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 CPV in hyperon decays 
 Charmonium(-like) states 

• Prospects for the future 
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Beijing Electron-Positron Collider II (BEPCII) 

Linear part  

BEPCII 

(Circular part) 

BESIII detector 

Center of mass energy:  𝟏. 𝟖𝟒~𝟒. 𝟗𝟓 GeV 

2008- Now (BEPCII):    

         Lpeak=1.0x1033/cm2s 

Reached peak luminosity in April 2016 

Reached highest Ecm=4.95 GeV in Jan. 2021 

Reached lowest Ecm=1.84 GeV in Apr. 2024  
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BESIII detector  
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The detector is designed for neutral and charged particle with excellent resolution, PID, and large coverage.  

Total weight 730 ton, 

~40,000 readout 

channels, Data rate: 

5kHz, 50Mb/s 

Has been in full operation since 2008,  all subdetectors are in very good status! 
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Cylindrical Gas Electron Multiplier Inner Tracker (CGEM-IT) 

 Three layers of cylindrical triple GEM to replace the inner MDC 

 Improve spatial resolution along the beam axis (< 300 μm), rate 

capability, and radiation hardness 

Status and timeline 

• Software review on Dec. 1st,  2023 

• Performance review on Feb. 20th  2024  

• Overall assessments of Installation (March, 2024)   

• Installation in October 2024 during the BEPCII-upgrade  

Extraction of inner draft chamber on Sep. 14th 

Ready for installation on Oct. 2nd Completed on Oct 18th! 
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Rich Physics at t-charm Energy Region 

• Hadron form factors 
• R values and QCD 

• Light hadron spectroscopy 
• Gluonic and exotic states 
• Physics with t lepton  

• XYZ particles 
• Charm mesons 
• Charm baryons  
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BESIII data samples: rich physics  
Data sets collected so far include 

 10 × 109  J/ψ  events  

 2.7 × 109  ψ 2𝑆  events  

 20 fb-1 ψ 3770  

 Scan data between  

      1.84-1.97 GeV (13 points, 25 pb-1) 

      2.0 - 3.08 GeV,  

      and above 3.74 GeV  

 Large datasets for XYZ studies:  

      scan with >500 pb-1 per energy point  

      space 10 – 20 MeV apart   

 

Totally about 50 fb-1  integrated luminosity from 1.84-4.95 GeV 

 Entangled hadron pair-productions  

      near thresholds: form-factors,  

      relative phase, polarization and CP violation.  

 

Hadron structure & dynamics in the non-perturbative QCD regime 
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Publications and achievements  

BESIII累计投稿680余篇论文，130篇PRL。 

2024年发表110余篇，25余篇PRL。 

• 110 papers published by BESIII in 2024 

• 74 papers submitted by BESIII as of April 14, 2025 

9 
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Known initial 4-momentum 

Known beam energy: pair productions 

Decay with neutron & 𝛑0 

Decay with invisibles: neutrinos   

Missing mass or missing energy   
Σ+ → 𝑝𝜋0 

Single  tag 

e+ e- 

Advantage: unique data near to the thresholds 
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Excellent resolution 

Beam-constraint Lc mass 

Neutrino reconstruction  

Double tag  
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Advantage: data near to the thresholds  

 Meson and Baryon pairs productions near  
     thresholds: form-factors, relative phase;  

 Hyperon and charmed baryon entangled  

     Spin polarization;   

 CP violation with quantum-entangled  
     hadron pairs.  
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Updated R values at BESIII 

12 

• 14 fine-scan data points from 2.23-3.67 GeV 
• Important inputs for SM-prediction of g-2 

BESIII PRL128, 062004 (2022)  

R m-

e+

e-

m+

hadrons
-e

e+

q-

q

s

s

flavor

color

= SQf
2

lowest

order

黄光顺 3rd BESIII-BelleII-LHCb · 2025.6 长沙 

http://link.aps.org/doi/10.1103/PhysRevLett.128.062004
http://link.aps.org/doi/10.1103/PhysRevLett.128.062004
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The uncertainty  will be reduced to 2% -3 % 
(by a factor of 2-3) 

• R values in full range 1.84 - 4.95 GeV to come soon. 
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Inclusive 𝝅𝟎 and 𝑲𝑺 productions in 𝒆+𝒆− annihilations 

PRL 130 (2023) 231901 

• Broad relative hadron energy range zh from 0.1 to 0.9 with precision of around 3% at zh ∼ 0.4.  

• Results significantly deviate from several theoretical calculations based on the existing FFs  

• Provide brand new inputs in low-energy region to global fits of fragmentation function 

14 
黄光顺 3rd BESIII-BelleII-LHCb · 2025.6 长沙 



Baryon Electromagnetic form factors (EMFF) 

15 

15 

PRL 123, 122003 (2019) 

PRD 91, 112004 (2015) 

 Nat. Phys. 17, 1200 (2021) 

Baryon  
EMFFs 

Threshold 
effect 

Complete 
EMFF 

CP 
measurement 

Weak 
radiative 
baryon 
decay 

PRL 124, 042001 (2020)  PRL 131,191901 (2023) 

PRL 131,191901 (2023) 

Nat.Sci.Rev. 8 (2021) 11, nwab187 

More precise results input 

to non-pQCD and SM! 
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Highlight: light spectroscopy  
Light hadrons via Electron-positron annihilations,  charmonium decays, charmed hadron decays,  

two-photon processes …  

It is crucial to search for light exotic states: glueball, hybrid, multi-quark states …  

Rich light scalars, missed excited baryons …     
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Evidence for Two Excited 𝛀− Hyperons 
BESIII, Phys. Rev. Lett. 134, 131903 (2025)  

 Discovered a Glueball-like Particle – X(2370) 
 BESIII, Phys. Rev. Lett. 132, 181901 (2024) 

Discovery of fine structure near proton- 
anti-proton threshold:: X(1840) and X(1880),  
 BESIII, PRL132 (2024) 151901 
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Hadron spectroscopy: high-statistics data  

58 million 

225 million 

10 billion  

Structure 

More structures 

Fine structures 

PRL106(2011)072002  

 PRL129 (2022) 042001  

X(1835)  

PRL 95(2005) 262001   

J/ψ→γ𝛈′𝛑+𝛑− 

Rich spectra 

17 
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Highlight: light hadron from charmed hadron decays  

Phys. Rev. Lett. 123, 112001 (2019) 

W-Annihilation 

Phys. Rev. Lett. 132, 131903 (2024) 

W-Emission 

Phys. Rev. D 110, L111102 (2024) 

W-Emission & W-Exchange 

Phys. Rev. Lett. 134, 021901 (2025) 

W-Emission & W-Exchange 
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Highlight: light hadron from charmed hadron decays  

Phys. Rev. Lett. 132, 141901 (2024) 

Phys. Rev. Lett. 134, 011904 (2025) 

Phys. Rev. Lett. 122, 062001 (2019) 

Still being controversial! 

19 
黄光顺 3rd BESIII-BelleII-LHCb · 2025.6 长沙 



Highlight: light hadron from charmed hadron decays  

Phys. Rev. D 104, 012016 (2021) Phys. Rev. D 105, L051103 (2022) 

One order of magnitude 
larger than the expectation! 

Phys. Rev. Lett. 129, 182001 (2022) 
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Highlight: Puzzle of  decays in charm 

Phys. Rev. Lett. 134, 011904 (2025)  arXiv:2503.11383  
arXiv:2501.04451  

 In 𝑫𝒔
+ → 𝝅+𝝅+𝝅−𝝅𝟎,  𝑫𝒔

+ → 𝝅+𝝅+𝝅−𝝅𝟎𝝅𝟎 and 𝑲𝑺
𝟎𝑲𝑳

𝟎𝝅+decays, Relative Branching 
Fraction of φ meson deviate from PDG;  

 More results are coming. New mechanism?  

21 
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CPV in hyperon decays, # events we need?  

22 

CPV in SM is small ：                                                # events                Experiments 

B meson   :           O(1)      discovered (2001）      103                             𝑩 𝒇𝒂𝒄𝒕𝒐𝒓𝒚  

K meson   :           O(10-3)  discovered (1964）      106                           𝑭𝒊𝒙 𝒕𝒂𝒓𝒈𝒆𝒕𝒔  

D meson   :          O(10-4)  discovered(2019）        108                          LHCb     

Hyperon  :            O(10-4)   no evidence (10-2)     O(108)                          𝑭𝒊𝒙 𝒕𝒂𝒓𝒈𝒆𝒕𝒔  

                                                                                                                          BESIII ?    

Flavor-SU(3) Octet of spin ½   Flavor-SU(3) Decuplet of spin 3/2 

W-  was predicted by quark model 
Discovered in 1964 at BNL.  
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BESIII: A hyperon factory 

23 

10 billion 𝑱/𝝍 and 2.7 billion 𝝍(2S) events collected  

 Large BRs in  𝑱/𝝍  decays : 𝟏𝟎𝟕 entangled hyperon pairs  

 Quantum entangled pair productions  

 Background free  

Hai-Bo Li,  arXiv:1612.01775 

Σ+ → 𝑝𝜋0 

Single  tag 

e+ e- 
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The amplitude of spin ½ baryon 𝐵𝑖  decay to a spin ½ baryon 𝐵𝑓 

and 𝜋: 

𝓐~𝑆𝜎0 + 𝑃𝝈 ⋅ 𝒏  

The decay parameters are defined as: 

 

 

Two complex amplitudes: 

𝑆 = Σ𝑖𝑆𝑖𝑒
𝑖(𝜙𝑖

𝑆+𝛿𝑖
𝑆), 𝑃 = Σ𝑖𝑃𝑖𝑒

𝑖(𝜙𝑖
𝑃+𝛿𝑖

𝑃) 

Under CP transformation: 

𝑆 = −Σ𝑖𝑆𝑖𝑒
𝑖(−𝜙𝑖

𝑆+𝛿𝑖
𝑆), 𝑃 = Σ𝑖𝑃𝑖𝑒

𝑖(−𝜙𝑖
𝑃+𝛿𝑖

𝑃) 

If CP conserved:  𝑆 
   𝐶𝑃   

− 𝑆 

CPV in hyperon decay 

Phys. Rev. 108, 1645 (1957) 

24 

𝐶𝑃𝑉 

observables 

Δ =
Γ−Γ 

Γ+Γ 
  

𝐴 =
Γ𝛼 + Γ 𝛼 

Γ𝛼 − Γ 𝛼 
≈
𝛼 + 𝛼 

𝛼 − 𝛼 
+ Δ 

𝐵 =
Γ𝛽 + Γ 𝛽 

Γ𝛽 − Γ 𝛽 
≈
𝛽 + 𝛽 

𝛽 − 𝛽 
+ Δ 

𝝓 weak phase,  𝜹 strong phase 

  𝑃 
   𝐶𝑃   

 𝑃 

𝛼 
   𝐶𝑃   

 𝛼 = −𝛼 

𝛽 
   𝐶𝑃   

𝛽 =  −𝛽 

CP observables in hyperon decays  

PRD 34, 833 1986  
hep-ph/991023 
hep-ph/0002210 
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CP observables in hyperon decays  

25 

PRD 34,833 1986  
hep-ph/991023 
hep-ph/0002210 

John F.  Donoghue Xiao-Gang He Sandip Pakvasa 

PRD 34,833 1986  

Decay width difference Δ =
Γ−Γ 

Γ+Γ 
≈ 2

𝑇3
2

𝑇1
2

sin Δ𝑠 sin 𝜙𝐶𝑃  

Decay parameter difference 𝐴 =
Γ𝛼 + Γ 𝛼 

Γ𝛼 − Γ 𝛼 
≈ tan Δ𝑠 tan𝜙𝐶𝑃 

Decay parameter difference 𝐵 =
Γ𝛽 + Γ 𝛽 

Γ𝛼 − Γ 𝛼 
≈ tan𝜙𝐶𝑃 

−𝟓. 𝟒 × 𝟏𝟎−𝟕 

−𝟎. 𝟓 × 𝟏𝟎−𝟒 

𝟑. 𝟎 × 𝟏𝟎−𝟑 

Not sensitive to 𝐶𝑃𝑉 

Easiest to measure 

Polarization of decayed 

baryon needs to be measured 

Ξ−, Ξ0, Ω− cascade decay 

SM Prediction of  

𝚲 decay 
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Parity conservation : A½  ½  =A-½  -½  parity conservation : A½  -½  =A-½  ½  

  D𝚽= complex phase between A½  ½  and A½  -½  
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Entangled & Polarized hyperon pairs produced in 𝒆+𝒆− collisions 

From Steve Olsen 
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Unpolarized part  

Polarized part  

Entangled part  

Correlated 5-dim. angular distribution 

Polarization-term can be used to determine a- and a+ simultaneously 
L 

27 

If  D𝚽 ≠ 0, L and L are transversely polarized 
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The most precise 𝐂𝐏 𝐭𝐞𝐬𝐭 𝒊𝒏 𝜦 and 𝜦 decay 

 10 billion 𝐽/𝜓 Paras. This Work (10 billion 𝑱/𝝍) Previous Results (1.3 billion 𝑱/𝝍) 

𝜶𝑱/𝝍 𝟎. 𝟒𝟕𝟒𝟖 ± 𝟎. 𝟎𝟎𝟐𝟐 ± 𝟎. 𝟎𝟎𝟐𝟒 𝟎. 𝟒𝟔𝟏 ± 𝟎. 𝟎𝟎𝟔 ± 𝟎. 𝟎𝟎𝟕 

𝚫𝚽 𝟎. 𝟕𝟓𝟐𝟏 ± 𝟎. 𝟎𝟎𝟒𝟐 ± 𝟎. 𝟎𝟎𝟖𝟎 𝟎. 𝟕𝟒𝟎 ± 𝟎. 𝟎𝟏𝟎 ± 𝟎. 𝟎𝟎𝟗 

𝜶− 𝟎. 𝟕𝟓𝟏𝟗 ± 𝟎. 𝟎𝟎𝟑𝟔 ± 𝟎. 𝟎𝟎𝟏𝟗 𝟎. 𝟕𝟓𝟎 ± 𝟎. 𝟎𝟎𝟗 ± 𝟎. 𝟎𝟎𝟒 

𝜶+ −𝟎. 𝟕𝟓𝟓𝟗 ± 𝟎. 𝟎𝟎𝟑𝟔 ± 𝟎. 𝟎𝟎𝟐𝟗 −𝟎. 𝟕𝟓𝟖 ± 𝟎. 𝟎𝟏𝟎 ± 𝟎. 𝟎𝟎𝟕 

𝑨𝑪𝑷 −𝟎. 𝟎𝟎𝟐𝟓 ± 𝟎. 𝟎𝟎𝟒𝟔 ± 𝟎. 𝟎𝟎𝟏𝟏 −𝟎. 𝟎𝟎𝟔 ± 𝟎. 𝟎𝟏𝟐 ± 𝟎. 𝟎𝟎𝟕 

𝜶𝒂𝒗𝒈 𝟎. 𝟕𝟓𝟒𝟐 ± 𝟎. 𝟎𝟎𝟏𝟎 ± 𝟎. 𝟎𝟎𝟐𝟎 --- 

Nat. Phys. 15, 631 (2019) 10 billion J/𝝍, Phys. Rev. Lett. 129, 131801 (2022) 

 Standard model prediction : ACP~ 10-4 (PRD 34, 833 (1986)) 

More than 10  
standard 
deviation  
shift from all  
previous  
measurements 

Polarization: max 25% 

28 

Sensitivity of ACP  ：  
below 0.5% 
unprecedented  
precision  
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The perfect reaction for hyperon 𝐶𝑃𝑉 searches! 

𝑒+𝑒− → 𝐽/𝜓 → ΞΞ   
↳ 
↳ 

↱ 𝚲𝝅
 

↱ 
𝒑𝝅− 

𝒑 𝝅+ 

𝚲 𝝅 

Λ 

Λ  

Search for CPV in 𝚵 decay 
Phys. Rev. D 99, 056008 (2019) 

Phys. Lett. B  772, 16 (2017) 

Through the sequential decays of Ξ, the CPV phase 

can be directly measured! 
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1.3 billion 𝐽/𝜓 

Search for CPV in 𝚵 decay 

10 billion 𝐽/𝜓 

Phys. Rev. D 108, L031106 (2023) 

PRD(L) Editor’s Suggestion 

The precision of our analysis (73K Ξ−Ξ +) is comparable 

with the measurement from HyperCP (144M events), 

which means that the accuracy of a single event is more 

than 1000 times higher than HyperCP! 

First measurements of the 

weak (CPV) phase 

difference in Ξ−/Ξ0 decays 

Three CP tests in 

Ξ−/Ξ0 decays 

The results of 10B 𝐽/𝜓 is on the way! 

Ξ0 Ξ− 

320K Ξ0Ξ 0 pairs 
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• Opposite directions of the Σ+ polarization in 𝐽/𝜓 

and 𝜓 3686  decays  
 

• Most precise measurements of the Σ+ decay 

parameters 

 

• Most precise CP test in the decays of Σ+ 

Polarization and CP test in Σ+Σ −  J/𝜓 𝑎𝑛𝑑 𝜓 2𝑆 → Σ+Σ − 

Polarizations of Σ+ 
𝒆+𝒆− → 𝑱/𝝍,𝝍(𝟑𝟔𝟖𝟔) → 𝚺+𝚺 −,  𝚺+ → 𝒑𝝅𝟎, 𝚲 → 𝒑 𝝅𝟎 

10B 𝐽/𝜓 and 2.7B 𝜓(3686)  

Phys. Rev. Lett. 131, 191802 (2023) 

arXiv:2503.17165, submitted to PRL 

Polarization ratio of Σ+ between 𝐽/𝜓 and 𝜓(3686) decays 

1.12 M Σ+Σ − pairs reconstructed 
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Phys. Rev. Lett. 133 (2024) 10, 101902 
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 Phys. Lett. B 788, 535 (2019) 

Polarizations 

of Σ0 

Search for Strong CPV in 𝚺𝟎(→ 𝚲𝜸) decay 

The CPV sources in SM: 

• Weak interaction, CKM (observed, but too small) 

• Strong interaction, 𝜃-term (Not yet observed) 

The Transition EDM 

of  Σ0(→ Λ𝛾)  
Neutron EDM 

SU(3) symmetry 

𝑒+𝑒− → 𝐽/𝜓,𝜓(3686) → Σ0 → Λ𝛾 Σ 0 → Λ 𝛾 , Λ → 𝑝𝜋−, Λ → 𝑝 𝜋+ 

10 B 𝐽/𝜓 and 2.7 B 𝜓(3686) 

Opposite directions of the Σ0 polarization 

The first strong-CP test in hyperon decays. 

The first attempt to measure the P-

violating decay parameter of Σ → Λ𝛾. 

Similar behavior is 

observed in Σ+, 

but not in Λ or Ξ! 

Phys. Rev. Lett. 133 (2024) 10, 101902 
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More and more  𝑱/𝝍 needed 

33 

10 Billions of hyperon pairs produced  

Billion of hyperon pairs reconstructed   

CPV： 𝟏𝟎−𝟒  − 𝟏𝟎−𝟓 

Challenge the Standard Model 

𝟏𝟎𝟏𝟑 𝑱/𝝍 per year 

Current technology “Topup” × 2   +   
improved technology “monochromatic collision” × 10 +  
Someday with new facility (𝑱/𝝍 factory) × 100 

BESIII  collected  
10 billion 𝑱/𝝍  
(4 million hyperons) 

X.G. He et al. Sci.Bull. 67 (2022) 1840-1843: 

何小刚 
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4. 𝟐𝝈 

 Radiative decay: Σ+ → 𝑝𝛾 in 𝐽/𝜓 → Σ+Σ − 

34 

𝐽/𝜓 Σ
+ 

Σ − 
𝑝  

𝛾 

𝑝 

𝜋0 

𝛾 𝛾 

𝑒+ 

𝑒− 

Σ+ → 𝑝𝜋0 
data 

Σ − → 𝑝 𝜋0 
data 

The decay rate deviates from 
 previous value by 4.2σ 

Signal side: momentum distributions of proton in the rest frame of Σ : 

The decay rate  (0.996 ± 0.022𝑠𝑡𝑎𝑡 ± 0.017𝑠𝑦𝑠𝑡) × 10−3 

The decay parameter:  −0.651 ± 0.056𝑠𝑡𝑎𝑡 ± 0.020𝑠𝑦𝑠𝑡  

The CP asymmetry is calculated to be 

BESIII: PRL130, 211901(2023) 
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Radiative decay: 𝚲→𝒏𝜸 in  
 

𝜦 → 𝒏𝜸 𝚲 → 𝒏 𝜸 

Variables Λ→γn Λ →γ𝒏  

BF (× 103) 0.834±0.046±0.
064 

0.876±0.071±0.
082 

αγ -0.13±0.13±0.02 0.21±0.15±0.06 

𝛥𝐶𝑃 −0.025 ± 0.049 ± 0.060 

𝐴𝐶𝑃 −0.25 ± 0.61 ± 0.15 

BF of 𝛬 → 𝑛𝛾, with improved precision, smaller than PDG value by 5.5𝜎 

BESIII: PRL 129, 212002 (2022)  

 Theoretical attentions: L.S. Geng, Q. Zhao, R.M. Wang  et al.   

35 

𝟓. 𝟓𝝈 
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http://arxiv.org/abs/2206.10791
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Absolute BF measurement of 𝜦 → 𝒑𝝁−𝝂 𝝁 

Consistent 

with LFU 

)2c/GeV(
tag
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)
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/(
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0.4
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0.6

6
10´ 𝑁𝑆𝑇 = 14, 609, 800 ± 7, 117            𝑁𝐷𝑇 = 64 ± 9 

 Update measurement after a 50-year hiatus 

 The first study of its absolute BF 

 The most precise result to date 

𝑅𝜇𝑒 =
ℬ(𝛬 → 𝑝𝜇−𝜈 𝜇)

ℬ(𝛬 → 𝑝𝑒−𝜈 𝑒)𝑃𝐷𝐺
= 0.178 ± 0.028 

First absolute BF measurement 

ℬ Λ → 𝑝𝜇−𝜈 𝜇 = (1.48 ± 0.21 ± 0.08) × 10−4 

Δ𝐶𝑃 =
ℬ𝛬→𝑝𝜇−𝜈 𝜇 − ℬ𝛬 →𝑝 𝜇+𝜈𝜇
ℬ𝛬→𝑝𝜇−𝜈 𝜇 + ℬ𝛬 →𝑝 𝜇+𝜈𝜇

= 0.02 ± 0.14 ± 0.02 

Test lepton flavor universality  

Search for CP violation 

Consistent 

with CP symmetry 

Phys. Rev. Lett. 127, 121802 (2021) 

0.153 ± 0.008 

The results for 𝚲→𝒑e−𝝂e  
will come soon.  
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Searching for hyperon EDM at BESIII 

𝒜 = 𝜖𝜇 𝜆 𝑢 𝜆1 𝑭𝑽𝛾
𝜇 +

𝑖

2𝑀Λ
𝜎𝜇𝜈𝑞𝜈𝑯𝝈 + 𝛾𝜇𝛾5𝑭𝑨 + 𝜎𝜇𝜈𝛾5𝑞𝜈𝑯𝑻 𝜈(𝜆2) 

  
 
 
 
 
 
Dominant contribution 
 
Psionic form factor 
𝑭𝑽 and 𝑯𝝈 
can also be represented as 𝑮𝟏 
and 𝑮𝟐 
 

 
 
 
 
 
 
𝑃 violation term 
 
Complex form factor, 𝐹𝐴 ≠ 0 
indicate 𝑃 violation 
 
 
 

 
 
 
 
 
 
𝑯𝑻 is included in this term 

𝐻𝑇(𝑞
2) =

2𝑒

3𝑚𝐽𝜓
2 𝑔𝑉𝑑𝐵(𝑞

2) 

Assuming 𝑑𝐵(𝑞
2) ≡ 𝑑𝐵(0) 

 

𝑑𝐵(𝑞
2): electric dipole form factor 

𝑑𝐵 0   : electric dipole moment 
Physics Letters B 551 (2003) 16–26 

Detailed dynamics in 𝐽/𝜓 decay to hyperon pair, have been studied: 

arXiv:hep-ph/0412158 

X.G.He, J.P. Ma, Phys.Lett.B 839(2023)137834  

何小刚 马建平 
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Sensitivities of  hyperon EDM at BESIII 

Jinlin Fu, Hai-Bo Li, Jianpeng Wang, Fusheng Yu, and Jianyu Zhang, arxiv: 2307.04364 38 
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Overpopulated observed charmonium-like states, i.e. “XYZ”: 
• Most of them are close to the mass thresholds of charmed meson pairs 

• Some are not accommodated as conventional meson  
==> candidate of exotic hadron states 

• More efforts are needed to pin down their nature 

Overpopulated charmonium spectrum  

BEPCII energy  

arXiv:1511.01589, arXiv:1812.10947 
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Highlight: Production and decay properties of ℎ𝑐 

𝜋0 

𝜋𝜋, 𝜂 

𝐵𝑟: 7.4 × 10−4 

𝜎 𝜋𝜋ℎ𝑐 ~50 pb 
𝜎 𝜂ℎ𝑐 ~10 pb 

2.7Billion 

 

 𝑃-wave singlet charmonium state, first observed by CLEO  

 First measurement of 𝐵[𝜓′ → 𝜋0ℎ𝑐] by BESIII 

 2M ℎ𝑐 particle in 2.7B 𝜓′ events, possible to explore ℎ𝑐 decay 

mode with 𝐵𝑟~10−4; 0.7M ℎ𝑐 particle from XYZ scan 

sample 

 Decay of ℎ𝑐:  

• pQCD prediction: ℎ𝑐 → 𝛾𝑔𝑔~5.5%  

• pQCD and NRQCD predictions of ℎ𝑐 →light hadrons: 48% and 8% 

 

 

 

PRL95, 102003 (2005) 

PRL104, 132002 (2010) 

PRD 66, 014012 (2002) 
PRD 65, 094024 (2002) 

arXiv: 2501.15447 
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Highlight: Production and decay properties of ℎ𝑐 

ℎ𝑐 sideband region 

ℎ𝑐 → 𝛾𝑓2(1270) 

5.4𝜎 7.5𝜎 

11.8𝜎 6.4𝜎 

arXiv: 2501.15447 

5.1𝜎 

Observation of 𝒉𝒄radiative decays and 𝒉𝒄 → 𝜸𝒇𝟐(𝟏𝟐𝟕𝟎) 

41 
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Highlight: measurements of 𝜂𝑐 → 𝛾𝛾 

• As the simplest decay of 𝜂𝑐，𝜂𝑐 → 𝛾𝛾 serves as a benchmark for QCD calculation. 

• Most measurements come from the time reversal process 𝛾𝛾(∗) → 𝜂𝑐 
• BESIII has the unique opportunity to directly measure 𝜂𝑐 → 𝛾𝛾 via 𝐽/𝜓 → 𝛾𝜂𝑐 (first 

observation) or ℎ𝑐 → 𝛾𝜂𝑐 (absolute branching fraction, most precise). 

• Measured 𝐵(𝐽/𝜓 → 𝛾𝜂𝑐) × 𝐵(𝜂𝑐 → 𝛾𝛾) is consistent with theoretical predictions, while the 

individual 𝛤(𝜂𝑐 → 𝛾𝛾) deviates from the most recent LQCD prediction by more than 3𝜎. 

arXiv: 2412.12998 

PRL134, 181901 (2025) 

evidence 

observation ! 

𝐽/𝜓 → 𝛾𝜂𝑐(→ 𝛾𝛾) 

𝛤(𝜂𝑐 → 𝛾𝛾) = (11.30 ± 0.56stat. ± 0.66syst. ± 1.14ref.) keV 

Phys. Rev. D 87 (2013) 3, 032003 arXiv: 2412.12998 

most 
precise 

ℎ𝑐 → 𝛾𝜂𝑐(→ 𝛾𝛾) 

in preparation 
Precise test of LQCD: hyperfine mass splitting  

The first measurement of absolute branching fraction  

via ℎ𝑐 → 𝛾𝜂𝑐 will provide a brand new reference  

42 
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The vector Y states from scan data near open-charm thresholds 

BESIII Resolution: 1 - 2 MeV Belle Resolution: about 5-10 MeV 

Fine structures of Charmonium-like states are seen at BESIII with scan data!  

PRL 110 (2013) 252002  

Phys.Rev.D 102 (2020) Phys.Rev.Lett. 118 (2017)  

Y(4230) 
Y(4360) 

Y(4660) 

𝒆+𝒆− → +−J/ψ 

Y(4260)  Y(4230)  
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More Y states: Y(4500) ,Y(4710) and Y(4790) 
PRL130, 121901 (2023) PRD107, 092005 (2023) e+e- 𝐷∗0𝐷∗−𝜋+  e+e-  KSKSJ/y 

PRL131, 211902 (2023)  e+e-K+K-J/y PRL, 131.151903 （2023） 𝜓 4160  or 𝜓 4230  

𝜓 4415 ? 

Y(4790)  

e+e-𝐷𝑠
∗+𝐷𝑠

∗− 

Y(4230) 

Y(4230) 

Y(4500) 

Y(4660) 
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https://doi.org/10.1103/PhysRevLett.131.211902
https://doi.org/10.1103/PhysRevLett.131.211902


How many vectors in charmonium energy region? 

Y(4230), Y(4320),  

Y(4360), Y(4390) 
Y(4660), 

Y(4710), Y(4790) 

Y(4500) 

Besides vector charmonium (𝑐𝑐 ) states, we also expect 𝑐𝑐 𝑔 

hybrids, and 𝑐𝑐 𝑞𝑞  tetraquark states. Have they already been 

observed? 

           More theoretical/experimental efforts necessary! 

 

Between 3 and 5 GeV: 
6 y + 8 new charmonium-like states  

45 
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黄光顺 46 

BESIII Prospects 

Chin. Phys. C 44, 040001 (2020) 
[arXiv:1912.05983 [hep-ex]]. 

Int. J. Mod. Phys. A 24, S1-794 (2009) 
[arXiv:0809.1869 [hep-ex]]. 

              yellow book                                                                  white book 
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White book: planned future data 

 

Completed 2024 ✓ 

✓ 

Only part 2024 

BEPCII-U 

 Another 6 years running to collect >60 fb-1 data at different energies .   
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1.84-1.97 GeV: low extremes of BEPCII 
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Data at 13 energies, allow access to vicinity 
of nucleon-pair  production thresholds. 
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BEPCII upgrades in 2024  

BEPCII upgrade (installation: 2024. 7- 2024. 12)  

Highest beam energy:  2.8  GeV 

Luminosity: 1.2× 𝟏𝟎𝟑𝟑 cm-2s-1 （ 4.0 ~ 5.0 GeV） 

                     (0.4-0.7) × 𝟏𝟎𝟑𝟑  cm-2s-1 （ 5.0 ~ 5.6 GeV） 

BESIII will collect about 60 fb-1 between 4.0 – 5.6 GeV, and to 

study potential physics:  

Cover energy up to 5.6 GeV  

Deeper studies of the XYZ states  

Study the ground-state charmed baryons 

Provide information on charm-quark fragmentation function  

49 
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Summary 
 

 BESIII is running smoothly,  and very productive now; 

 BEPCII upgrades have been finished in 2024, more data taking above 4.0 GeV, up to 5.6 GeV to study: excited 

charmonium, charmonium-like states, XYZ particles,  charmed baryon …  

 Advantages at BECPII/BESIII:  scan data near thresholds,  quantum-entangled meson and baryon pairs 

 BESIII plays leading role in hadron physics,  flavor physics (charmed hadron and strange hadron). 

2035 

Strong phase in  

neutral D decay 

2021 

Charm is still needed for precise test of the SM! 
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