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Glueballs (?) with Radiative 𝑱/𝝍 Decays

IJoPA 15, 

25 (2000) 3901-3966Charmonium radiative decays create an ideal environment for 

studying glueballs and hybrid hadrons: 

 → low background, high statistics and gluon-rich process

Prediction from LQCD

According to pQCD, glueballs and hybrids are expected to present a 

larger production cross section compared to mesons
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X(2370): Glueball-like particle (?) 

First observed in  𝑱/𝝍 → 𝜸𝝅+𝝅−𝜼′
Confirmed in 𝑱/𝝍 → 𝜸𝑲+𝑲−𝜼′ and in 𝑱/𝝍 → 𝜸𝑲𝒔

𝟎𝑲𝒔
𝟎𝜼′
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𝑱/𝝍 → 𝜸𝑲𝑺
𝟎𝑲𝑺

𝟎𝜼′

• Enhancement near the 𝐾𝑆
0𝐾𝑠

0 threshold in relation to the structure around 2.4 GeV

• Clear connection between the 𝑓0(980) and the structure around 2.4 GeV

Phys. Rev: Lett. 132, 181901 (2024)
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X(2370): Glueball-like particle
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𝑱/𝝍 → 𝜸𝑲𝑺
𝟎𝑲𝑺

𝟎𝜼′

Spin parity of 𝑋 2370 is determined to be 𝟎−+ for 

the first time with a significance greater than 𝟏𝟎𝝈
The mass of the 𝑋 2370 is in agreement with the 

LQCD mass prediction of the lightest pseudoscalar

glueball, 𝟐𝟑𝟗𝟓 ± 𝟏𝟒 𝐌𝐞𝐕/𝐜𝟐

Phys. Rev: Lett. 132, 181901 (2024)
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X(2370): Glueball-like particle
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𝑱/𝝍 → 𝜸𝑲𝑺
𝟎𝑲𝑺

𝟎𝝅𝟎
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X(2370): Glueball-like particle

𝑱/𝝍 → 𝜸𝝅𝟎𝝅𝟎𝜼

Using 10087 ± 44 × 106 𝑱/𝝍 events
http://arxiv.org/abs

/2605.26495
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𝑱/𝝍 → 𝜸𝑲𝑺
𝟎𝑲𝑺

𝟎𝝅𝟎
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X(2370): Glueball-like particle

The two-dimensional distributions indicate 

several possible intermediate processes

→ 𝑎0 980 0𝜋0 and 𝐾0
∗ 1430 𝐾𝑆

0 → 𝐾𝑆
0𝐾𝑆

0𝜋0

http://arxiv.org/abs
/2605.26495
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𝑱/𝝍 → 𝜸𝝅𝟎𝝅𝟎𝜼
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X(2370): Glueball-like particle

The two-dimensional distributions indicate 

several possible intermediate processes

→ 𝑎0 980 0𝜋0 → 𝜋0𝜋0𝜂 and 𝑓0 1500 𝜂

http://arxiv.org/abs
/2605.26495
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𝑱/𝝍 → 𝜸𝝅𝟎𝝅𝟎𝜼
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X(2370): Glueball-like particle

By selecting the 𝑎0 980 0 mass region

→ 𝑋 2370 → 𝑎0 980 0𝜋0

with 𝑎0 980 0 → 𝜋0𝜂
observed with significance > 9𝜎

http://arxiv.org/abs
/2605.26495
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X(2370): Glueball-like particle

Decay 𝑴𝑿 𝟐𝟑𝟕𝟎 𝚪𝑿 𝟐𝟑𝟕𝟎

𝑋 2370 → 𝐾𝑆
0𝐾𝑆

0𝜋0 2311 ± 4 𝑠𝑡𝑎𝑡 ± 25 𝑠𝑦𝑠𝑡 MeV/c2 177 ± 20 𝑠𝑡𝑎𝑡 ± 72 𝑠𝑦𝑠𝑡 MeV

𝑋 2370 → 𝜋0𝜋0𝜂 2366 ± 2 𝑠𝑡𝑎𝑡 ± 10 𝑠𝑦𝑠𝑡 MeV/c2 127 ± 9 𝑠𝑡𝑎𝑡 ± 61 𝑠𝑦𝑠𝑡 MeV

𝑋 2370 → 𝑎0 980 0𝜋0 2350 ± 5 𝑠𝑡𝑎𝑡 ± 9 𝑠𝑦𝑠𝑡 MeV/c2 180 ± 20 𝑠𝑡𝑎𝑡 ± 58 𝑠𝑦𝑠𝑡 MeV

𝑀𝑋 2370 = 2359−14
+13 MeV/c2

Γ𝑋 3270 = 170−29
+44 MeV

The similarities in decay mode 

between the 𝑋(2370) and 𝜂𝑐
are consistent with the 

expected features of a 

pseudoscalar glueball.

http://arxiv.org/abs
/2605.26495
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X(2370): Glueball-like particle

Decay 𝑴𝑿 𝟐𝟑𝟕𝟎 𝚪𝑿 𝟐𝟑𝟕𝟎

𝑋 2370 → 𝐾𝑆
0𝐾𝑆

0𝜋0 2311 ± 4 𝑠𝑡𝑎𝑡 ± 25 𝑠𝑦𝑠𝑡 MeV/c2 177 ± 20 𝑠𝑡𝑎𝑡 ± 72 𝑠𝑦𝑠𝑡 MeV

𝑋 2370 → 𝜋0𝜋0𝜂 2366 ± 2 𝑠𝑡𝑎𝑡 ± 10 𝑠𝑦𝑠𝑡 MeV/c2 127 ± 9 𝑠𝑡𝑎𝑡 ± 61 𝑠𝑦𝑠𝑡 MeV

𝑋 2370 → 𝑎0 980 0𝜋0 2350 ± 5 𝑠𝑡𝑎𝑡 ± 9 𝑠𝑦𝑠𝑡 MeV/c2 180 ± 20 𝑠𝑡𝑎𝑡 ± 58 𝑠𝑦𝑠𝑡 MeV

𝑀𝑋 2370 = 2359−14
+13 MeV/c2

Γ𝑋 3270 = 170−29
+44 MeV

𝐵𝑅(𝐽/𝜓 → 𝛾𝑋(2370)) seems to 

be larger than one order of 

magnitude

→ More experimentally and 

theoretically studies needed!
http://arxiv.org/abs

/2605.26495



12

𝑱/𝝍 Radiative Decay
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Acting as a flavor filter, the decays 𝐉/𝝍 → 𝜸𝑿, 𝑿 → 𝜸𝑽 (𝑽 = 𝝆,𝝎,𝝓), play a crucial role in probing the quark 

content of intermediate resonances



𝑿 𝟏𝟖𝟑𝟓 𝒂𝒏𝒅 𝜼 𝟏𝟒𝟎𝟓
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The resonant state X(1835) was observed for the 

first time by BESIII in the decay

𝐉/𝝍 → 𝜸𝝅+𝝅−𝜼′ with quantum numbers 𝑱𝑷𝑪= 𝟎−+

Many theoretical interpretations:

• Nucleon-antinucleon bound state Nഥ𝑁
• Baryonium with gluonic content

• Second radial excitation of the 𝜂′ meson

• Exotic state: 𝜂𝑐 − 𝑔𝑙𝑢𝑒𝑏𝑎𝑙𝑙 or 

𝑝𝑠𝑒𝑢𝑑𝑜𝑠𝑐𝑎𝑙𝑎𝑟 𝑔𝑙𝑢𝑒𝑏𝑎𝑙𝑙

In the region around 1.4 GeV, the pseudoscalar

spectrum presents a complex structure

characterized by the overlapping of two

resonances:

• 𝜼 𝟏𝟒𝟕𝟓 , interpreted as the first radial 

excitation of the 𝜂′ meson

• 𝜼 𝟏𝟒𝟎𝟓 , pseudoscalar glueball candidate (?)

→ However, a significant discrepancy exists

between the 𝜂 1405 mass and LQCD prediction

(2.3-3.0 GeV)

• Are they truly two distinct resonances?

Phys. Rev. Lett. 95, 262001 (2005) Phys. Rev. Lett. 108, 182001 (2012)
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𝑱/𝝍 → 𝜸𝜸𝝓

• 𝜼𝒄 → 𝜸𝝓 observed for the first time

• 𝜼 𝟏𝟒𝟎𝟓  is unfavorable to be a glueball → excited 

state of 𝜂′

• 𝜼(𝟏𝟒𝟕𝟓) and 𝜼 𝟏𝟐𝟗𝟓  cannot be excluded

• 𝑿(𝟏𝟖𝟑𝟓) is confirmed to be  JPC = 0−+ with a sizable 

s ҧ𝑠 component → second radial excitation of the 𝜂′

• No signals for 𝜼𝟏 𝟏𝟖𝟓𝟓 and 𝑿(𝟐𝟑𝟕𝟎) 
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𝑿 𝟏𝟖𝟑𝟓 𝒂𝒏𝒅 𝜼 𝟏𝟒𝟎𝟓  in 𝑱/𝝍 → 𝜸𝜸𝝓

First time in 𝛾𝜙

Phys. Rev: Lett. 111, 
052011 (2025)
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𝑱/𝝍 → 𝜸𝜸𝝎

• Predominantly 𝟐++ componets

• 𝜼 𝟏𝟒𝟎𝟓 → 𝜸𝝓 with a partial width 3 times than for 𝛾𝜔

• 𝒇𝟏 𝟏𝟐𝟖𝟓 → 𝜸𝝎 with a partial width 3 times than for 𝛾𝜙

• 𝜼 𝟏𝟒𝟎𝟓  mass and width different from PDG values

• 𝑿(𝟏𝟖𝟑𝟓) not observed → second radial excitation of 𝜂′ 
with ҧ𝑠𝑠 components

• 𝜂1 1855 and  X(2370) suppressed → gluonic components 
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Preliminary: 𝑿 𝟏𝟖𝟑𝟓 𝒂𝒏𝒅 𝜼 𝟏𝟒𝟎𝟓  in 𝑱/𝝍 → 𝜸𝜸𝝎

𝜔

PRELIMINARY
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Summary
Since the beginning of data taking in 2008, BESIII has 

played an important role in the exploration of the 

charmonium spectrum and in the characterization of 

XYZ states.

But the story of BESIII is far from over ...

• Upgrade of the CGEM-IT inner tracker

• Accelerator upgrade

New high-statistics and high-energy datasets will open 

new horizons for the search for XYZ states and for the 

detailed study of charmed baryons
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Grazie per l’attenzione!
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• The BESIII Experiment

• Glueballs with Radiative 𝐽/𝜓 Decays @BESIII

• 𝑋(2370): glueball-like particle

• Radiative 𝐽/𝜓 Decays

• Summary
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Outline
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BESIII Experiment

e-

e+
LINAC

BESIII (Beijing Spectrometer III) is an experiment located

at the BEPCII (Beijing Electron Positron Collider II) at

IHEP (Institute of High Energy Physics) 

Multi-layer Drift Chamber

1T Solenoidal Magnet

Time of Flight Detector

EM Calorimeter

Muon Detector

𝜏-charm factory 2.0 GeV ≤ √s ≤ 4.95 GeV with  an 

instantaneous luminosity of 1033 cm-2 s-1 @ √s=3.77 GeV

BESIII has collected the world’s largest sample 

of J/ψ and of ψ(nS)



X(2370): Glueball-like particle in 𝑱/𝝍 → 𝜸𝑲𝑺
𝟎𝑲𝑺

𝟎𝜼′

21

𝑱/𝝍 → 𝜸𝑲𝑺
𝟎𝑲𝑺

𝟎𝜼′

Phys. Rev: Lett. 132, 181901 (2024)
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Main background (J/𝜓 → 𝜋0𝐾𝑆
0 𝐾𝑆

0𝜂′ and J/𝜓 → 𝐾𝑆
0𝐾𝑆

0𝜂′) are forbidden by 

exchange symmetry and CP conservation

Using 10 bilion 𝑱/𝝍 events 
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𝑱/𝝍 → 𝜸𝑲𝑺
𝟎𝑲𝑺

𝟎𝜼′

To select 𝑓0 980

→ 𝑀 𝐾𝑆
0𝐾𝑆

0 < 1.1 𝐺𝑒𝑉

Phys. Rev: Lett. 132, 181901 (2024)
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X(2370): Glueball-like particle
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𝑱/𝝍 → 𝜸𝑲𝑺
𝟎𝑲𝑺

𝟎𝜼′

The parametrisation for the PWA:

• The 𝒇𝟎 𝟗𝟖𝟎 𝜼′, with 𝑓0 980 → 𝐾𝑆
0𝐾𝑆

0, is described via the 𝑿 𝟏𝟖𝟑𝟓 , 𝑿 𝟐𝟑𝟕𝟎 and 𝜼𝒄 resonances, 

and a broad 𝑿 𝟐𝟖𝟎𝟎 𝑱𝑷𝑪 = 𝟎−+ structure, and a non-resonant (𝑲𝑺
𝟎𝑲𝑺

𝟎)𝑺/𝑫−𝒘𝒂𝒗𝒆 component

• The 𝑋 1835 , 𝑋 2370 and the 𝑋(2800) are described by Breit-Wigner distributions, while the 

𝑓0 980 by a Flattè
Phys. Rev: Lett. 132, 181901 (2024)
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X(2370): Glueball-like particle
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𝑱/𝝍 → 𝜸𝑲𝑺
𝟎𝑲𝑺

𝟎𝜼′

Phys. Rev: Lett. 132, 181901 (2024)
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X(2370): Glueball-like particle in 𝑱/𝝍 → 𝜸𝑲𝑺
𝟎𝑲𝑺

𝟎𝜼′

The parametrisation for the PWA:

• The 𝑋(2800) is included to effectively describe the 𝑋 2600 , (observed at 4.2 𝜎), and the tail of the 𝜂𝑐

• The 𝑋(2800) was fitted using differnt PWA models, on which its significance strictly depends



𝑿 𝟏𝟖𝟑𝟓 𝒆 𝜼 𝟏𝟒𝟎𝟓 : Recent Results
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Phys. Rev: Lett. 111, 052011 (2025)

𝝓

𝝅𝟎

𝜼

𝜼′

𝑱/𝝍 → 𝜸𝜸𝝓
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Acting as a flavor filter, the decays

𝐉/𝝍 → 𝜸𝑿, 𝑿 → 𝜸𝑽 (𝑽 = 𝝆,𝝎,𝝓), 
provide a clean tool to disentagle the 

quark content of intermediate 

resonances
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Phys. Rev: Lett. 111, 052011 (2025)

𝝓

𝝅𝟎

𝜼

𝜼′

MC DATA

𝑱/𝝍 → 𝜸𝜸𝝓
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𝑿 𝟏𝟖𝟑𝟓 𝒆 𝜼 𝟏𝟒𝟎𝟓 : Recent Results

GPUPWA framework used to disentagle

the structures in the Dalitz plot
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𝑱/𝝍 → 𝜸𝜸𝝓

Phys. Rev: Lett. 111, 052011 (2025)
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𝑿 𝟏𝟖𝟑𝟓 𝒆 𝜼 𝟏𝟒𝟎𝟓 : Recent Results

𝜼(𝟏𝟒𝟎𝟓) and 𝒇𝟏(𝟏𝟒𝟐𝟎) are needed to 

describe the structure with mass 

around 1.4 GeV
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𝒇𝟏(𝟏𝟒𝟐𝟎) 𝒂𝒏𝒅 𝜼 𝟏𝟒𝟎𝟓
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𝑱/𝝍 → 𝜸𝝅𝟎𝝅𝟎𝝅𝟎

Phys. Rev: Lett. D 112, 032007 (2025)
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𝒇𝟏 𝟏𝟒𝟐𝟎  and 𝜼 𝟏𝟒𝟎𝟓  in 𝑱/𝝍 → 𝜸𝝅𝟎𝝅𝟎𝝅𝟎 

• To clarify the nature of states like 𝜼(𝟏𝟒𝟎𝟓) and 𝜼(𝟏𝟒𝟕𝟓) 
and investigate the properties of pseudoscalar and axial-

vector mesons around 1.3 and 1.4 GeV

• Investigate anomalous isospin-breaking effects in the 

decay 𝜂 1405 → 𝑓0 980 𝜋0, potentially driven by the 

“triangle singularity” mechanics
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𝑱/𝝍 → 𝜸𝝅𝟎𝝅𝟎𝝅𝟎

Phys. Rev: Lett. D 112, 032007 (2025)
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𝒇𝟏 𝟏𝟒𝟐𝟎  and 𝜼 𝟏𝟒𝟎𝟓  in 𝑱/𝝍 → 𝜸𝝅𝟎𝝅𝟎𝝅𝟎 
To clarify the nature of states like 𝜼(𝟏𝟒𝟎𝟓) and 𝜼(𝟏𝟒𝟕𝟓) and 

investigate the properties of pseudoscalar and axial-vector 

mesons around 1.3 and 1.4 GeV

The 𝝅𝟎𝝅𝟎𝝅𝟎 invariant mass distribution

shows distinct enhancements around

1.3 GeV and 1.4 GeV  

Strikingly narrow and prominent peak

correspondig to the 𝒇𝟎(𝟗𝟖𝟎) in the 𝝅𝟎𝝅𝟎 spectrum
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𝑱/𝝍 → 𝜸𝝅𝟎𝝅𝟎𝝅𝟎

Phys. Rev: Lett. D 112, 032007 (2025)
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𝒇𝟏 𝟏𝟒𝟐𝟎  and 𝜼 𝟏𝟒𝟎𝟓  in 𝑱/𝝍 → 𝜸𝝅𝟎𝝅𝟎𝝅𝟎 
Mass Dependent (MD) PWA was performed for 

𝑴(𝝅𝟎𝝅𝟎𝝅𝟎) < 𝟏. 𝟔 GeV to decompose the overlapping states

The structure around 1.3 GeV is

dominated mostly by 𝒇𝟏 𝟏𝟐𝟖𝟓  

The peak at 1.4 GeV is a coherent mixture

of the 𝜼 𝟏𝟒𝟎𝟓 and the 𝒇𝟏(𝟏𝟒𝟐𝟎)
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𝑱/𝝍 → 𝜸𝝅𝟎𝝅𝟎𝝅𝟎

Phys. Rev: Lett. D 112, 032007 (2025)
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𝒇𝟏 𝟏𝟒𝟐𝟎  and 𝜼 𝟏𝟒𝟎𝟓  in 𝑱/𝝍 → 𝜸𝝅𝟎𝝅𝟎𝝅𝟎 
Mass-Dependent (MD) PWA was performed for 

𝑴(𝝅𝟎𝝅𝟎𝝅𝟎) < 𝟏. 𝟔 GeV to decompose the overlapping states

For the first time, three axial vectors

- 𝒇𝟏 𝟏𝟐𝟖𝟓 , 𝒇𝟏 𝟏𝟒𝟐𝟎 , 𝒇𝟏(𝟏𝟓𝟏𝟎)- 
are observed decaying into 𝜋0𝜋0𝜋0
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𝑱/𝝍 → 𝜸𝝅𝟎𝝅𝟎𝝅𝟎

Phys. Rev: Lett. D 112, 032007 (2025)
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𝒇𝟏 𝟏𝟒𝟐𝟎  and 𝜼 𝟏𝟒𝟎𝟓  in 𝑱/𝝍 → 𝜸𝝅𝟎𝝅𝟎𝝅𝟎 

A Mass-Independent (MI) PWA was performed bin-by-bin to 

check and validate the MD baseline model

Qualitative agreement between MI and MD PWA,

where the structure around 1.3 GeV is dominated by a 1++

contribution and the one arount 1.4 GeV aries from 0-+ and 

1++ resonances

Comparison MD and MI PWA fits on 𝑀(𝜋0𝜋0𝜋0) for 

contributions with subdecays of 𝑓0 980 𝜋0 and 

0++ 𝑃𝐻𝑆𝑃 𝜋0 combined
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𝑱/𝝍 → 𝜸𝝅𝟎𝝅𝟎𝝅𝟎

Phys. Rev: Lett. D 112, 032007 (2025)
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𝒇𝟏 𝟏𝟒𝟐𝟎  and 𝜼 𝟏𝟒𝟎𝟓  in 𝑱/𝝍 → 𝜸𝝅𝟎𝝅𝟎𝝅𝟎 

A Mass-Independent (MI) PWA was performed bin-by-bin to 

check and validate the MD baseline model

Qualitative agreement between MI and MD PWA,

where the structure around 1.3 GeV is dominated by a 1++

contribution and the one arount 1.4 GeV aries from 0-+ and 

1++ resonances

More sophisticated model incorporating

the coupled-channel effect near the K*K 

threshold is required to describe the data
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𝑱/𝝍 → 𝜸𝝅𝟎𝝅𝟎𝝅𝟎

Phys. Rev: Lett. D 112, 032007 (2025)
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𝒇𝟏 𝟏𝟒𝟐𝟎  and 𝜼 𝟏𝟒𝟎𝟓  in 𝑱/𝝍 → 𝜸𝝅𝟎𝝅𝟎𝝅𝟎 

• Disentangled the JPC = 0−+ 𝑎𝑛𝑑 1++contributions below the 1.6 GeV

• Confirmed significant isospin-violating decays of both 𝜂 1405 and 𝑓1 1420 into 𝑓0 980 𝜋0

• Provided crucial new inputs (branching fractions) for understanding the 1++meson nonet near the 

𝐾∗ ഥ𝐾threshold

• Fully resolving the 𝜂 1405 /𝜂(1475) puzzle and the triangle singularity will require a comprehensive, 

coupled-channel analysis including the 𝐾𝑆
0𝐾𝑆

0𝜋0final state
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𝑱/𝝍 → 𝜸𝟑(𝝅+𝝅−)

Phys. Rev: Lett. 132, 151901 (2024)
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𝑿 𝟏𝟖𝟒𝟎  and 𝐗 𝟏𝟖𝟖𝟎  in 𝑱/𝝍 → 𝜸𝟑(𝝅+𝝅−) 

MODE a) → threshold effect

 Incorporating the Flattè formula for the opening of the 

𝑿 𝟏𝟖𝟒𝟎 → ഥ𝒑𝒑 decay
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𝑿(𝟏𝟖𝟒𝟎) 𝒂𝒏𝒅 𝑿 𝟏𝟖𝟖𝟎

PhitoPsi - 2026Light Exotics at BESIII – E. Di Fiore
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𝑱/𝝍 → 𝜸𝟑(𝝅+𝝅−)

Phys. Rev: Lett. 132, 151901 (2024)

PhitoPsi - 2026Light Exotics at BESIII – E. Di Fiore

𝑿 𝟏𝟖𝟒𝟎  and 𝐗 𝟏𝟖𝟖𝟎  in 𝑱/𝝍 → 𝜸𝟑(𝝅+𝝅−) 

• The X(1840): later observed in 𝜸𝟑(𝝅+𝝅−) mass spectrum, this 

state was thought to be a decay mode of X(1835), despite having 

a substantially narrower width 

• This study analyses the X(1840) line shape to investigate a 

potential slope-changing near the 𝑝 ҧ𝑝 mass threshold in the 

𝑀(6𝜋) spectrum

• Study of the 𝑱/𝝍 → 𝜸𝟑(𝝅+𝝅−), with a dataset 45 times larger 

than the sample previously analyzed Phys. Rev: Lett. 88, 091502 
(2013)
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𝑱/𝝍 → 𝜸𝟑(𝝅+𝝅−)

Phys. Rev: Lett. 132, 151901 (2024)
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𝑿 𝟏𝟖𝟒𝟎  and 𝐗 𝟏𝟖𝟖𝟎  in 𝑱/𝝍 → 𝜸𝟑(𝝅+𝝅−) 

A significant structure is observed for the first time at

1.84 GeV, near the ҧ𝑝𝑝 threshold

Coherent sum of two structures

 Interference between two resonances: a coherent 

sum allowing quantum interference between two 

distinct resonant structures 𝑿 𝟏𝟖𝟒𝟎 𝒂𝒏𝒅 𝑿(𝟏𝟖𝟖𝟎)
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𝑱/𝝍 → 𝜸𝟑(𝝅+𝝅−)

Phys. Rev: Lett. 132, 151901 (2024)
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𝑿 𝟏𝟖𝟒𝟎  and 𝐗 𝟏𝟖𝟖𝟎  in 𝑱/𝝍 → 𝜸𝟑(𝝅+𝝅−) 

Observation of X(1880) with a statistical significance larger than 𝟏𝟎𝝈

The discovery of two overlapping structures near the 1.84 GeV provides strong 

experimental evidence suggesting a 𝑝 ҧ𝑝 resonance
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