQ̄dλ

n
deQeÞ;

η2μ ¼ðQ̄aγαγ5λ
n
abQbÞðQ̄dσαμγ5λ

n
deQeÞ;

JPC¼ 1−þ∶ η3μ ¼ðQ̄aγ5λ
n
abQbÞðQ̄dγμγ5λ

n
deQeÞ;

η4μ ¼ðQ̄aγμλ
n
abQbÞðQ̄dσμνλ

n
deQeÞ; ð3Þ

where only one P-wave ½QQ̄� operator is contained in these
interpolating currents. One should note that these tetra-
quark interpolating currents with 8½QQ̄� ⊗ 8½QQ̄� color
structure can be written as combinations of the diquark-
antidiquark operators through the Fierz transformation and
the color rearrangement. Their decay properties should be
the same with the ½QQ�½Q̄Q̄� tetraquark states as discussed
in Refs. [23,74]. Thus, we shall not discuss the decay
behaviors for these ½QQ̄�½QQ̄� tetraquarks in this work.

III. QCD SUM RULES

In this section, we investigate the two-point correlation
functions of the interpolating currents constructed above.
For the scalar and pseudoscalar currents, the correlation
functions are

Πðp2Þ ¼ i
Z

d4xeip·xh0jT½JðxÞJ†ð0Þ�j0i; ð4Þ

while for the vector and axial-vector currents

Πμνðp2Þ ¼ i
Z

d4xeip·xh0jT½JμðxÞJ†νð0Þ�j0i: ð5Þ

The correlation function Πμνðp2Þ in Eq. (5) can be divided
into two parts:

Πμνðp2Þ ¼
�
pμpν

p2
− gμν

�
Π1ðp2Þ þ pμpν

p2
Π0ðp2Þ; ð6Þ

where Π0ðp2Þ and Π1ðp2Þ represent the spin-0 and spin-1
invariant functions, respectively. For the tensor currents
JμνðxÞ in Eq. (2),

Πμν;ρσðp2Þ ¼ i
Z

d4xeip·xh0jT½JμνðxÞJ†ρσð0Þ�j0i: ð7Þ

The correlation function Πμν;ρσðp2Þ in Eq. (7) can be
expressed as

Πμν;ρσðp2Þ ¼
�
ημρηνσ þ ημσηνρ −

2

3
ημνηρσ

�
Π2ðp2Þ

þ � � � ; ð8Þ

where

ημν ¼
pμpν

p2
− gμν: ð9Þ

The invariant function Π2ðp2Þ relates to the spin-2 inter-
mediate state, and the “� � �” represents the contributions
from other states.
At the hadron level, the invariant functions can be

expressed through the dispersion relation
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Πðp2Þ ¼ ðp2ÞN
π

Z
∞

16m2
Q

ImΠðsÞ
sNðs − p2 − iϵÞ ds

þ
XN−1

n¼0

bnðp2Þn; ð10Þ

where bn is the subtraction constant. In QCD sum rules, the
imaginary parts of the correlation functions are usually
simplified as the following “pole plus continuum” spectral
function:

ρðsÞ ¼ 1

π
ImΠðsÞ

¼ f2Hδðs −m2
HÞ

þ QCD continuum and higher states; ð11Þ

in which the δ function represents the lowest-lying state. The
parameters fH andmH are the coupling constant andmass of
the lowest-lying hadronic resonance H, respectively:

h0jJjHi ¼ fH;

h0jJμjHi ¼ fHϵμ;

h0jJμνjHi ¼ fHϵμν; ð12Þ

with the polarization vector ϵμ and polarization tensor ϵμν.
To extract the lowest-lying resonance, we first define the

moments by taking derivatives of the correlation function
Πðq2Þ in Euclidean region Q2 ¼ −q2 > 0:

MnðQ2
0Þ ¼

1

n!

�
−

d
dQ2

�
n
ΠðQ2Þ

����
Q2¼Q2

0

¼
Z

∞

16m2
Q

ρðsÞ
ðsþQ2

0Þnþ1
ds: ð13Þ

We then rewrite the moments by applying the above
equation to Eq. (10) and obtain

MnðQ2
0Þ ¼

f2H
ðm2

H þQ2
0Þnþ1

½1þ δnðQ2
0Þ�; ð14Þ

where δnðQ2
0Þ represents higher excited states and con-

tinuum contribution, and it is a function of n and Q2
0. It

should be noted that, for a specific value ofQ2
0, δnðQ2

0Þ will
tend to zero as n going to infinity. Considering the ratio of
the moments to remove the unknown coupling constant fH

rðn;Q2
0Þ≡ MnðQ2

0Þ
Mnþ1ðQ2

0Þ
¼ ðm2

H þQ2
0Þ

1þ δnðQ2
0Þ

1þ δnþ1ðQ2
0Þ
; ð15Þ

where the relation δnðQ2
0Þ ≈ δnþ1ðQ2

0Þ will be satisfied
when n is large enough, we can extract the hadron mass as

mH ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
rðn;Q2

0Þ −Q2
0

q
: ð16Þ

At the quark-gluon level, we can evaluate the invariant
functions Πðp2Þ via the operator product expansion (OPE)
method. The Wilson coefficients can be calculated by
adopting the following heavy quark propagator in momen-
tum space:

iSabQ ðpÞ¼ iδab

p̂−mQ
þ i
4
gs
λnab
2
Gn

μν
σμνðp̂þmQÞþðp̂þmQÞσμν

12

þ iδab

12
hg2sGGimQ

p2þmQp̂

ðp2−m2
QÞ4

; ð17Þ

where Q represents the charm quark or bottom quark field.
The superscripts a, b are the color indices and p̂ ¼ pμγμ. In
this work, we will evaluate only the perturbative term and
gluon condensate term in the correlation function; the
contributions from higher nonperturbative terms such as
the trigluon condensate are small enough to be neglected.

IV. NUMERICAL ANALYSIS

We now perform the QCD moment sum rule analyses by
adopting the following values of heavy quark masses and
gluon condensate [84–86]:

mcðmcÞ ¼ ð1.27þ0.02
−0.02Þ GeV;

mbðmbÞ ¼ ð4.18þ0.03
−0.02Þ GeV;

hg2sGGi ¼ ð0.88� 0.25Þ GeV4: ð18Þ

As mentioned in Sec. III, there remain two important
parameters n and Q2

0 in the extracted hadron mass in
Eq. (16). In the original literature on moment sum rules, the
authors set Q2

0 ¼ 0, which may lead to a bad OPE
convergence. To avoid such bad behavior, we follow
Refs. [23,79,80] to choose Q2

0 > 0 and introduce ξ ¼
Q2

0=ð4mcÞ2 to perform sum rule analysis. The parameters
n and ξ are related to each other through the following
respects: (i) A large enough nwill reduce the higher excited
states and continuum region contributions, but it will also
decrease the convergence of OPE series. (ii) A large ξ (or
Q2

0) can compensate the OPE convergence (see Fig. 1) but
may cause a bad convergence of δnðQ2

0Þ and make it
difficult to obtain the parameters of the lowest-lying
resonance. One needs to find suitable working regions
for these two parameters to establish stable sum rules.
We take the interpolating current J1ðxÞ with JPC ¼ 0þþ

as an example to show the numerical analysis details. The
correlation function of this current is evaluated as the
following:
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ΠpertðQ2Þ ¼ 1

192π6

Z
1

0

dx
Z

1

0

dy
Z

1

0

dz

��
−13xð1 − xÞyð1 − yÞ3ð1 − zÞ

z3

�
Fðmc;Q2Þ4 þ

�
40m2

cyð1 − yÞ
z2

−
52Q2xð1 − xÞyð1 − yÞ3ð1 − zÞ2

z2

�
Fðmc;Q2Þ3 þ

�
60m2

cQ2yð1 − yÞð1 − zÞ
z

−
26m4

cð1 − yÞ
z2

−
26Q4xð1 − xÞyð1 − yÞ3ð1 − zÞ3

z

�
Fðmc;Q2Þ2

�
Log½Fðmc;Q2Þ�;

ΠGGðQ2Þ ¼ hg2sGGi
288π6

Z
1

0

dx
Z

1

0

dy
Z

1

0

dz

��
30m2

cxð1 − xÞð1 − yÞ3ð1 − zÞ3
z3

−
13m2

cxð1 − xÞyð1 − yÞ3ð1 − zÞ4
z3

�

× Fðmc;Q2Þ þ
�
10m4

cxð1 − xÞyð1 − yÞ3ð1 − zÞ4
z3

−
13m4

cð1 − yÞð1 − zÞ2
z2

−
10mc4ð1 − yÞyð1 − zÞ3

z2

þ 15m2
cQ2ð1 − xÞxð1 − yÞ3ð1 − zÞ4

z2
−
26m2

cQ2ð1 − xÞxð1 − yÞ3ð1 − zÞ5
z2

��
Log½Fðmc;Q2Þ�

þ hg2sGGi
864π6

Z
1

0

dx
Z

1

0

dy
Z

1

0

dz
−1

Fðmc;Q2Þ
�
13m6

cð1 − yÞð1 − zÞ3
z2

−
15m4

cQ2yð1 − yÞð1 − zÞ4
z2

−
15m2

cQ2xð1 − xÞð1 − yÞ3ð1 − zÞ5
z2

þ 13m2
cQ4xð1 − xÞyð1 − yÞ3ð1 − zÞ6

z

�

þ hg2sGGi
1152π6

Z
1

0

dx
Z

1

0

dy
Z

1

0

dz

��
18ð1 − xÞxð1 − yÞ3ð1 − zÞ2

z2

�
Fðmc;Q2Þ2 þ

�
−12m2

cð1 − yÞð1 − zÞ
z

−
14m2

cxð1 − xÞð1 − yÞ3ð1 − zÞ2
yz2

−
24m2

cyð1 − zÞ
xz

þ 36Q2xð1 − xÞð1 − yÞ3ð1 − zÞ3
z

�
Fðmc;Q2Þ

þ
�
12m4

cð1 − yÞð1 − zÞ
yz

−
12m2

cQ2yð1 − zÞ2
x

− 6m2
cQ2ð1 − yÞð1 − zÞ2

−
7m2

cQ2ð1 − xÞxð1 − yÞ3ð1 − zÞ3
yz

þ 6Q4ð1 − xÞxð1 − yÞ3ð1 − zÞ4
��

Log½Fðmc;Q2Þ�; ð19Þ

where Fðmc;Q2Þ ¼ m2
cð1 − zþ z

y þ z
xð1−yÞ þ z

ð1−xÞð1−yÞÞ þ
Q2zð1 − zÞ. We shall not evaluate the dimension-6 trigluon
condensate hG3i ð∼g3sÞ and dimension-8 hG4i ð∼g4sÞ con-
densate in the OPE series. The hG3i term gives negligible
contribution to the correlation functions even at ξ ¼ 0 for
the charmonium system [87] and four-charm tetraquark
system [55]. For the dimension-8 hG4i condensate, it was
proven in the charmonium moment sum rules that this term
was much larger suppressed comparing to the dimension-4
gluon condensate hG2i at ξ ≠ 0 and, thus, can also be
neglected for the mass sum rule analysis [81,88].
To obtain convergent OPE series, we require that the

contribution of the gluon condensate be smaller than the
perturbative term and obtain the upper bound nmax ¼ 47,
61, 77, 91 for ξ ¼ 2, 3, 4, 5, respectively. We show the ratio
jΠGG=ΠPertj in Fig. 1 to display the convergence of the OPE
series with respect to n and ξ, which indicates that the OPE
convergence becomes better with increasing of ξ and
decreasing of n.
In Fig. 2, we show the variation of the extracted mass with

n for different values of ξ and get stable mass prediction
plateaus ðn; ξÞ ¼ ð32; 2Þ; ð42; 3Þ; ð52; 4Þ; ð62; 5Þ. To choose
the values of ξ, one should consider both the existence of the

mass plateaus and the stability of the hadron mass for
growing ξ. Both of these criteria can be satisfied for
ξ ≥ 2, as shown in Fig. 2. Accordingly, the mass of such
a cc̄cc̄ tetraquark state is finally predicted to be

mcc̄cc̄ ¼ 6.54þ0.19
−0.18 GeV; ð20Þ

FIG. 1. jΠGG=ΠPertj with respect to n for different values of ξ
from J1ðxÞ with JPC ¼ 0þþ.
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in which the errors come from the uncertainties of ξ and n,
charm quark mass, and the gluon condensate.
The same numerical analyses can be done for the other

interpolating currents in Eqs. (2) and (3). Then we obtain
the masses for all cc̄cc̄ tetraquark states in 8½cc̄� ⊗ 8½cc̄�
configuration in Table I. In this mass spectra, we predict
three S-wave cc̄cc̄ tetraquarks with JPC ¼ 0þþ, 1þ−, and
2þþ and four P-wave cc̄cc̄ tetraquarks with JPC ¼ 0−þ,
0−−, 1−−, and 1−þ. The masses are predicted to be around
6.3–6.5 GeV for the S-wave states while 7.0–7.2 GeV for
the P-wave states. Comparing to the mass spectra obtained
in Ref. [23], the masses for S-wave fully charm tetraquark
states are consistent with each other in both the ½cc̄�½cc̄� and
½cc�½c̄c̄� configurations. However, the P-wave ½cc̄�½cc̄�
tetraquarks are predicted to be 200–300 MeV higher
than those in the diquark-antidiquark configuration [23].
In Table I, we also list the masses for some S-wave cc̄cc̄
tetraquark states in 8½cc̄� ⊗ 8½cc̄� configuration obtained by
the Laplace QCD sum rule [54] and a nonrelativistic quark

model [61]. Our results for these cc̄cc̄ tetraquark states are
in good agreement with those in Refs. [54,61].
One notes that the two interpolating currents in the same

channel (JPC ¼ 0þþ; 0−þ; 1−þ; 1−−) lead to almost the
same hadron masses. To specify if these two currents
couple to the same physical state or not, we calculate their
cross-correlation functions of two different currents with
the same quantum number, e.g., the J1ðxÞ and J2ðxÞ with
JPC ¼ 0þþ:

Π12ðp2Þ ¼ i
Z

d4xeip·xh0jT½J1ðxÞJ†2ð0Þ�j0i: ð21Þ

Our calculations show that all these cross-correlation
functions are large enough and comparable to the diagonal
correlators, implying that they couple to the same physical
states. Since the two interpolating currents in the same
channel give almost the same hadron masses, we do not
reanalyze the mass sum rules by using their mixing current,
avoiding more errors from the uncertain mixing angle.
We can also study the fully bottom tetraquark states in

8½bb̄� ⊗ 8½bb̄� configuration. For the fully bottom system, we
define ξ ¼ Q2

0=ðmbÞ2 and find that the two criteria of mass
plateaus and ξ stability can be achieved for ξ ¼ 0.2–0.8. By
requiring that the contribution of the gluon condensate be
smaller than the perturbative term, we obtain the upper
bound on the parameter nmax ¼ 119, 121, 123, 125 for
ξ ¼ 0.2, 0.4, 0.6, 0.8, respectively. We show the variation
of the extracted mass with n for different value of ξ in
Fig. 3 and get stable mass prediction plateaus ðn; ξÞ ¼
ð75; 0.2Þ; ð77; 0.4Þ; ð77; 0.6Þ; ð79; 0.8Þ. The mass of such a
bb̄bb̄ tetraquark state is finally predicted as

mbb̄bb̄ ¼ 18.15þ0.14
−0.10 GeV: ð22Þ

Applying a similar moment sum rule analyses, we obtain
the mass spectra for these bb̄bb̄ tetraquark states and list
them in Table II. Accordingly, the S-wave bb̄bb̄ tetraquark

FIG. 2. Hadron mass for the fully charm cc̄cc̄ tetraquark
state with JPC ¼ 0þþ from J1ðxÞ with respect to n for different
values of ξ.

FIG. 3. Hadron mass for fully bottom bb̄bb̄ tetraquark state
with JPC ¼ 0þþ from J1ðxÞ with respect to n for different
values of ξ.

TABLE I. The mass spectra for the fully charm cc̄cc̄ tetraquark
states in 8½cc̄� ⊗ 8½cc̄� color configuration.

Current JPC
Mass
(GeV)

Reference [54]
(GeV)

Reference [61]
(MeV)

J1 0þþ 6.54þ0.19
−0.18 6.44þ0.11

−0.11 6403
J2 0þþ 6.36þ0.16

−0.16 6.52þ0.11
−0.11 6346

J1μ 1þ− 6.47þ0.18
−0.17 � � � 6325

Jμν 2þþ 6.52þ0.17
−0.17 � � � 6388

η1 0−þ 7.00þ0.23
−0.20 � � � � � �

η2 0−þ 7.02þ0.24
−0.20 � � � � � �

η3 0−− 7.00þ0.23
−0.20 � � � � � �

η1μ 1−− 6.99þ0.23
−0.20 � � � � � �

η2μ 1−− 7.17þ0.28
−0.22 � � � � � �

η3μ 1−þ 6.98þ0.21
−0.19 � � � � � �

η4μ 1−þ 7.07þ0.21
−0.19 � � � � � �
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states are obtained to be around 18.2 GeV, while the P-wave
states are about 18.4–18.8 GeV. Such results are several
hundreds of MeV below the masses of diquark-antidiquark
bbb̄b̄ tetraquarks predicted in Ref. [23]. As shown in
Table II, our results for the S-wave 8½bb̄� ⊗ 8½bb̄� tetraquarks
are much smaller than those predicted in the nonrelativistic
quark model [61] but roughly in agreement with the results
in Laplace QCD sum rules [54].

V. CONCLUSION AND DISCUSSION

We have studied the fully heavyQQ̄QQ̄ tetraquark states
in the 8½QQ̄� ⊗ 8½QQ̄� color structure by using the moment
QCD sum rule method. We construct the S-wave and
P-wave interpolating tetraquark currents with various
quantum numbers and calculate their two-point correlation
functions containing a perturbative term and a gluon

condensate term. Choosing suitable parameter working
regions, we have established stable moment sum rules
for all interpolating currents and extracted the mass spectra
for the fully charm and fully bottom tetraquark states.
For the fully charm cc̄cc̄ system, our results suggest that

the S-wave tetraquark states with JPC ¼ 0þþ; 1þ−; 2þþ lie
around 6.3–6.5 GeV, while the P-wave tetraquark states
with JPC ¼ 0−þ; 0−−; 1−−; 1−þ are about 7.0–7.2 GeV.
Especially, the masses for the cc̄cc̄ tetraquarks with JPC ¼
0þþ and 2þþ are consistent with the broad structure
observed by LHCb [33]. The P-wave fully charm tetra-
quarks with JPC ¼ 0−þ and 1−þ are predicted to be roughly
in agreement with the mass of Xð6900Þ within errors.
Such results suggest the possibility that there are some
8½cc̄� ⊗ 8½cc̄� components in LHCb’s di-J=ψ structures.
More investigations are needed in both theoretical and
experimental aspects to study the nature of these structures.
For the fully bottom bb̄bb̄ system, the numerical results

show that the S-wave tetraquark states are about 18.2 GeV,
while the P-wave states are around 18.4–18.8 GeV. All
these fully bottom bb̄bb̄ tetraquarks are predicted to be
below the ηbηb and ϒð1SÞϒð1SÞ two-meson decay thresh-
olds, indicating that these tetraquark states will be stable
against the strong interaction. Such results are consistent
with our previous prediction for the diquark-antidiquark
bbb̄b̄ tetraquarks in Ref. [23]. More efforts are expected to
search for such fully bottom tetraquark states in the future
experiments, such as LHCb, CMS, and so on.
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