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CP tests in hyperon decays
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Matter-antimatter asymmetry in the universe
The Big Bang model predicts:

 Matter and antimatter are produced in equal amounts
 Matter and antimatter annihilated into energy 

However the very fact that we exist in a matter-dominated universe.
Sakharov three conditions require 𝐶𝐶 and 𝐶𝐶𝐶𝐶 violation processes exist.    
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（1921-1989）
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Sakharov three conditions:

1. Baryon number B violation
2. 𝐶𝐶 and 𝐶𝐶𝐶𝐶 symmetry violation
3. Interactions out of thermal equilibrium

Pisma Zh. Eksp. Teor. Fiz., 1967, 5: 32-35.
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A brief history of Parity and CP violation

1964

James Watson 
Cronin

Val Logsdon
Fitch

Nobel Prize 1980

2001

1957
C. N. Yang T. D. Lee

2019

𝑲𝑲 meson 𝑪𝑪𝑪𝑪 violation[2] 𝑩𝑩𝐦𝐦𝐦𝐦𝐦𝐦𝐦𝐦𝐦𝐦 𝑪𝑪𝑪𝑪 violation [3,4]

𝜽𝜽 − 𝝉𝝉 puzzle [1]

𝑫𝑫𝐦𝐦𝐦𝐦𝐦𝐦𝐦𝐦𝐦𝐦 𝑪𝑪𝑪𝑪 violation [5]

[1] Phys. Rev. 104 (1956) 254-258
[2] Phys. Rev. Lett., 1964, 13: 138-140
[3] Phys. Rev. Lett., 2001, 87: 091801
[4] Phys. Rev. Lett., 2001, 87: 091802
[5] Phys. Rev. Lett., 2019, 122(21): 211803

Nobel Prize 1957

No CPV founded in 
baryon sector!
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First proposed Parity 
violation in weak interaction

Confirmed by
Chien-Shiung Wu



CPV in Standard Model: CKM matrix

𝑉𝑉CKM =
𝑐𝑐12𝑐𝑐13 𝑠𝑠12𝑐𝑐13 𝑠𝑠13𝑒𝑒−𝑖𝑖𝑖𝑖

−𝑠𝑠12𝑐𝑐23 − 𝑐𝑐12𝑠𝑠23𝑠𝑠13𝑒𝑒𝑖𝑖𝑖𝑖 𝑐𝑐12𝑐𝑐23 − 𝑠𝑠12𝑠𝑠23𝑠𝑠13𝑒𝑒𝑖𝑖𝑖𝑖 𝑠𝑠23𝑐𝑐13
𝑠𝑠12𝑠𝑠23 − 𝑐𝑐12𝑐𝑐23𝑠𝑠13𝑒𝑒𝑖𝑖𝑖𝑖 −𝑐𝑐12𝑠𝑠23 − 𝑠𝑠12𝑐𝑐23𝑠𝑠13𝑒𝑒𝑖𝑖𝑖𝑖 𝑐𝑐23𝑐𝑐13

For decay 𝐴𝐴 = 𝐴𝐴1𝑒𝑒𝑖𝑖𝑖𝑖𝑠𝑠
1𝑒𝑒𝑖𝑖𝜙𝜙𝑤𝑤1 + 𝐴𝐴2𝑒𝑒𝑖𝑖𝑖𝑖𝑠𝑠

2𝑒𝑒𝑖𝑖𝜙𝜙𝑤𝑤2 �̅�𝐴 = 𝐴𝐴1𝑒𝑒𝑖𝑖𝑖𝑖𝑠𝑠
1𝑒𝑒−𝑖𝑖𝜙𝜙𝑤𝑤1 + 𝐴𝐴2𝑒𝑒𝑖𝑖𝑖𝑖𝑠𝑠

2𝑒𝑒−𝑖𝑖𝜙𝜙𝑤𝑤2

Make 𝑟𝑟 = 𝐴𝐴2/𝐴𝐴1，𝛿𝛿 = 𝛿𝛿𝑠𝑠2 − 𝛿𝛿𝑠𝑠1，𝜙𝜙 = 𝜙𝜙𝑤𝑤2 − 𝜙𝜙𝑤𝑤1

Thus 𝐴𝐴𝐶𝐶𝐶𝐶 = 𝐴𝐴 2− �̅�𝐴 2

𝐴𝐴 2+ �̅�𝐴 2 = 𝐴𝐴1 2 1+𝑟𝑟𝑒𝑒𝑖𝑖 𝛿𝛿+𝜙𝜙
2
− 𝐴𝐴1 2 1+𝑟𝑟𝑒𝑒𝑖𝑖 𝛿𝛿−𝜙𝜙

2

𝐴𝐴1 2 1+𝑟𝑟𝑒𝑒𝑖𝑖 𝛿𝛿+𝜙𝜙
2
+ 𝐴𝐴1 2 1+𝑟𝑟𝑒𝑒𝑖𝑖 𝛿𝛿−𝜙𝜙

2

= 2𝑟𝑟cos 𝑖𝑖+𝜙𝜙 −2𝑟𝑟cos 𝑖𝑖−𝜙𝜙
2(1+𝑟𝑟2+𝑟𝑟cos 𝑖𝑖+𝜙𝜙 +𝑟𝑟cos(𝑖𝑖−𝜙𝜙))

= 2𝑟𝑟sin𝑖𝑖sin𝜙𝜙
1+𝑟𝑟2+2𝑟𝑟cos𝑖𝑖cos𝜙𝜙

𝐶𝐶𝐶𝐶𝑉𝑉 from phase 𝛿𝛿

Dirac Medal 
2010

Nobel Price 
2008

𝐶𝐶𝐶𝐶

≠ 0, if 𝛿𝛿 ≠ 0 and 𝜙𝜙 ≠ 0

• Strong and weak phase difference ≠ 0
• At least two amplitudes, CPV arised from 

interference between amplitudes.

𝛿𝛿𝑠𝑠 strong phase 𝜙𝜙𝑤𝑤 weak phase
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The amplitude of spin ½ baryon 𝐵𝐵𝑖𝑖 decay to a spin ½ baryon 𝐵𝐵𝑓𝑓
and 𝜋𝜋:

𝓐𝓐~𝑆𝑆𝜎𝜎0 + 𝐶𝐶𝝈𝝈 ⋅ �𝒏𝒏
The decay parameters are defined as:

Two complex amplitudes:
𝑆𝑆 = Σ𝑖𝑖𝑆𝑆𝑖𝑖𝑒𝑒𝑖𝑖(𝜙𝜙𝑖𝑖

𝑆𝑆+𝑖𝑖𝑖𝑖
𝑆𝑆), 𝐶𝐶 = Σ𝑖𝑖𝐶𝐶𝑖𝑖𝑒𝑒𝑖𝑖(𝜙𝜙𝑖𝑖

𝑃𝑃+𝑖𝑖𝑖𝑖
𝑃𝑃)

Under CP transformation:
̅𝑆𝑆 = −Σ𝑖𝑖𝑆𝑆𝑖𝑖𝑒𝑒𝑖𝑖(−𝜙𝜙𝑖𝑖

𝑆𝑆+𝑖𝑖𝑖𝑖
𝑆𝑆), �𝐶𝐶 = Σ𝑖𝑖𝐶𝐶𝑖𝑖𝑒𝑒𝑖𝑖(−𝜙𝜙𝑖𝑖

𝑃𝑃+𝑖𝑖𝑖𝑖
𝑃𝑃)

If CP conserved:  𝑆𝑆
𝐶𝐶𝐶𝐶

− 𝑆𝑆

CPV in hyperon decay

Phys. Rev. 108, 1645 (1957)
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𝐶𝐶𝐶𝐶𝑉𝑉
observables

Δ = Γ−�Γ
Γ+�Γ

𝐴𝐴 =
Γ𝛼𝛼 + �Γ �𝛼𝛼
Γ𝛼𝛼 − �Γ �𝛼𝛼

≈
𝛼𝛼 + �𝛼𝛼
𝛼𝛼 − �𝛼𝛼

+ Δ

𝐵𝐵 =
Γ𝛽𝛽 + �Γ�̅�𝛽
Γ𝛽𝛽 − �Γ�̅�𝛽

≈
𝛽𝛽 + �̅�𝛽
𝛽𝛽 − �̅�𝛽

+ Δ

𝝓𝝓 weak phase,  𝜹𝜹 strong phase

𝐶𝐶
𝐶𝐶𝐶𝐶

𝐶𝐶
𝛼𝛼

𝐶𝐶𝐶𝐶
�𝛼𝛼 = −𝛼𝛼

𝛽𝛽
𝐶𝐶𝐶𝐶

�̅�𝛽 = −𝛽𝛽



𝐶𝐶𝐶𝐶 observable in hyperon decay
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John F. 
Donoghue

Xiao-Gang He Sandip Pakvasa PRD 34,833 1986 

Decay width difference Δ = Γ−�Γ
Γ+�Γ

≈ 2
𝑇𝑇3
2
𝑇𝑇1
2

sinΔ𝑠𝑠 sin𝜙𝜙𝐶𝐶𝐶𝐶

Decay parameter difference 𝐴𝐴 =
Γ𝛼𝛼 + �Γ �𝛼𝛼
Γ𝛼𝛼 − �Γ �𝛼𝛼

≈ tanΔ𝑠𝑠 tan𝜙𝜙𝐶𝐶𝐶𝐶

Decay parameter difference 𝐵𝐵 =
Γ𝛽𝛽 + �Γ�̅�𝛽
Γ𝛼𝛼 − �Γ �𝛼𝛼

≈ tan𝜙𝜙𝐶𝐶𝐶𝐶

SM Prediction of 
𝚲𝚲 decay

−𝟓𝟓.𝟒𝟒 × 𝟏𝟏𝟏𝟏−𝟕𝟕

−𝟏𝟏.𝟓𝟓 × 𝟏𝟏𝟏𝟏−𝟒𝟒

𝟑𝟑.𝟏𝟏 × 𝟏𝟏𝟏𝟏−𝟑𝟑

Not sensitive to 𝐶𝐶𝐶𝐶𝑉𝑉

Easiest to measure

Polarization of decayed 
baryon needs to be measured

Ξ−,Ξ0,Ω− cascade decay
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BESIII: a hyperon factory

Front. Phys. 12(5), 121301 (2017)
Phys. Rev. D 100, 114005 (2019)
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10 billion 𝑱𝑱/𝝍𝝍 events collected:
• Large Br. in 𝑱𝑱/𝝍𝝍 decay
• Quantum entangled pair productions
• High efficiency, background free

Detection 

Efficiency           Number of reconstructed 

40%                    4500 X 103

25%                      600 X 103

24% 640 X 103

14% 670 X 103

19% 810 X 103

CPV in SM is small:                                                 # events       Experiments
𝑩𝑩 meson:         𝑶𝑶(𝟏𝟏) discovered(2001)       𝟏𝟏𝟏𝟏𝟑𝟑 B factory
𝑲𝑲 meson:         𝑶𝑶(𝟏𝟏𝟏𝟏−𝟑𝟑) discovered(1964)       𝟏𝟏𝟏𝟏𝟔𝟔 Fix targets
𝑫𝑫 meson:         𝑶𝑶 𝟏𝟏𝟏𝟏−𝟒𝟒 discovered(2019)       𝟏𝟏𝟏𝟏𝟖𝟖 LHCb
Hyperon:         𝑶𝑶(𝟏𝟏𝟏𝟏−𝟒𝟒) no evidence (𝟏𝟏𝟏𝟏−𝟐𝟐)    𝐎𝐎(𝟏𝟏𝟏𝟏𝟖𝟖) Fix targets

→ 𝐁𝐁𝐁𝐁𝐁𝐁𝐁𝐁𝐁𝐁𝐁𝐁?



Polarized hyperon pairs produced in 𝑒𝑒+𝑒𝑒− collisions

• Angular distribution of d𝛤𝛤
dΩ

∝ 1 + 𝛼𝛼𝜓𝜓 cos2 𝜃𝜃, 𝛼𝛼𝜓𝜓 ∈ [−1.0, 1.0]

• Unpolarized 𝑒𝑒+𝑒𝑒− beams ⇒ transverse polarized hyperon (if ΔΦ ≠ 0):

𝑒𝑒+𝑒𝑒− CMS 𝐵𝐵𝑖𝑖 CMS

Polarization:

𝐶𝐶𝑦𝑦(cos𝜃𝜃) =
1−𝛼𝛼𝜓𝜓

2 cos𝜃𝜃sin𝜃𝜃

1+𝛼𝛼𝜓𝜓 cos2 𝜃𝜃
sin(ΔΦ)
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Two form factors are used to describe the 
production of hyperon pair: 𝐺𝐺𝐸𝐸 ,𝐺𝐺𝑀𝑀

𝛼𝛼𝜓𝜓 = 𝑠𝑠2 𝐺𝐺𝑀𝑀 2−4𝑚𝑚2 𝐺𝐺𝐸𝐸 2

𝑠𝑠2 𝐺𝐺𝑀𝑀 2+4𝑚𝑚2 𝐺𝐺𝐸𝐸 2,  
𝐺𝐺𝑀𝑀
𝐺𝐺𝐸𝐸

= 𝐺𝐺𝑀𝑀
𝐺𝐺𝐸𝐸

𝑒𝑒−𝑖𝑖ΔΦ



Recent results from BESIII
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𝑒𝑒+𝑒𝑒− → 𝐽𝐽/𝜓𝜓 → Λ�Λ, Λ �Λ → 𝑝𝑝𝜋𝜋

• Joint amplitude:
𝑀𝑀 =

𝑖𝑖𝑒𝑒2

𝑞𝑞2
𝑗𝑗𝜇𝜇 �𝑢𝑢 𝑝𝑝1 𝐹𝐹1𝛾𝛾𝜇𝜇 +

𝐹𝐹2
2𝑚𝑚

𝑝𝑝𝜈𝜈𝜎𝜎𝜈𝜈𝜇𝜇𝛾𝛾5 𝑣𝑣(𝑝𝑝2)

• Differential cross section:
𝑑𝑑𝜎𝜎~1 + 𝛼𝛼𝜓𝜓 cos2 𝜃𝜃Λ + 𝛼𝛼𝜓𝜓 + cos2 𝜃𝜃Λ 𝑠𝑠Λ𝑧𝑧𝑠𝑠�Λ

𝑧𝑧 +

sin2 𝜃𝜃Λ𝑠𝑠Λ𝑥𝑥𝑠𝑠�Λ
𝑥𝑥 −𝛼𝛼𝜓𝜓 sin2 𝜃𝜃Λ𝑠𝑠Λ

𝑦𝑦𝑠𝑠�Λ
𝑦𝑦 + 1 − 𝛼𝛼𝜓𝜓2 cosΔΦsin𝜃𝜃Λcos𝜃𝜃Λ�

�

𝑠𝑠Λ𝑥𝑥𝑠𝑠�Λ
𝑧𝑧 +

𝑠𝑠Λ𝑧𝑧𝑠𝑠�Λ
𝑥𝑥 + 1 − 𝛼𝛼𝜓𝜓2 sinΔΦsin𝜃𝜃Λcos𝜃𝜃Λ 𝑠𝑠Λ

𝑦𝑦 + 𝑠𝑠�Λ
𝑦𝑦

• The spin vector of Λ is denoted by 𝒔𝒔𝚲𝚲
• Only < 𝑠𝑠𝑦𝑦 > could be non-zero, if sinΔΦ ≠ 0

Nuovo Cim. A 109, 241 (1996)
Phys. Rev.185 D 75, 074026 (2007)
Nucl. Phys. A190 771, 169 (2006)
Phys. Lett. B 772, 16(2017)
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POLARIZATIONS



𝑒𝑒+𝑒𝑒− → 𝐽𝐽/𝜓𝜓 → Λ�Λ, Λ �Λ → 𝑝𝑝𝜋𝜋

BESIII has publish 2 works based on 1.3 billion and 10 
billion 𝐽𝐽/𝜓𝜓 data sample:

[1] 1.3 billion: Nature Phys.15(2019)631
[2] 10 billion: Phys.Rev.Lett. 129 (2022) 13, 131801

• Most precise values for Λ decay parameter
• One of the most precise 𝐶𝐶𝐶𝐶 test in the hyperon sector:

𝐴𝐴𝐶𝐶𝐶𝐶 =
𝛼𝛼 + �𝛼𝛼
𝛼𝛼 − �𝛼𝛼

= −0.0025 ± 0.0046 ± 0.0011

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

BESIII 10 billion [2] BESIII 1.3 billion [1]

Phys.Rev.Lett. 129, 131801
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𝑒𝑒+𝑒𝑒− → 𝐽𝐽/𝜓𝜓 → Ξ−�Ξ+,Ξ− → Λ → 𝑝𝑝𝜋𝜋− 𝜋𝜋− + 𝑐𝑐. 𝑐𝑐.

• For the sequential weak decays, the formula of sequential decays is:

• Angular distribution dΓ ∝ 𝑊𝑊 𝜉𝜉,𝜔𝜔
• 𝜉𝜉: 9 kinematic variables, denoted by 9 helicity angles
• 𝜔𝜔 = (𝛼𝛼𝜓𝜓, ΔΦ, 𝛼𝛼Ξ, 𝛼𝛼�Ξ, 𝜙𝜙Ξ, 𝜙𝜙�Ξ, 𝛼𝛼Λ, 𝛼𝛼�Λ): 8 free parameters

first measurement

• Data sample: 1.3 billion 𝐽𝐽/𝜓𝜓 events. 
• Final dataset: 73.2 ⋅ 103 events with 199 backgrounds.

PRD99(2019)056008
PRD100(2019)114005

500 Publications of BESIII (Hyperon sector) 14

More parameters in 
sequential decay!

2023/5/31



𝑒𝑒+𝑒𝑒− → 𝐽𝐽/𝜓𝜓 → Ξ−�Ξ+,Ξ− → Λ → 𝑝𝑝𝜋𝜋− 𝜋𝜋− + 𝑐𝑐. 𝑐𝑐.

First direct and 
simultaneously measurement 
of the charged 𝚵𝚵 decay 
parameters

First measurement of weak 
phase difference in 𝚵𝚵 decay

Three independent 𝑪𝑪𝑪𝑪 tests

2023/5/31 500 Publications of BESIII (Hyperon sector) 15

Nature 606 (2022) 7912, 64-69

HyperCP: PRL 93(2004) 011802

First measurement of the 𝚵𝚵−
polarization in 𝑱𝑱/𝝍𝝍 decay  



Polarization behavior in different hyperon pair productions
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𝐽𝐽/𝜓𝜓 → Λ�Λ
PRL129, 131801(2022)

𝜓𝜓 → Σ+�Σ− → 𝑝𝑝𝜋𝜋0�̅�𝑝𝜋𝜋0 𝐽𝐽/𝜓𝜓 → Σ+�Σ− → 𝑛𝑛𝜋𝜋+�̅�𝑝𝜋𝜋0

𝐽𝐽/𝜓𝜓 → Ξ−�Ξ+ 𝜓𝜓(2𝑆𝑆) → Ξ−�Ξ+

ΔΦ 𝐽𝐽/𝜓𝜓 = −15.5 ± 0.7 ± 0.5 °

ΔΦ 𝜓𝜓(2𝑆𝑆) = 21.7 ± 4.0 ± 0.8 °

𝐴𝐴𝐶𝐶𝐶𝐶 = −0.004 ± 0.037 ± 0.010
ΔΦ = 0.7521 ± 0.0042 ± 0.0066 𝑟𝑟𝑟𝑟𝑑𝑑
𝐴𝐴𝐶𝐶𝐶𝐶 = −0.0025 ± 0.0046 ± 0.0012

ΔΦ = −0.277 ± 0.004 ± 0.004 𝑟𝑟𝑟𝑟𝑑𝑑
𝐴𝐴𝐶𝐶𝐶𝐶 = −0.080 ± 0.052 ± 0.028

ΔΦ = 1.213 ± 0.046 ± 0.016 𝑟𝑟𝑟𝑟𝑑𝑑
𝐴𝐴𝐶𝐶𝐶𝐶 = −0.006 ± 0.013 ± 0.006

ΔΦ = 0.667 ± 0.111 ± 0.058 𝑟𝑟𝑟𝑟𝑑𝑑
𝐴𝐴𝐶𝐶𝐶𝐶 = −0.015 ± 0.051 ± 0.010

ΔΦ = 1.168 ± 0.019 ± 0.018 𝑟𝑟𝑟𝑟𝑑𝑑
𝐴𝐴𝐶𝐶𝐶𝐶 = −0.0054 ± 0.0065 ± 0.0031

arXiv:2305.09218v1

𝐽𝐽/𝜓𝜓 → Ξ0�Ξ0



Study on hyperon rare decays
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Λ → 𝑛𝑛𝛾𝛾 via 𝐽𝐽/𝜓𝜓 → Λ → 𝑝𝑝𝜋𝜋 �Λ → �𝑛𝑛𝛾𝛾 + c. c.

PRL129, 212002 (2022)

𝟓𝟓.𝟓𝟓 𝝈𝝈

Σ+ → 𝑝𝑝𝛾𝛾 via 𝐽𝐽/𝜓𝜓 → Σ+ → 𝑝𝑝𝜋𝜋0 �Σ− → �̅�𝑝𝛾𝛾 + c. c.

PRL130, 211901(2023)

4.𝟐𝟐 𝝈𝝈

Σ+ → Λ𝑒𝑒+𝜈𝜈𝑒𝑒 via 𝐽𝐽/𝜓𝜓 → Σ+�Σ−

Phys.Rev.D 107 (2023) 7, 072010
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First measurement of the absolute 
branching fraction of Λ → 𝑝𝑝𝜇𝜇−�̅�𝜈𝜇𝜇

𝐵𝐵 Λ → 𝑝𝑝𝜇𝜇−�̅�𝜈𝜇𝜇 = 1.48 ± 0.21 ± 0.08 × 10−4

𝑅𝑅𝜇𝜇𝑒𝑒 ≡ Γ Λ→𝑝𝑝𝜇𝜇−�𝜈𝜈𝜇𝜇
Γ Λ→𝑝𝑝𝑒𝑒−�𝜈𝜈𝑒𝑒

= 0.178 ± 0.028
consistent with SM prediction: 0.153 ± 0.008

𝐴𝐴𝐶𝐶𝐶𝐶 ≡
𝐵𝐵 Λ→𝑝𝑝𝜇𝜇−�𝜈𝜈𝜇𝜇 −𝐵𝐵 �Λ→�̅�𝑝𝜇𝜇+𝜈𝜈𝜇𝜇
𝐵𝐵 Λ→𝑝𝑝𝜇𝜇−�𝜈𝜈𝜇𝜇 −𝐵𝐵 �Λ→�̅�𝑝𝜇𝜇+𝜈𝜈𝜇𝜇

= 0.02 ± 0.14 ± 0.02

PRL 127, 121802 (2021)

Invisible decays: Λ → 𝑖𝑖𝑛𝑛𝑣𝑣𝑖𝑖𝑠𝑠𝑖𝑖𝑖𝑖𝑖𝑖𝑒𝑒
𝐵𝐵 Λ → 𝑖𝑖𝑛𝑛𝑣𝑣𝑖𝑖𝑠𝑠𝑖𝑖𝑖𝑖𝑖𝑖𝑒𝑒 < 7.4 × 10−5 (90% CL)

PRD 105, L071101 (2022)

Δ𝑆𝑆 = ΔQ violating process Ξ0 → Σ−𝑒𝑒+𝜈𝜈𝑒𝑒
𝐵𝐵 Ξ0 → Σ−𝑒𝑒+𝜈𝜈𝑒𝑒 < 1.6 × 10−4 (90% CL)

PRD 107, 012002 (2023)
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Parameters Λ�Λ Σ+�Σ− Ξ−�Ξ+ Ξ0�Ξ0

𝛼𝛼Ξ−/Ξ0 - - −0.376 ± 0.007 ± 0.003 −0.3750 ± 0.0034 ± 0.0016

𝛼𝛼�Ξ+/�Ξ0 - - 0.371 ± 0.007 ± 0.002 0.3790 ± 0.0034 ± 0.0021

𝜙𝜙Ξ−/Ξ0 - - 0.011 ± 0.019 ± 0.009 0.0051 ± 0.0096 ± 0.0018

𝜙𝜙�Ξ+/�Ξ0 - - −0.021 ± 0.019 ± 0.007 −0.0053 ± 0.0097 ± 0.0019

𝐴𝐴𝐶𝐶𝐶𝐶(Ξ−/Ξ0) - - 0.006 ± 0.013 ± 0.006 −0.0054 ± 0.0065 ± 0.0031

Δ𝜙𝜙𝐶𝐶𝐶𝐶(Ξ−/Ξ0) - - −0.005 ± 0.014 ± 0.003 −0.0001 ± 0.0069 ± 0.0009

𝛼𝛼Λ/Σ+ 0.7519 ± 0.0036 ± 0.0024 −0.998 ± 0.037 ± 0.009 0.757 ± 0.011 ± 0.008 0.7551 ± 0.0052 ± 0.0023

𝛼𝛼�Λ/�Σ− −0.7559 ± 0.0036 ± 0.0030 0.990 ± 0.037 ± 0.011 −0.763 ± 0.011 ± 0.007 −0.7448 ± 0.0052 ± 0.0023

𝐴𝐴𝐶𝐶𝐶𝐶(Λ/Σ+) −0.0025 ± 0.0046 ± 0.0012 −0.004 ± 0.037 ± 0.010 −0.004 ± 0.012 ± 0.009 0.0069 ± 0.0058 ± 0.0018

PRL 129, 131801(2022) PRL 125,052004(2020) Nature 606,64(2022) arXiv:2305.09218v1

The most precise 𝑪𝑪𝑪𝑪 measurement at BESIII: 𝑨𝑨𝑪𝑪𝑪𝑪𝚲𝚲 = −0.0025 ± 0.0046 ± 0.0012
Systematic uncertainties are well controlled!

• Excellent performance of BESIII detectors.
• Data-driven method to study data-MC inconsistency.



Hyperon physics in future plans
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𝐽𝐽/𝜓𝜓

�𝚵𝚵𝟏𝟏

𝚵𝚵𝟏𝟏

Beam Pipe
MDC Inner
Chamber

Ξ−

Hyperon Beam Target Material

IP
𝑝𝑝

𝑛𝑛

PRL 127, 012003 (2021)
arxiv: 2209.12601

A novel method to study hyperon-nucleus interaction at BESIII !

Ξ0𝑛𝑛 → Ξ−𝑝𝑝 is observed 
for the first time

arXiv:2304.13921(Accepted by PRL)

The first study of hyperon–nucleon interaction in electron–positron collisions!
More results are on the way.



Searching for hyperon EDM at BESIII
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μ: magnetic dipole moment
d: electric dipole moment

Non-zero EDM will violate 𝐶𝐶 and 𝑇𝑇 symmetry:
𝑇𝑇 violation ↔ 𝐶𝐶𝐶𝐶 violation, if CPT holds.

Systematic measurement of the EDMs of the hyperon family!

Only the EDM of Λ in the hyperon family has been measured (with low precision). 
Based on massive quantum-correlated hyperon pairs, BESIII is expected to improve 
the measurement precision of the Λ EDM by a factor of 1000, and provide the first 
measurement results of the EDMs of Σ, Ξ, Ω, and other hyperons

J.Phys.G 47 (2020) 1, 010501



Summary and Outlooks

• Highlights of hyperon physics at BESIII:
• Precision measurements of hyperon decay parameters, polarization and 𝐶𝐶𝐶𝐶 asymmetry:

• complementary to CPV studies with Kaons
• BESIII has already rewritten the PDG book for Λ and Ξ decays
• results of Σ±,Ξ with 10 billion 𝐽𝐽/𝜓𝜓 will be coming soon

• Hyperon-nucleus interaction:
• BESIII can provides unique high quality sources of (anti)-hyperon and �𝑛𝑛
• 𝑌𝑌𝑌𝑌, �𝑌𝑌𝑌𝑌,𝑌𝑌𝑌𝑌, �𝑌𝑌𝑌𝑌 interaction, hypernuclei

• Hyperon electric dipole moments measurements
• First measurements of Σ+,Ξ−,Ξ0,Ω hyperons EDM
• The sensitivity of the hyperon EDM can be reached at the order of 10−19
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Production: 2 independent helicity amplitudes: A½ ½, A½ -½

m=±1
θ,φJ/ψ

m=±1
θ,φ

J/ψ

A½ ½

A-½ -½

m=±1
θ,φJ/ψ

m=±1
θ,φ

J/ψ

A½ -½

A-½ ½

parity: A½ ½ =A-½ -½
parity: A½ -½ =A-½ ½

∆𝚽𝚽= complex phase between A½ ½ and 
A½ -½
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EM form-factors and Helicity Amplitudes
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CPV observables in Ξ−Λπ decay

 Strong phase cancels out

 measures the strong phase

 in this case, the strong phase (∆s= δS-δP) 
is measureable (see below)

decay 
asymmetry
difference

final-state 
polarization
difference

decay rate
difference

 Λπ final states are purely Ispin=1, only ∆I=1/2 
transitions

allowed, no ∆I=3/2 transition possible  

big advantage
for Ξ over Λ
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CPV measurement in Kaon system strongly constrains NP in S-waves, but no P-
waves. 
Thus, searches of CPV in hyperon are complementary to those with Kaons.   
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