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Glueball in QCD
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decrease with increasing distance. For distance scales of the
order of 1 m, αQED ≃ 1=137; at a distance scale of 0.002 fm,
comparable to the Compton wavelength of the Z0 weak vector
boson, αQED ≃ 1=128.
In QCD, the gluon-gluon interaction includes additional

vacuum polarization diagrams that have virtual gluon loops as
shown in Fig. 2(b). These gluon loops modify the QCD
coupling strength αs in a way that is opposite to that of its
QED counterpart: they cause αs to decrease at short distances
and increase at long distances (Gross and Wilczek, 1973;
Politzer, 1973) as illustrated in Fig. 3. The relatively small
value of the coupling strength at short distances, αs ¼
0.1185" 0.0006 at r≃ 0.002 fm, results in what is called
“asymptotic freedom” and facilitates the use of perturbation
expansions to make reliable (albeit difficult) first-principle
calculations for short-distance, high-momentum-transfer
processes such as those studied in the high-pT detectors at
CERN’s Large Hadron Collider (LHC). In contrast, for
distance scales of that approach r ∼ 1 fm, which are character-
istic of the sizes of hadrons, αs ∼Oð1Þ and perturbation
expansions do not converge. This increase in the coupling
strength for large quark separations is the source of “confine-
ment,” i.e., the reason that isolated colored particles, be they
quarks or gluons, are never seen. The only strongly interacting
particles that can exist in isolation are color-charge-neutral
(i.e., white) hadrons.

B. The QCD dilemma

InQCD, the component of the standardmodel (SM) of eleme-
ntary processes that deals with the strong interaction, the eleme-
ntary particles are the color-chargedquarks andgluons.However,
a consequence of confinement is that these particles are never
seen in experiments. Although the QCDLagrangian is expected,
in principle, to completely describe the spectrum of hadrons and
all of their properties, there is no rigorous first-principle trans-
lation of this into any useful mathematical expressions.
The quark and gluon composition of hadrons can be

hopelessly complex, as illustrated in the inset on the right
side of Fig. 3. For distance scales on the order of 1 fm, the
typical size of a hadron αs ∼ 1 and the pattern illustrated in the
figure is just one of an infinite number of possible quark-gluon
configurations that are subject only to the constraints that they

have appropriate quantum numbers and are color neutral. In
fact, while the traditional three quarks form baryons and
quark-antiquark pairs form mesons the prescription works
well for the meson octets and the baryon octet and decuplet
that were known at the time quarks were first introduced, it
fails in a number of other areas. Soon after the quark model
was proposed, it was realized that these simple rules failed to
provide a satisfactory explanation for the properties of the
lowest-mass scalar-meson octet (Jaffe, 1977a) and were
unable to provide a simple explanation for the positive parity
of the lowest-lying excitation of the proton, the JP ¼ 1=2þ

N&ð1440Þ (the “Roper resonance”) (Alvarez-Ruso, 2010) or
the mass of the lowest-lying excitation of the Λ hyperon, the
JP ¼ 1=2− Λð1405Þ (Close and Dalitz, 1980).
A fundamental process that can be computed with

perturbative QCD is quark-quark elastic scattering at high-
momentum transfer. This shows up in high-energy pp
collider experiments as events with two high transverse
momentum jets of hadrons that are nearly back to back in
azimuth. The theoretical description of this process is based
on calculations of the diagram shown in the inset on the left
side of Fig. 3. Here, in lieu of a beam or target of isolated
quarks, the beam and target particles are quarks contained
inside the colliding protons. The momentum distribution of
quarks inside the proton is governed by long-distance QCD
and approximated by universal parton distribution functions
that are taken from fits to data from hadron-collider mea-
surements at lower center of mass (c.m.) energies, deep-
inelastic lepton-proton scattering experiments, etc. The
fundamental QCD qq → qq process at the core of the
diagram has been computed up to Oðα3sÞ, but the properties
of the final-state quarks cannot be directly measured and,
instead, have to be inferred from the jets of hadrons that they
produce; for this, empirical “fragmentation functions” are
employed. Thus, even processes that are amenable to
perturbative QCD calculations involve significant long-
distance QCD effects in both the initial and final states.
This nearly total disconnect between the hadrons that we

observe in experiments and the quarks and gluons that appear

(a)

(b)

FIG. 2. (a) The lowest-order QED vacuum polarization diagram
for electron-electron scattering. (b) The lowest-order QCD
vacuum polarization diagrams for quark-quark scattering.

hadrons

hadrons

FIG. 3. The behavior of the QCD coupling strength αs as a
function of the inverse momentum transfer 1=Q or, equiva-
lently, the quark separation distance r. Descriptions of the data
points and the associated references are provided in Patrignani
et al. (2016).
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✦ High Energy: 
•  running, widely confirmed experimentally 
(Nobel Prize 2004)


✦ Low Energy: 

• Self-interaction of gluons → Glueballs

αs

QCD predictionsQuark model

N. Brambilla, S. Eidelman, C. Hanhart et al. / Physics Reports 873 (2020) 1–154 69

Fig. 73. Graphic illustration of the most common proposals for the structure of exotic states. Details are given in the text.

4.3.1. Hybrids
Due to its non-Abelian nature, QCD allows for more colorless hadrons than just quark–antiquark mesons and three-

quark baryons. Of relevance for the present review are quarkonium hybrids or simply hybrids, which constitute the subject
of the present section, and multi-quarks, which will be discussed in the next sections. With the word ‘‘hybrid’’ we identify
conventionally quark–antiquark mesons with excited gluonic degrees of freedom. Gluons bring a new type of excitation
to the system, in addition to the rotational and radial motion of the quarks in ordinary (Q Q̄ ) systems discussed in the
previous section.

Predictions for various properties of hybrids with heavy quarks found in the vast literature on the subject rely on
different approaches. In particular, the interested reader can find predictions from the flux-tube model in Ref. [453,454],
from the Coulomb-gauge QCD approach in Refs. [455–457], from a constituent gluon model for gluelumps (short-distance
hybrids) in Ref. [458], from the constituent gluon model in Refs. [459,460] – see also the discussion below – and from the
QCD string model in Refs. [461–466]. An effective field theory description based on non-relativistic effective field theories
has also been developed. This is the Born–Oppenheimer effective field theory of Refs. [192,193,467–472] discussed in
more detail in Section 4.4.4. An independent source of information about the masses and splittings of hybrids comes
from lattice QCD calculations [130,131,473–477].

Models differ substantially in the way they describe hybrids. For example, in the flux tube model [478], hybrids are
described as phonon-type excitations, while in the constituent gluon model [459,460] they carry both color and spin.
Nevertheless, there is some consensus about few basic facts.

In addition, the excitation of the gluonic degrees of freedom contributes at least with approximately 1 GeV to the mass
of the system, so that the mass of the ground-state hybrid can be roughly estimated to be 2mh + 1 GeV, where mh is the
mass of the heavy quark. This gives about 4 GeV for the mass of the lowest charmonium hybrid and 11 GeV for the one
of the lowest bottomonium hybrid. Results obtained by different theoretical approaches, as well as determinations from
lattice QCD (mostly in the quenched approximation, but Ref. [131] is a 2+1 flavor dynamical lattice simulation, with a pion
mass of about 240 MeV, discussed in Section 4.5.1) for the lowest charmonium hybrid are collected in Table 10. We see
that, indeed, all predictions are generally consistent with each other and with the simple estimate made above for what
concerns the value of the mass of the lowest-lying hybrid. The situation for bottomonium hybrids looks similar. Indeed,
the most recent calculations place the mass of the lowest bottomonium hybrid around 11 GeV, also in agreement with
the simple estimate made above — see Refs. [192,466,468] for more details.

Clearly, as the table shows, there are also considerable differences between the different approaches. First, not all of
them identify the same hybrid state as the lowest-lying one. Moreover, also the (approximate) degeneracy pattern of the
different hybrid multiplets differ. These disagreements may serve to select among different approaches.

New forms of hadrons
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Figure 7: A summary of estimates of the unquenched glueball spectrum. In light blue, the results from
Ref. [61], in light orange and green, the results from Ref. [68], in red, the results in Ref. [70], in purple the
results from Ref. [67], in brown, the results from Ref. [63], in cyan the quenched results from Ref. [48].

combinations of fermionic operators, additional states were observed to appear upon inclusion of
glueball operators in the variational basis. Curiously, no new state appears within the energy range
considered. This is an indication that further study is needed on the e�ects systematics introduced
by the choice of the variational basis.

At this conference, a calculation of the scalar glueball mass with # 5 = 4 clover improved
twisted mass fermions was presented, see Ref. [63]. The low-quark mass regime was explored,
with <c ⇠ 250 "4+ and while in the pseudo-scalar and tensor channel the masses were roughly
found to agree with the corresponding quenched values, a new light state was observed in the scalar
channel. Notably, the mass of the first and second excited states was found to be similar to that
the ground state and first excited quenched glueballs, respectively. The spectrum is displayed in
in the left-hand panel of Figure 6. It is suggested that the new low-lying state is cc or a @@̄ state.
A similar calculation was performed for # 5 = 2 + 1 + 1. The fact that the mass of the additional
low-lying state was shown to depend strongly on <c suggests that it might contain a large quark
content. The above results illustrate the need to improve our understanding of the unquenched
glueball spectrum, especially in the continuum limit. However, the most pressing questions are on
the e�ects of mixing.

A summary of the estimates of the spectrum in unquenched lattice QCD at finite lattice spacing
is displayed in Figure 7.

The formalism to study the e�ects of mixing on the spectrum was described in detail in Ref. [65]
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◈ Lattice QCD (LQCD) is a non-perturbative method from the 
first principles in theory. 


◈ Different lattice QCD groups (including lattice simulations 
with dynamical quarks)

✦ Predictions on masses and production rates of pure glueballs

✦ Consistent results and expected to be reliable.


◈ Lattice QCD predictions on pure glueball masses: 
✦ 0++ ground state: 1.5 - 1.7 GeV/c2

✦ 2++ ground state: 2.3 - 2.4GeV/c2

✦ 0-+ ground state: 2.3 - 2.6GeV/c2

◈ Special Importance of Glueballs：Glueballs to QCD is just as important as Higgs Boson to EW 
✦ Unique particle made of pure force (bosons) 
✦ Direct proof of self-interactions of gluons — Direct proof of non-Abel gauge interactions of QCD 
✦ Direct proof of origin of mass from strong interactions



Historical Glueball Candidates 
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f0(1710) 
~1987

f0(1500) 
~1990

Scalar f0(1710) 
•  High production rate in 

, but flavor 
asymmetric(mixing scheme) 

•  Decay suppression in f0(1710) ηη’

➡ A scalar glueball/large glueball 
content with some controversies 

J/ψ → γππ/KK

Scalar f0(1500) 
•  High production rate in 

 but lower than f0(1710) 
•  No suppression in f0(1500) ηη’

➡ Can not be a scalar glueball

J/ψ → γππ/KK

ξ(2230) 
~ 1980

Tensor ξ(2230) 
•  Observed in J/ψ  γKK, γππ, γ  
•  Not confirmed with higher 
statistics data


➡ Fluctuation effect

pp̄

 
~ 1980

η(1405)

Tensor f2(2340) 
•  High production rate in J/ψ→γ(KK/ηη/
η’η’/φφ) but lower than LQCD prediction 

•  Large overlap among different wide 
tensor structure


➡ Hard to interpret for the strong model 
dependence

f2(2340) 
~ 2014

Pseudo-scalar  
• Rich production in  radiative 
decay 

• But far way from mass 
prediction from LQCD


➡ Can not be a scalar glueball

η(1405)
J/ψ X(2370)


➡ Glueball-like particle 
【IJMPA Vol: 40 Iss: 19，
2530007 (2025)】



Glueball production in J/ψ Radiative decay

5

◈  Gluon rich environment 

◈  Isospin filter: final states dominated by I=0 
processes


◈  Spin-parity filter: C parity must be +, so 
Jpc=0-+, 0++, 1++, 2++, 2-+ …


◈  Clean environment in e+e- collision: very 
different from p-p collision

~ ααs4 ~ ααs6

◈Rich glueball production in J/ψ 
radiative decays: 

✦ Glueball production rate in J/ψ 
radiative decays could be higher 
than normal hadrons

~ ααs4~ ααs2

➡ J/ψ Radiative decay is an ideal place to search for glueballs



Glueball Decays
◈  Flavor symmetric decays 
◈  No rigorous predictions on decay patterns and their branching ratios 
◈  The glueball decays could be the analogy to Charmonium decays since they all 

decay via gluons (OZI suppression) [PLB 380 189(1996), Commu. Theor. Phys. 23.373 (1995)]

✦  e.g. the 0-+ glueball could have similar decays of ηc

6



Beijing Electron Positron Collider (BEPCII)

7

BESIII detector

LINAC

2004: Construction 

• Double rings 

• Beam energy: 

     1.0 - 2.3 (2.45)GeV 

• Designed luminosity: 

  1×1033 cm-2 s-1 

2008：test run 

2009-now: BESIII 
physics runs

e+

e-

World unique e+e- accelerator in charm physics energy region



BESIII detector

◈ Magnet: 1T Superconducting

◈ MDC: small cell & He gas


        σxy = 130 μm

        σp/p=0.5% @1GeV

        dE/dx = 6%


◈ TOF: plastic scintillator/MRPC

       σT = 80 ps Barrel

       σT = 110 (60) ps Endcap


◈ EMC:  CsI crystals

       ΔE/E = 2.5% @ 1GeV - Barrel

       ΔE/E = 5% @ 1GeV - Endcap


◈ Muon ID: 9 layer RPC

8

Designed for neutral and charged particle with excellent resolution, PID, and large coverage

Has been in full operation since 2008, all sub-detectors are in a very good status!

Total weight 730 ton,

~40,000 readout channel

Data rate: 5kHz, 50Mb/s



BESIII Data samples

Data sets collected so far include

✦ 10×109 J/ψ events

✦ 2.7×109 ψ(2S) events

✦ 20 fb-1 ψ(3770)

✦ Scan data between 1.8 and 3.08 

GeV, and above 3.74GeV

✦ Large datasets for XYZ studies:


Scan with >500pb-1 per energy 
point space 10-20MeV apart

9

Totally about 50fb-1 integrated luminosity 

World largest J/ψ data sample : ~10 billion



X(2370)
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76 

 
• BESIII confirmed X(1835)  
• BESIII observed X(2120)/X(2370) 

PRL., 106 (2011) 072002  

X(2370)  could be a good candidate for 0-+ glueball  

X(2120)   X(2370) 
X(1835) 

• X(2370) mass consistent with LQCD 0-+ glueball mass 
• J/\ Æ JS+S-K’ is a good place to observe 0-+ glueball 
• X(2370) decay pattern seems similar to Kc ? 
 
Æ Jpc, more decay modes of X(2370) 

PRL 106, 072002 (2011)

~225M J/ψ

◈Discovered (6.4 ) by BESIII in  in 2011

๏ Produced in the gluon-rich J/ψ radiative decays

๏ Its mass is consistent with LQCD prediction on the 0-+ glueball

◈Observed in flavor symmetric decay modes of  and  — favorite 

decay modes of 0-+ glueball 

◈  Determination of its spin-parity is crucial

σ J/ψ → γπ+π−η′ 

π+π−η′ KK̄η′ 

Eur. Phys. J. C (2020) 80 :746 Page 7 of 11 746
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Fig. 3 The fit result for X (2370) in the invariant-mass distribu-
tion of K K̄η′ for the decays: a J/ψ → γ X (2370), X (2370) →
γ K+K−η′, η′ → π+π−η, η → γ γ , b J/ψ →
γ X (2370), X (2370) → γ K+K−η′, η′ → γρ0, ρ0 → π+π−, c
J/ψ → γ X (2370), X (2370) → γ K 0

S K
0
Sη

′, η′ → π+π−η, η → γ γ ,
and d J/ψ → γ X (2370), X (2370) → γ K 0

S K
0
Sη

′, η′ → γρ0, ρ0 →
π+π−. The dots with error bars represent the data; the solid curves

show the fit results; the grid areas represent the signal of X (2370); the
dotted lines are the background shapes from J/ψ → K ∗+K−η′+c.c.;
the short dashed double dotted lines show the η′ sidebands; the long
dashed lines represent the Chebychev polynomial function; the gray
short dashed lines are the contribution from PHSP MC and the dashed
dotted lines show the sum of all backgrounds

and B(J/ψ → γ X (2120) → γ K 0
SK

0
Sη

′) < 6.15 × 10−6,
respectively.

5 Systematic uncertainties

Several sources of systematic uncertainties are considered
for the determination of the mass and width of X (2370) and
the product branching fractions. These include the efficiency
differences between data and MC simulation in the MDC
tracking, PID, the photon detection, K 0

S reconstruction, the
kinematic fitting, and the mass-window requirements of π0,
η, ρ and η′. Furthermore, uncertainties associated with the
fit ranges, the background shapes, the sideband regions, the
signal shape parameters of X (2120), intermediate resonance
decay branching fractions and the total number of J/ψ events
are considered.

5.1 Efficiency estimation

The MDC tracking efficiencies of charged pions and kaons
are investigated using nearly background-free (clean) con-

Table 1 Fit results for the structure around 2.34 GeV/c2 and
2.12 GeV/c2. The superscripts a and b represent the decay modes of
X → K+K−η′ and X → K 0

S K
0
Sη

′, respectively. The uncertainties are
statistical only

η′ → γρ0 η′ → π+π−η

MX (2370) (MeV/c2) 2341.6 ± 6.5

&X (2370) (MeV) 117 ± 10

N (J/ψ → γ X (2370)a) 882 ± 112 320 ± 40

N (J/ψ → γ X (2370)b) 174 ± 47 55 ± 15

N (J/ψ → γ X (2120)a) < 553.5 < 187.3

N (J/ψ → γ X (2120)b) < 88.7 < 30.0

trol samples of J/ψ → p p̄π+π− and J/ψ → K 0
S K

±π∓

[24,25], respectively. The difference in tracking efficiencies
between data and MC is 1.0% for each charged pion and kaon.
The photon detection efficiency is studied with a clean sample
of J/ψ → ρ0π0 [26], and the result shows that the difference
of photon detection efficiencies between data and MC sim-
ulation is 1.0% for each photon. The systematic uncertainty
from K 0

S reconstruction is determined from the control sam-

123

EPJC (2020) 80:746



Spin-Parity determination of the X(2370) in J/ψ→γK0sK0sη’
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decay length of K0
S candidate, i.e., the distance between the

average position of the eþe− collisions and the decay vertex
of K0

S, is required to be greater than twice the vertex
resolution. With these selections, the miscombination ofK0

S
reconstruction is significantly suppressed to be less than
0.1%. The reconstructed K0

S candidates are used as an input
for the subsequent kinematic fit.
Photon candidates are identified using showers in the

electromagnetic calorimeter (EMC). The deposited energy
of each shower are required to have at least 100 MeV in the
barrel region (j cos θj < 0.80) and the end cap region
(0.86 < j cos θj < 0.92). To exclude showers from charged
tracks, the angle between the shower position and the
charged tracks extrapolated to the EMC must be greater
than 10°. The difference between the EMC time and the
event start time is required to be within [0, 700] ns in order
to suppress electronic noise and energy deposits unrelated
to the event.
For the J=ψ → γK0

SK
0
Sη

0, η0 → γπþπ− channel, each
candidate event is required to have at least three positively
charged tracks, at least three negatively charged tracks and
two photons. A four-constraint (4C) kinematic fit under the
J=ψ → γγK0

SK
0
Sπ

þπ− hypothesis is performed by enforc-
ing energy-momentum conservation. If there is more than
one γγK0

SK
0
Sπ

þπ− combination, the one with the smallest
χ24C is chosen. The resulting χ24C is required to be less than
40. The η0 candidates are required to have the invariant
mass satisfying jMγπþπ− −mη0 j < 15 MeV=c2, where mη0

is the known mass of η0 [26]. If there is more than
one γπþπ− combination, the one with the minimum
jMγπþπ− −mη0 j is selected. The πþπ− (from η0) invariant
mass is required to be in the ρ mass region, 0.55 <
Mπþπ− < 0.90 GeV=c2. To suppress background events
containing a π0 or η, events with jMγγ −mπ0 j <
20 MeV=c2 or jMγγ −mηj < 30 MeV=c2 are rejected,
where mπ0 and mη are the known masses of π0 and η,
respectively [26].
For the J=ψ → γK0

SK
0
Sη

0, η0 → πþπ−η, η → γγ channel,
each candidate event is required to have at least three
positively charged tracks, at least three negatively charged
tracks and three photons. A 4C kinematic fit is performed
under the J=ψ → γγγK0

SK
0
Sπ

þπ− hypothesis and the com-
bination with the smallest χ24C is chosen if more than one
combination is found. In order to reduce background and to
improve the mass resolution, a five-constraint (5C) kin-
ematic fit is performed to further constrain the invariant
mass of the two photons to mη. Among three γγ combina-
tions, the one with the smallest χ25C is chosen, and χ25C < 50
is required. The η0 candidates must satisfy jMπþπ−η −mη0 j <
10 MeV=c2. To suppress background events containing a
π0, events with jMγγ −mπ0 j < 20 MeV=c2 are rejected,
where the photon pairs are all possible combinations of
the radiative photon and photons from η.

All the above selection criteria aim to improve the signal
extraction efficiency and signal-to-noise ratio. The mass
windows for peaking signals of K0

S and η0 correspond to
approximately 3 standard deviations to their respective
known masses [26]. Others are determined by optimizing
the figure of merit (FOM) ϵS=

ffiffiffiffiffiffiffiffiffiffi
Ndata

p
, where ϵS is signal

efficiency with simulation MC sample, andNdata is the final
selected event number in data. With above criteria, the
event numbers of final selected candidates are 4046 and
1395 for the η0 → γπþπ− channel and the η0 → πþπ−η
channel, respectively.
No significant peaking background contribution has

been found in the measured invariant mass spectra. The
remaining background component is from non-η0 proc-
esses, which are estimated from the η0 mass sideband
regions of 20 < jMγπþπ− −mη0 j < 30 MeV=c2 and 30 <
jMπþπ−η −mη0 j < 40 MeV=c2. The corresponding back-
ground fractions are 6.8% and 1.8% for the two channels,
respectively.
Figure 1 shows the mass distributions with the above

selection criteria for the η0 → γπþπ− and η0 → πþπ−η
channels. Similar structures are observed in the two
channels. The two-dimensional distributions of MK0

SK
0
S

versus MK0
SK

0
Sη

0 indicate a strong enhancement near the
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FIG. 1. Invariant mass distributions of the selected events: (a)
and (b) The two-dimensional distributions of MK0

SK
0
S
versus

MK0
SK

0
Sη

0 for the η0 → γπþπ− and η0 → πþπ−η channels, respec-
tively. (c) and (d) The K0

SK
0
Sη

0 invariant mass distributions
with the requirement MK0

SK
0
S
< 1.1 GeV=c2 for η0 → γπþπ−

and η0 → πþπ−η channels, respectively. The dots with error bars
are data. The shaded histograms are the non-η0 backgrounds
estimated by the η0 sideband. The solid lines are phase space
(PHSP) MC events with arbitrary normalization.
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f0(980)

PRL 132 (2024) 181901

◈ Analysis advantage of J/ψ→γK0sK0sη’:

✦ Almost background free channel (exchange symmetry and 

C-parity conservation)


✦ 10billion  data

✦ Very good BESIII detector performance


◈ Similar structures  in η’→π+π-η / γπ+π- modes:

✦ Evident f0(980) in K0sK0s mass threshold 

✦ Clear signal of X(1835),X(2370),ηc with f0(980) selection


◈ Best PWA fit can well describe the data: 
✦ Spin-parity of the X(2370) is determined to be 0-+ with 

significance larger than 9.8σ w.r.t. other Jpc assumptions

J/ψ
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significance larger than 9.8σ w.r.t. other Jpc assumptions

J/ψ



Compared with LQCD prediction on Lightest 0-+ Glueball

◈ The measurements are in a good agreement with the predictions on lightest pseudoscalar glueball  
✦ The spin-parity of the X(2370) is determined to be 0-+ for the first time 
✦ Mass is in a good agreement with LQCD predictions 
✦ The estimation on B(J/ψ→γ X(2370)) and prediction on B(J/ψ→γG0-+) are consistent within errors 

(assuming ~5% decay rate,  B(J/ψ→γ X(2370)) = (10.7+22.8-7 )×10-4)

13

X(2370) measurements: 

Jpc = 0-+ with significance >9.8σ 

M = 2395 ±11+26-94 MeV 

Γ  = 188+18-17+124-33 MeV 
B(J/ψ→γX(2370))B(X(2370)→f0(980)η’)B(f0(980)→K0sK0s)   
                     = (1.31 ± 0.22+2.85-0.84 )×10-5

LQCD prediction on lightest pseudoscalar glueball: 

Jpc = 0-+  

M = 2395 ±14 MeV 

B(J/ψ→γG0-+) = (2.31 ± 0.80) ×10-4

PRL 132 (2024) 181901

PRD 100 (2019) 054511



X(2370) in J/ψ→γK0sK0sη
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Qualitatively, we can clearly observe:  similar decay 
patterns of the X(2370) and ηc if phase space allows

In the upper KK mass band of 1.5-1.7GeV 
range, clear signals of both X(2370) and ηc

In the lower KK mass band of f0(980), no 
X(2370), nor ηc

Observation and Spin-Parity Determination of the Xð1835Þ in J=ψ → γK0
SK

0
Sη

M. Ablikim,1 M. N. Achasov,9,f X. C. Ai,1 O. Albayrak,5 M. Albrecht,4 D. J. Ambrose,44 A. Amoroso,48a,48c F. F. An,

With 1.31×109 J/ψ events
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◈ Decay modes of X(2370) , , , , ,  observed 
◈ Such high similarity between the X(2370) and ηc decay modes strongly supports the 

glueball interpretation of the X(2370)
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TABLE I. Systematic uncertainties on the mass (in MeV/c2), width (in MeV) and significance (in ω) of the X(2370) in di!erent
processes, denoted as ”M , ”#, and Nω, respectively.

Source
J/ε → ϑK0

SK
0
Sϖ

0 J/ε → ϑϖ0ϖ0ϱ
J/ε → ϑϖ0ϖ0ϱ

(a0(980)
0 signal region)

”M ”# Nω ”M ”# Nω ”M ”# Nω

PHSP parametrization ±7 ±2 > 18 ±3 ±1 > 20 ±2 ±3 > 12

Background model ±10 ±37 > 14 ±9 ±24 > 20 ±9 ±58 > 9

Additional resonance ±22 ±62 > 14 ±4 ±56 > 20 — — —

Total ±25 ±72 > 14 ±10 ±61 > 20 ±9 ±58 > 9

)2   cMeV/( (2370)XM
2250 2300 2350 2400 24502250 2300 2350 2400 2450

Measured mass

Combined mass

0 S K0 S  K→ (980)0f
 '  η(980)0  f→ (2370)X

0   π0 S K0 S  K→ (2370)X

η0   π0   π → (2370)X

2   c MeV/14- 
13+  = 2359 MCombined: 

 = 2.20dofN/2 χ

(a)

)MeV( (2370)XΓ
50 150 250 35050 150 250 350

Measured width

Combined width

0 S K0 S  K→ (980)0f
 '  η(980)0  f→ (2370)X

0   π0 S K0 S  K→ (2370)X

η0   π0   π → (2370)X

 MeV29- 
44+  = 170 ΓCombined: 

 = 0.32dofN/2 χ

(b)

FIG. 5. Combined (a) mass and (b) width of the X(2370). The bar on each black dot corresponds to the total uncertainty;
the horizontal red shaded bands represent the statistical uncertainties; the vertical blue lines and blue shaded bands represent
the combined results with total uncertainties.

The a0(980)0 is described using both the Flatté [34, 35]
and dispersion-integral parametrizations [34], while all
the other intermediate resonances are described by BW
functions with masses and widths fixed to the PDG val-
ues [22]. The uncertainty related to the background
model is estimated by varying the fit range and adopt-
ing alternative background parametrizations. The uncer-
tainty related to an additional resonance is estimated by
varying the treatment of the additional resonance. For
the K0

SK
0
Sω

0 mode, the uncertainty includes a contribu-
tion from the additional resonance X(2260). This in-
clusion is motivated by the study of the charged chan-
nel J/ε → ϑK0

SK
±ω→ [36], where the X(2260) is ob-

served in the K0
SK

±ω→ mass spectrum with a signifi-
cance greater than 10ϖ, and its fitted mass and width are
2256 ± 3(stat) MeV/c2 and 74 ± 10(stat) MeV, respec-
tively. The significance of the X(2260) in the K0

SK
0
Sω

0

mass spectrum is 2.3ϖ, where the small significance is due
to the statistics being more than ten times smaller here
than in the charged channel. The uncertainty related to
the impact of the X(2260) is estimated by incorporat-
ing its contribution to the K0

SK
0
Sω

0 mass spectrum fit,
and the mass and width of the X(2260) are fixed to the
values measured in the K0

SK
±ω→ mass spectrum. For

the ω0ω0ϱ mode, a potential additional resonance can be
added in the mass spectrum fit with a statistical signif-
icance of 4ϖ, and its mass and width are fitted to be
2142± 7(stat) MeV/c2 and 186± 48(stat) MeV, respec-
tively. The uncertainty related to the impact of this res-
onance is estimated by incorporating its contribution to
the ω0ω0ϱ mass spectrum fit. For the a0(980)0ω0 mode,
since no evidence of the additional resonance is observed,
the uncertainty related to the additional resonance is not
included. All sources of systematic uncertainties are sum-
marized in Table I.

To further improve the measurement precision, the
X(2370) masses and widths measured in di!erent de-
cay modes are combined following the procedure recom-
mended by the PDG [22]. All of the X(2370) measure-
ments included in our combination are based on the data
sample of 10 billion J/ε events collected with the BESIII
detector, including the studies of the J/ε → ϑK0

SK
0
Sω

0

and J/ε → ϑω0ω0ϱ processes presented in this paper,

as well as the previously reported results in the J/ε →
ϑK0

SK
0
Sϱ

↑ process [12]. Considering the statistical and
systematic uncertainties, the combined mass and width
of the X(2370) are 2359+13

↓14 MeV/c2 and 170+44
↓29 MeV,

respectively. The uncertainty of the combined mass is
scaled by a factor of 1.48 due to ς2/Ndof = 2.20, following
the procedure recommended by the PDG [22]. Figure 5
presents the comparisons of the X(2370) resonance pa-

arxiv:2605.26495

More details in Shuo Han’s Poster: 
“observation of the X(2370) in J/ψ to and ”γK0

SK0
Sπ0 γπ0π0η



◈  Consistent with the features of a pseudoscalar glueball  
✦ The spin-parity is determined to be 0-+ 
✦  Its mass is consistent with LQCD prediction on the 0-+ glueball 
✦  High Production in the gluon-rich J/ψ radiative decays 
✦  Observation in the 5 “Golden” modes:  Flavor symmetric decay property

Recap on the X(2370) Measurements

17

Glueball Decays
◈  Flavor symmetric decays 
◈  No rigorous predictions on decay patterns and their branching ratios 
◈  The glueball decays could be the analogy to Charmonium decays since they all 

decay via gluons (OZI suppression) [PLB 380 189(1996), Commu. Theor. Phys. 23.373 (1995)]

✦  e.g. the 0-+ glueball could have similar decays of ηc

6



Discussion on X(2370) decay properties 

◈ Normal  mesons, hybrids and multiquark states 
can hardly explain all 5 decay modes ( , , 

, , ) with different quark flavor 
combinations. 

✦ e.g., LQCD calculation shows that mixing between 
 and  components should be very small for 

  meson at ~ 2GeV


◈ The high similarities between X(2370) and  decay 
modes strongly suggest it decays via gluons

qq̄
ππη′ KKη′ 

ππη KKη KKπ

uū + dd̄ ss̄
0−+ qq̄

ηc

18

Discussion on X(2370) properties — Decays 
• Normal qqbar mesons, hybrids and multiquark 

states  can hardly explain all 5 decay modes 
( h’pp, h’KK, hpp, hKK, KKp ) with different 
quark flavor combinations. 

• e.g., LQCD calculation (PRD 83 (2011) 11502) shows 
that mixing between uubar+ddbar and ssbar 
components should be very small for 0-+ qqbar 
mesons at ~2GeV. 

 

• The high similarities between X(2370) and hc 
decay modes strongly suggest it decays via 
gluons. 

 
• Narrow decay partial widths  next page 
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Narrow Decay Partial Widths of the X(2370)

◈ For 5 golden PPP decay modes: similar number of events under the X(2370) peak 
— No dominant decay modes, similar to  

◈ Naive estimation on the BR of each mode ~5-10%, i.e., partial width of each decay 
modes is ~10MeV 

◈ This would be very hard to be explained if there were quark content ( , qqg, 
multiquark) in X(2370) for OZI allowed decays 

✦ Typically OZI allowed decay partial width ~100MeV


✦ OZI allowed decays usually have dominant decay modes


◈ X(2370) decays should be OZI suppressed decays as , i.e., via gluons!

ηc

qq̄

ηc

19



Discussion on X(2370) properties — Production

◈ Richly produced in    radiative decays — just as glueball expectation


◈ In the above 2.3GeV mass region as LQCD 0-+ glueball prediction, X(2370) is the unique 0-+ particle 
produced in these “5 golden modes” and in  radiative decays, i.e., no other 0-+ particles in this 
mass region can be called as “richly produced” if they have not shown up in 10 billion such a huge 

 data sample.


✦ The production property shows that we only have one qualified candidate X(2370) for 0-+ 
glueball 

✦ We are facing a situation: Either we finally identify X(2370) as 0-+ glueball, or LQCD may face a 
big challenge in the glueball predictions  —— similar to the situation before the Higgs boson 
discovery

J/ψ

J/ψ

J/ψ
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Summary

◈ Glueballs are important predictions from LQCD:  
✦ Unique particles formed  by gluons (force carriers) due to non-Abelian Gauge self-interactions of 

gluons

◈ The X(2370) observed in  radiative decays is the first particle consistent with 0-+ glueball 

✦ Spin-parity quantum numbers are determined to be Jpc = 0-+

✦ Measurements and predictions on mass and rich production rate are consistent within errors

✦ Decay properties: observation of 5 golden decay modes of , , , , ,   (in 

analogy to )

— Glueball-like particle, X(2370) is discovered by BESIII

J/ψ

ππη′ KK̄η′ KK̄π ππη KK̄η a(980)π
ηc
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More comprehensive measurement on X(2370) is coming soon
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