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Within the QCD sum-rule framework, we investigate hidden-heavy tetraquark channels with the exotic
quantum number JPC ¼ 0−− using four representative local color-octet–octet interpolating currents. The
currents include both vector-axialvector and scalar-pseudoscalar Dirac structures. The operator product
expansion is carried out up to dimension-eight condensates. The four diagonal sum rules yield mutually
consistent mass estimates in the range 10.8–11.1 GeV for the hidden-bottom sector and around
4.3–4.6 GeV for the corresponding hidden-charm sector, with the bottom sector exhibiting the clearest
Borel stability. Since local tetraquark currents with the same quantum numbers are related by Fierz
rearrangements, the current-dependent results do not by themselves imply four distinct states or uniquely
defined internal color structures. We also discuss quantum-number-allowed decay channels and emphasize
the absence of the lowest pseudoscalar-pseudoscalar heavy-meson modes for a neutral 0−− state. The
results provide theoretical guidance for future experimental searches at Belle II, LHCb, and BESIII.
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I. INTRODUCTION

Since the observation of the Xð3872Þ by the Belle
Collaboration in 2003 [1], heavy-hadron spectroscopy has
developed into a broad field in which many candidates for
nonconventional matter have been reported [2–9]. Although
the experimental spectrum has become increasingly rich, the
internal color organization of these states is still not fully
settled. In particular, it remains unclear to what extent a given
structure is dominated by color-singlet hadronic degrees of
freedom, compact multiquark correlations, or more compli-
cated mixtures of different color components.
This issue becomes especially sharp in channels with

manifestly exotic quantum numbers. Among them, JPC ¼
0−− is particularly attractive because such a quantum
number cannot be generated by an ordinary quark-anti-
quark meson. Any convincing signal in this channel would
therefore point directly to genuinely exotic QCD dynamics.
For this reason, the 0−− sector has long been regarded as a
useful testing ground for unconventional hadronic con-
figurations, including glueballs, hybrids, and multiquark
systems [10–14].

In hidden-heavy systems, one possible realization of a
0−− state is through the coupling of two mesonlike
subclusters. Earlier analyses have mainly emphasized
molecular configurations built from color-singlet pairs.
However, QCD also allows a different clustering pattern,
namely an octet-octet combination of the schematic form
½qq̄�8c ⊗ ½qq̄�8c . The octet-octet notation used here refers to
a color-coupling basis of an overall color-singlet local four-
quark operator. It does not imply the existence of two
independently bound color-octet mesons. At short distan-
ces, the one-gluon-exchange interaction within an isolated
qq̄ color octet is repulsive. However, such an isolated
colored subsystem is not a physical asymptotic state, and
the complete color-singlet four-quark system also contains
cross-pair color interactions between quarks belonging to
different pairings. For an overall color-singlet four-quark
system,

X
i<j

Ti · Tj ¼
1

2

�
Ctotal −

X
i

Ci

�
¼ −

8

3
: ð1Þ

In an 8 ⊗ 8 → 1 coupling, the two selected qq̄ pairs
contribute 1=6þ 1=6 ¼ 1=3, so that the sum of the
remaining cross-pair color factors is −3. This color-algebra
result shows that the repulsion inside the two selected octet
pairings does not by itself exclude an attractive component
in the complete color-singlet four-quark system [15–19]. It
only clarifies that the present QCD sum rule probes the full
color-singlet correlator and does not assume two separately
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bound octet subclusters. Throughout this work, the color-
octet notation refers to the color-coupling basis of the
interpolating currents and not to a uniquely determined
physical substructure.
Motivated by this possibility, we investigate hidden-

heavy tetraquark channels with JPC ¼ 0−− using color-
octet–octet interpolating currents. The central question of
the present work is whether local color-octet–octet inter-
polating currents generate stable QCD sum rules for low-
lying hidden-heavy 0−− spectral strength, rather than
whether two isolated color-octet subclusters form inde-
pendently bound objects. This issue is particularly impor-
tant in the bottom sector, where a cleaner operator product
expansion (OPE) hierarchy and a more favorable pole
contribution make it possible to test the stability of the sum
rules constructed from the color-octet–octet currents more
stringently than in the corresponding charm channel.
In thepresentwork,weconstruct interpolatingcurrents for

the configurations ½Qq̄�8c ⊗ ½qQ̄�8c and ½QQ̄�8c ⊗ ½qq̄�8c
with Q ¼ c; b and analyze the corresponding two-point
correlation functions within the QCD sum rule framework
[20,21]. The operator product expansion is carried out up to
dimension-eight condensates, and the resulting sum rules are
used to extract the masses of the lowest-lying states. In this
way, the present study extends the spectroscopy of hidden-
heavy 0−− systems from the conventional molecular picture
[22] to a color-octet–octet framework and allows a system-
atic comparison amongdifferent octet pairing patterns.QCD
sum rules have been widely employed in hadron spectros-
copy and remain a valuable nonperturbative tool for explor-
ing both conventional and exotic configurations [18–60].
The paper is organized as follows. In Sec. II, we present

the QCD sum rule formalism and construct the interpolat-
ing currents with the color-octet–octet coupling basis. The
numerical analysis and the extraction of the masses are
performed in Sec. III. In Sec. IV, we analyze the possible
decay channels. Finally, a brief summary is given in Sec. V.

II. FORMALISM

The analysis begins with the construction of local
operators carrying JPC ¼ 0−− and written in a color-
octet–octet coupling basis. For the present purpose, we
consider four representative local interpolating currents in
the selected color-octet–octet operator basis. These currents
can be arranged into two categories: hidden-flavor octet-
octet pairing, ½Q̄Q�8 ⊗ ½q̄q�8, and open-flavor octet-octet
pairing, ½Q̄q�8 ⊗ ½q̄Q�8. Their explicit forms are given by,

JAðxÞ ¼ i½Q̄iγμðtaÞijQj�½q̄mγμγ5ðtaÞmnqn�; ð2Þ

JBðxÞ ¼ i½Q̄iγμγ5ðtaÞijQj�½q̄mγμðtaÞmnqn�; ð3Þ

JCðxÞ ¼
iffiffiffi
2

p ð½Q̄iγμðtaÞijqj�½q̄mγμγ5ðtaÞmnQn�

þ ½Q̄iγμγ5ðtaÞijqj�½q̄mγμðtaÞmnQn�Þ; ð4Þ

JDðxÞ ¼
iffiffiffi
2

p ð½Q̄iγ5ðtaÞijqj�½q̄mðtaÞmnQn�

− ½Q̄iðtaÞijqj�½q̄mγ5ðtaÞmnQn�Þ: ð5Þ

Here, Q denotes the heavy quark c or b, q stands for the
light quark u or d, and ta ¼ λa=2 are the generators of
SUð3Þc. The color indices are labeled by i, j, m, and n. In
what follows, the four operators introduced above will be
denoted by JA, JB, JC, and JD. The flavor arrangements and
Dirac structures of these currents are summarized in Table I.
The four currents contain two different classes of Dirac

structures. The currents JA, JB, and JC are of vector-
axialvector type, whereas JD is a scalar-pseudoscalar
current. In particular, JD is constructed from the antisym-
metric combination P ⊗ S − S ⊗ P in the open-flavor
pairing. Under parity and charge conjugation, the current
JD transforms as

PJDðt; xÞP−1 ¼ −JDðt;−xÞ; ð6Þ
and

CJDðxÞC−1 ¼ −JDðxÞ; ð7Þ
respectively. Therefore, JD carries JPC ¼ 0−−. A hidden-
flavor local product such as ðQ̄taQÞðq̄iγ5taqÞ is even under
charge conjugation and therefore carries 0−þ rather than
0−−. The open-flavor antisymmetric scalar-pseudoscalar
combination used in JD is required to obtain C ¼ −
without introducing derivatives.
The octet-octet notation specifies the color coupling of

the local operator and should not be interpreted as a unique
decomposition of the physical state. Local tetraquark
operators carrying the same quantum numbers can be
related by color and Dirac Fierz rearrangements. For
example, the color identity

ðtaÞijðtaÞmn ¼
1

2
δinδmj −

1

6
δijδmn ð8Þ

shows explicitly that an octet-octet operator can be rewrit-
ten as a linear combination of operators with different color
pairings. A subsequent Dirac Fierz transformation relates
these operators to meson–meson-type and diquark–anti-
diquark-type local currents. Accordingly, the current struc-
ture specifies the operator used to probe the spectrum,

TABLE I. Flavor arrangement and Dirac structures of the
interpolating currents.

Current Flavor arrangement Dirac structure JPC

JA ½Q̄Q�8c ½q̄q�8c V ⊗ A 0−−

JB ½Q̄Q�8c ½q̄q�8c A ⊗ V 0−−

JC ½Q̄q�8c ½q̄Q�8c V ⊗ Aþ A ⊗ V 0−−

JD ½Q̄q�8c ½q̄Q�8c P ⊗ S − S ⊗ P 0−−
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rather than uniquely determining the spatial or color wave
function decomposition of the physical state.
Once the interpolating currents are specified, the corre-

sponding hadronic information is encoded in the two-point
correlation function

Πðq2Þ ¼ i
Z

d4x eiq·xh0jTfJðxÞJ†ð0Þgj0i; ð9Þ

which connects the quark–gluon description to the hadronic
spectrum. In the deep Euclidean region, the correlation
function is expanded in local operators. In the present
formulation, the OPE contributions relevant to the sum
rules are organized directly into the spectral representation,
so that the working expression takes the form

ΠOPEðq2Þ ¼
Z

∞

ð2mQÞ2
ds

ρOPEðsÞ
s − q2

: ð10Þ

In the present calculation, the spectral density contains the
perturbative term together with condensate contributions up
to dimension eight. For brevity, the condensate terms
entering the working sum rules are collectively absorbed
into the definition of ρOPEðsÞ in the present presentation,

ρOPEðsÞ¼ ρpertðsÞþρhq̄qiðsÞþρhG2iðsÞþ �� �þρhq̄qihq̄GqiðsÞ:
ð11Þ

The typical Feynman diagrams contributing to these terms
are shown in Fig. 1. To keep the presentation concise, we
do not list the lengthy analytical expressions for the spectral
densities in this paper; they can be provided by the authors
upon reasonable request.
On the hadronic side, the lowest pole is separated from

the higher resonances and continuum states in the standard
way,

Πphenðq2Þ ¼ λ2H
M2

H − q2
þ
Z

∞

s0

ds
ρcontðsÞ
s − q2

; ð12Þ

where MH denotes the tetraquark mass and λH is the
corresponding current-hadron coupling.

After invoking quark-hadron duality and applying the
Borel transformation BM2

B
to suppress the continuum

contribution, one arrives at the working sum rules. The
hadron mass is extracted from the ratio of moments,

MHðs0;M2
BÞ ¼

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
L1ðs0;M2

BÞ
L0ðs0;M2

BÞ

s
; ð13Þ

where

L0ðs0;M2
BÞ ¼

Z
s0

ð2mQÞ2
dsρOPEðsÞe−s=M2

B ; ð14Þ

L1ðs0;M2
BÞ ¼

∂

∂ð−1=M2
BÞ

L0ðs0;M2
BÞ: ð15Þ

The Borel parameter M2
B improves the convergence of the

truncated OPE and at the same time reduces the contami-
nation from excited states.

III. NUMERICAL ANALYSIS

The numerical evaluation is performed with the
standard set of QCD input parameters [15,23–26]:
mcðmcÞ ¼ m̄c ¼ ð1.275� 0.025Þ GeV, mbðmbÞ¼m̄b¼
ð4.18�0.03ÞGeV, hq̄qi ¼ −ð0.23� 0.03Þ3 GeV3, hq̄gsσ·
Gqi ¼ m2

0hq̄qi, hg2sG2i ¼ ð0.88� 0.25Þ GeV4, hg3sG3i ¼
ð0.045� 0.013Þ GeV6, and m2

0 ¼ ð0.8� 0.2Þ GeV2.
Throughout this work, the light-quark masses are
neglected, mu ¼ md ¼ 0.
For each current, the admissible sum-rule window is

determined by balancing OPE convergence against pole
dominance. The first requirement is that the highest-
dimension contribution retained in the truncated expansion
remain numerically under control. To monitor this con-
dition, we define

ROPE ¼
����Ldim¼8

0 ðs0;M2
BÞ

L0ðs0;M2
BÞ

����: ð16Þ

In the accepted Borel windows, the dimension-eight con-
tribution remains numerically subleading compared with
the total OPE contribution. In practice, we require this
contribution to remain at a modest level [24]. The second
requirement is that the lowest hadronic pole still provide a
substantial fraction of the full sum rule,

RPC ¼ L0ðs0;M2
BÞ

L0ð∞;M2
BÞ

: ð17Þ

For the pole contribution to possess a physical interpreta-
tion as a fraction of the total sum rule, we additionally
require

FIG. 1. Feynman diagrams contributing to the OPE calculation.
The thick solid line represents the heavy quark, the thin solid line
corresponds to the light quark, and the coiled line represents the
gluon. Contributions from heavy quark condensates are sup-
pressed in the large mass limit.
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0 < L0ðs0;M2
BÞ < L0ð∞;M2

BÞ; ð18Þ

which ensures

0 < RPCðs0;M2
BÞ < 1: ð19Þ

Together with the pole-dominance condition RPC ≥ 50%,
the accepted range is therefore

0.5 ≤ RPC < 1: ð20Þ

In practice, s0 is determined together with the Borel
window. For each current, we scan

ffiffiffiffiffi
s0

p
and require that

the OPE-convergence and pole-dominance criteria be
simultaneously satisfied. The lower boundary of the
Borel window is determined by the more restrictive of
the OPE-convergence condition and the requirement
RPC < 1, while the upper boundary is fixed by the conven-
tional pole-dominance criterion RPC ≥ 50%. We then
choose the value of s0 for which the extracted mass shows
the weakest dependence on M2

B within the accepted
window. The uncertainty from the continuum threshold
is estimated by varying

ffiffiffiffiffi
s0

p
by about 0.1 GeV around its

central value [27–29].
Among the channels studied here, the hidden-bottom

sector exhibits the cleanest sum-rule behavior and is there-
fore used as the primary benchmark for the color-octet–octet
scenario. For the representative current JA, the OPE con-
vergence, pole contribution, and mass curve are displayed in
Fig. 2. The pole-contribution curves in Figs. 2–9 are
displayed over Borel ranges wider than the final fiducial
windows in order to show their overall behavior. The exact
hadronic spectral density is non-negative. However, the
quantity entering the ratio in Eq. (17) is the finite-order
truncated OPE spectral density, including condensate con-
tributions, and it is not guaranteed to preserve pointwise
positivity outside the fiducial sum-rule region. At sufficiently

small M2
B, the truncated OPE may therefore violate the

positivity relation required for interpreting RPC as a physical
fraction. Such regions are excluded by the condition
0 < RPC < 1 and are not used in the numerical extraction.
As can be seen from the figure, the contribution of the
highest-dimension term remains comparatively small in the
adopted window, while the pole contribution stays suffi-
ciently sizable. At

ffiffiffiffiffi
s0

p ¼ 11.5 GeV, the lower edge of the
Borel window is determined by the more restrictive of the
OPE criterion and the condition RPC < 1, whereas the upper
edge is constrained by the pole-dominance requirement.
In this way we obtain

10.3 ≤ M2
B ≤ 11.2 GeV2; ð21Þ

from which the hidden-bottom mass is extracted as

MA
b ¼ ð10.78� 0.09Þ GeV: ð22Þ

This result indicates that the correlator constructed from JA
supports a stable low-lying pole solution in this mass region.
The corresponding hidden-charm partner is analyzed in

the same manner. Using the same current JA, we obtain

MA
c ¼ ð4.38� 0.13Þ GeV; ð23Þ

with the working interval

2.5 ≤ M2
B ≤ 3.1 GeV2; ð24Þ

for
ffiffiffiffiffi
s0

p ¼ 5.1 GeV. Compared with the bottom sector, the
charm channel is more sensitive to the sum-rule parameters,
but it still provides a useful companion result for compari-
son with the hidden-bottom analysis.
The other three currents lead to a similar overall pattern.

In the hidden-bottom sector, the extracted masses are
ð10.82� 0.08Þ GeV for JB, ð11.08� 0.08Þ GeV for JC,

(a) s0 11.6 GeV

s0 11.5 GeV

s0 11.4 GeV

10.0 10.5 11.0 11.5 12.0
0.0

0.2

0.4
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,bO
PE
&
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11.5

12.0

MB2 GeV2

M
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FIG. 2. (a) Ratios of ROPE
A and RPC

A as functions of the Borel parameterM2
B for different values of

ffiffiffiffiffi
s0

p
, where blue lines represent ROPE

A
and red lines denote RPC

A . (b) The massMA
b as a function of the Borel parameterM2

B for different values of
ffiffiffiffiffi
s0

p
. The curves are displayed

over ranges wider than the adopted fiducial Borel windows. Only the regions satisfying the OPE-convergence condition and 0.5 ≤
RPC < 1 are used in the numerical extraction. At smaller M2

B, the finite-order truncated OPE does not preserve the positivity relation
required for a physical pole-fraction interpretation; these points are outside the accepted windows and do not enter the mass analysis.
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and ð10.90� 0.08Þ GeV for JD, with the corresponding
working windows 10.0 ≤ M2

B ≤ 10.9 GeV2, 10.6 ≤ M2
B ≤

11.6 GeV2, and 10.3 ≤ M2
B ≤ 11.2 GeV2, respectively. In

the hidden-charm sector, the extracted masses are ð4.30�
0.15Þ GeV for JB,ð4.57� 0.11Þ GeV for JC, and ð4.46�
0.11Þ GeV for JD, with the corresponding Borel windows
2.1 ≤ M2

B ≤ 2.7 GeV2, 2.6 ≤ M2
B ≤ 3.3 GeV2, and 2.3 ≤

M2
B ≤ 2.9 GeV2, respectively. For these currents, the cor-

responding OPE and pole-contribution curves exhibit the
same qualitative balance used to define the representative
JA window.
The moderate spread among the current-dependent mass

estimates should not be directly interpreted as evidence for
several distinct internal clustering structures. Since local
currents with the same quantum numbers are related by
Fierz rearrangements, different currents may have nonzero
overlap with the same physical state. The observed spread
therefore mainly reflects the current dependence and the
systematic uncertainty of the truncated diagonal sum-rule
analysis. Since only diagonal correlation functions are
considered in the present work, we cannot determine
whether the four currents predominantly couple to distinct
states or to the same low-lying state with different residues.
A correlation-matrix analysis including off-diagonal cor-
relators would be required to resolve this issue.
It is also interesting to note that the hidden-charm masses

extracted from the open-flavor-type currents JC and JD lie
close to the mass region predicted for the D1D̄� and Ds1D̄�

s
molecular candidates in previous studies [61]. The proximity
of some current-dependent mass estimates to open-heavy
thresholds may indicate potentially important coupled had-
ronic channels. However, this numerical proximity alone
does not determine the internal structure of the state. A
quantitative analysis of current mixing and off-diagonal
correlators is beyond the scope of the present work.
It is worth emphasizing that both the hidden-bottom and

hidden-charm solutions populate relatively compact spec-
tral regions. The hidden-bottom masses lie in the range
from about 10.8 to 11.1 GeV, while the corresponding
hidden-charm partners are found around 4.3–4.6 GeV. The

main difference between the two sectors is therefore not the
size of the mass spread, but the stability of the extracted
masses with respect to the Borel parameter M2

B. In the
hidden-bottom sector, the mass curves exhibit flatter Borel
platforms, indicating a weaker dependence on M2

B. By
contrast, the hidden-charm sector is more sensitive to the
choice of the Borel window and the continuum threshold.
The four diagonal sum rules consistently indicate a low-
lying spectral region. The corresponding OPE and pole-
contribution curves for JB-JD show analogous stability
behavior and are displayed in the Appendix.
For comparison, the outputs for all four currents in both

the hidden-bottom and hidden-charm sectors are summa-
rized in Table II. In the present work, all four currents are
treated as completed numerical results, with JA shown as a
representative example in the main text and the correspond-
ing OPE, pole-contribution, and mass-stability curves for
the other channels collected in the Appendix. The quoted
uncertainties mainly arise from the variations of the heavy-
quark masses, condensates, and continuum thresholds,
among which the continuum threshold and heavy-quark
masses provide the dominant sources of variation.

IV. DECAY PATTERNS AND POSSIBLE
SEARCH CHANNELS

The study of decay patterns is essential for the exper-
imental identification of the exotic JPC ¼ 0−− tetraquark
states, especially because this quantum number is forbidden
for conventional qq̄ mesons. The quantum-number con-
straints from J, P, and C conservation therefore provide
particularly useful signatures for distinguishing such states
from ordinary heavy quarkonia and other charmoniumlike
or bottomoniumlike backgrounds.
A general and important feature of a neutral 0−− state is

the absence of the lowest pseudoscalar-pseudoscalar heavy-
meson channels. For a pair of pseudoscalar mesons such as
DD̄ or BB̄, the total spin is S ¼ 0, and hence the total
angular momentum is fixed by the relative orbital angular
momentum, J ¼ L. The parity and charge conjugation are
given by

TABLE II. Continuum thresholds, Borel windows, pole-contribution ranges, and predicted masses of hidden-charm and hidden-
bottom tetraquark channels. The quoted RPC ranges correspond to the central values of

ffiffiffiffiffi
s0

p
and are evaluated over the adopted Borel

windows.

Current
ffiffiffiffiffi
s0

p ðGeVÞ M2
B ðGeV2Þ RPC range MX ðGeVÞ

b-sector A (11.5� 0.1) 10.3–11.2 0.50–0.89 (10.78� 0.09)
B (11.5� 0.1) 10.0–10.9 0.50–0.90 (10.82� 0.08)
C (11.9� 0.1) 10.6–11.6 0.50–0.91 (11.08� 0.08)
D (11.6� 0.1) 10.3–11.2 0.50–0.89 (10.90� 0.08)

c-sector A (5.1� 0.1) 2.5–3.1 0.50–0.75 (4.38� 0.13)
B (4.9� 0.1) 2.1–2.7 0.50–0.88 (4.30� 0.15)
C (5.3� 0.1) 2.6–3.3 0.50–0.71 (4.57� 0.11)
D (5.1� 0.1) 2.3–2.9 0.50–0.80 (4.46� 0.11)
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P ¼ ð−1ÞL; C ¼ ð−1ÞL:

Thus, the J ¼ 0 configuration requires L ¼ 0, which gives
JPC ¼ 0þþ rather than 0−−. Although an odd-L pseudosca-
lar–pseudoscalar pair hasP ¼ C ¼ −1, it carries J ¼ L ≠ 0
and therefore cannotmatch a 0−− initial state. Consequently,
a neutral 0−− state cannot decay into the lowest pseudosca-
lar–pseudoscalar channels such asDD̄ orBB̄. This selection
rule provides a clean signature of the exotic 0−− assignment.
In the hidden-bottom sector, which provides the most

stable sum-rule signals in the present work, open-bottom
final states are expected to play an important role in
experimental searches. The predicted masses, lying around
10.8–11.1 GeV, are above the lowest open-bottom thresh-
olds, while the pseudoscalar-pseudoscalar channel BB̄ is
forbidden by the 0−− quantum numbers. The relevant low-
lying open-bottom modes should therefore involve at least
one vector or orbitally excited bottom meson. Depending
on the precise mass of the state, possible search channels
include BB̄� þ c:c: in a P wave, understood as the charge-
conjugation eigencombination compatible with the 0−−

assignment. If kinematically allowed, the S-wave channel
B�B̄1 þ c:c., again with the appropriate charge-conjugation
combination, may also become important. The latter mode
is particularly interesting because it can proceed in an S
wave without a centrifugal barrier. However, its actual
coupling strength cannot be inferred from the Dirac
structure of the two-point interpolating current and requires
a dedicated decay calculation. Experimentally, it would
therefore be useful to search for such structures in open-
bottom invariant-mass distributions, supplemented by
hidden-bottom final states with cleaner backgrounds.
For comparison, the hidden-charm partners lie in a mass

region where several open-charm thresholds are nearby, so
their decay patterns are expected to be sensitive to the
precise mass and phase space. As in the hidden-bottom
sector, the pseudoscalar-pseudoscalar channel DD̄ is for-
bidden for a neutral 0−− state by angular-momentum,
parity, and charge-conjugation constraints. The relevant
low-lying open-charm modes should therefore involve at
least one vector or orbitally excited charmed meson. In the
lower part of the predicted mass region, DD̄� þ c:c: in a P
wave provides a possible search channel, where the charge-
conjugation eigencombination should be chosen to match
the 0−− assignment. For candidates close to or above the
D�D̄1 threshold, the S-wave channel D�D̄1 þ c:c: may
become important, again with the appropriate charge-
conjugation combination. This channel is compatible with
the required quantum numbers and may be experimentally
relevant because it can proceed in an S wave. Its actual
coupling strength cannot be inferred from the Dirac
structure of the two-point interpolating current and requires
a dedicated decay calculation. Hidden-charm final states
generated by quark rearrangement, such as charmonium
plus light mesons, may also contribute, but their relative

strengths require a dedicated decay calculation and cannot
be determined from the present mass sum rules. The
detailed decay pattern may therefore depend on the mass
position relative to nearby thresholds and possible mixing
among currents.
In summary, the most characteristic experimental feature

of a 0−− hidden-heavy tetraquark is the absence of the
pseudoscalar–pseudoscalar channels such as DD̄ and BB̄,
together with possible signals in open-flavor modes such as
DD̄�, D�D̄1, BB̄�, and B�B̄1, with the charge-conjugation
combinations chosen to match the 0−− assignment. We
therefore encourage dedicated searches for such exotic
structures in both open-flavor and hidden-flavor final states
at Belle II and LHCb, with complementary searches for the
hidden-charm partners at BESIII.

V. SUMMARY

In this work, we have performed a QCD sum rule study
of hidden-heavy tetraquark channels with the exotic quan-
tum number JPC ¼ 0−− using color-octet–octet interpolat-
ing currents. Since the 0−− assignment is forbidden for
conventional qq̄ mesons, the possible existence of such
states would provide a clean signal of genuinely exotic
hadronic matter.
By constructing four representative color-octet–octet

interpolating currents (including both vector-axialvector
and scalar-pseudoscalar Dirac structures) and evaluating
the corresponding two-point correlation functions up to
dimension-eight condensates, we obtain a set of hidden-
heavy 0−− mass predictions. The resulting masses are
summarized in Table II. The hidden-bottom sector shows
the clearest Borel stability, while the hidden-charm sector
provides a useful companion comparison with a stronger
sensitivity to the sum-rule parameters. The four diagonal
sum rules consistently indicate a low-lying spectral region.
Since the currents are related by Fierz rearrangements and
the off-diagonal correlators have not been studied, the
present analysis does not establish the number of physical
states or a unique internal color decomposition. A corre-
lation-matrix analysis including off-diagonal correlators
would be required to resolve this issue.
We have also briefly discussed possible decay signatures

of these states. For a neutral 0−− state, the lowest pseu-
doscalar-pseudoscalar channels, such as DD̄ and BB̄,
cannot match the required angular momentum, parity,
and charge conjugation and are therefore forbidden. This
selection rule provides a useful experimental discriminator
for the exotic 0−− assignment. The relevant low-lying open-
flavor modes are expected to involve at least one vector or
orbitally excited heavy meson. Possible search channels
include DD̄� þ c:c: and BB̄� þ c:c: in P waves, as well as
D�D̄1 þ c:c: and B�B̄1 þ c:c: in S waves when they are
kinematically accessible. The actual coupling strengths of
these channels cannot be determined from the present
two-point sum rules and require dedicated decay calcu-
lations. The present results may therefore provide useful
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guidance for future searches for hidden-heavy exotic states
at Belle II and LHCb, with complementary probes of the
hidden-charm partners at BESIII.
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APPENDIX: SUPPLEMENTARY FIGURES

For the hidden-charm and hidden-bottom 0−− tetraquark
states associated with the currents JB-JD, together with the
hidden-charm partner of JA, the OPE, pole contribution,
and masses as functions of the Borel parameter M2

B are
given in Figs. 3–9.
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FIG. 3. Same caption as in Fig. 2, but for the hidden-charm tetraquark state associated with the current JA.
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FIG. 4. Same caption as in Fig. 2, but for the hidden-charm tetraquark state associated with the current JB.
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FIG. 5. Same caption as in Fig. 2, but for the hidden-charm tetraquark state associated with the current JC.
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FIG. 6. Same caption as in Fig. 2, but for the hidden-charm tetraquark state associated with the current JD.
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FIG. 7. Same caption as in Fig. 2, but for the hidden-bottom tetraquark state associated with the current JB.
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FIG. 8. Same caption as in Fig. 2, but for the hidden-bottom tetraquark state associated with the current JC.
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FIG. 9. Same caption as in Fig. 2, but for the hidden-bottom tetraquark state associated with the current JD.
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