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Symmetry in our life
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It seems that both human and 
the nature prefer symmetry?



Asymmetry in our universe
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Why is it asymmetry?



Standard model
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The transform of C
Charge conjugation: 

Definition that:

Consider as an operator, it should be:
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C conservation

C violation
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𝑒! 𝑒"

The eigenfunction should only be neutral system!
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Parity conjugation: 

Definition that:

Parity conjugation is very easy to be 
observed, it seems that P conservation is 
the most general symmetry, and it is 
working well in strong and
electromagnetic interaction.
But P conversation doesn’t agree with 
weak interaction. Such as τ-θ puzzle.
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Does is really perfect?

The transform of P
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T.D. Lee, C.N. Yang  Phys. Rev. 104 (1956) 254-258

There is no evidence 
shows that parity will be 
conservative in weak 
interaction, why don’t we 
assume that parity is not 
conserved?

Chin-Ning Yang
(1922-now)

Tsung-Dao Lee
(1926-now)
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The τ-θ puzzle

𝜏#

𝜃#

They have similar spin, charge, 
life and mass, except parity,
maybe they are the same particle?



Wu Experiment
Wu C S et al Phys. Rev. 105 (1956)  1413-1414

P violation could be examined in 𝛽
decay in        atom:

Chien-Shiung Wu(1912-1997)
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𝑪𝑷 violation in
In neutral kaon      , we have 
found two “different” meson:

Considering                  , 
theoretically the positive
should only decay to 3 pions, 
and the other one 2 pions 
permitted, but both channel 
exist.

Phys. Rev. Lett. 13(1964), 138

Thanks to the improvement of accuracy nowadays, we could see their difference:
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We may define this parameter to describe 𝐶𝑃 violation:

Or:

For equation above: 

Which means CP violation exists.
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𝑪𝑷 violation in



𝑪𝑷 violation in 𝑩𝒔𝟎 and 𝑫𝟎
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LHCb Collaboration, Phys. Rev. Lett. 122 (2019) 21, 211803

𝑩𝒔𝟎

LHCb Collaboration, Phys. Rev. D  98 (2018), 032004

𝑫𝟎



CP violation in neutrino
Recently The T2K Collaboration 
reports CP asymmetry in lepton by 
searching for using 
neutrinos. Results give that CP 
conservation at a 95% confidence 
level.

If CP conservative, 

• 1e0de: sample with only a single e-like 
ring.

• 1e1de: sample containing an e-like ring, 
with an additional delayed e from the 
decay of 𝜋± and subsequent 𝜇.

Nature 580(2020), 339-344

2021/07/15 13



Brief Summary
• CP violation causes asymmetry in our universe, it is 

a necessary condition for the Big Bang Theory, if 
we could find out what cause CP violation, we may 
understand why we are living in so-called “positive” 
world.
• Even now we have found CP violation in K0, B0, D0

meson and neutrino oscillating, but what about
baryon and other particle?
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Baryon States

• Baryons are the important component of the matter in the 
cosmic. The searches of asymmetry evidence in baryon sector is 
very important.

• First observation of 𝐶𝑃 violation in 𝚲𝒃 𝒖𝒅𝒃 → 𝒑𝝅.𝝅/𝝅.at 
LHCb with a 3.3𝜎 significance level.

Baryon Octet (spin 𝟏/𝟐) Baryon Decupled (spin 𝟑/𝟐) 

Nature Physics 13, 391 (2017)
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https://www.nature.com/articles/nphys4021


• 𝐽/𝜓 → Λ)Λ

• 𝐽/𝜓, 𝜓(3686) → Σ# 1Σ$

• 𝜓 3686 → Ω$)Ω#

• 𝐽/𝜓 → Ξ$ 1Ξ#

Outline
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• Joint Angular Distribution

• A non-zero ΔΦ has polarization

Nature Physics 15,631 (2019)

Event display in cross section of the detector.

Observation of 𝜦 baryon spin polarization in 
decay 𝑱/𝝍 → 𝜦&𝜦
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https://doi.org/10.1038/s41567-019-0494-8


test of 𝐶𝑃 violation:
𝐴#$ =

%!&%"
%!'%"

, 𝐴#$,)*+ ≈ 10',

First measurement of 
transverse polarization

Data sample: 1.3𝐵 𝐽/𝜓

p The angular distribution 𝜶" is for 𝚲 → 𝐩𝝅" and 𝜶# is for 8𝚲 → 8𝐩𝝅#. These 
parameters values are obtained independently.

p The larger data samples are expected in various extensions of the Standard Model 
aiming to explain the observed baryon–antibaryon asymmetry in the universe. 

Nature Physics 15,631 (2019)
Observation of 𝜦 baryon spin polarization in 
decay 𝑱/𝝍 → 𝜦&𝜦

The clear polarization signals

𝝁 𝒄𝒐𝒔𝜽𝚲 =
𝒎
𝑵
)
𝒊

𝑵𝜽

(𝒔𝒊𝒏𝜽𝟏𝒊 𝒔𝒊𝒏𝝓𝟏𝒊 − 𝒔𝒊𝒏𝜽𝟐𝒊 𝒔𝒊𝒏𝝓𝟐𝒊 )

Λ → 𝑝𝜋#

Λ → 𝑛𝜋$

Improve: 10𝐵 𝐽/𝜓
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https://doi.org/10.1038/s41567-019-0494-8


Phys.Rev.Lett. 125, 052004 (2020)
• Joint angular distribution

𝑱/𝝍

𝝍(𝟑𝟔𝟖𝟔)

𝝁 𝒄𝒐𝒔𝜽𝚺 =
𝒎
𝑵)

𝒊

𝑵𝜽

(𝒔𝒊𝒏𝜽𝟏𝒊 𝒔𝒊𝒏𝝓𝟏𝒊 −𝒔𝒊𝒏𝜽𝟐𝒊 𝒔𝒊𝒏𝝓𝟐𝒊 )

Observation of 𝚺 baryon spin polarization in 
decay 𝑱/𝝍,𝝍(𝟑𝟔𝟖𝟔) → 𝜮"&𝜮#

The clear polarization signals2021/07/15 19

http://10.1103/PhysRevLett.125.052004


𝐴9: =
;./8;.
;..8;.

= −0.004 ± 0.037 ± 0.010 ≈ 0

𝐴#$,&'( ≈ 3.6×10!)

1.3B 𝐽/𝜓 sample & 448M 𝜓(3686) sample

Statistical significance level:
Ø more than 20𝝈 for 𝑱/𝝍 data;
Ø near 5.5𝝈 for 𝝍(𝟑𝟔𝟖𝟔) data.

Observation of 𝚺 baryon spin polarization in 
decay 𝑱/𝝍,𝝍(𝟑𝟔𝟖𝟔) → 𝜮"&𝜮#

Phys.Rev.Lett. 125, 052004 (2020)
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http://10.1103/PhysRevLett.125.052004


448M 𝜓(3686) sample

Helicity amplitude analysis of 𝝍 𝟑𝟔𝟖𝟔 → 𝛀$)𝛀# decay
arXiv:2007.03679v1

Degree of polarization

two solutions
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The statistics are limited!

Assuming that there is no CP-violation 

Branching fraction: (5.85 ± 0.12 ± 0.25) ×𝟏𝟎!𝟓

• Joint angular distribution

https://arxiv.org/abs/2007.03679v1
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Observation of 𝚵# baryon spin polarization in 
decay 𝑱/𝝍 → 𝚵#&𝚵"

arXiv: 2105.11155

• Joint angular distribution

Polarization and spin correlations.

https://arxiv.org/abs/2105.11155
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Observation of 𝚵# baryon spin polarization in 
decay 𝑱/𝝍 → 𝚵#&𝚵" arXiv: 2105.11155

Data sample: 1.3𝐵 𝐽/𝜓

Weak phase
Strong phase

𝐴#$,+'( ≈ −0.6×10!,

https://arxiv.org/abs/2105.11155


• Researches in other decay channels
• 𝐽/𝜓, 𝜓 3686 → Ξ>Ξ,

• 𝐽/𝜓, 𝜓 3686 → Σ 1385 >Σ 1385 ,

• J/𝜓, 𝜓 3686 → ΛCΛ, Σ<>Σ<,

• 𝜓 3686 → Ξ 1530 .>Ξ 1530 /, Ξ 1530 .>Ξ/,

• ……
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The researches are ongoing!



• The 𝐶𝑃 violation of mesons, neutrino and baryons 
are introduced.
• Through the two-body hyperons weak decay system, 

the clear polarization signals can be seen, but the 
𝐶𝑃 violation in strange baryons has not observed 
due to the limited statistics.
• Hope higher sensitive test of 𝐶𝑃 symmetry in 

strange baryons using larger data sets at BESIII and 
future Super Tau-Charm facility!

Summary

Thanks for your attention!
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