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QCD allows the existence of exotic hadrons
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A lot of exotic states observed experimentally,  but their nature is still far from being 
understood

multi − quark states glueballs

molecules

Naive Quark Model: 
conventional hadrons contain 
two or three quarks

QCD allows also different 
combinations of quarks 
and gluons: 
EXOTIC hadrons

hybrid
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World’s Largest 𝝉 − 𝒄𝒉𝒂𝒓𝒎 Data Sets in 𝒆+𝒆− Annihilation
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⚫ Clean high statistics data sample 
⚫ Well defined initial and final states

• Kinematic constraints
• I (JPC)  filter

⚫ “Gluon-rich” processes

Ideal place for light hadron physics
BESIII:
➢ 𝑠 = 2.0 – 4.9 GeV
➢ Peak luminosity : 1.05 × 1033𝑐𝑚−2𝑠−1 at 𝜓(3770)
➢ 2009 – today: BESIII physics runs
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Exotic Gluonic Hadrons
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➢ difficult to experimentally identify glueballs and hybrid mesons 
unambiguously
• difficulty in differentiating them from conventional 𝑞 ത𝑞

mesons
• mixing with 𝑞 ത𝑞 complicates clear identification

➢ LQCD spectrum of glueballs and hybrids
➢ glueballs

• low-lying glueballs with ordinary 𝐽𝑃𝐶 (0++, 2++, 0−+ )
• mass of  ground state 𝐺0+ ~ 1.5 – 1.7 GeV/𝑐2

• 𝑓0 1500 , 𝑓0(1710): mixed glueball-𝑞 ത𝑞 candidates
➢ hybrids

• low-lying hybrids can have exotic quantum numbers
• lightest spin-exotic: 1−+ around 2 GeV/𝑐2

• only isovector candidates observed yet: 𝜋1(1400), 
𝜋1(1600), 𝜋1(2015)
• π1(1400), π1(1600) can be explained as one pole

• search for isoscalar 1−+ to establish the hybrid nonet
• can decay to 𝜂𝜂′ in P-wave
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Observation of An Exotic Isoscalar State 𝜂1(1855) (1− +) in 𝐽/𝜓 → 𝛾𝜂𝜂′ 
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10 billion of 𝐽/𝜓 data
PRL 129, 192002 (2022)
PRL 130, 159901 (2023)
PRD 106,072012 (2022)
PRD 107,079901 (2023)

• Partial wave analysis of 𝐽/𝜓 → 𝛾𝜂𝜂′

Quasi two-body decay amplitudes in the sequential decay 
processes 𝐽/𝜓 → 𝛾𝑋, 𝑋 → 𝜂𝜂′ and 𝐽/𝜓 → 𝜂𝑋, 𝑋 → 𝛾𝜂′ and 
𝐽/𝜓 → 𝜂′𝑋, 𝑋 → 𝛾𝜂 are constructed using the covariant 
tensor formalism

• 𝐽𝑃𝐶 = 0++, 2++, 4++ (𝜂𝜂′) , J𝑃𝐶 = 1+−, 1−−(𝛾𝜂(′)) are 
considered

𝐽𝑃𝐶 = 1−+ in 𝜂𝜂′ is also considered

• An isoscalar resonance with exotic 𝐽𝑃𝐶 = 1− +, 𝜂1(1855), 
has been observed with significance larger than 19𝜎

➢ consistent with LQCD calculation for the 1− + hybrid 
(1.7~2.1 GeV/c2) Eur. Phys. J. A 16, 537 (2003)

➢Hybrid? Molecule? Tetraquark? … needs further study

𝑀 = 1855 ± 9−1
+6 MeV/𝑐2; Γ = 188 ± 18−8

+3 MeV
ℬ 𝐽𝜓 → 𝛾𝜂1 1855 → 𝛾𝜂𝜂′ = (2.70 ± 0.41−0.35

+0.16) × 10−6 
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Further checks on the 𝟏−+ state 𝜼𝟏(𝟏𝟖𝟓𝟓)
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➢ cosθη distributions in different M ηη′ regions 

M(ηη’)<1.7 GeV/c2 1.7 GeV/c2 <M(ηη’)<2.0 GeV/c2 M(ηη’)>2.0 GeV/c2

✓ Clear asymmetry in the region [1.7,2.0]GeV/𝑐2, largely due to 𝜂1 1855  signal
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⚫ Angular distribution expressed as an expansion in 
terms of Legendre polynomials (model-
independently)

⚫ Related to the spin-0(S), spin-1(P), spin-2(D) 
amplitudes in 𝜂𝜂′ by : 

⚫ Other checks…

Further checks on the 𝟏−+ state 𝜼𝟏(𝟏𝟖𝟓𝟓)
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• <Y1
0> Indicates significant P-wave needed

•  In 𝜂𝜂′system,  only η1 (1−+) contribute P-wave 
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Discussions about 𝒇𝟎(𝟏𝟓𝟎𝟎) & 𝒇𝟎(𝟏𝟕𝟏𝟎)
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➢ The decay of scalar glueball to the 𝜂𝜂′ final state are 
suppressed due to gauge duality

Br G→ηη′

Br 𝐺→ππ
< 0.04

⚫ Significant 𝒇𝟎(𝟏𝟓𝟎𝟎)

Br 𝑓0 1500 →ηη′

Br 𝑓0 1500 →ππ
  = (1.66−0.40

+0.42) × 10−1

⚫ Absence of 𝒇𝟎 𝟏𝟕𝟏𝟎

Br f0 1710 →ηη′

Br f0 1710 →ππ
< 2.87 × 10−3 @ 90% C.L

Decay mode Resonance Sig.

➢ Components in the PWA fit

➢ Supports to the hypothesis that 𝑓0(1710) overlaps 
with the ground state scalar (0++) glueball
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Partial Wave Analysis of 𝐽/𝜓 → 𝛾𝜂′𝜂′
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• 𝐽𝑃𝐶 = 0++, 2++, 4++ in 𝜂′𝜂′, 𝐽𝑃𝐶 = 1+−, 1−− in 𝛾𝜂′ PRD 105, 072002(2022)

➢ 𝑓0 2020 , 𝑓0 2330 , 𝑓2(2340) observed in 𝜂′𝜂′ decay 
mode for the first time

➢ 𝑓0 2020 :
• large production rate in radiative 𝐽/𝜓 decay 

suggests a large overlap with scalar glueball
• but its mass is lower than the mass of the first 

excitation of scalar glueball from the LQCD 
prediction

➢ 𝑓0 2048 : new 0++ state observed
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Partial Wave Analysis of 𝐽/𝜓 → 𝛾𝐾𝑠𝐾𝑠𝜋0
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➢ Prominent structure around 1.45 GeV/𝑐2 -> study the 𝜂(1405)/(1475)
JHEP03(2023)121

➢Mass independent PWA

• The pseudoscalar component is the dominant contribution

• 𝐾𝑆
0𝐾𝑆

0
𝑆−𝑤𝑎𝑣𝑒

𝜋0and 𝐾𝑆
0𝜋0

𝑃−𝑤𝑎𝑣𝑒
𝐾𝑆

0 partial waves are of 

comparable magnitude, but with different lineshape and peaks

• Non-trivial 0−+ line shape

➢Mass Dependent PWA

• two resonances parameterization needed
dominant spin-parity components

dominant decay modes for the 
pseudoscalar component
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X States Observed in the Process 𝐽/𝜓 → 𝛾𝜋+𝜋−𝜂′ at BESIII
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58 × 106 𝐽/𝜓 events 225.2 × 106 𝐽/𝜓 events 1090 × 106 𝐽/𝜓 events

Observation of X(1835) Observation of X(2120), X(2370) Observation of anomalous line 
shape at 𝑝 ҧ𝑝 threshold

Additional structures: X(2120), X(2370), ?

X(1835)

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

X(1835)

X(2120)
X(2370)

𝑓1(1510)

?

PRL 95, 262001 (2005) PRL 106, 072002 (2011) PRL 117, 042002 (2016) 
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Observation of a State X(2600) in the Process 𝐽/𝜓 → 𝛾𝜋+𝜋−𝜂′
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➢ A new state in 𝜋+𝜋−𝜂′
invariant mass spectrum is 
observed around 2.6 GeV/𝑐2

➢ The state is correlated to a 
structure in M(𝜋+𝜋−) around 
1.5 GeV/𝑐2

10 Billion of 𝐽/𝜓 data 
(𝜂′ → 𝛾𝜋+𝜋−/𝜋+𝜋−𝜂)

𝜂′ → 𝛾𝜋+𝜋− channel 𝜂′ → 𝜋+𝜋−𝜂 channel

X(2600) X(2600)

PRL 129, 042001 (2022)
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Observation of a State X(2600) in the Process 𝐽/𝜓 → 𝛾𝜋+𝜋−𝜂′
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➢ X(2600) resonance observed for the first 
time with a statistical significance greater 
than 20𝜎

➢ The structure in M(𝜋+𝜋−) around 1.5 
GeV/𝑐2 can be well described with the 
interference between 𝑓0(1500) and the 
X(1540) resonances 

➢ Pseudoscalar glueballs or excited 𝑞 ത𝑞 state ?
• 𝑓0 1500 is a scalar glueball or not

➢ Simultaneous fit to 𝜋+𝜋−𝜂′ and 𝜋+𝜋−

mass spectra is performed

𝜂′ → 𝛾𝜋+𝜋− channel 𝜂′ → 𝜋+𝜋−𝜂 channel
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Observation of J/ψ EM Dalitz Decays to X(1835), X(2120), and X(2370)
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10 Billion of 𝐽/𝜓 data

𝐽/𝜓 → 𝑒+𝑒−𝜋+𝜋−𝜂′

➢ The observation of the EM Dalitz
decay 𝐽/𝜓 → 𝑒+𝑒−𝜋+𝜋−𝜂′. This is 
also the first observation of the states 
X(1835), X(2120), and X(2370) in the 
EM Dalitz decays.

➢ Access to the EM transition form factor between 𝐽/𝜓 and 
X(1835) states:

PRL 129, 022002
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Summary

15

➢Exciting results from new 𝐽/𝜓 data are presented
➢ Isoscalar 1−+ exotic : 𝜂1(1855) 
➢New state X(2600) in 𝐽/𝜓 radiative decays
➢…

➢BESIII will continue to run ~2030
➢Excellent opportunities for light hadron spectroscopy

More interesting results are expected!
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backup

16
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Further checks on the 𝟏−+ state 𝜼𝟏(𝟏𝟖𝟓𝟓)
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Baseline set of amplitudes

Need for the 𝜂1(1855) P-wave Can not be described only with 
1+− and 1−− states in 𝛾𝜂(𝜂′)

PDG-optimized set of amplitudes

⚫ Narrow structure in < 𝑌1
0 > cannot be described by resonances in 𝛾𝜂(𝜂′)

➢ 𝜂1 1855 → 𝜂𝜂′ needed
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Further checks on the 𝟏−+ state 𝜼𝟏(𝟏𝟖𝟓𝟓)
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• Change 𝑱𝑷𝑪 of 𝜂1(1855): log-likelihood ↓235 

➢ 𝐽𝑃𝐶 prefer 𝟏− +

• Remove BW phase motion of 𝜂1(1855): log-likelihood ↓43 

➢ Resonance structure needed

• Assuming 𝜼𝟏(𝟏𝟖𝟓𝟓) as additional resonance, evaluate its 
significance with various masses and widths

➢ Significant 1− + contribution around 𝟏. 𝟖 𝐆𝐞𝐕/𝐜𝟐 needed

• Systematic uncertainties are studied, and significance of 
𝜼𝟏 𝟏𝟖𝟓𝟓 remains larger than 𝟏𝟗𝝈 in all cases

significance of 𝜂1(1855) with various masses and widths
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X(18xx) between 1.8-1.9GeV
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𝑀(𝑝𝑝) − 2𝑚𝑝 (𝐺𝑒𝑉/𝑐2)
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