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① Motivation
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Matter-antimatter asymmetry
• Sakharov three conditions [1] :

1. Baryon number B violation
2. 𝑪 and 𝑪𝑷 symmetry violation (CPV)
3.  Interactions out of thermal equilibrium
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𝛿 ≠ 0 ⇒ 𝐕𝐂𝐊𝐌∗ ≠ 𝐕𝐂𝐊𝐌

CKM mechanism [2] 

• QCD “vacuum angle”𝜃̅：

• Measuring the Electric Dipole Moment (EDM) of atomic 
nuclei, atoms, and molecular systems：

𝓛!𝜽 = − 𝜶𝒔
𝟏𝟔𝝅𝟐

$𝜽𝐓𝐫(𝑮𝝁𝝂*𝑮𝝁𝝂)

|𝒅𝒏| < 𝟏𝟎*𝟐𝟔𝒆 · 𝒄𝒎 ⇒ &𝜽 < 𝟏𝟎'𝟏𝟎

Strong CP process [3]

• CPV in Standard Model (SM)

CPV in SM not sufficient to explain matter-antimatter asymmetry
necessary to search for new CPV sources beyond SM!

[1] Pisma Zh. Eksp. Teor. Fiz., 1967, 5: 32-35.
[2] Phys.Rev. 108 (1957) 1645-1647 
[3] Comptes Rendus Physique, 13.2 (2012), 168-175. 



Electric Dipole Moment
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• Electric Dipole Moment (EDM) 

𝜹 = 𝑑 𝜇*
𝒔
2

• Magnetic Dipole Moment (MDM) 

𝝁 = 𝑔 𝜇*
𝒔
2

Particle spin: 𝒔 = Tr 𝜌𝝈 = +
ℏ
7𝑺

Magneton： 𝜇*
Electric dipole factor：𝑑
Magnetic dipole factor：𝑔 • 𝑻 violation ↔ 𝑪𝑷 violation, if 𝑪𝑷𝑻 holds.

• Non-zero EDM is a signal of CPV



Why we choose Hyperon EDM?
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Effective Field Theory
Bridging fundamental 
theories and experimental 
measurement.

• EDM is very sensitive to 
BSM physics across broad 
range of energy scales.

• e.g., Strange quark may 
have special coupling with 
new physics.



How to measure EDM?
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• Direct approach: spin precession
• Measuring spin polarization dynamics in electromagnetic 

fields (𝑑𝒔/𝑑𝑡)
• Extracting EDM & MDM utilizing spin precession (𝑑 & 𝑔)

Requirements:
• Sizable polarized 

particle source
• Enough lifetime to 

process
Direct method is particularly
challenging for short-lived hyperons!



EDM status
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[1]

• EDM measurement in particle physics is relatively scarce.
• In hyperon family, only 𝚲 EDM measured directly with large uncertainty. [2]

[1] J. Phys. G 47 (2020) 1, 010501
[2] Phys. Rev. D 23 (1981) 814–816

Best measurements limits from 
experimental results

Expected experimental results 
in the next few years

Safe BSM discovery territory

SM estimates from QCD 𝜃̅ term 
(based on 𝑑- measurement)

SM estimates from CKM



What can BESIII do? (1)
BESIII: A hyperon factory

• 10 billion 𝑱/𝝍 events collected at BESIII:

• Large Br. in 𝐽/𝜓 decay

• Quantum entangled pair productions

• High efficiency, background free
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Front. Phys. 12(5), 121301 (2017), Phys. Rev. D 100, 114005 (2019)

~𝟏𝟎𝟕 entangled hyperon pairs can be studied.



What can BESIII do? (2)
• Indirect approach：time-like dipole form factors (𝒒𝟐 ≠ 𝟎)

• Extract form factors from full angular analysis
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X.G.He, J.P. Ma, Bruce McKellar, Phys.Rev.D47(1993)1744
X.G.He, J.P. Ma, Phys.Lett.B 839(2023)137834 

J.L.Fu, H.B.Li, et. al, Phys. Rev. D 108, L091301 (2023)



② EDM Measurement

2025/8/14 BESIII Meeting 11



Production of 𝐽/𝜓
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• Considering Z" contribution, 𝐽/𝜓 has longitudinal polarization, denoted by 𝑷𝑳

weak mixing angle

𝑃@ =
𝜌AA − 𝜌BB
𝜌AA + 𝜌BB

𝝆𝒎𝒎,: 𝐽/𝜓 spin density matrix



Decay dynamics in 𝑱/𝝍 → 𝑩(𝑩

2025/8/14 BESIII Meeting 13

← EDM factor



• Spin density matrix of 𝐵 '𝐵:

• Total angular distribution of 𝐽/𝜓 decay:
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Full angular formula of 𝒆!𝒆" → 𝑱/𝝍 → 𝑩'𝑩

Jinlin Fu, Haibo Li, et. al, Phys. Rev. D 108, L091301 (2023)

, Σ!



Helicity angles 

2025/8/14
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Decay channel Angles

𝐽/𝜓 → 𝚲&𝚲, Λ &Λ → 𝑝𝜋 5
𝐽/𝜓 → 𝚺.&𝚺',  Σ. LΣ' → 𝑝𝜋 5
𝐽/𝜓 → 𝚺𝟎&𝚺𝟎,  Σ/ LΣ/ → Λ𝛾,  Λ &Λ → 𝑝𝜋 7
𝐽/𝜓 → 𝚵'&𝚵.,  Ξ' LΞ. → Λ𝜋,  Λ &Λ → 𝑝𝜋 9
𝐽/𝜓 → 𝚵𝟎&𝚵𝟎,  Ξ/ LΞ/ → Λ𝜋,  Λ &Λ → 𝑝𝜋 9

Right-hand coordinate system 

( 𝐽/𝜓 → Ξ'LΞ. )

BESIII Meeting



EDM sensitivity estimation

• SM: Hyperon EDM ~10BPQ𝑒 · 𝑐𝑚

• BESIII: Expected statistics 
~𝟏𝟎B𝟏𝟗𝒆 · 𝒄𝒎
• Improved 𝚲 EDM up-limit 

(FermiLab[2]: 𝑑% < 10&'(𝑒 · 𝑐𝑚)

• First measurement on 𝚺 and 𝚵 EDM

• STCF: Improved by 2 order of 
magnitude
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Phys. Rev. D 23 (1981) 814–816

Jinlin Fu, Haibo Li, et. al, Phys. Rev. D 108, L091301 (2023)



Data set
• 10 billion J/ψ data sample at 𝑠 = 3.097GeV

• 224.0 ± 1.3 ×10( events in 2009
• 1088.5 ± 4.4 ×10( events in 2012
• 8874.0 ± 39.4 ×10( events in 2017~2019

• After event selection, separately:
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Decay channel BOSS version Signal yields Purity

𝐽/𝜓 → 𝚲J𝚲 7.0.5 3,045k 99.9%
𝐽/𝜓 → 𝚺)J𝚺&

7.0.8

~ 500k > 98%
𝐽/𝜓 → 𝚺𝟎J𝚺𝟎 ~ 1,000k > 99%
𝐽/𝜓 → 𝚵&J𝚵) ~ 500k > 99%
𝐽/𝜓 → 𝚵𝟎J𝚵𝟎 ~ 300k > 98%



Monte Carlo Samples
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• Inclusive MC Sample:
• 10 billion J/ψ events

• For background study and event selection optimization

• PHSP signal MC Sample:
• For maximum likelihood fit

• DIY signal MC Sample:
• Input values fixed to published values 

• For data/MC comparison and systematic uncertainty analysis



EDM extraction from angular fit (1)

• Likelihood function: 
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• Variables: Helicity angles event by event

𝜉+ = (𝜃'+ , 𝜙'+ , 𝜃,+ , 𝜙,+ …) for 𝑖-th event

• Fitting parameters: Form factors and Decay parameters 
𝜔 = (𝑅𝑒 𝐺, , 𝐼𝑚 𝐺, , 𝑃-, 𝑅𝑒 𝐹. , 𝐼𝑚 𝐹. , 𝑅𝑒 𝐻/ , 𝐼𝑚 𝐻/ , 𝛼0, 𝛼 10…) 

• Normalization factor: Calculated from PHSP MC integral

Through maximum likelihood fit, EDM and other parameters 
can be extracted simultaneously.

Reminder：

𝐻- =
2𝑒

3𝑚./0
1 𝑔2𝑑3



EDM extraction from angular fit (2)

• Likelihood function: 
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• Helicity angular distribution:

• Detection efficiency: 𝜖(𝜉+)
• Signal component: 

• Minimum function: 𝑺 = −𝒍𝒏𝓛

Through maximum likelihood fit, EDM and other parameters 
can be extracted simultaneously.

[
𝒮 𝑚+ 2+3 = 1
𝒮 𝑚+ 453 = −1



Blind analysis
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To avoid personal biases, blind analysis is implemented:
• The mean values of parameter fitting results are blinded.
• The final results will be unblinded prior to publication for cross check.



③ Results
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Λ EDM in 𝐽/𝜓 → Λ(Λ decays

arXiv:2506.19180 [hep-ex](2025)
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• Reminder:

• The upper limit of 𝚲 EDM @95%C.L.

𝑑S < 6.5×10BTU𝑒 𝑐𝑚

https://arxiv.org/abs/2506.19180
https://arxiv.org/abs/2506.19180


Λ EDM visualization

• Triple-product asymmetry (TPA):
𝑂 ≡ K𝑙V×K𝑙V̅ ⋅ N𝑘 ~ 𝑅𝑒(𝐻W)

• 𝑙6(𝑙6̅): unit momentum of 𝑝(𝑝̅) in Λ(JΛ) rest frame 

• c𝑘: unit momentum of Λ in the center-of-mass 
frame of 𝑒)𝑒& system.

• Asymmetry of TPA:
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arXiv:2506.19180 [hep-ex](2025)

https://arxiv.org/abs/2506.19180
https://arxiv.org/abs/2506.19180


Constrain on fundamental parameters
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Theoretically:  
𝒅𝚲 = −2.6 ± 0.4 ×1089:,𝜽𝑒 ⋅ 𝑐𝑚 + 𝒅𝒔

𝒅𝒏 = −1.5 ± 0.7 ×1089:,𝜽𝑒 ⋅ 𝑐𝑚 − 0.20 ± 0.01 𝑑= + 0.78 ± 0.03 𝑑> + 0.0027 ± 0.016 𝒅𝒔

Constrain with/without 𝑆𝑈(3) flavor symmetry:
𝑑2 = 𝑑8 = 𝑑9 𝑑2 ≫ 𝑑8 , 𝑑9

arXiv:2506.19180
[hep-ex](2025)

https://arxiv.org/abs/2506.19180
https://arxiv.org/abs/2506.19180


Hyperon EDM sensitivity

• Statistical uncertainty of 
hyperon EDM has reached 
~𝟏𝟎B𝟏𝟗𝒆 ⋅ 𝒄𝒎 based on BESIII 
data sample.

• Analysis on ΣA, ΣX, ΞB, ΞX EDM 
is ongoing.
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Jinlin Fu, Haibo Li, et. al, Phys. Rev. D 108, L091301 (2023)
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ØElectric Dipole Moment (EDM) is a key probe for new CPV beyond SM.

ØBESIII delivers abundant quantum-correlated 𝐽/𝜓 events, enabling global EDM 
analysis on hyperon system.

ØThis work fills a critical gap in hyperon EDM measurement, setting stronger 
constraints on fundamental parameters.

④ Summary



Thank you!
zhangquanzheng17@mails.ucas.ac.cn
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