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CP violation in Standard Model

The Big Bang Model:

➢ Matter and Anti-matter are produced in equal amounts

➢ Matter and Anti-matter annihilated to energy

The Sakharov three conditions:
a. Baryon number (B) violates
b. C and CP symmetry violate
c. Interactions out of thermal equilibrium

Pisma Zh. Eksp. Teor. Fiz., 1967, 5: 32-35

Symmetry Magazine

Phys.Rev.Lett.1963,10,531–533
Phys.Rev.Lett.1964,13,138–140
Prog.Theor.Phys.1973,49,652–657
Phys.Rev.Lett.2001,87,091801
Phys.Rev.Lett.2001,87,091802
Phys.Rev.Lett.2019,122,211803
Nature2020,580,339–344
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If the baryon break the 

CP symmetry?

Symmetry 2023, 15, 214.

https://www.symmetrymagazine.org/article/october-2005/explain-it-in-60-seconds


Weak decay in strange hyperon 

◆ Baryons: Nucleon and hyperons

◆ The ground hyperons are spin-1/2

◆ Study hyperon property in the weak decay

(such as 𝚲 → 𝒑𝝅−, 𝚵− → 𝚲𝝅−, 𝚺 → 𝑵𝝅)

◆ Hyperon radiative decay (𝚲 → 𝜸𝒏, 𝚺 → 𝜸𝚲, 𝚵 → 𝜸𝚲)

◆ P wave and S wave amplitudes 

in 
𝟏

𝟐
→

𝟏

𝟐
+ 𝟎

Strong phases weak phases

◆Weak decay parameters

𝜶 =
𝟐𝑹𝒆(𝑺 ∗ 𝑷)

𝑺 𝟐 + 𝑷 𝟐 ,

𝜷 =
𝟐𝑰𝒎(𝑺 ∗ 𝑷)

𝑺 𝟐+ 𝑷 𝟐
= 𝟏 − 𝜶𝟐𝒔𝒊𝒏𝝓

⚫ IF CP conserved:

𝜶 = −ഥ𝜶,𝜷 = −ഥ𝜷,𝝓 = −ഥ𝝓

⚫ The CP observables:

𝑨𝑪𝑷 =
𝜶𝑩 −𝜶ഥ𝑩

𝜶𝑩 −𝜶ഥ𝑩

𝝓𝑪𝑷 =
𝝓𝑩 − 𝝓ഥ𝑩

𝟐

Phys. Rev. 108, 1645 (1957)

𝐴𝐶𝑃 Λ,Ξ ≈ 10−5

𝐴𝐶𝑃 Σ− ≈ 10−4

𝐴𝐶𝑃 Σ+ ≈ 10−7

Phys.Rev.D1986,34,833

S
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Hyperon Polarization in 𝒆+𝒆− collisions 

⚫ The non-zero 𝚫𝚽 represents the transverse polarization.

⚫ Angular distribution

𝑑Γ

𝑑Ω
∝ 1 + 𝜶𝝍 cos

2 𝜃

𝑷𝒚(𝐜𝐨𝐬 𝜽) =

𝟏 − 𝜶𝝍
𝟐 𝐬𝐢𝐧 𝚫𝚽 𝐜𝐨𝐬𝜽 𝐬𝐢𝐧 𝜽

𝟏 + 𝜶𝝍 𝐜𝐨𝐬
𝟐 𝜽

𝑷𝒐𝒍𝒂𝒓𝒊𝒛𝒂𝒕𝒊𝒐𝒏

The form factors 𝐺𝐸 , 𝐺𝑀 construct the
production parameters:

5QCD@Work 2024



QCD@Work 2024 6

Hyperon-Nucleus interaction

◼ Hyperon puzzle in neutron stars

◼ Understanding of hyperon-nucleus is lack

◼ Study H-N interaction at BESIII

What role the hyperon play in neutron stars? 

Phys.Lett.B 747 (2015) 43-47

Hyperon puzzle:
Neutron stars need hyperons, 
but hyperons decrease the 
density of neutron stars

Nucl.Phys.News 31 (2021) 3, 17-21
Phys. Rev. Lett. 114, 092301 (2015)

arxiv: 2209.12601

Mounts of hyperons



BESIII: A hyperon factory

Nucl. Instrum, Meth. A 598 (2009) 7
arXix: 2111.01597

The world largest 𝐽/𝜓 and 𝜓(2𝑆) data samples

✓ 10 Billion 𝐽/𝜓

✓ 2.7 Billion 𝜓(2𝑆)

Front. Phys. 12(5), 121301 (2017) 

BESIII
✓ Cover 93% of full solid angle
✓ 1.0 T supercondacting solenoid
✓ Momentum resolution: 0.5% at 1 GeV/c
✓ Energy resolution: 2.5%(5%) at 1GeV/c in the

barrel (end cap)
✓ Time resolution: 68(60) ps in the barrel (end cap)
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Hyperon transverse polarization 
and CP tests

QCD@Work 2024 8



Formulism of amplitude

◆ The 9 kinematical variables – 9 dimension PHSP

Hyperon Production Hyperon decays

9

◆ The 8 free parameters

𝝃 = (𝜃Ξ, 𝜃Λ, 𝜙Λ, 𝜃ഥΛ,𝜙ഥΛ, 𝜃𝑝, 𝜙𝑝 , 𝜃 ҧ𝑝, 𝜙 ҧ𝑝)

𝝎 = (𝜶𝝍 , 𝚫𝚽,𝜶𝚵,𝝓𝚵, 𝜶ഥ𝚵,𝝓ഥ𝚵, 𝜶𝚲 , 𝜶ഥ𝚲)

𝑊 𝝃;𝝎 =෍

𝜇,ഥ𝜈

𝐶𝜇ഥ𝜈 ෍

𝜇′ഥ𝜈′

𝑎𝜇,𝜇′
Ξ 𝑎ഥ𝜈,ഥ𝜈′

ഥΞ 𝑎𝜇′,0
Λ 𝑎ഥ𝜈′,0

ഥΛ

Phys. Rev. D 99, 056008 (2019)
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𝜋

Ξ

Λ



𝒆+𝒆− → 𝑱/𝝍 → 𝚵−ഥ𝚵+, 𝚵− ഥ𝚵+ → 𝚲𝝅−(ഥ𝚲𝝅+)

10

1. Phys. Rev. D 93, 072003 (2016)

Nature  Vol 606  2 June 2022 | 65

[1]

[2]

2. PDG 2020

[2]

3. Nat. Phys. 15, 631–634 (2019)

[3]

[3]

[4]

4. Phys. Rev. Lett. 93, 011802 (2004)

[3]

Spin Correlation

Polarization
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1.3 Billion 𝑱/𝝍



𝒆+𝒆− → 𝑱/𝝍 → 𝚵−ഥ𝚵+, 𝚵− ഥ𝚵+ → 𝚲𝝅−(ഥ𝚲𝝅+)

11

Nature  Vol 606  2 June 2022 | 65

✓ First measurement of weak phase

difference

𝜉𝑃 − 𝜉𝑆 𝑆𝑀 = −2.1 ± 1.7 × 10−4 rad

✓ First direct CP tests for Ξ hyperon

Phys. Rev. D 105, 116022 (2022)

✓ First measurement of Ξ polarization

✓ First determination of entangled ΞതΞ

decay parameters

✓ Independent measurement of the Λ

decay parameters: in agreement with

previous BESIII results

1. Phys. Rev. D 93, 072003 (2016) 2. PDG 2020 3. Nat. Phys. 15, 631–634 (2019) 4. Phys. Rev. Lett. 93, 011802 (2004)

[1]

[2]

[2]

[3]

[3]

[4]

[3]
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1.3 Billion 𝑱/𝝍



𝒆+𝒆− → 𝝍 𝟐𝑺 → 𝚵−ഥ𝚵+, 𝚵− ഥ𝚵+ → 𝚲𝝅−(ഥ𝚲𝝅+)

12

𝝍(𝟐𝑺) 𝑱/𝝍

𝑁𝜓 0.45 B 1.3B

signals 5.3k 73.2k

Phys. Rev. D 106, L091101

◼ Hyperon decay parameters are in
agreement with previous BESIII
report.

◼ The different production parameters
in 𝜓(2𝑆) and 𝐽/𝜓.

QCD@Work 2024

Polarization
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𝒆+𝒆− → 𝑱/𝝍,𝝍 𝟐𝑺 → 𝚵𝟎ഥ𝚵𝟎, 𝚵𝟎 ഥ𝚵𝟎 → 𝚲𝝅𝟎(ഥ𝚲𝝅𝟎)

Phys. Rev. D 108, L011101 (2023)
Phys. Rev. D 108, L031106 (2023)

𝝍(𝟐𝑺) 𝑱/𝝍

𝑁𝜓 0.45 B 10B

signals 1.9k 327.3k

Polarization
Not found
Polarization

𝐽/𝜓 𝜓(2𝑆)

◼ Hyperon polarization and decay
parameters for Ξ0 തΞ0 are reported for
the first time.

◼ The CP tests and weak/strong phase
difference are determined.
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Hyperon weak radiative decay
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Radiative decay: 𝚲 → 𝒏𝜸

𝟓. 𝟓𝝈

PRL 129, 212002 (2022) 

◆More precise in branch fraction Λ → 𝑛𝛾

◆ Less than PDG 5.5𝝈

Stag method: 𝐵𝑟 Λ → 𝑛𝛾 =
𝑁𝐷𝑇𝜖𝑆𝑇

𝑁𝑆𝑇𝜖𝐷𝑇
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Radiative decay: 𝚺+ → 𝒑𝜸

4.2𝝈

PRL 130, 211901 (2023) 
◆ Less than PDG 4.2𝝈



Study Hyperon-Nucleus 
interaction at BESIII
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Hyperon-Nucleus interaction in 𝚵𝟎 − 𝐍

arxiv: 2209.12601

𝚵𝟎𝒏 → 𝚵−𝒑 is observed for the first time

Results are consistent with theory prediction.

PRL 130 (2023) 251902

S = 7.1𝜎
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arxiv: 2209.12601

Many results are available

Hyperon-Nucleus interaction in 𝚲 − 𝐍

PHYs REV C109,L052201(2024)

𝚲 +𝑵 → 𝚺++𝑿

𝚲+ 𝒑 → 𝚲 +𝐩

ഥ𝚲+ 𝒑 → ഥ𝚲 +𝐩

Decay 𝝈 (mb)

𝚲𝐩 → 𝚲𝐩 12.2±1.6±1.1

ഥ𝚲𝐩 → ഥ𝚲𝐩 17.5±2.1±1.6

𝚲𝐩 → 𝚺+𝐗 19.3±2.4±1.8

𝚲𝟗𝐁𝐞 → 𝚺+𝐗 37.3±4.7±3.5

Phys. Rev. Lett. 132, 231902 
(Published 4 June 2024)

◆ First to investigate Λ-nucleus interactions at 𝑒+𝑒− collider

◆ Significant signals in Λ-nucleus interactions .
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Summary

◼ BESIII has collected large number of 𝐽/𝜓 and 𝜓(2𝑆) data events at 

𝑒+𝑒− annihilation.

➢ large hyperon pairs production (ΛഥΛ, ΣതΣ, ΞതΞ)

➢ hyperon polarization measurement and precise CP tests

➢ Precise hyperon radiative branch ratio and angular distribution measurement

➢ Hyperon-Nucleus interaction studies

◼ More interesting results are on schedule based on 10 Billion 𝐽/𝜓 and 

2.7 Billion 𝜓 2𝑆 data sets at BESIII.

◼ Look forward to future Super 𝐽/𝜓 Factory.
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Thank you!


