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Physics Motivation
Overview

◦ Weak radiative decays
◦ flavor changing neutral current (FCNC) 

process (s→dγ transition)
◦ Significant non-perturbative QCD effects
◦ A symphony of strong, weak and EM

interaction
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◦ Decay of ground hyperons:
◦ Weak hadronic decay (𝛬 → 𝑝𝜋−)
◦ Semi-leptonic decay (𝛬 → 𝑝𝑒𝜈𝑒)
◦ Weak radiative decay (WRHD) (𝛬 → 𝑛𝛾)
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◦ Reveal common hyperon properties
◦ Decay mechanism
◦ EM structure
◦ ……

Physics Motivation
Effecitve Theory Point-of-view
◦ Effective Lagrangian

ℒ =
𝑒𝐺𝐹
2

ത𝐵𝑓 𝑎PC + 𝑏PV𝛾5 𝜎𝜇𝜈𝐵𝑖𝐹𝜇𝜈

◦ Decay width & decay asymmetry

Γ =
𝑒2𝐺𝐹
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𝛼𝛾 =
2Re(𝑎𝑏∗)

𝑎 2 + 𝑏 2

Semi-leptonic Decay

Weak Hadronic Decay

Weak Radiative Decay

Baryon Magnetic Momentj.scib.2022.10.026
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Physics Motivation
Effecitve Theory Point-of-view
◦ Unique contribution from “direct photon emission”
◦ PV amplitude from direct photon emission:

◦ Need experiment input from Ξ0 → Λ(Σ0)γ or Λ → nγ process

◦ Two quark exchange suppressed Ξ− → Σ−γ and Ω− → Ξ−γ process
◦ Much smaller decay width
◦ More sensitive to effective models?
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Physics Motivation
Physics Beyond the Scope of QCD Phenomenon
◦ New physics in 𝐵𝑖 → 𝐵𝑓𝑙

+𝑙− decay
◦ Smoke screen of new physics in 𝛴+ → 𝑝𝜇+𝜇− decay (PhysRevLett.94.021801)
◦ Experiment results of WRHDs provide SM expectations on such decays – narrowing the 

range for NP! (JHEP10(2018)040, JHEP02(2022)178)

◦ CP Violation in WRHDs
◦ CPV in heavy flavor radiative decays may be significantly enhanced by NP
◦ Extensive experimental studies on D and B meson decays
◦ Limited studies in baryon sector
◦ WRHDs serve as a probe for CPV
◦

◦

◦

◦

PhysRevLett.109.171801, JHEP01(2013)027, JHEP04(2017)027, JHEP08(2017)09

PhysRevLett.70.2529, PhysRevLett.109.191801, PhysRevLett.118.051801, PhysRevLett.119.191802

PhysRevD.51.2271, PhysRevD.65.074038, PhysRevD.105.116001, Commun.Theor.Phys.19.4

PhysRevD.105.L051104
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Physics Motivation
Experiment Research Status
Fixed target experiments govern the results in 
1965-2010 (~23 papers from over 5
experiments)
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Research Methods
Absolute BF Measurement
Double-tag method for BF measurement

BF =
𝑁DT

𝑁ST
×

𝜀ST

𝜀DT

◦ Well constrained kinematics
◦ Absolute BF measurement
◦ Canceled ST selection syst. uncertainty

ST side

DT side

ST reconstruction ST recoil

DT reconstruction

7



Research Methods
Decay Parameter Measurement
Uniquely pair-produced hyperons from 𝝍 decay
◦ e.g. 𝑒+𝑒− → Τ𝐽 𝜓 → Ξ0 → Λ𝛾 തΞ0 → ഥΛ𝜋0 Λ → 𝑝𝜋−, ഥΛ → ҧ𝑝𝜋+

Decay amplitude (Helicity):

𝓦 = σ𝝁,𝝂=𝟎
𝟑 σ𝝁′=𝟎

𝟑 σ𝝂′=𝟎
𝟑 𝑪𝝁𝝂𝒂𝝁𝝁′

𝚵 𝒂𝝁′𝟎
𝚲 𝒂𝝂𝝂′

ഥ𝚵 𝒂𝝂′𝟎
ഥ𝚲

Helicity angles: 
𝜃Ξ, 𝜃Λ, 𝜙Λ, 𝜃ഥΛ, 𝜙ഥΛ, 𝜃𝑝, 𝜙𝑝, 𝜃 ҧ𝑝, 𝜙 ҧ𝑝

Decay parameters: 
𝛼𝐽/𝜓, ΔΦ𝐽/𝜓, 𝛼Ξ, ΔΦΞ, 𝛼ഥΞ, ΔΦഥΞ, 𝛼Λ, 𝛼ഥΛ
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𝑪: polarization and spin correlation matrix 
of 𝑩ഥ𝑩

BESIII observation of non-zero 𝚫𝚽𝚿
◦ Transverse polarization and spin-correlation 

between hyperon pairs (Nat. Phys. 15, 631–634 (2019))

Research Methods
Decay Parameter Measurement

𝒂: decay matrices of hyperons
𝛽 = 1 − 𝛼2sin(ΔΦ), 𝛾 = 1 − 𝛼2cos(ΔΦ)

◦ For 𝟏
𝟐

+
→

𝟏

𝟐

+
+ 𝟎−decay (𝚵𝟎 → 𝚲𝛑𝟎)

◦ For 𝟏
𝟐

+
→

𝟏

𝟐

+
+ 𝟏−decay (𝚵𝟎 → 𝚲𝛄)

Decay parameters fitted from amplitude
◦ Sensitivity multiplicated by ~10 times  (Chin. Phys. 

C 47, 093103 (2023) )
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𝚲 → 𝒏𝜸 Analysis
Analysis Method Highlights
Kinematic fit with missing particle/energy
◦ Hypothesis: ഥΛ → തpπ+ γ + n(missing particle)
◦ Hypothesis: Λ → pπ− γ + തn(missing energy)
◦ Superiority of well-constrained kinematics

MVA-based fake photon suppression
◦ 𝜺𝐛𝐤𝐠 = 𝟑. 𝟏%, 𝜺𝐬𝐢𝐠 = 𝟓𝟎. 𝟏%
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𝚲 → 𝒏𝜸 Analysis
Analysis Results

First measurement on 𝜶𝜸
5.6σ deviation of BF
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𝚺+ → 𝒑𝜸 Analysis
Analysis Method Highlights
Utilize joint decay length to discriminate short-lived baryons from signals

𝒑
ഥ𝒑

𝜸
IP

𝑳

𝚺+

𝒑 ഥ𝒑

𝜸

IP

Signal efficiency > 78%
Background efficiency < 7%

𝚫+
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𝚺+ → 𝒑𝜸 Analysis
Analysis Results

Significantly improved accuracy
◦ BF: 78%
◦ 𝛼𝛾: 34%
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𝚺+ → 𝒑𝜸 Analysis
CP Asymmetry Test
Potential 𝐶𝑃 asymmetry sources:
◦ Loop diagram contribution:

◦ Other terms - strong phase dependent on QCD 
models:
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First Measurement of CP asymmetry of 𝛴+ →
𝑝𝛾 decay
◦ Statistical uncertainty dominated
◦ Need more statistics to reach the precision of 

theory predictions

𝚫𝑪𝑷 𝑨𝑪𝑷
PhysRevD.51.2271 10−5 − 10−4

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

arxiv:2312.17568 2 × 10−5



Summary & Prospects
Since 2022, BESIII experiment has provided fresh results to the field

Inconsistency between exp. results and theory predictions still exist

More results with higher precision expected

𝚺+ → 𝒑𝜸(Phys. Rev. Lett. 130, 211901 (2023))
Experiment BF (x𝟏𝟎−𝟑) 𝜶𝜸

2022, BESIII 0.996±0.021±0.018 -0.652±0.056±0.020
PDG 1.23±0.05 -0.76±0.08

𝚵𝟎 → 𝚲𝜸 (BAM-760)
Experiment BF (x𝟏𝟎−𝟑) 𝜶𝜸

2024, BESIII xxx xxx
PDG 1.17±0.07 -0.70±0.07

𝚲 → 𝒏𝜸(Phys.Rev.Lett. 129 (2022))
BF (x𝟏𝟎−𝟑) 𝜶𝜸

2022, BESIII 0.846±0.039±0.052 -0.160±0.101±0.046
PDG 1.75±0.15 ---

𝚵𝟎 → 𝚺𝟎𝜸

Experiment BF (x𝟏𝟎−𝟑) 𝜶𝜸

BESIII xxx xxx
PDG 3.33±0.10 -0.69±0.06

Significantly improved precision Competitive precision
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Studies on Ξ− → Σ−𝛾 and Ω+ → Ξ−𝛾 decays undergoing
“The last piece of the puzzle”

Summary & Prospects

𝛀+ → 𝚵−𝜸

Experiment BF (x𝟏𝟎−𝟑) 𝜶𝜸

BESIII ?
PDG <0.46 ---

𝚵− → 𝚺−𝜸

Experiment BF (x𝟏𝟎−𝟑) 𝜶𝜸

BESIII ? ?
PDG 1.27±0.23 ---

16

Special thanks to Prof. L.-S. Geng and Dr. R.-X. Shi


