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Introduction and data samples



From F. K. Guo

⚫ Charmonium resonances lie in a 

transition region perturbative 

and non-perturbative QCD

⚫ Experimental measurements →

test theoretical predictions in

the low energy regime of QCD 

Charmonium spectroscopy
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World largest J/、(3686)、(3770) data samples

Large samples of 𝝌𝒄𝑱、𝜼𝒄 𝟏𝑺 、
𝜼𝒄 𝟐𝑺 from radiative decays of 𝝍, 
and large sample of 𝒉𝒄 from pionic 

transition of 𝝍(𝟑𝟔𝟖𝟔)
5



One selected topic: 𝝍 𝟑𝟕𝟕𝟎 → 𝐧𝐨𝐧 − 𝑫ഥ𝑫 decays

 The decays of (3770) are dominated by 𝑫ഥ𝑫 mode: 

      BESIIPLB641(2006)145: 𝑩 𝜓 3770 → non − 𝐷 ഥ𝐷 = 𝟏𝟒. 𝟕 ± 𝟑. 𝟐 %

      CLEOPRD96(2006)092002: 𝑩 𝜓 3770 → non − 𝐷 ഥ𝐷 = −𝟑. 𝟑 ± 𝟏. 𝟒−𝟏.𝟖
+𝟔.𝟔 %

      PDG24: 𝑩 𝜓 3770 → 𝐷 ഥ𝐷 = 𝟗𝟑−𝟗
+𝟖 %

 NRQCD calculationPRL101, 112001 gives an upper limit of 5% for light hadron 

decays, while other phenomenological model, e.g., hadron loops give large 

fractionPRL102, 172001

 Search for 𝜓 decays via fine scan data is helpful and highly desirable

BESII PRL101, 102004 (2008)

Search for 𝜓 decays at BESII and 

CLEO were usually made by 

comparing 𝜓 and off-resonance data, 

will these affect test of 12% rule and 

search for 𝜓 3770 → non − 𝐷 ഥ𝐷  decays?

Abnormal structure around 

𝜓 3770  was observed at BESII. 

Will this anomalous structure 

affect the BFs of exclusive 

𝜓 3770 → non − 𝐷 ഥ𝐷 decays? 
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Other physics topics

 Test of the 12% rule, understand  puzzle in 𝝍 decays

 Radiative, rare or suppressed decays → test theoretical calculations

 𝑃𝑃、𝑉𝑉、𝐵 ത𝐵 decays → parameters and properties 

 𝐵 ത𝐵𝑋(𝑋 = 𝑃、𝑉) decays → threshold structure and excited baryons

 Large room for unmeasured BFs → search for their new decay modes
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Decays or production of 𝝍(𝟑𝟕𝟕𝟎)、𝑱/𝝍、 𝝍(𝟑𝟔𝟖𝟔)



PRL132, 191902 (2024)PRL127, 082002 (2021)

Production and decays around 𝝍(𝟑𝟕𝟕𝟎)

PRL133, 241902 (2024)
e+𝑒− → ℎ𝑎𝑑𝑟𝑜𝑛𝑠e+𝑒− → 𝐽/𝜓𝑋 e+𝑒− → ℎ𝑎𝑑𝑟𝑜𝑛𝑠[𝑛𝑜𝑛 − 𝐷 ഥ𝐷]

⚫ Strange structures other simple 
BW of (3770) are found in 
different processes

⚫ Structure@~3.81 GeV is found in papers 2 and 3

⚫ 𝐵[𝑅 → 𝑛𝑜𝑛 − 𝐷 ഥ𝐷] are extracted in papers 1 and 2

9



10

JHEP11(2023)228

Measured exclusive non-𝐷 ഥ𝐷 decays of 𝝍(𝟑𝟕𝟕𝟎)

PRD 107, L091101 (2023)

PRD 104, L091104 (2021)

PRL 132, 131901 (2024)𝜓“ → 𝐾𝑆
0𝐾𝐿

0

𝜓“ → Ξ− തΞ+𝜓“ → ΛഥΛ

𝜓“ → J/𝜓𝜂

10

>5

4.6-4.9 4.5



Search for exclusive non-𝐷 ഥ𝐷 decays of 𝝍(𝟑𝟕𝟕𝟎)
JHEP05(2024)022𝜓“ → Σ+ തΣ− JHEP07(2024)258

𝜓“ → Ξ0 തΞ0 JHEP11(2024)062

𝜓“ → 𝐾−Λ തΞ+ + 𝑐. 𝑐. 

arXiv:2508.11276

𝜓“ → 𝑝𝐾−𝐾− തΞ+ + 𝑐. 𝑐. 

PRD108, 052015 (2023)

PRD 111, L051502 (2025)

𝜓“ → 𝜙𝜂′

𝜓“ → Σ0 തΣ0
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BFs of exclusive non-𝐷 ഥ𝐷 decays of 𝝍(𝟑𝟕𝟕𝟎)

• The BF of 𝜓“ → 𝐾𝑆
0𝐾𝐿

0 agrees well with the prediction via S- and D-wave charmonia mixing 
schemePRD78, 077505 (2004), proposed to interpret “ρπ puzzle” between J/ψ and ψ(3686) decays

• The BF of 𝜓“ → 𝛯− ത𝛯+ is higher than theoretical calculation by an order of magnitudePRD96, 092004 (2017) 
• The measured BFs of 𝜓“ → light hadrons may be up to the same level as their 𝜓′ counterparts

Decay B  Reference

𝜓“ → 𝐽/𝜓𝜂 (10-4) 11.3±5.9 ± 1.1 (3.9 ± 0.6 ± 0.1) 𝜋 PRD107, L091101 

𝜓“ → 𝐾𝑆
0𝐾𝐿

0(10-5) 2.6−1.6
+1.4 (−0.39−0.10

+0.05)𝜋 PRL132, 131901 

𝜓“ → 𝛬 ҧ𝛬(10-5) 2.4−1.9
+15.0/14.4−14.0

+2.7 (183−40
+57)∘/(240−115

+17 )∘ PRD104, L091104 

𝜓“ → Ξ− ത𝛯+(10-6) 136.0±35.2 (59±14)∘ JHEP11(2023)228

𝜓“ → 𝜙𝜂′ <2.3×10-5 ~2.8𝜋 PRD108, 052015

𝜓“ → Ξ0 തΞ0 <3.4×10-4 (−1.7 ± 0.2)𝜋 JHEP11(2024)062

𝜓“ → 𝛴+ ത𝛴− <3.9×10-4 (−2.0 ± 0.4)𝜋 JHEP05(2024)022

𝜓“ → 𝛴0 ത𝛴0 <3.7×10-5 (−0.8 ± 0.1)𝜋 PRD111, L051502

𝜓“ → 𝐾−Λ തΞ+ + 𝑐. 𝑐. <3.4×10-4 (−1.6 ± 0.2)𝜋 JHEP07(2024)258

𝜓“ → 𝑝𝐾−𝐾− തΞ+ + 𝑐. 𝑐. <3.7×10-5 (−1.6 ± 0.2)𝜋 arXiv:2508.11276



Measurements of 𝑩ഥ𝑩𝑿 decays of 𝐉/𝝍

PRD110, 072021 (2024)

Decay B (10-4) Reference BPDG (10-4)

J/𝜓 → ҧ𝑝Σ+𝐾𝑆
0 + 𝑐. 𝑐. 2.725±0.009 ± 0.050 PRD109, 012006 NA

J/𝜓 → 𝑝 ҧ𝑝𝜂 1.495±0.001 ± 0.023 PRD110, 072021 1.91±0.17

J/𝜓 → Ξ0ഥΛ𝐾𝑆
0 + 𝑐. 𝑐. 0.376±0.014 ± 0.022

arXiv:2510.
08147v1

NA

J/𝜓 → Ξ0 തΣ0𝐾𝑆
0 + 𝑐. 𝑐. 0.224±0.032 ± 0.022 NA

J/𝜓 → Ξ0 തΣ−𝐾+ + 𝑐. 𝑐 0.564±0.017 ± 0.027 NA

J/𝜓 → 𝑝 ҧ𝑝𝜂J/𝜓 → ҧ𝑝Σ+𝐾𝑆
0 + 𝑐. 𝑐

PRD109, 012006 (2024) arXiv:2510.08147v1

J/𝜓 → Ξ0ഥΛ/തΣ𝐾+c.c.

首次测量 首次测量

13No obvious structures under current statistics



Observation of 𝑩ഥ𝑩𝑿 decays of 𝝍(𝟑𝟔𝟖𝟔)

Decay B (10-6) Reference

𝜓′ → Σ0 തΣ0𝜔 26.4±3.2 ± 1.2 PRD111, 052012

𝜓′ → Σ0 തΣ0𝜙 12.6±1.6 ± 1.1 PRD111, 092007

𝜓′ → Ω−𝐾+ തΞ0 2.78±0.40 ± 0.18 JHEP04(2024)013

𝜓′ → Ξ−𝐾𝑆
0 ഥΩ+ 2.91±0.47 ± 0.33 JHEP06(2025)233

𝜓′ → 𝐾−Λ(1520)തΞ+ 0.95±0.08 ± 0.10 JHEP03(2025)145

𝜓′ → Σ0 തΣ0𝜔

JHEP06(2025)233

𝜓′ → Ξ−𝐾𝑆
0 ഥΩ+ + 𝑐. 𝑐

PRD111, 092007 (2025) PRD111, 052012 (2025)

𝜓′ → Σ0 തΣ0𝜙

JHEP04(2024)013

𝜓′ → Ω−𝐾+ തΞ0 + 𝑐. 𝑐

𝐵[𝜓′ → Ξ−𝐾𝑆
0 ഥΩ+ + 𝑐. 𝑐. ]

𝐵[𝜓′ → Ξ0𝐾− ഥΩ+ + 𝑐. 𝑐. ]
= 1.05 ± 0.23 ± 0.14
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JHEP03(2025)145

𝜓′ → 𝐾−Λ 1520 തΞ+ + 𝑐. 𝑐.



PRD 111, 032011 (2025)

BFs of 𝝍(𝟑𝟔𝟖𝟔) decays via scan data
PRD 110, 052011 (2024)

Interference between 1--  charmonium and 
continuum amplitudes significantly affects the 
BF measurement for some charmonium decays

𝜓(3686) → 𝛾𝜋0

𝜓(3686) → 𝑝 ҧ𝑝𝜋0 𝜓(3686) → 𝑝 ҧ𝑝𝜂

Decay
Solution I Solution II

Reference
B (10-6)  B (10-6) 

𝜓′ → 𝛾𝜋0 0.374 3.93 0.787 2.08 PRD 110, 052011 

𝜓′ → 𝑝 ҧ𝑝𝜋0 133.9±11.2 ± 2.3 (65±7)∘ 183.7±13.7 ± 3.2 (−69 ± 6)∘

PRD 111, 032011
𝜓′ → 𝑝 ҧ𝑝𝜂 61.5±6.5 ± 1.1 (59±14)∘ 84.4±6.9 ± 1.4 (−64 ± 12)∘It tends to be smaller than the 

previous BESIII measurement, 
(9.7 ± 1.6 )× 10−7,  due to 
interference effects, and is 
consistent with the VMD 
prediction within uncertainties

B[𝜓(3686) → 𝛾𝜋0] is 
determined to be in the range 
2.7,9.7 × 10−7 within 1 of 

the contour region.
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Decays of 𝜼𝒄(𝟏𝑺)、𝜼𝒄(𝟐𝑺)、 𝝌𝒄𝑱 via  radiative decays
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Observation of 𝜼𝒄 𝟏𝑺 → 𝜸𝜸

• It is consistent with the LQCD
calculation from HPQCD in 2023

• The obtained Γ(𝜂𝑐 → 𝛾𝛾) 
deviates from the PDG value by 
3.4𝜎

• Measurements with the time-
inversion process are more precise   

• Large discrepancies between 
different measurements of 𝜸𝜸 → 𝜼𝒄    

• Longstanding puzzle: theoretical 
predictions for Γ(𝜂𝑐 → 𝛾 𝛾) do not 
agree with each other or the PDG 
value

PRL 134 (2025) 181901

𝐁 𝑱/𝝍 → 𝜸𝜼𝒄 𝐁 𝜼𝒄 → 𝜸𝜸 = 𝟓.𝟐𝟑 ± 𝟎.𝟐𝟔 ± 𝟎.𝟑𝟎 × 𝟏𝟎−𝟔

𝚪 𝜼𝒄 → 𝜸𝜸 =
𝐁 𝑱/𝝍 → 𝜸𝜼𝒄 𝐁 𝜼𝒄 → 𝜸𝜸 

𝐁𝐏𝐃𝐆 𝑱/𝝍 → 𝜸𝜼𝒄 
× 𝚪𝜼𝒄

PDG = 𝟏𝟏.𝟑 ± 𝟎.𝟔 ± 𝟎.𝟕 ± 𝟏.𝟏  𝐤𝐞𝐕
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Study of 𝑱/𝝍 → 𝜸𝜼𝒄 𝟏𝑺  via 𝜼𝒄 𝟏𝑺 → 𝒑ഥ𝒑 

• 基态粲偶素的辐射跃迁是研究粲偶素内部结构的黄金道

• 长期疑难： 𝐽/𝜓 → 𝛾𝜂𝑐和𝜂𝑐 → 𝛾𝛾分支比，近二十年的实验测量和格点计算之间存在显著差异

• 首次采用振幅分析方法，在𝐽/𝜓 → 𝛾𝑝 ҧ𝑝抽取过程中抽取了𝜂𝑐的贡献（分支比、质量、宽度）

• 联合两个其他级联过程，给出了𝐽/𝜓 → 𝛾𝜂𝑐以及𝜂𝑐 → 𝛾𝛾的分支比

• 测量结果与最新的格点计算符合，与PDG值偏离3

arXiv:2510.15247



19

PRD 111, 052013 (2025)

Precise measurement of mass and width of  𝜼𝒄

Observation of 𝜼𝒄 𝟏𝑺 → 𝟐𝝅+𝟐𝝅−𝜼
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Evidence for double OZI decay 𝜼𝒄 𝟏𝑺 → 𝝎𝝓

PRD 112 (2025) 012012

• The decays 𝜼𝒄 → 𝑉𝑉 are OZI suppressed

• Previously, the decays of 𝜼𝒄 → 𝜔𝜔 and 𝜼𝒄 → 𝜙𝜙 have 
been well measured, but only upper limit on 𝜼𝒄 → 𝜔𝜙 

First evidence

𝐁 𝜼𝒄 → 𝝎𝝓 = 𝟑. 𝟗 ± 𝟎. 𝟗 ± 𝟎. 𝟔 × 𝟏𝟎−𝟓
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PRD 111, 012004 (2025) PRD 111, 012003 (2025)

PRD 110, 092003 (2024)

2/3-body decays of 𝜼𝒄(𝟐𝑺) and 𝝌𝒄𝑱

𝑅 → 𝐾+𝐾−𝜂′ 𝑅 → 𝑝 ҧ𝑝

𝑅 → 𝐾+𝐾−𝜂

PRD 111, 032001 (2025)𝑅 → 𝜔𝜔、𝜔𝜙

PRD 107, 052007 (2023)𝑅 → 𝜋+𝜋−𝜂 PRD 110, 092003 (2024)𝑅 → 𝐾 ഥ𝐾𝜋

𝑀 𝜂𝑐 2𝑆 = 3637.8 ± 0.8 ± 0.2  MeV/𝑐2

Γ 𝜂𝑐 2𝑆 = 10.5 ± 1.7 ± 3.5  MeV

B 𝜓′ → 𝛾𝜂𝑐 2𝑆 = 5.2 ± 0.3 ± 0.5−1.4
+1.9 × 10−4



PRD 110, 072009 (2024)𝑅 → 2𝜋+2𝜋− 𝑅 → 𝐾𝑆
0𝐾±𝜋∓𝜋+𝜋−

4/5-body decays of  𝜼𝒄(𝟐𝑺) and 𝝌𝒄𝑱 (𝑱 = 𝟎, 𝟏, 𝟐)

PRD 111, 072001 (2025)

𝑅 → 2𝜋+2𝜋−𝜂

𝑅 → 𝑝 ҧ𝑝𝐾+𝐾−

PRD 111, 052013 (2025)

22

PRD 109, 072017 (2024)
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Decay B(c0) (10-4) B(c1) (10-4) B(c2) (10-4) B(c2(2S))(10-4) Reference

𝑅 → 𝑝 ҧ𝑝 2.51±0.02 ±0.08 0.82 ± 0.01 ±0.03 0.83±0.01 ±0.02 <7.5 arXiv:2508.18761

𝑅 → 𝜔𝜔 10.66±0.11 ±0.57 6.43±0.07 ±0.31 8.75±0.08 ±0.42 <1.04× 10−2 PRD 111, 032001 

𝑅 → 𝜔𝜙 1.18±0.03 ±0.07 0.20±0.02 ±0.01 0.10±0.01 ±0.01 <1.85× 10−3 PRD 111, 032001 

𝑅 → 𝜋+𝜋−𝜂 NA 4.30±0.05 ± 0.47 1.84±0.04 ±0.08 42.4± ±11.6 ± 3.8 ± 30.3 PRD110, 092003

𝑅 → 𝐾+𝐾−𝜂′ NA 8.48±0.10 ± 0.47 1.53±0.04 ±0.08 11.11±4.67 ± 1.82 ± 4.24 PRD111, 012004 

𝑅 → 𝐾+𝐾−𝜂 NA 4.30±0.05 ± 0.47 1.84±0.04 ±0.08 34.2± ±4.6 ± 4.8 ± 24.4 PRD110, 092003

𝑅 → 𝐾𝑆
0𝐾±𝜋∓ NA NA NA 0.97±0.06 ± 0.09(∗) PRD 110, 092003 

𝑅 → 2𝜋+2𝜋− 212.7±0.2 ± 10.1 68.5±0.1 ± 3.1 115.3±0.1 ± 6.3 <1.43× 10−2(∗) PRD110, 072009 

𝑅 → 2𝜋+2𝜋−𝜂 4.44±0.03 ± 0.37 7.87±0.03 ± 0.74 5.53±0.03 ± 0.53 0.085±0.004 ± 0.013(∗) PRD110, 072009 

𝑅 → 𝐾𝑆
0𝐾±𝜋∓𝜋+𝜋− NA NA NA 0.093±0.007 ± 0.028 PRD109, 072017

𝑅 → 𝑝 ҧ𝑝𝐾+𝐾− 0.249±0.003 ±0.015 0.183 ± 0.002 ±0.011 0.243±0.002 ±0.015 0.0020±0.0004±0.010 PRD111, 052013 

BFs of 𝜼𝒄(𝟐𝑺) and 𝝌𝒄𝑱 decays



Study of 𝝌𝒄𝑱 → 𝑷ഥ𝑷 (𝑷 = 𝑲+、𝝅+， 𝑱 = 𝟎, 𝟏, 𝟐)

24

 The mass split between 𝜒𝑐2 and 𝜒𝑐0 is measured. 

 Taking the PDG mass of 𝜒𝑐2 as input → the most precise 𝜒𝑐0 mass/width measurement to date

  

Cover letter in CPC 107, 092004 (2025)



Helicity amplitude analysis of 𝝌𝒄𝑱 → 𝚲ഥ𝚲
arXiv:2509.00289v1

25

First measurement

Precision measurement

See definitions of 
variables in backup 
slides



Observation of 𝝌𝒄𝑱 → 𝑩ഥ𝑩𝑿, 𝑩ഥ𝑩𝑷𝑷 decays 
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PRD 110, 032022 (2024)PRD 110, 032016 (2024)

2508.18761v1 PRD 111, 032008 (2025)𝜒𝑐𝐽 → 𝑝 ҧ𝑝𝜋0𝜂 arXiv:2505.12234v2𝜒𝑐𝐽 → 𝑝 ҧ𝑝𝜂𝜂𝜒𝑐𝐽 → ΛഥΛ𝜂’

𝜒𝑐𝐽 → ΛഥΛ𝜙 𝜒𝑐𝐽 → ΛഥΛ𝜔 PRD 110, 112013 (2024)𝜒𝑐𝐽 → Σ+ തΣ−𝜔
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PRD 112, 012007 (2025)

5/6-body and rare 𝝌𝒄𝑱 decays

arXiv:2508.18601v1 arXiv:2509.23386v1

PRD 109, 072016 (2024) PRD110, 112009 (2024)𝜒𝑐𝐽 → 𝑝 ҧ𝑝𝐾𝑆
0𝐾±𝜋∓𝜒𝑐𝐽 → 3𝐾+3𝐾−

𝜒𝑐𝐽 → 𝑝ഥΛ(1520)𝐾𝑆
0𝜋+ + 𝑐. 𝑐.

𝜒𝑐𝐽 → 3𝐾𝑆
0𝐾±𝜋∓

𝜒𝑐𝐽 → 𝑒+𝑒−𝜙 𝜒𝑐𝐽 → 𝜋+𝜋−𝜂𝑐



BFs of these 𝝌𝒄𝑱 decays
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Decay B(c0) (10-4) B(c1) (10-4) B(c2) (10-4) Reference

𝜒𝑐𝐽 → ΛഥΛ𝜙 0.30±0.12 ±0.02 0.60±0.09 ± 0.04 0.71 ± 0.08 ±0.04 PRD 110, 032016 

𝜒𝑐𝐽 → ΛഥΛ𝜔 2.37±0.22 ±0.25 1.01±0.10 ± 0.11 1.40±0.13 ±0.17 PRD 110, 032022 

𝜒𝑐𝐽 → ΛഥΛ𝜂’ 0.76 ± 0.14 ±0.09 0.15 ± 0.05 ±0.02 0.30±0.06 ±0.03 arXiv:2508.18761

𝜒𝑐𝐽 → Σ+ തΣ−𝜂 1.26±0.20 ±0.13 0.51±0.12 ± 0.07 0.55 ± 0.12 ±0.05 PRD110,112003

𝜒𝑐𝐽 → 𝑝 ҧ𝑝𝜋0𝜂 2.42±0.07 ±0.19 1.95±0.05 ± 0.12 1.33±0.05 ±0.08 PRD111, 032008 

𝜒𝑐𝐽 → 𝑝 ҧ𝑝𝜂𝜂 0.58 ± 0.06 ±0.04 0.14 ± 0.03 ±0.02 0.26±0.04 ±0.03 arXiv:2505.12234

𝜒𝑐𝐽 → 𝑝 ҧ𝑝𝐾𝑆
0𝐾±𝜋∓ 0.26±0.03 ±0.03 0.42±0.02 ±0.05 0.56±0.03 ±0.05 PRD110,112009

𝜒𝑐𝐽 → 𝑝ഥΛ(1520)𝐾𝑆
0𝜋+ + 𝑐. 𝑐. 0.16±0.07 ±0.02 0.41±0.08 ±0.05 0.41±0.09 ±0.04 PRD110,112009

𝜒𝑐𝐽 → 3𝐾𝑆
0𝐾±𝜋∓ 0.80±0.05 ±0.07 2.52±0.08 ±0.19 1.72±0.07 ±0.15 PRD112,012007

𝜒𝑐𝐽 → 3𝐾+3𝐾− 0.11±0.02 ±0.01 0.04±0.01 ±0.01 0.07±0.01 ±0.01 PRD 109, 072016 

𝜒𝑐𝐽 → 𝑒+𝑒−𝜙 < 2.4 × 10−3 < 6.7 × 10−3 < 4.1 × 10−3 arXiv:2509.23386v1

𝜒𝑐𝐽 → 𝜋+𝜋−𝜂𝑐 NA < 3.1 NA arXiv:2508.18601v1
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Decays of 𝒉𝒄 via 𝝍 𝟑𝟔𝟖𝟔 → 𝒉𝒄𝝅𝟎
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Study of/search for some 𝒉𝒄 decays
PRD 109, 072018 (2024)JHEP08(2024)180ℎ𝑐 → 𝛾𝜂′、𝛾𝜂、𝛾𝜋0 ℎ𝑐 → 多 hadrons

PRD 110, 032023 (2024)

ℎ𝑐 → ℎ+ℎ−𝜋0/𝜂

PRD 110, 012007 (2024)

ℎ𝑐 → 𝐾𝑆
0𝐾±𝜋∓

PRD 110, 112010 (2024)

ℎ𝑐 → 𝜋+𝜋−𝐽/𝜓

Observation

Observation

Evidence

Search
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BFs of these 𝒉𝒄 decays
Decay B Reference BPDG/previous BESIII

ℎ𝑐 → 𝛾𝜂 (10-4) 3.77±0.55 ±0.13±0.26

JHEP08,180

4.7±1.5 ± 1.4

ℎ𝑐 → 𝛾𝜂′ (10-3) 1.40±0.11 ±0.04±0.10 1.52±0.27 ± 0.29

ℎ𝑐 → 𝛾𝜋0 (10-5) <5 UL

ℎ𝑐 → 𝐾+𝐾−𝜂 (10-3) 1.36±0.16 ±0.14

PRD 110, 032023 

1.95±0.5

ℎ𝑐 → 𝜋+𝜋−𝜋0 (10-4) 3.26±0.84 ±0.36 <6

ℎ𝑐 → 𝜋+𝜋−𝜂 (10-4) 3.13±1.08 ±0.38 <1

ℎ𝑐 → 𝐾+𝐾−𝜋0 (10-4) <4

ℎ𝑐 → 𝑝 ҧ𝑝 (10-5) <4.4

PRD 109,072018

UL

ℎ𝑐 → 3𝜋+3𝜋−𝜋0 (10-3) 9.28±1.14 ±0.77 UL

ℎ𝑐 → 2𝜋+2𝜋−𝜋0𝜂 (10-3) 7.55±1.51 ±0.77

ℎ𝑐 → 2𝜋+2𝜋−𝜂 (10-4) <6.19

ℎ𝑐 → 2𝜋+2𝜋−𝜔 (10-3) 4.40±0.86 ±0.35

ℎ𝑐 → 𝐾𝑆
0𝐾±𝜋∓   (10-4) 7.3±1.8 ±0.8 PRD 110, 012007 

ℎ𝑐 → 𝜋+𝜋−𝐽/𝜓 (10-5) <1.2 PRD 110, 112010 NA
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Observation of radiative decays 𝒉𝒄 → 𝜸𝑿 

 ℎ𝑐 has the same C-parity as 𝐽/𝜓 but different orbital angular momentum → improving our understanding 
of charmonium radiative decays and searching for exotic states

 QCD predicts ℬ ℎ𝑐 → 𝛾 + 2𝑔 ~5.5%, while experiments measure ℬ(ℎ𝑐 → 𝛾 + 𝜂/𝜂′)~0.2%

• Total BF of these measured ℎ𝑐 
radiative decay, ~0.6%, is significantly 
lower than the predicted 5.5% of 
ℬ(ℎ𝑐 → 𝛾 + 2𝑔)

• Further exploration of ℎ𝑐 radiative 
decays is desirable 

 The first observation of ℎ𝑐 radiative 
decay to a tensor state

 The BF of 𝒉𝒄 → 𝜸𝒇𝟐(𝟏𝟐𝟕𝟎) →
𝜸𝝅+𝝅− is an order of magnitude 
smaller than that in 𝐽/𝜓  decay

PRL134, 241902 (2025)



Summary
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Thank you!

◼ Lots of results on traditional charmonia at BESIII have been published

◼ More results are expected in the near future



BESIII 
detector

LINAC

2020: energy upgrade to 0.92-2.4525 GeV
2004: started BEPCII upgrade,
            BESIII construction
2008: test run
2009-now: BESIII physics run   

beam energy: 0.92-2.4525 GeV          

e+

e-

• 1989-2004  (BEPC): 

       Lpeak=1.0x1031/cm2s 

• 2009-now (BEPCII):   

       Lpeak=1.1x1033/cm2s (2022、2023)

Beijing Electron Positron Collider (BEPCII)
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Excellent resolution, particle identification, and large coverage 
for neutral and charged particles

NIMA614(2010)345

BESIII detector
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BESIII collaboration
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Data samples at BESIII

>50 fb-1  at Ecm between 1.84 and 4.95 GeV in 15 year running 

2009:   106M 𝝍(3686)
              225M J/𝝍
2010:   0.98 fb-1 𝝍(3770)
2011:   2.93 fb-1 𝝍(3770) (𝑫𝟎(+), total)
             0.48 fb-1 @4.01 GeV
2012:   0.45B 𝜓(3686) (total)
             1.30B J/𝜓 (total)
2013:   1.09 fb-1 @4.23 GeV (XYZ&𝑫𝒔

+)
             0.83 fb-1 @4.26 GeV
             0.54 fb-1 @4.36 GeV
             100.05 fb-1 XYZ scan@3.81-4.42 GeV
2014:   1.03 fb-1 @4.42 GeV
             0.11 fb-1 @4.47 GeV
             0.11 fb-1 @4.53 GeV
             0.05 fb-1 @4.575 GeV
             0.57 fb-1 @4.60 GeV (XYZ&𝜦𝒄

+)
             0.80 fb-1 R scan @3.85-4.59 GeV
2009:   106M 𝝍(3686)
2015:   R-scan 2-3 GeV+2.175 GeV

2016:   3.20 fb-1 @4.178 GeV (XYZ&𝑫𝒔
+)

2017:   70.50 fb-1 @4.19-4.22 GeV  (XYZ&𝑫𝒔
+),   

                                 @4.24-4.27 (XYZ)
2018:   More J/𝝍+tuning new RF cavity
2019:   10B J/𝝍 (total)
             80.50 fb-1 XYZ scan@4.13, 4.16 (XYZ&𝑫𝒔

+),
                                 4.29-4.44 GeV
2020：3.8 fb-1 @ 4.61-4.7 GeV (XYZ&𝛬𝑐

+)
2021：2.0 fb-1 @ 4.74-4.946 GeV
             2.7B 𝜓(3686) (total)
2022:   0.4 fb-1 @3.650 GeV
             0.4 fb-1 @3.682 GeV

             2.9→7.9 fb-1 𝝍(3770) (𝑫𝟎(+), total)
2023-2024: 7.9→20.3 fb-1 𝝍(3770) (for 𝑫𝟎(+), total)
             20.42 fb-1 𝝍(3770) scan
             0.14 fb-1    @3.800-3.885 GeV
             0.13 fb-1    @3.554 GeV
             0.025 fb-1 @1.84-2.00 GeV
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Two-body decays of J/
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PRD 108, 092002 (2023)J/𝜓 → 𝛾𝜋0、𝛾𝜂、𝛾𝜂‘
10B J/

PRD110, 032006 (2024)J/𝜓 → 𝐾+𝐾−

𝜙𝑝 = − 22.11 ± 0.26 ∘

𝜙𝑝 = − 19.34 ± 0.34 ∘

η − 𝜂′ mixing angle:

𝜓(3686) → 𝜋+ 𝜋− J/𝜓(→ 𝐾+𝐾−)

0.45B ’

Advantage: The measurement 
of BF of J/𝜓 with 

𝜓(3686) → 𝜋+𝜋−J/𝜓 
avoids potential interference 
between resonance and 
continuum production 
amplitudes
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Study of 𝑱/𝝍 → 𝜸𝜼𝒄 𝟏𝑺  via 𝜼𝒄 𝟏𝑺 → 𝒑ഥ𝒑 

arXiv:2510.15247



• pQCD prediction for a charmonia decaying into two hadron
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• If the light-quark mass is neglected, the vector-gluon coupling conserves quark helicity 
leading to the helicity selection rule (HSR), i.e.

– 𝜆1 + 𝜆2 = 0

– if the helicity configuration does not satisfy it, the BF will be suppressed, as in the case of 𝜒𝑐1 → 𝜙𝜙
BESIII

• BESIII observed similar BFs of three decays, contrary to HSR

– Many models have been proposed to interpret this result (and have used data as input)

– Ratios of the helicity amplitudes 𝐹𝜆1,𝜆2
are found to be effective in the discrimination between them 

|𝐹1,1
0 |/ |𝐹0,0

0 | |𝐹1,1
2 |/ |𝐹0,0

2 | |𝐹0,1
2 |/ |𝐹0,0

2 | |𝐹1,−1
2 |/ 

|𝐹0,0
2 | 

pQCD
3𝑃0 𝐷 ഥ𝐷 loop

JHEP05 (2023) 069

Only use 448.1 ± 2.9 × 106 𝜓(3686) eventsHelicity amplitude analysis of 𝝌𝒄𝑱 → 𝝓𝝓 

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.107.092001
https://doi.org/10.1007/JHEP05(2023)069
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• Amplitude analysis
• Formula: Helicity amplitude expanded with covariant tensor
• Resonance: 

• Relativistic Breit-Wigner function with damping factors
• Mass resolution is considered

• Non resonance (NR)
• Only consider 0+ and 0− 
• 𝜒𝑐1 and 𝜒𝑐2 widths are quite narrow → their interference with a non-resonant contribution is 

neglected Partial waves

Helicity angle system

Helicity amplitude analysis of 𝝌𝒄𝑱 → 𝝓𝝓 



Helicity amplitude anslysis of 𝝌𝒄𝑱 → 𝝓𝝓
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• Helicity amplitude ratios differ from all theoretical predictions

– |𝐹1,1
0 |/ |𝐹0,0

0 | = 0.299 ± 0.003 ± 0.019

– |𝐹0,1
2 |/ |𝐹0,0

2 | = 1.265 ± 0.054 ± 0.079 

– |𝐹1,−1
2 |/ |𝐹0,0

2 | = 1.450 ± 0.097 ± 0.104

– |𝐹1,1
2 |/ |𝐹0,0

2 | = 0.808 ± 0.051 ± 0.009

𝜒𝑐0 → 𝜙𝜙 

𝜒𝑐2 → 𝜙𝜙 

𝜒𝑐0 → 𝜙𝜙 

𝜒𝑐2 → 𝜙𝜙 

𝜒𝑐2 → 𝜙𝜙 

𝜒𝑐2 → 𝜙𝜙 

• 𝜒𝑐0 mass and width float in the fit, 𝜒𝑐1 and 𝜒𝑐2 ones are 
fixed to PDG

• BF results are consistent with BESIII previous results 
and PDG values

• Helicity amplitude ratios 

– |𝐹1,1
0 |/ |𝐹0,0

0 | = 0.299 ± 0.003 ± 0.019

– |𝐹0,1
2 |/ |𝐹0,0

2 | = 1.265 ± 0.054 ± 0.079

– |𝐹1,−1
2 |/ |𝐹0,0

2 | = 1.450 ± 0.097 ± 0.104

– |𝐹1,1
2 |/ |𝐹0,0

2 | = 0.808 ± 0.051 ± 0.009

– The 𝐷 ഥ𝐷 loop model can be ruled out

– Other predictions also have sizeable difference

JHEP05(2023)069

With 27.12 ± 0.14 × 108 𝜓(3686) events, a fuller 

understanding of this inconsistency can be provided!

0.45B ’
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Helicity amplitude analysis of 𝝌𝒄𝑱 → 𝚲ഥ𝚲 
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