
Hong-Fei Shen (On behalf of the BESIII Collaboration)
Institute of High Energy Physics

1

Hyperon physics at BESIII

shenhongfei@ihep.ac.cn

Lake Louise Winter Institute 2024

LLWI2024



𝑪𝑷𝑽 in hyperon decays01
CONTENTS

22024-02-23

02

03

Recent results from BESIII

Summary

LLWI2024



P A R T . 0 1

LLWI2024
32024-02-23



2024-02-23 4

Matter

Anti-matter

• According to the Big Bang theory:
• Matter and anti-matter have the same amount

• The observed universe is matter dominant:
𝑛! − 𝑛 "! /𝑛#~10$%&

• The standard model predicted value：
𝑛! − 𝑛 "! /𝑛#~10$'&

• Why has the anti-matter disappeared?

• Sakharov’s three conditions :
1. Baryon number violation
2. 𝐶 and 𝐶𝑃 violation
3. Thermal non-equilibrium

New Journal of Physics 14 (2012) 095012

Pisma Zh. Eksp. 
Teor. Fiz., 1967, 
5: 32-35

Mystery of matter-antimatter asymmetry

LLWI2024

Gavela, Hernandez, Orloff, Pene, CERN 93/7081
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𝑪𝑷 violation (𝑪𝑷𝑽)
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𝑉()* =
𝑐%'𝑐%+ 𝑠%'𝑐%+ 𝑠%+𝑒$,-!"

−𝑠%'𝑐'+ − 𝑐%'s'+𝑠%+𝑒,-!" 𝑐%'𝑐'+ − 𝑠%'𝑠'+𝑠%+𝑒,-!" 𝑠'+𝑐%+
𝑠%'𝑐'+ − 𝑐%'s'+𝑠%+𝑒,-!" −𝑐%'𝑠'+ − 𝑠%'𝑐'+𝑠%+𝑒,-!" 𝑐'+𝑐

𝛿!" → 𝑉#$%∗ ≠ 𝑉#$% → 𝐶𝑃𝑉!

[1] Phys. Rev. 104 (1956) 254-258 
[2] Phys. Rev. 105 (1957) 1413-1414
[3] Phys. Rev. Lett., 1964, 13: 138-140 
[4] Phys. Rev. Lett., 2001, 87: 091801 
[5] Phys. Rev. Lett., 2001, 87: 091802 
[6] Phys. Rev. Lett., 122, 211803 (2019)

𝐶𝑃𝑉 has been observed at 𝐾, 𝐵, 𝐷 
meson systems, but not enough to 
explain the matter-dominant Universe.

A new possibility: search for 𝐶𝑃𝑉 in 
entangled hyperon-antihyperon pairs.
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𝑪𝑷𝑽 in hyperon non-leptonic weak decays 
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The amplitude of spin-1/2 hyperon 𝐵! decays to a spin-1/2 baryon
𝐵" and a pion can be described by three decay asymmetry 
parameters:

Phys. Rev. 108, 1645 (1957)

𝛼.' + 𝛽.' + 𝛾.' = 1

𝛽. = 1 − 𝛼.'
%
'𝑠𝑖𝑛𝜙.，𝛾. = 1 − 𝛼.'

%
'𝑐𝑜𝑠𝜙.

𝐶𝑃 conservation：𝛼# = −-𝛼#， 𝜙# = − -𝜙#

𝐶𝑃𝑉 can be searched by comparing the decay 
parameters between the hyperon and anti-hyperon
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Study hyperons at BESIII

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

Decay mode 𝑩(×𝟏𝟎$𝟑) 𝑵𝑩(×𝟏𝟎𝟔)
𝐽/𝜓 → ΛAΛ 1.89 ± 0.09 ~18.9
𝐽/𝜓 → Σ& GΣ& 1.172 ± 0.032 ~11.7
𝐽/𝜓 → Σ2GΣ$ 1.07 ± 0.04 ~10.7
𝐽/𝜓 → Ξ&GΞ& 1.17 ± 0.04 ~11.7
𝐽/𝜓 → Ξ$GΞ2 0.97 ± 0.08 ~9.7
𝜓(2𝑆) → Ω$AΩ2 0.057 ± 0.003 ~0.17

With 10 billion 𝐽/𝜓	and 2.7 billion 𝜓(3686) collected 
at BESIII. About 103 entangled hyperon pairs can be 
produced, which enables precise studies of the 
hyperon physics.

LLWI2024
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𝑒!𝑒" → 𝐽/𝜓 → Λ*Λ, Λ(*Λ) → 𝑝𝜋
Differential cross-section of 𝑒2𝑒$ → 𝐽/𝜓 → ΛAΛ :

Nuovo Cim. A 109, 241 (1996)
Phys. Rev.185 D 75, 074026 (2007)
Nucl. Phys. A190 771, 169 (2006)
Phys. Lett. B 772, 16(2017)

Polarization
Phys. Rev. Lett. 129, 131801 (2022) Nature Phys.15(2019)631

10B 𝐽/𝜓 1.3B 𝐽/𝜓

Most precise 𝐶𝑃 asymmetry, 𝐴(4 =
5#265$
5#$65$

, in hyperon sector.
𝛼$: Λ → 𝑝𝜋$
𝛼2: AΛ → 𝑝̅𝜋2
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Σ! Polarization and 𝐶𝑃 tests in Σ! decays

Parameter 𝛴! → 𝑝𝜋", &Σ# → 𝑝̅𝜋" Σ! → 𝑝𝜋", &Σ# → &𝑛𝜋# + 𝑐. 𝑐.
𝛼$/& −0.508 ± 0.006 ± 0.004 −0.5156 ± 0.0030 ± 0.0061

ΔΦ$/& −0.270 ± 0.012 ± 0.009 −0.2772 ± 0.0044 ± 0.0041

𝛼&(()*)) 0.682 ± 0.03 ± 0.011 -

ΔΦ&(()*)) 0.379 ± 0.07 ± 0.014 -

𝛼"(Σ! → 𝑝𝜋") −0.998 ± 0.037 ± 0.009 -

&𝛼"(&Σ# → 𝑝̅𝜋") 0.990 ± 0.037 ± 0.011 -

𝛼!(Σ! → 𝑛𝜋!) - 0.0481 ± 0.0031 ± 0.0019

&𝛼#(&Σ# → &𝑛𝜋#) - −0.0565 ± 0.0047 ± 0.0022

1.3B J/𝜓 and 0.45B 𝜓(3686) 10B J/𝜓 
Phys. Rev. Lett. 131, 191802 (2023)Phys. Rev. Lett. 125, 052004 (2020)

Polarizations of Σ!

Two 𝐶𝑃 tests are performed in the decays of Σ!:

𝐴,- Σ! → 𝑝𝜋" =
𝛼" + &𝛼"
𝛼" − &𝛼"

= −0.004 ± 0.037 ± 0.010

𝐴,- Σ! → 𝑛𝜋! =
𝛼! + &𝛼#
𝛼! − &𝛼#

= −0.080 ± 0.052 ± 0.028

Opposite directions of the Σ2
polarization in 𝐽/𝜓 and 𝜓 3686 !
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𝐶𝑃 tests in Ξ decays
Joint angular distribution of 𝑒$𝑒% → 𝐽/𝜓 → Ξ-Ξ, Ξ →
Λ → 𝑝𝜋% 𝜋, -Ξ → :Λ → 𝑝̅𝜋$ 𝜋 :

Phys. Rev. D 99, 056008 (2019)

𝐴(4 =
𝛼 + G𝛼
𝛼 − G𝛼 ≈ − tan 𝛿4 − 𝛿7 tan(𝜉4 − 𝜉7)

Δ𝜙(4 =
𝜙 + G𝜙
2 ≈

𝛼
1 − 𝛼'

cos𝜙tan(𝜉4 − 𝜉7)

If the strong phase difference 𝛿4 − 𝛿7 is close to 0, 𝐴(4 will be 
suppressed, however, Δ𝜙(4 won’t suffer from this problem.

Δ𝜙(4 can be directly determined through the sequential decays 
of the hyperon. This is a big advantage of Ξ&($) hyperon 
compared to Λ or Σ± hyperon
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𝐶𝑃 tests in Ξ decays

Nature 606 (2022) 64-69

Ξ"(1.3B 𝐽/𝜓)
Phys.Rev.D 108 (2023) 3, L031106

First measurements of the 
weak phase difference in 
Ξ#/Ξ" decays

Three CP tests in Ξ#/Ξ" 
decays

Ξ# (10B 𝐽/𝜓)
The precision of our analysis (73K events) is 
comparable with the measurement from 
HyperCP (144M events), which means that 
the accuracy of a single event is more than 
1000 times higher than HyperCP!

Phys. Rev. Lett. 93 (2004) 011802
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Test the 𝐶𝑃 symmetry and Δ𝐼 = 1/2 rule in Ξ" decays

arXiv:2309.14667 (Accepted by PRL)

According to Δ𝐼=1/2 rule, the ratio between the decay parameter 𝛼." (Λ →
𝑛𝜋") and 𝛼.# (Λ → 𝑝𝜋#) should be 1.

Our result: < 𝛼." >/< 𝛼.# >= 0.870 ± 0.012#"."0"!"."00 indicate the Δ𝐼=1/2 
rule is violated in the decays of Λ.

5 𝐶𝑃 tests are performed.

𝑒2𝑒$ → 𝐽/𝜓 → Ξ$GΞ2, Ξ$ → Λ → 𝑝𝜋$ 𝜋$, GΞ2 → AΛ → G𝑛𝜋& 𝜋2
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Absolute BF measurement of the Ω" and test of the Δ𝐼 = 1/2 rule

e2 𝑒$𝜓′

AΩ2

AΛ 𝐾2

Ω$

Tag side

Ξ(Λ)

𝜋(𝐾$) Signal side

Partial reconstruction to improve the efficiencies, 
only a 𝜋$, a 𝜋& and a 𝐾$ in the signal side for the 
decay channels Ω$ → Ξ&𝜋$, Ω$ → Ξ$𝜋&, and Ω$ →
Λ𝐾$, respectively.

If Δ𝐼=1/2 rule is valid in Ω$ decay, the BF ratio between 
two decay channels Ω$ → Ξ&𝜋$, Ω$ → Ξ$𝜋& should be 
2. This ratio in PDG is 2.74 ± 0.15, inconsistent with the 
prediction of the Δ𝐼=1/2 rule.
The result was only measured by one experiment, and therefore, 
received some skepticism!

Our result: 𝑅 = 2.97 ± 0.19 ± 0.11, consistent with the 
PDG value, confirms the Δ𝐼=1/2 rule is not suitable for 
describing the decays of the Ω$  hyperon.

Phys. Rev. D 108 (2023) 9, L091101
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More results of hyperon physics at BESIII…
Phys. Rev. D 107, 072010 (2023) 

Σ2 → Λ𝑒2𝜈̅;
Phys. Rev. Lett. 127 (2021) 12, 121802

Λ → 𝑝𝜇2𝜈̅<
Phys. Rev. Lett. 130, 211901(2023)

Σ2 → 𝑝𝛾
Phys. Rev. Lett. 129, 212002 (2022)

Λ → 𝑛𝛾Semileptonic and 
radiative decays:

Hyperon-nucleus 
interactions:

Phys. Rev. Lett. 130, 251902 (2023) arXiv:2401.09012

Ξ&𝑛 → Ξ$𝑝 AΛp → AΛ𝑝, Λ𝑝 → Λ𝑝
arXiv:2310.00720

Λ𝑁 → Σ2𝑋

Study of excited Ξ:
arXiv:2308.15206
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Summary 

ü BESIII has made fruitful achievements in the studies of hyperon physics:

ü Precise CP tests are performed in hyperon decays;

ü The Δ𝐼 = 1/2 rule is found to be unsuitable for describing the decays of the Λ and Ω% hyperons.

ü More exciting hyperon results will come in the near future.
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Hyperon Polarization

𝜇 𝑐𝑜𝑠𝜃A =
𝛼 − /𝛼
2

1 + 𝛼B 𝑐𝑜𝑠C 𝜃A
3 + 𝛼B

𝑃D(𝑐𝑜𝑠𝜃A)


