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Hyperon decays and CP violation

𝐴𝛬 = −0.0025 ± 0.0046 ± 0.0011 (10billion 𝐽/𝜓)

𝐴𝛴 = −0.004 ± 0.037 ± 0.010 (1.3 billion 𝐽/𝜓)

𝐴Ξ = 0.006 ± 0.013 ± 0.006 (1.3 billion 𝐽/𝜓)

𝛥𝜙𝛯 = −0.005 ± 0.014 ± 0.003 (1.3 billion 𝐽/𝜓)

• Polarization of hyperon disentangled

• Most precise decay parameters obtained 

• More CPV observable constructed
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Hyperon decays and ChPT

• There are still unsolved questions in the domain of low-q2 hyperon weak decays: the 

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

the Hara Theorem

• The Chiral perturbation theory provides a useful tool to systematically analyze the 

interplay of the strong, weak, and EM interactions.

• The processes of interest include hyperon hadronic decays 𝜦 → 𝒑𝝅− and 𝜦 → 𝒏𝝅𝟎

and radiative decays 𝜮+ → 𝒑𝜸, 𝜦 → 𝒏𝜸, 𝚵𝟎 → 𝚲𝜸
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∆I =1/2 rule in Hyperon hadronic decay

• In 𝑲 → 𝝅𝝅 decay, their amplitudes:

𝐴 𝐾0 → 𝜋+𝜋− = 𝐴0𝑒
𝑖𝜒0 +

1

2
𝐴2𝑒

𝑖𝜒2

𝐴 𝐾+ → 𝜋+𝜋0 =
3

2
𝐴2𝑒

𝑖𝜒2 ∆𝑰 =
𝟑

𝟐
 transition

∆𝑰 =
𝟏

𝟐
 transition

Re(𝐴0)

𝑅𝑒(𝐴1)
≈

ℬ 𝐾+ → 𝜋+𝜋0 𝜏𝐾𝑠

ℬ 𝐾𝑠 → 𝜋+𝜋− 𝜏𝐾+

=
0.21 ∙ 0.1𝑛𝑠

0.69 ∙ 12𝑛𝑠
=

1

22

• The ∆𝑰 = 𝟏/𝟐 rule: the weak transitions changing isospin by 1/2 are enhanced over the

3/2 transitions in S-wave

• The ∆I =1/2 rule is also applicable in the decay of hyperons, e.g. 𝜦 → 𝒑𝝅− and 𝜦 → 𝒏𝝅𝟎

“50 Years of Quantum Chromodynamics”

𝛿𝑖 is the strong final-state interaction phase, 𝜉𝑖 is the weak interaction phase 
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∆I =1/2 rule in Hyperon hadronic decay

• Why test ∆I =1/2 rule in 𝜦 decay:

• Test the Δ𝐼 = 1/2 rule in both 𝑆-wave and 𝑃-wave: 𝑆1/𝑆3 and 𝑃1/𝑃3

• ∆I =3/2 transition contributes in CPV of decay width

• The ∆I =1/2 and ∆I =3/2 amplitudes in Hyperon is related with decay widths and decay 

asymmetries. If there no ∆I =3/2 transition in 𝛬 decay: 
𝛼0

𝛼−
= 1,

Γ Λ→𝑛𝜋0

Γ Λ→𝑝𝜋−
= 1/2

Γ =
𝑒2𝐺𝐹

2

𝜋
𝑆 2 + 𝑃 2 𝛼𝑌 =

2Re(𝑆∗𝑃)

|𝑆|2 + |𝑃|2
𝜙𝑌 = sin−1

𝛽𝑌

1 − 𝛼𝑌
2

• Three parameters fully describe the hyperon hadronic weak decays: 
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S/P wave puzzle in Hyperon hadronic decay

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

doesn’t 

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

Sci.Bull. 67 (2022) 2298-2304 

• Using the ChPT approaches, with updated 

decay parameters, the updated S-wave and P-

wave are obtained, where the P-wave differs 

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

Typical reaction of 𝒆+𝒆− → 𝑱/𝝍 → 𝜩−ഥ𝜩+

• 𝐽/𝜓 produced almost at rest

• 𝛯− ത𝛯+ produced back-to-back, spin-correlated

• Decay occurs within a few cm of IP

• Low momentum 𝜋− and 𝜋+

• Clean topology, low background rate: 1:400

• Two helicity amplitudes | ۧ𝐽; 𝐽𝑧 = | ۧ1; +1 , | ۧ1;−1

• Interference between them produces a 𝜃𝜓-dependent 

production for 𝛯 hyperons that are spin-polarized: 

 The first reaction: 𝑱/𝝍 → 𝜩−ഥ𝜩+
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Hyperon Hadronic Weak Decay at e+e- collider

• The decay angle 𝜃𝛬(𝜃ഥ𝛬) relative to 𝑃𝛯 direction

• 𝑃𝛬 is polarization of 𝛬 with ො𝑥, ො𝑦, Ƹ𝑧 oriented in helicity frame

• 𝜶,𝜷, 𝜸 are the Lee-Yang decay parameters of 𝜩 that can be determined with 
𝑑𝑁

𝑑 cos 𝜃
 and 𝑃𝛬 

• In 𝛯− and ത𝛯+ rest frames: 

 The next two reactions: 𝜩− → 𝜦𝝅−(ഥ𝜩+ → ഥ𝜦𝝅+)

 The last two reactions: 𝜦 → 𝒑𝝅−(ഥ𝜦 → ഥ𝒏𝝅𝟎)

• In Λ and ഥΛ rest frames: 

• The decay angle 𝜃𝑝(𝜃 ҧ𝑝) relative to 𝑃Λ direction

• Only 𝜶 of 𝜦 can be determined since proton polarization is not measured.
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A joint angular analysis of 𝑱/𝝍 → 𝜩−ഥ𝜩+

• For 
1

2

+
→

1

2

+
+ 0−decay (Ξ− → Λπ−):

• Spin density matrix (𝐽/𝜓 → 𝛯− ത𝛯+ ):
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A joint angular analysis of 𝑱/𝝍 → 𝜩−ഥ𝜩+

The fit yields 143973±414 signal events and a purity of 91.2%.

Good consistence between data and simulation
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A joint angular analysis of 𝑱/𝝍 → 𝜩−ഥ𝜩+

11

• Production parameters are consistent with 

previous results, verifying the polarization 

and spin correlation.

• Precision of 𝜶𝟎 and ഥ𝜶𝟎 are improved by 

factor of 4 and 1.7.

• Four CP observables are constructed from 

decay parameters.

• Strong and weak-phase difference are 

measured.

PRL 132, 101801(2024)
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Disparity in Λ decay that reveals ∆I =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

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

• Effective Lagrangian

ℒ =
𝑒𝐺𝐹
2

ത𝐵𝑓 𝑎PC + 𝑏PV𝛾5 𝜎𝜇𝜈𝐵𝑖𝐹𝜇𝜈

• Observables:

Γ =
𝑒2𝐺𝐹

2

𝜋
𝑎 2 + 𝑏 2 ∙ 𝑘

3
,

𝛼𝛾 =
2Re(𝑎𝑏∗)

𝑎 2+ 𝑏 2

• Focusing on single quark transition operator for 𝒔 → 𝒅𝜸
while the remaining two quarks are assumed to be spectators. 

• The U-spin properties of the weak and EM Hamiltonian 

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

U-spin symmetry

• For a U-spin doublet such as 𝑝, Σ+, or Σ−, Ξ−, Hara theorem 

requires the PV amplitudes vanish

• The “Hara theorem”:
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Theoretical development for WRHD

Bi Bf

𝒈 𝜸

W±

• Non-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

• The 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 
𝟏

𝟐

+
→

𝟏

𝟐

+
+ 𝟏−decay (𝚵𝟎 → 𝚺𝟎𝛄)

For 𝑱/𝝍 → 𝜩𝟎ഥ𝜩−

For 
𝟏

𝟐

+
→

𝟏

𝟐

+
+ 𝟎−decay (𝚵𝟎 → 𝚲𝛑𝟎)
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WRHD process 𝜮+ → 𝒑𝜸

Double-tag method:

PRL130, 211901 (2023)
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WRHD process 𝜮+ → 𝒑𝜸

Iterated from this analysis

PRL130, 211901 (2023)
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WRHD process 𝜮+ → 𝒑𝜸

• The accuracies of the BF and αγ are improved by 78% and 34% 

• The measured BF is lower than the world average value by 4.2σ

• The accurate result will provide input and constraints for ChPT

PRL130, 211901 (2023)
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WRHD process 𝜮+ → 𝒑𝜸

SM on 𝜮+ → 𝒑𝜸 𝚫𝑪𝑷 𝑨𝑪𝑷
PhysRevD.51.2271 10−5 − 10−4

Commun. Theor. Phys. 19.475 10−5 − 10−4

arxiv:2312.17568 2 × 10−5

CP observables: Input for new physics in 𝜮+ → 𝒑𝒍+𝒍− 

• Experiment results of WRHDs provide SM expectations 

on such decays – narrowing the range for NP! 

• Smoke screen of new physics in Σ+ → 𝑝𝜇+𝜇− decay 

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

• May be significantly enhanced by NP up to 𝒪 10 %

(PRL109 (2012), 171801, JHEP 01 (2013) 027, JHEP 04

(2017) 027, JHEP 08 (2017) 09

• Extensive experimental studies on 𝐾, 𝐷 and 𝐵 meson

radiative decays

PRL130, 211901 (2023)
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WRHD process 𝜦 → 𝒏𝜸

After further BDT selection

PRL 129, 212002 (2022)
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WRHD process 𝜦 → 𝒏𝜸

• First measurement on 𝛼𝛾
• 5.6σ deviation of BF from 

world average value

ChPT II

PRL 129, 212002 (2022)



22

WRHD process 𝚵𝟎 → 𝚲𝜸

Sci.Bull. 70 (2025) 454-459
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WRHD process 𝚵𝟎 → 𝚲𝜸

this analysis
this analysis

Sci.Bull. 70 (2025) 454-459
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HWRD at fix-target experiments

• Fixed target experiments govern the results in 

1965-2010 (~23 papers from over 5 experiments)
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HWRD at fix-target and 𝒆+𝒆− and Experiments 

𝟕𝟐𝟑 ± 𝟒𝟎 𝟒𝟗𝟖 ± 𝟒𝟏𝟏𝟖𝟏𝟔 𝐞𝐯𝐞𝐧𝐭𝐬

BNL AGS

~𝟑𝟐𝟎𝟎𝟎 𝐞𝐯𝐞𝐧𝐭𝐬

Fermilab E761

𝟏𝟏𝟖𝟗 ± 𝟑𝟖 𝟏𝟑𝟎𝟔 ± 𝟑𝟗

• Hyperons at 𝑒+𝑒− : less statistics compare with large flux hyperon beam with polarization, 

but with  better precision, charge-conjugate channels

The power of quantum correction and joint angular analysis
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More BESIII results of HWRD are coming……

➢ Study of Ξ0 → 𝛾Σ0

➢ Study of Ξ− → 𝛾Σ−

➢ Study of Ω− → 𝛾Ξ−

➢ Study of Σ0 → 𝛾𝑛

➢ Study of Σ+ → 𝑝𝑒+𝑒−

➢ Study of Σ0 → Λ𝑒+𝑒−

➢ … Chin.Phys.Lett. 42, 032401 (2025)



27

• In addition to the hyperon CP violation tests, BESIII also conducted extensive studies

on hyperon weak decays providing inputs to long-standing challenges at low q2

region, such as. ΔI=1/2 rule, S/P puzzle and Hara theorem.

• ChPT provides important interpretation to experimental results, offering a unified

framework to understand the dynamics of hyperon weak decays.

• Further dedicated analyses and theoretical efforts are underway, which will continue

to deepen the understanding of hyperon decays, and help provide better predication

for hyperon CP violation.

Summary
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