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Hyperon decays and CP violation
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Å Polarization of hyperon disentangled

Å Most precise decay parameters obtained 

Å More CPV observable constructed
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Hyperon decays and ChPT

ÅThere are still unsolved questionsin the domain of low-q2 hyperon weak decays: the 

origin of the ȹI=1/2 Rule; the S/P wave puzzle in decay amplitudes; the violation of 

the Hara Theorem

ÅThe Chiral perturbation theory provides a useful tool to systematically analyze the 

interplay of the strong, weak, and EM interactions.

ÅThe processes of interest include hyperon hadronic decays ☻ᴼ▬Ⱬ  and ☻ᴼ▪Ⱬ
and radiative decays ♅ ᴼ▬♬ȟ☻ᴼ▪♬ȟ ᴼ ♬
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æI =1/2 rule in Hyperon hadronic decay

Å In ╚ᴼⱫⱫ decay, their amplitudes:
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ÅTheЎ╘ Ⱦ rule: theweaktransitionschangingisospinby 1/2 areenhancedover the

3/2 transitionsin S-wave

ÅThe æI =1/2 rule is also applicable in the decay of hyperons, e.g. ☻ᴼ▬Ⱬ  and ☻ᴼ▪Ⱬ

ò50 Years of Quantum Chromodynamics ó

‏ is the strong final-state interaction phase, ‚is the weak interaction phase 
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æI =1/2 rule in Hyperon hadronic decay

ÅWhy test æI =1/2 rule in ☻decay:

ÅTest the ȹὍ = 1/2 rule in both Ὓ-wave and ὖ-wave: Ὓ1/Ὓ3 and ὖ1/ὖ3

ÅæI =3/2 transition contributes in CPV of decay width

ÅThe æI =1/2 and æI =3/2 amplitudes in Hyperon is related with decay widths and decay 

asymmetries. If there no æI =3/2 transition in Ώdecay: ρȟ
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ÅThree parameters fully describe the hyperon hadronic weak decays: 
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S/P wave puzzlein Hyperon hadronic decay

ÅS/P wave puzzle: the S wave in hyperon decay follows SU(3) symmetry, while the P wave 

doesnôt 

The S/P wave puzzle limits the precision of SM predictions of hyperon CPV

Sci.Bull. 67 (2022) 2298-2304 

ÅUsing the ChPT approaches, with updated 

decay parameters, the updated S-wave and P-

wave are obtained, wheretheP-wavediffers 

from previous calculations.
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Hyperon Hadronic Weak Decay at e+e- collider

Typical reaction of ▄▄ ᴼ╙Ⱦⱶᴼ♀♀
Å ὐȾ‪produced almost at rest

Å ῾῾ produced back-to-back, spin-correlated

Å Decay occurs within a few cm of IP

Å Low momentum “ and “

Å Clean topology, low background rate: 1:400

Å Two helicity amplitudes ȿ ἃὐȠὐ ȿ ἃρȠ ρ, ȿ ἃρȠρ

Å Interference between them produces a — -dependent 

production for ̔  hyperons that are spin-polarized: 

Å The first reaction: ╙Ⱦⱶᴼ♀♀
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Hyperon Hadronic Weak Decay at e+e- collider

Å The decay angle —(—) relative to ὖ direction

Å ὖ is polarization of Ώwith ὼȟ ώȟ Ƕᾀ oriented in helicity frame

Å ♪ȟ♫ȟ♬ are theLee-Yang decay parameters of ♀that can be determined with  and ὖ 

Å In ῾  and ̔ rest frames: 

Å The next two reactions: ♀ ᴼ☻Ⱬ ♀ ᴼ☻Ⱬ

Å The last two reactions: ☻ᴼ▬Ⱬ ☻ᴼ▪Ⱬ

Å In ɤand ɤrest frames: 

Å The decay angle —(—Ӷ) relative to ὖ direction

Å Only ♪of☻can be determined since proton polarization is not measured.
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A joint angular analysis of ╙Ⱦⱶᴼ♀♀

Å For ᴼ πdecay (ɧ ᴼɤʌ ):

Å Spin density matrix (ὐȾ‪ᴼ῾῾ ):
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A joint angular analysis of ╙Ⱦⱶᴼ♀♀

The fit yields 143973414 signal events and a purity of 91.2%.

Good consistence between data and simulation
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A joint angular analysis of ╙Ⱦⱶᴼ♀♀
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ÅProduction parameters are consistent with 

previous results, verifying the polarization 

and spin correlation.

ÅPrecision of ♪ and ♪ are improved by 

factor of 4 and 1.7.

ÅFour CP observables are constructed from 

decay parameters.

ÅStrong and weak-phasedifference are 

measured.

PRL 132, 101801(2024)
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Disparity in ȿdecay that reveals æI =1/2 rule

Consistent with kaon decay

Observed for the first time, different from S-wave

PRL 132, 101801(2024)
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Weak Radiative Hyperon Decay

ÅThe radiative decay was thought to be a simple reaction since it is free of final-state 
interaction.

ÅEffective Lagrangian
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ÅFocusing on single quark transition operator for ▼O ▀♬
while the remaining two quarks are assumed to be spectators. 

ÅThe U-spin properties of the weak and EM Hamiltonian 

imply that the PV part of the radiative weak decay vanishes in 

U-spin symmetry

ÅFor a U-spin doublet such as ὴ, ɫ , or ɫ , ɧ , Hara theorem 

requires the PV amplitudes vanish

ÅThe ñHara theoremò:
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Theoretical development for WRHD
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ÅNon-pQCD effect plays an essential role, low energy 

effective theories needed

Prog.Part.Nucl.Phys. 91 (2016) 1-100

Semi-leptonic Decay

Weak Hadronic Decay

Weak Radiative Decay

Baryon Magnetic MomentSci.Bull. 67 (2022) 2298-2304

ÅThe WRHD provide low-energy constants constraints, 

that will bring inputs for Semi-leptonic decay and 

weak hadronic decay
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Joint angular analysis for WRHD at e+e- collider

For ᴼ decay ( ᴼ )

For ╙Ⱦⱶᴼ♀♀

For ᴼ decay ( ᴼ )
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WRHD process ♅ ᴼ▬♬

Double-tag method:

PRL130, 211901 (2023)
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WRHD process ♅ ᴼ▬♬

Iterated from this analysis

PRL130, 211901 (2023)
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WRHD process ♅ ᴼ▬♬

Å The accuraciesof the BF and Ŭɔare improved by 78% and 34% 

Å The measured BF is lower than the world average value by 4.2ů

Å The accurate result will provide input and constraints for ChPT

PRL130, 211901 (2023)
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WRHD process ♅ ᴼ▬♬

SM on♅ ᴼ▬♬ ╒╟ ═╒╟
PhysRevD.51.2271 ρπ ρπ

Commun. Theor. Phys. 19.475 ρπ ρπ

arxiv:2312.17568 ς ρπ

CP observables: Input for new physics in♅ ᴼ▬■■ 

Å Experiment results of WRHDs provide SM expectations 

on such decays ïnarrowing the range for NP! 

Å Smoke screen of new physics in Ɇ+ Ÿ ὴ‘+‘ī decay 

PRL94 (2005) 021801, PRL120 (2018) 22, 22180

Å May be significantly enhancedby NP up to 10 ײַ %

(PRL109 (2012), 171801, JHEP01 (2013) 027, JHEP04

(2017) 027, JHEP08 (2017) 09

Å Extensive experimentalstudies on ὑ, Ὀ and ὄ meson

radiativedecays

PRL130, 211901 (2023)
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WRHD process ☻ᴼ▪♬

After further BDT selection

PRL 129, 212002 (2022)



21

WRHD process ☻ᴼ▪♬

Å First measurement on ‌

Å5.6ůdeviation of BF from 
world average value

ChPTII

PRL 129, 212002 (2022)
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WRHD process ᴼ ♬

Sci.Bull. 70 (2025) 454-459



23

WRHD process ᴼ ♬

ÔÈÉÓÁÎÁÌÙÓÉÓ
ÔÈÉÓÁÎÁÌÙÓÉÓ

Sci.Bull. 70 (2025) 454-459


