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BEPCII and BESIII
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BES (1980s~) BESII (1990s~) BESIII (2008~)
BEPCII

World unique 𝒆+𝒆− accelerator 
in 𝝉-charm energy region
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BEPCII and BESIII
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Time Of Flight
Plastic scintillator 

𝜎𝑇(barrel): 68 ps
𝜎𝑇(endcap): 60 ps (110ps)

Main Drift Chamber
small cell, 43 layer

𝜎𝑥𝑦 = 130 μm

𝑑𝐸/𝑑𝑥 ~ 6%
𝜎𝑝/𝑝 = 0.5%@ 1GeV

Electromagnetic
Calorimeter

CsI(Tl): L=28 cm

Barrel 𝜎𝐸 = 2.5%
Endcap 𝜎𝐸 = 5.0%

Muon Counter
RPC

Barrel: 9 layers
Endcap: 8 layers

𝜎𝑠𝑝𝑎𝑡𝑖𝑎𝑙 = 1.48 cm

double ring: 𝑒+ 𝑒−

𝐸𝑐𝑚 = 2.0 − 4.95GeV
Peak Luminosity:

1.1 × 1033 cm−2s−1@𝜓(3770)
Cross angle: 22 mrad
Circumference: 237.53m 

Light Hadron
Charmonium decay

Charm Physics
Tau and QCD
New Physics
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BESIII Collaboration
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BESIII Data Sample
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Advantage:
Using 𝐽/𝜓 decay to study
Light Hadrons
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• Topic 𝐈:

Light Hadrons
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Introduction

Longyu Qin 59th RENCONTRES DE MORIOND QCD

• Quark model

✓ Quarks

✓Mesons and baryons

• Other forms of hadrons

✓Multi-quark hadrons: 

• tetraquark,pentaquark,molecular,baryonia

✓ Glueballs: more than 2 gluons

✓ Hybrids: two quarks and one gluon

Interaction of 𝑔𝑔 and 𝑔𝑞

Meson          Baryon

Multi-quark

Hybrid

Glueball
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Introduction
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• 𝑱/𝝍

✓ only OZI suppressed decay

More radiative decay

• Lowest order of Feynman diagram for main decay modes: 

• (a). The electromagnetic decay into leptons.

• (b). The hadronic decay.

• (c). The electromagnetic decay into hadrons.

• (d). The radiative decay into hadrons.

• (e). The radiative M1 transition to the 𝜂𝑐

pQCD :
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Introduction
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Radiative decay to meson, hybrid, glueball and tetraquark

Γ 𝐽/𝜓 → 𝛾𝑔𝑔 ≈ 6% Γ𝐽/𝜓

• 𝑒+𝑒− Near threshold: background free

• 𝐽/𝜓 : large cross section, large yield

• Radiative decay: 𝐼, 𝐽𝑃𝐶 constrain

• BESIII: world largest 𝑱/𝝍 sample

• Glueball

✓ Pseudoscalar Only 𝜂 and 𝜂′ and the excited states

• (𝐼 = 0 constrained)

✓ Suitable mass region

𝛼𝑠 ≈ 0.21

Γ(𝐽/𝜓 → 𝛾𝐺)~𝑂(𝛼𝛼𝑠
2)

Γ(𝐽/𝜓 → 𝛾𝐻)~𝑂(𝛼𝛼𝑠
3)

Γ(𝐽/𝜓 → 𝛾𝑀)~𝑂(𝛼𝛼𝑠
4)

Γ(𝐽/𝜓 → 𝛾𝐹)~𝑂(𝛼𝛼𝑠
4)
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X(2370)

Longyu Qin 59th RENCONTRES DE MORIOND QCD

• Observation of X(2370) in 𝑱/𝝍 → 𝜸𝜼′𝝅+𝝅−

with 6.4 𝝈[1]

[1]. Phys.Rev.Lett 106.072002 (2011)
[2]. Eur.Phys.J. 502 C80,746 (2020)

• Observation of X(2370) in 𝑱/𝝍 → 𝜸𝑲+𝑲−𝜼′

with 8.3𝝈[2]
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X(2370)
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• Spin-parity of the X(2370) firstly determined to be 𝟎−+

with a significance of 10σ greater than alternative JPC [1]

[1]. Phys.Rev.Lett 132.181901 (2024)
[2]. Phys.Rev.D 100.054511(2019)

Measurements [1]: 
𝑀 = 2395 ± 11−94

+26 𝑀𝑒𝑉
LQCD prediction on the lightest pseudoscalar glueball [2]: 

𝑀 = 2395 ± 14 𝑀𝑒𝑉

Decay property highly similarity to 𝜂𝑐: 
two favorite decay modes of 𝜋+𝜋−𝜂′ and 𝐾+𝐾−𝜂
supports the glueball predictions
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X(2370)
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• Observation of X(2370) in 𝑱/𝝍 → 𝜸𝑲𝒔
𝟎𝑲𝒔

𝟎𝝅𝟎

✓ Almost background free channel

Preliminary

Preliminary

Statistical significance: >> 5σ

• Observation of X(2370) in 𝑱/𝝍 → 𝜸𝝅𝟎𝝅𝟎𝜼

✓ Almost background free channel

Statistical significance: >> 5σ

𝑎0(980)
region 

• More decay mode studied

• Highly similarity to 𝜂𝑐
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X(𝑝 ҧ𝑝) and X(1835)
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• Discovered of 𝑿(𝒑ഥ𝒑) in 𝑱/𝝍 → 𝜸𝒑ഥ𝒑 [1,2]

✓ The spin-parity determined to be 𝟎−+

[1]. Phys.Rev.Lett 91.022001 (2003)
[2]. Phys.Rev.Lett 108.112003 (2012)
[3]. Phys.Rev.Lett 106.072002 (2011)
[4]. Phys.Rev.Lett 115.091803 (2015)
[5]. arxiv:2401.00918, Accepted by PRD

• Observation of X(1835) in 𝑱/𝝍 → 𝜸𝝅+𝝅−𝜼′[3]

• Determination of Spin-parity to be 𝟎−+ in 𝑱/𝝍 → 𝜸𝑲𝒔
𝟎𝑲𝒔

𝟎𝜼 [4]

• Observation of X(1835) in PWA of 𝑱/𝝍 → 𝜸𝜸𝝓[5]
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X(𝑝 ҧ𝑝) and X(1835)
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• Two resonance with interference gives 

better agreement in 𝑱/𝝍 → 𝜸𝟑(𝝅+𝝅−)[1]

[1]. Phys.Rev.Lett 132.151901 (2024)
[2]. Phys.Rev.Lett 117.042002 (2016)

• Two resonance with interference gives 

better agreement in 𝑱/𝝍 → 𝜸𝝅+𝝅−𝜼′[2]

One resonance ?

Two resonance ?

PseudoScalar Glueball candidate?
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𝜂(1405) - 𝜂(1475)
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• PWA of 𝑱/𝝍 → 𝜸𝑲𝒔
𝟎𝑲𝒔

𝟎𝝅𝟎[1]: 

✓ Two isoscalar states η(1405) and η(1475) 

around 1.4GeV can well fit data

[1]. Eur.Phys.J.C, 03,121 (2023)
[2]. arxiv:2401.00918, Accepted by PRD

• PWA of 𝑱/𝝍 → 𝜸𝜸𝝓 [2]: 

✓ observed 𝜼(𝟏𝟒𝟎𝟓) with 𝟏𝟖. 𝟗𝝈, 

while 𝜼(𝟏𝟒𝟕𝟓) can not be excluded

𝜂(1405) / 𝜂(1475) : 
first glueball candidate

(Mass incompatible with LQCD)

two states? 
radial excitation states of 𝜂′?

Long-standing Puzzle

Still need further study
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Spin-exotic state
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• Spin-exotic state of 𝟏−+ : 

✓ forbidden in conventional quark model

• Lightest spin-exotic state in LQCD: 𝟏−+ hybrid [1]

✓ Can be produced in the gluon-rich charmonium decays

[1]. Phys.Rev.D 88, 094505(2013)
[2]. Phys.Rev.Lett 129, 192002(2022)

• An isoscalar 𝟏−+, 𝛈1(𝟏𝟖𝟓𝟓), has been

observed in 𝐉/𝛙 → 𝛄𝛈𝛈′ (>19𝝈) [2]

✓Mass consistent with hybrid on LQCD

• Opens a new direction to completing 

the picture of spin-exotics
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Spin-exotic state
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• First observation of Exotic 𝟏−+ Isovector state 

𝝅𝟏(𝟏𝟔𝟎𝟎) with a significance > 𝟏𝟎𝝈

✓ Evidence of 𝜋1 → 𝜂′𝜋 at CLEO-c is confirmed 

[PR D84 112009 (2011)]

• 𝐉𝑷𝑪 = 𝟏−+ better than other assumption over 10𝜎

• with a significant BW phase motion

Preliminary Preliminary

Observations of 𝛑1 and 𝛈1 in charmonium decays provide a new path to study 𝟏−+
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• Topic 𝐈𝐈:

Charm Spectroscopy
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Potential Model and XYZ states
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All the predicted states below open-charm 
threshold have been observed

Some observed states above open-charm 
threshold not fit into quark model 
classification

• Y States: states with 𝐽𝑃𝐶 = 1−−

• Z States: isovector states with charged partners

• X States: other states
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𝑒+𝑒− → 𝐷ഥ𝐷
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• Luminosity of 20 𝑓𝑏−1 from 4.80 to 4.95 GeV with 150 energy points

• Unprecedented precision measurement

• 𝐺 3900 , 𝜓 4040 , 𝜓 4160 , 𝜓 4260 , 𝜓(4415)

• P-wave 𝐷ഥ𝐷∗ molecular resonance?

• threshold enhancement?

• the final-state interaction?

• coupled-channel K-matrix analysis needed

𝑮(𝟑𝟗𝟎𝟎)

Phys.Rev.Lett 133.081901 (2024)
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𝑒+𝑒− → 𝐷𝑠
+𝐷𝑠1 2536 −and 𝑒+𝑒− → 𝐷𝑠

+𝐷𝑠2
∗ 2573 − [1]
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• Absolute branching fractions of 𝐷𝑠1 2536 − → ഥ𝐷∗0𝐾− and 𝐷𝑠2
∗ 2573 − → ഥ𝐷0𝐾−

are measured for the first time.

• Exclusive cross sections of 𝑒+𝑒− → 𝐷𝑠
+𝐷𝑠1 2536 − with 𝐷𝑠1 2536 − → ഥ𝐷∗0𝐾− and 

𝑒+𝑒− → 𝐷𝑠
+𝐷𝑠1 2536 − with 𝐷𝑠2

∗ 2573 − → ഥ𝐷0𝐾− also reported.

• Y states observed, consistent with Belle and BESIII previous results.[2-5]

[1] Phys.Rev.Lett 133.171903 (2024)
[2] Phys.Rev.D 100.111103 (2019)
[3] Phys.Rev.D 101.091101 (2020)
[4] Phys.Rev.Lett 131.211902 (2023)
[5] Phys.Rev.Lett 131.151903 (2023)

𝑌(4620) 𝑌(4710) or 𝑌(4790)? 𝑌(4626)
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𝑒+𝑒− → 𝐷𝑠
+𝐷𝑠

−
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• Precise measurements of the cross section for the process 𝑒+𝑒− → 𝐷𝑠
+𝐷𝑠

−.

• A significantly narrow width of 𝜓(4040) than the PDG value is observed.

• A dip around the 𝐷𝑠
∗+𝐷𝑠

∗− threshold and the peak position of the 𝜓(4230),

suggesting the influence of the open channel effect. 

• Offering an input for a future coupled-channel analysis and model tests.

Phys.Rev.Lett 133.261902 (2024)

𝜓(4040) 𝜓(4230)
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Summary
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• A set of interesting results from the light hadrons:

✓Discovery of possible glueball candidate : X(2370).

✓The study of X(1835) / X(𝑝 ҧ𝑝) and 𝜂(1405/1475) performed, two states? glueball candidate?

✓Observation of An Exotic 1−+ Isoscalar state 𝜂1(1855) and Isovector state 𝜋1(1600).

✓More study needed!! With more data, more investigation is ongoing, expecting new results in the future.

• Vector charmonium(-like) states have been studied using various processes at BESIII, 
including open charm and hidden charm 

✓𝐺 3900 , 𝜓 4040 , 𝜓 4230 , 𝑌(4620) and more are observed and measured.

✓BEPCII-U upgrade will provide larger data sample, benefits the Vector charmonium(-like) states study.

✓More study based on various channel is excepted.

Thanks for your attention!
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