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BEPCII and BESIII
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BESIII Data
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New hadrons discovered at BESIII
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Zhiqing Liu & Ryan Mitchell, Science Bulletin 68 (2023) 2148–2150



BEPCII→ BEPCII-U
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Aims

• 3 x luminosities at high energy region


• Operation above 5 GeV

• Keep operation until ~2030



BEPCII→ BEPCII-U → BEPCII-UP (in planning)
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曹俊，“BEPCII升级和高能所未来发展规划”， 2026 高能物理战略研讨会，广州

https://indico.ihep.ac.cn/event/28557/contributions/224584/attachments/104614/141244/20260714-%E9%AB%98%E8%83%BD%E6%89%80%E5%8D%81%E4%BA%94%E4%BA%94%E8%A7%84%E5%88%92_%E6%9B%B9%E4%BF%8A.pptx


BEPCII→ BEPCII-U → BEPCII-UP (in planning)
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曹俊，“BEPCII升级和高能所未来发展规划”， 2026 高能物理战略研讨会，广州

https://indico.ihep.ac.cn/event/28557/contributions/224584/attachments/104614/141244/20260714-%E9%AB%98%E8%83%BD%E6%89%80%E5%8D%81%E4%BA%94%E4%BA%94%E8%A7%84%E5%88%92_%E6%9B%B9%E4%BF%8A.pptx


BEPCII-UP 主要物理目标
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曹俊，“BEPCII升级和高能所未来发展规划”， 2026 高能物理战略研讨会，广州

https://indico.ihep.ac.cn/event/28557/contributions/224584/attachments/104614/141244/20260714-%E9%AB%98%E8%83%BD%E6%89%80%E5%8D%81%E4%BA%94%E4%BA%94%E8%A7%84%E5%88%92_%E6%9B%B9%E4%BF%8A.pptx


Charmonium Spectroscopy
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more results can be found in Kai Zhu’s talk



X(3872) charmless light hadron decay

10

• No X(3872) charmless light hadron decays are observed in experiment so far. 

• In a molecular nature of X(3872), Ref.[PRD 106, 074015 (2022)] predicted 

Br(X(3872)→VV, VP) via intermediate meson loops


PRD 113, L071102 (2026)



X(3872) charmless light hadron decay
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• No X(3872) charmless light hadron decays are observed in experiment so far. 

• In a molecular nature of X(3872), Ref.[PRD 106, 074015 (2022)] predicted 

Br(X(3872)→VV, VP) via intermediate meson loops


• Search for X(3872)→KsK±π∓ and Κ*(892)±,0Κ∓,0 at √s = 4.16-4.34 GeV


PRD 113, L071102 (2026)

With



Search for 1-+ exotic states
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• Search for JPC=1-+ exotics

• Conventional mesons within quark model can not produce states with   JPC = 

0—, 1-+, 2+-… 

• Experimental observation would reveal their unambiguous exotic signatures.


• BESIII observed JPC=1-+ isoscalar resonance η1(1855) in J/ψ→γ(ηη’)


• Search for 1-+ charmonium-like exotic states via e+e-→γ(ηηc, η’ηc, DsDs1(2536))

• In a molecular picture,  several 1-+ states were predicted, with masses close 

to hadron pair thresholds. PRD89,114013(2014),PRD101,076003(2020)


• LQCD calculate 1-+ hybrid states with mass 4.13-4.33 GeV, decaying 
dominantly to DsD*s, D1D, D*D, D*D* PRD89,114013(2014), JHEP07(2012)126, 
JHEP12(2016)089,PRD102,014023 (2020)


PRL 129, 192002 (2022)



Search for 1-+ exotic states
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• Search for JPC=1-+ exotics in  e+e-

→γ(ηηc, η’ηc) at √s=4.258-4.681 GeV

• Provide the production upper limits 


PRD 111, 112007 (2025)

• Search for 1-+ exotic in  ee→γDsDs1(2536) 
at √s=4.612-4.951 GeV


PRD 112, 032002 (2025)



PWA of e+e-→ π+π-J/ψ
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• Dataset: 

• PWA includes the processes

PRD 112, 092013 (2025)



PWA of e+e-→ π+π-J/ψ
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• Fit to √s-dependent cross sections of πZc(3900) and f0(980)J/ψ


• Determine ψ(4220) mass and width


PRD 112, 092013 (2025)

• Determine Zc(3900) mass and width



Multi-channel joint analysis of Tcc(4020)
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• Perform multi-channel joint PWA of the Tcc(4020) at √s=4.395 and 4.416 GeV

• Isotriplet states: Tcc(4020)/Tcc(4025) observed in πhc, D*D*bar 

PRL 111, 242001 (2013) PRL 115, 182002 (2015)PRL 112, 132001 (2014)PRL 113, 212002 (2014)

• Masses and widths



Multi-channel joint analysis of Tcc(4020)
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arXiv:2603.05564

• JP=1+ with a significance 11.7σ  

• Poles

• Branching fractions



Study of √s-dependent line shape of σ(e+e-→π+π-hc)
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PRL 135, 071901 (2025)

• At least three resonant-structures to describe √s-dependent line shape of 
σ(e+e-→π+π-hc)



Search for e+e-→ηηJ/ψ
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arXiv:2601.15882

• Observation with significance larger than 5σ at 4.682 (5.7σ) and 4.750 GeV (8.9σ)

• Search for isospin partner to the isospin triplet Zc(3900) in the decay ηJ/ψ

• See clear ee→ηψ(2S), ψ(2S)→ηJ/ψ

• ee→f2(1270)J/ψ may exist




Measurements of hc radiative decays
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PRL 134, 241902 (2025)
• Observation of four hc radiative decays to 

multiple light hadrons decay modes for the first 

time


• The total measured branching fraction (~0.8%) 

is significantly lower than the predicted value 

5.5%  of Br(hc→γ+2g) [PRD 66, 014012 (2002)].


• First observation of hc radiative to a tensor state 

hc→γf2(1270)



Observation of ηc→γγ in J/ψ→γηc
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PRL 134, 181901 (2025)• Data: ψ(2S)→π+π-J/ψ, J/ψ→γηc

NRQCD NNL (PRL 119, 252001 (2017))

• Neglect interference between ηc and 
non-resonance process


• Consistent with calculation of LQCD by 
NRQCD [PRD 108, 014513 (2023)]

• With Interference (1.2σ compared to w/o inte.)

• destructive interference

• constructive interference



Amplitude analysis of J/ψ→γηc→γpp̄

22

PRL 136, 051901 (2026)
• 10 billion J/ψ events

• Amplitude analysis of J/ψ→γηc→γ  in the ηc mass region [2.70,3.05] GeV/c2
pp̄



Amplitude analysis of J/ψ→γηc→γpp̄
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PRL 136,051901 (2026)

• Consistent with some LQCD calculations [PRD 108, 014513 (2023), PRD 111, 014508 
(2025), Sci. Bull. 68, 1880 (2023)]  

• 3σ deviation from the PDG global fit 



First measurement of Br(ηc→γγ)
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arXiv: 2601.11236, accepted by PRL 
• 2.7x109 ψ(2S) events

• ηc production: ψ(2S)→π0hc, hc→γηc, ηc→γγ

• Low background level

• Consistent with LQCD and combined BFs in J/ψ 

radiative decays



Light hadron spectroscopy

25

more results can be found in Beijing Liu’s talk



Glueball-like particle X(2370)
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• X(2370) was first observed in J/ψ→γX, X→π+π-η’ 

with 6.4σ with 225M J/ψ events  


• PWA of J/ψ→γ   to determine


• JPC = 0-+


•    


                    


                   


                  


• LQCD [PRD 100, 054511 (2019)] predicted the 

pseudoscalar 0-+ glueball 

K0
S K0

S η′￼

Γ = 188+18
−17 (stat)+124

−33 (syst) MeV

M = 2395 ± 11 (stat)+26
−94 (syst) MeV/c2

ℬ[J/ψ → γX(2370), X(2370) → f0(980)η′￼, f0(980) → K0
S K0

S]

= (1.31 ± 0.22 (stat)+2.85
−0.84 (syst)) × 10−5

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

f1(1510)

PRL 106, 072002 (2011)

PRL 132,181901(2024)

M = (2395 ± 14) MeV



Glueball-like particle X(2370)
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• Established decays



• Decays in analogy to ηc

X(2370) → ππη′￼, KK̄η′￼, KK̄π, ππη, KK̄η, a(980)π0

arXiv: :2605.26495

X → π0π0η( > 20σ)

X → K 0
S K 0

S π0( > 14σ)

X → π0a0(980)( > 9σ)

X → KK̄η′￼(8.3σ)

arXiv: :2605.26495

EPJC (2020) 80:746



1-+ exotic state η1(1855)
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• η1(1855) was first observed in J/ψ→γηη’ (>19 σ) 

• exotic quantum-number JPC=1-+


• Mass and width consistent with LQCD calculations for the 1-+ 
hybrid [PRD 88, 094505 (2013)]


PRL 129 192002(2022)



Search for η1(1855) in χc1→ ηηη’ and J/ψ→ ωηη’
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[CPC 49, 123001 (2025)]• Search for η1(1855) in χc1→ ηηη’


• Observation of in J/ψ→ωη1(1855) in J/ψ→ωηη’ [Preliminary]




Study of J/ψ→γR→γγV (V=ρ/φ/ω)
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• J/ψ→γR, R→γV(V=ρ/ω/ϕ) is the flavor-filtering process, helping to study the quark-

gluon component of the intermediate resonance [AIP Conf. Proc., 1182(1):471–474, 2009] 

• Theoretical prediction: glueball/hybrids →γV is suppressed, an important test for 

glueballs and hybrids [PRD, 107(11):114020, 2023; Nucl. Phys. A, 1037:122683, 2023] 

•  X(1835): different theoretical interpretations exist, e.g., NN  ̅bound state, second 

excited state of η′, ηc glueball mixture, or pseudoscalar glueball. Further study of its 

quark-gluon composition is needed [PRC, 72:011001, 2005; PRD, 83:114007, 2011; PRD, 73:014023, 

2006; PRD, 72:097502, 2005]

• X(2370): its mass is consistent with the LQCD prediction for the pseudoscalar 

glueball (2.3-2.4 GeV)  [PRD, 100(5):054511, 2019; . PRD, 82:074026, 2010; PRD, 87(5):054036, 2013; PLB, 

827:136960, 2022]      




Search for J/ψ→γR→γγφ
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• Observation of X(1835)→γφ indicates that X(1835) 
is a radial excited state of η’ containing  quarks
ss̄

• No significant η1(1855) or Χ(2370) contributions

 PRD111.052011(2025)

PRD 83, 114007 (2011);  73, 014023 (2006)

• Don’t does not contradict the theoretical expectations for the proposed 
natures of glueball for Χ(2370) (<10-8) and  hybrid state for η1(1855) (<10-9)ss̄g



Search for J/ψ→γR→γγω
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 Preliminary

• No significant X(1835)→γω：X(1835) is 

more likely to be an excited  state of 
η′ 


• No significant η1(1855) or Χ(2370) 
contributions


• Consistent with theoretical predictions 
of glueball and hybrid


ss̄



Summary

• BESIII has collected 10B J/ψ, 2.7B ψ(2S), 20 fb⁻¹ ψ(3770), and extensive XYZ 
scan data.  

• Based on these data, many important research results have been published.

• BEPCII plans to implement a Crab Waist upgrade, which will boost low-energy 
luminosity by up to a factor of 10 in the 1.0–2.0 GeV energy range, scheduled for 
around 2030, along with an inner tracker upgrade.

• More results are expected to be published in the future
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BEPCII→ BEPCII-U
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Two-year data-taking plan

H.B. LI, BESIII Summer Coll. Meeting, Yantai, 2026.07.08-12



Data Samples at BESIII 
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