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n A unique tool for various unresolved puzzles
u Matter-antimatter asymmetry

u Confinement of quarks into hadrons

n Exploration of hyperon spin properties
u Polarization and CP tests in final states of hyperon and 

antihyperon pairs

u Electromagnetic properties in weak radiative decays

u Inner structure of matter and fundamental interactions in 

scattering processes
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Introduction



BESIII: A hyperon factory

Nucl. Instrum, Meth. A 598 (2009)

The world largest �/� and �(2�) data samples

ü 10 Billion �/� 

ü 2.7 Billion �(2�) 

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

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

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

ü Tests of CP symmetry in entangled Ξ0 − Ξ0 pairs                                                                                                      PhysRevD.108.L031106 (2023)

ü Strong and weak CP tests in sequential decays of polarized Σ0 hyperons                                                                  arXiv:2406.06118

ü Novel method to extract the femtometer structure of strange baryons using the vacuum polarization effect        arXiv:2309.04139

ü Test of CP Symmetry in Hyperon to Neutron Decays                                                                                                PhysRevLett.131.191802 (2023)

ü Measurement of Λ transverse polarization in �+�− collisions at � = 3.68 − 3.71 GeV                                                                  JHEP10(2023)081

ü First simultaneous measurement of Ξ0 and Ξ0 asymmetry parameters in �(3683) decay                                           PhysRevD.108.L011101 (2023)

ü Determination of the Σ+ Timelike Electromagnetic Form Factors                                                                             PhysRevLett.132.081904 (2024)



n Matter-antimatter asymmetry of the universe
u Present universe: ~��−��

u Standard Model: ��−��~��−�� ≪ ��−��
Symmetry Magazine

CPV in SM is small          Size          #Events          Experiments

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

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

D meson (2019)            O(10-4)           108                LHCb    
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New source for the CP asymmetry?

u Not enough! Exploring new source for CP violation is necessary!

u BESIII provides the opportunity to investigate CP violation in hyperons.

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


Hyperon production at BESIII 

n High probability into a hyperon-antihyperon pair 
u Quantum spin correlation

n Same or opposite helicity states (for spin-1/2 hyperons): ��/� �/� , ��/� −�/� 
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∆�: relative phase between 
��/� �/�  and ��/� −�/� 

Phys. Rev. D 99, 056008 (2019)



Hyperon polarization 

n The non-zero �� represents the transverse polarization

��(��� � ) =
� − ��

� ��� (��)��� ���� �

� + ������ �

n Angular distribution: ��
��

∝ � + ������ �
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Relation with form factors ��, ��:

Physics Letters B 772 (2017)

Nature Phys. 15, 631 (2019)

Decay parameters & CP observables
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���(� ∗ �)
 � � +  � �

, � =
���(� ∗ �)
 � � +  � �

= � − ������

��� =
�� + ��

�� − ��
, ��� =

�� − ��

�
Phys. Rev. 108, 1645 (1957)



ü A clear transverse polarization of �� from �/� decay is observed for the first time.

ü �� and �� decay parameters are determined with the most precise, which are improved by more 

than one order of magnitude over the previous measurements.

ü The CP asymmetry observables are measured with the higher precision.

�+�− → �/� → ����, ��(��) → ���(���)
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10 Billion �/�
#Signal: 327.3k

�/�

Phys. Rev. D 108, L011101 (2023)



ü For the first time, the transverse polarizations of �� in �/� and �(��) decays are observed with 

opposite directions.

ü ��/�� decay parameter is determined in the decay of the �� hyperons.

ü The CP test is performed in the subsequent decays of their daughter particles � and �.
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�+�− → �/�,  �(��) → ����, ��(��) → ��(��)

10 Billion �/�: #Signal: 1.1m
2.7 Billion �(��): #Signal: 51.8k

arXiv:2406.06118



• � =  ��
��

 = �
���

�−�
�+�

= �. ��� ± �. ���(����. ) ± �. ���(����. )

• ∆���� = ���  ��
��

 = (�. ��� ± �. ���(����. ) ± �. ���(����. )) ���

• ∆���� = ���  ��
��

 = (�. ��� ± �. ���(����. ) ± �. ���(����. )) ���

• ∆��� = (�. ��� ± �. ���(����. ) ± �. ���(����. )) ���

Strong EM HVP EM

arXiv:2309.04139
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ü �/� → ��� is a purely electromagnetic process.

ü Hadronic vacuum polarization (HVP) at the �/� resonance results in a significantly 

enhanced signal.

�+�− → �/� → ���, �� → ��
10 Billion �/�, #Signal: 26k



Hyperon weak radiative decays
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ü Measurement of the Absolute Branching Fraction and Decay Asymmetry of Λ → ��                                                PhysRevLett.129.212002 (2022)

ü Precision Measurement of the Decay Σ+ → �� in the Process �� → Σ+Σ−                                                                   PhysRevLett.130.211901 (2023)



u Interplay of the electromagnetic, weak, and strong interactions

u Parity conserving (P wave) amplitude

u Parity violating (S wave) amplitude (if ≠ �)

u Asymmetric angular distribution of the daughter baryon in the hyperon rest frame

Hyperon weak radiative decays 
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��
��

∝
�
��

(� + ���� ∙ �)

u In unitary symmetry, �� = �

u Experimentally, �� is large

ü Various phenomenological models?

ü ChPT !!!

ü Check in more precise measurements



�. ��

ü The absolute branching fraction of the decay � → �� is determined for the first time

ü First determination of the decay asymmetry �� is reported
PRL 129, 212002 (2022) 

ü More precise in branch fraction � → ��

ü 5.6� deviate from the previous measurement

ü �� is in good agreement with the prediction in 

covariant baryon ChPT

� → ��
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�. ��

PRL 130, 211901 (2023) 

�+ → ��
ü The absolute branching fraction of the decay �+ → �� is determined with more precise

ü The decay asymmetry parameter �� is determined with the most precise
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ü Precisions are improved by 78% and 34%

ü BF is lower than PDG value by 4.2�

ü �� is consistent with the world average value
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Hyperon-nucleon interaction

ü First Study of Reaction Ξ0� → Ξ−� Using Ξ0-Nucleus Scattering at an Electron-Positron Collider                            PhysRevLett.130.251902 (2023)

ü First Study of Antihyperon-Nucleon Scattering Λ� → Λ� and Measurement of Λ� → Λ� Cross Section                     PhysRevLett.132.231902 (2024)

ü First measurement of Λ� inelastic scattering with Λ from �+�− → �/� → ΛΛ                                                                                   PhysRevC.109.L052201 (2024)



Hyperon-nucleon interaction

Chin. Phys. C 48 (2024) 7, 073003

n Well-established models exist for nucleon-nucleon interactions

n There are difficulties in modeling hyperon-nucleon scattering

n The lack of experimental measurements
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ü First study of hyperon-nucleon interactions in electron-positron collisions

ü ��� → �−� is observed for the first time

ü �(��� → �−�) = (�. � ± �. �(����. ) ± �. �(����. )) ��

ü �(�� + ��� → �− + � + 8��) = (��. � ± �. �(����. ) ± �. �(����. )) ��

�. ��

��� → �−�

PRL 130, 251902 (2023) 
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ü First study of antihyperon-nucleon scattering

ü �(�� → ��) = (��. � ± �. �(����. ) ± �. �(����. )) ��

ü �(�� → ��) = (��. � ± �. �(����. ) ± �. �(����. )) ��

ü Differential cross sections of the two reactions are also measured

�� → �� & �� → ��

2024-07-18 19ICHEP 2024 | Prague

� + � → � + �

� + � → � + �

ü Slight tendency of forward 

scattering for �� → ��

ü Strong forward peak for �� → ��

Phys. Rev. Lett. 132, 231902 (2024)



n BESIII has collected a large number of �/� and �(��) data events

u Large hyperon pair productions (��, ��, ��)

u Hyperon polarization measurement and CP violation searches

u Hyperon weak radiative decays

u Hyperon-Nucleus interaction studies

n  More interesting results expected in the future! 

u Hyperon rare decays, electric dipole moment (EDM) searches ……

Thank you!

Summary
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