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Baryon asymmetry in the Universe

• “Why is there more matter than antimatter?”
• “baryogenesis”

• One of the 125 questions listed by Sciences in 
2005

• Sakharov conditions for baryogenesis:

• Baryon number violation

• C and CP violation

• Out of thermal equilibrium  

• CP violation
Has been widely studied by flavor factories
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CP violation

• The only source of CP violation in the Standard Model is through 
CKM mechanism

• Quark mixing matrix 

• A single phase parameter gives rise to quark CPV

• Well tested

• But not sufficient to explain matter and 
antimatter asymmetry in Universe
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CP violation in meson decays

• Well established, in 𝐾, 𝐵, 𝐵𝑠, and 𝐷 systems

• Only found in meson systems before 2025

• Baryon CPV could appear in decays mediated by similar quark 
transition as known CP-violating meson decays
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Decay parameters asymmetry

JHEP04(2014)087

PRD108(2023)L011101

PRL133 (2024) 101902

Nature Phys.13(2017)391

𝑱/𝝍 → Ξ0 തΞ0, Ξ0 → Λ𝜋0

Phys. Rev. D 34(1986) 833

• Important to investigate phase space dependence

(amplitude analysis, binned method, energy test etc.)

• CPV: b baryon 𝓞(𝟏% − 𝟏𝟎%), c baryon 𝓞(𝟎. 𝟏%),

hyperon 𝓞(𝟎. 𝟎𝟎𝟏% − 𝟎. 𝟎𝟏%) [Phys. Rev. D 34(1986) 833]

Direct CP violation (∝ 𝐬𝐢𝐧 𝚫𝜹𝑺𝑻 𝐬𝐢𝐧(𝚫𝝓𝑬𝑾))

𝜦𝒃
𝟎 → 𝒑𝑲𝑺

𝟎𝝅−

Triple-product asymmetry (∝ 𝐜𝐨𝐬 𝚫𝜹𝑺𝑻 𝐬𝐢𝐧(𝚫𝝓𝑬𝑾))

𝜦𝒃
𝟎 → 𝒑𝝅+𝝅−𝝅+

• Many methods have been explored to search for CP violation in baryon decays

Methods to search for baryonic CP violation

https://doi.org/10.1007/JHEP04(2014)087
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.108.L011101
https://doi.org/10.1103/PhysRevLett.133.101902
https://doi.org/10.1103/PhysRevLett.133.101902
https://doi.org/10.1103/PhysRevLett.133.101902
https://doi.org/10.1038/nphys4021
https://doi.org/10.1038/nphys4021
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.34.833


Hyperon studies @ BESIII

• With 10 billion 𝐽/𝜓 and 3 billion 𝜓 3686  collected at BESIII, ~107 
entangled hyperon pairs can be produced which enables precise 
studies of the hyperons

• More 𝜓 3686  data will be 
taken after the upgrade of 
BEPCII and BESIII inner 
tracker
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𝒆−𝒆+ → 𝚲ഥ𝚲 𝒆−𝒆+ → 𝚵−ഥ𝚵+

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

https://inspirehep.net/files/fa2044ca870aa8cafb3c0a9c0d9c882e


Baryon decay parameters

Phys. Rev. 108, 1645 (1957)

• Proposed by Lee & Yang to study parity (P) violation in hyperon decay 
Λ → 𝑝𝜋+

[Phys. Rev. 108, 1645 (1957)]
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Parity violating observables: 𝛼 Λ/ഥΛ ), 𝛽 Λ/ഥΛ ), 𝛾 Λ/ഥΛ )

CP violating observables: ACP
𝛼 =

𝛼 Λ +𝛼 ഥΛ

𝛼 Λ −𝛼 ഥΛ
…   

𝑑Γ

𝑑cos 𝜃
= 𝐴 1 + 𝛼𝑃Λ cos 𝜃

Complementary to decay

rate asymmetry

𝑃𝑝 =
𝛼 + 𝑃Λ cos 𝜃 𝑧′ + 𝛽𝑃Λ𝑥’ + 𝛾𝑃Λ𝑦′

1 + 𝛼𝑃Λ cos 𝜃

https://journals.aps.org/pr/abstract/10.1103/PhysRev.108.1645


Decay parameters and CPV in hyperons

• Pioneering work to probe CPV in 𝐽/𝜓 → ΛഥΛ
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[Nat. Phys. 15 (2019) 631]

[PRL129(2022) 131801]

Entangled Λ and ഥΛ

Decay 𝐽/𝜓 → Λ തΛ 𝜓 → Σ+ തΣ− 𝐽/𝜓 → Σ+ തΣ− 𝐽/𝜓 → Ξ−ഥΞ+ 𝜓(2𝑆) → Ξ−ഥΞ+ 𝐽/𝜓 → Ξ0ഥΞ0

𝐴𝐶𝑃

−0.0025
±0.0046 

±0.0012 

−0.004
±0.037 

±0.010 

−0.080
±0.052
±0.028

−0.006
± 0.013 

± 0.006 

−0.015
±0.051
±0.010

−0.0054
±0.0065 

± 0.0031 

PRL129 (2022) 

131801

PRL125 (2020) 

052004

PRL131(2023) 

191802

Nature 606 (2022) 

64

PRD106(2022) 

L091101

PRD108 (2023) 

L031106

• Many other 𝜓 to hyperon channels explored, no sign of CP violation

https://www.nature.com/articles/s41567-019-0494-8
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.129.131801


Baryonic CP violation searches @ LHCb 
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Decay Methods Data Reference

Λ𝑏
0 → 𝑝𝐾𝑠

0𝜋− 𝐴𝐶𝑃 1 fb−1 JHEP 04 (2014) 087

Λ𝑏
0 → Λℎℎ′ 𝐴𝐶𝑃 3 fb−1 JHEP 05 (2016) 081

Λ𝑏
0 → 𝑝𝜋−𝜋+𝜋− TPA, energy test

3 fb−1

6.6 fb−1

Nature Physics 13 (2017) 391 

PRD 102 (2020) 051101

Λ𝑏
0 → 𝑝𝐾−𝜇+𝜇− 𝐴𝐶𝑃 3 fb−1 JHEP 06 (2017) 108

Λ𝑐
+ → 𝑝ℎ−ℎ+ 𝐴𝐶𝑃 3 fb−1 JHEP 03 (2018) 182

Λ𝑏
0 → 𝑝𝐾−/𝑝𝜋− 𝐴𝐶𝑃 3 fb−1 PLB 787 (2018) 124

Λ𝑏
0 → 𝑝ℎ−ℎ+ℎ− TPA 3 fb−1 JHEP 08 (2018) 039

Λ𝑏
0 → 𝑝ℎ−ℎ+ℎ− 𝐴𝐶𝑃 3 fb−1 EPJC 79 (2019) 745

Ξ𝑏
− → 𝑝𝐾−𝐾− Amplitude 5 fb−1 PRD 104 (2020) 052010

Ξ𝑐
+ → 𝑝𝐾−𝜋+ kNN 3 fb−1 EPJC 80 (2020) 986

Λ𝑏
0 → 𝑝𝐷0𝐾− Miranda 𝑆𝐶𝑃

𝑖 9 fb−1 PRD104 (2021) 112008

Λ𝑏
0 → Λ𝛾 photon polarization 3 fb−1 PRD105 (2022) L051104

𝛬𝑏
0 → 𝛬𝑐

+ℎ− Decay parameter 9 fb−1 PRL 133 (2024) 261804

𝛬𝑏
0 → 𝑝ℎ− 𝐴𝐶𝑃 9 fb−1 PRD 111(2025) 092004

𝛬𝑏
0 → Λℎℎ′ 𝐴𝐶𝑃 9 fb−1 PRL 134 (2025) 101802

𝛬𝑏
0 → 𝑝𝐾−𝜋+𝜋− 𝐴𝐶𝑃 9 fb−1 Nature 643 (2025) 1223

𝛬𝑏
0 , 𝛯𝑏

0 → 𝑝𝐾𝑆
0ℎ− 𝐴𝐶𝑃 9 fb−1 arXiv:2508.17836

𝛬𝑏
0 → 𝐽/𝜓𝑝ℎ− 𝐴𝐶𝑃, TPA 6 fb−1 LHCb-PAPER-2025-021, in preparation

https://link.springer.com/article/10.1007/JHEP04(2014)087
https://link.springer.com/article/10.1007/JHEP05(2016)081
https://link.springer.com/article/10.1007/JHEP05(2016)081
https://link.springer.com/article/10.1007/JHEP05(2016)081
https://link.springer.com/article/10.1007/JHEP05(2016)081
https://doi.org/10.1038/nphys4021
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.102.051101
https://link.springer.com/article/10.1007/JHEP06(2017)108
https://link.springer.com/article/10.1007/JHEP03(2018)182
https://www.sciencedirect.com/science/article/pii/S0370269318308104?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0370269318308104?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0370269318308104?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0370269318308104?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0370269318308104?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0370269318308104?via%3Dihub
https://doi.org/10.1007/JHEP08(2018)039
https://doi.org/10.1007/JHEP08(2018)039
https://doi.org/10.1007/JHEP08(2018)039
https://doi.org/10.1007/JHEP08(2018)039
https://link.springer.com/article/10.1140/epjc/s10052-019-7218-1
https://link.springer.com/article/10.1140/epjc/s10052-019-7218-1
https://link.springer.com/article/10.1140/epjc/s10052-019-7218-1
https://link.springer.com/article/10.1140/epjc/s10052-019-7218-1
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.104.052010
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.104.052010
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.104.052010
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.104.052010
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.104.052010
https://link.springer.com/article/10.1140/epjc/s10052-020-8365-0
https://link.springer.com/article/10.1140/epjc/s10052-020-8365-0
https://link.springer.com/article/10.1140/epjc/s10052-020-8365-0
https://link.springer.com/article/10.1140/epjc/s10052-020-8365-0
https://link.springer.com/article/10.1140/epjc/s10052-020-8365-0
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.104.112008
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.104.112008
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.105.L051104
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.105.L051104
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.105.L051104
https://doi.org/10.1103/PhysRevLett.133.261804
https://doi.org/10.1103/PhysRevLett.133.261804
https://doi.org/10.1103/PhysRevLett.133.261804
https://doi.org/10.1103/PhysRevLett.133.261804
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.111.092004
https://doi.org/10.1103/PhysRevLett.134.101802
https://doi.org/10.1103/PhysRevLett.134.101802
https://doi.org/10.1103/PhysRevLett.134.101802
https://doi.org/10.1103/PhysRevLett.134.101802
https://www.nature.com/articles/s41586-025-09119-3
https://arxiv.org/abs/2508.17836


CP violation in Λ𝑏
0 → 𝑝ℎ− decays

• Large yield and high purity

• CP violation predicted: ~5%

• Crucial to control systematics

• 𝐴𝐶𝑃 = 𝐴𝑟𝑎𝑤 − 𝐴prod − 𝐴detection − 𝐴PID − 𝐴trigger

10

ത𝑢 ҧ𝑑 ത𝑢 ҧ𝑑

𝐾+𝜋−/ ҧ𝑝−
𝐵0, 𝐵𝑠

0/ഥΛ𝑏
0PRD 102 (2012) 034033

PRD 95 (2017) 093001

[PRD 111 092004]

JHEP 10 (2021) 060 

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.111.092004


CP violation in Λ𝑏
0 → 𝑝ℎ− decays

• Data driven corrections and use control mode Λ𝑏
0 → Λ𝑐

+ 𝑝𝐾−𝜋+ 𝜋−

to cancel nuisance asymmetries

1111

𝐴𝐶𝑃
𝑝𝐾−

= −1.1 ± 0.7 ± 0.4 % 𝐴𝐶𝑃
𝑝𝜋−

= +0.2 ± 0.8 ± 0.4 %

• CP violation not found

𝑝𝐾−
ҧ𝑝𝐾+

𝑝𝜋−
ҧ𝑝𝜋+

[PRD 111 092004]

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.111.092004


Why so small? Source of CP violation in SM
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Requires a strong phase difference does not flip sign under CP operation, a weak phase difference flips sign 
under CP operation, and interference between at least two decay amplitudes  

Weak phase difference

Strong phase difference



Why so small?

•

• One diagram dominates? small strong phase difference?
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• Dynamics more complex than mesons
➢ Possible cancellation of S and P amplitudes

[PRL 134 (2025) 221801]

Favoring multi-body decays

From CKM matrix, 

same for 𝐵0 and Λ𝑏
0  

Tree

Penguin

➢ Tree amplitudes may dominate

https://journals.aps.org/prl/abstract/10.1103/ynnx-f63h


CP violation in Λb
0 /Ξb

0 → 𝑝𝐾𝑆
0ℎ− decays

• CP asymmetry in Λb
0 → 𝑝𝐾∗(892) decay 

is predicted to be large

• ~20% - 30% by several models

• Control channel: Λb
0 → Λ𝑐

+(→ 𝑝𝐾𝑆
0)𝜋−

• First observed Λb
0 → 𝑝𝐾𝑆

0𝐾− and

Ξb
0 → 𝑝𝐾𝑆

0𝐾− decays

14
Stat. Syst. control

mode
b-quark
Fragmentation fractions

[arXiv:2508.17836]

https://arxiv.org/abs/2508.17836


CP violation in Λb
0 /Ξb

0 → 𝑝𝐾𝑆
0ℎ− decays
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• No hints for CP violation

Global 𝐴𝐶𝑃 in 3 decay modes

Local 𝐴𝐶𝑃 in 4 regions of

Λb
0 → 𝑝𝐾𝑆

0𝜋− decay

[arXiv:2508.17836]

https://arxiv.org/abs/2508.17836


CP violation in Λb
0 → 𝐽/𝜓𝑝ℎ− decays

PRL 134, 101801 (2025)

JHEP 07 (2014) 103

• 𝑏 → 𝑐 ҧ𝑐𝑞 transition, first evidence of CP violation in B meson decays 
to charmonium recently found by LHCb [PRL 134, 101801 (2025)]

• 𝐴𝐶𝑃(𝐵+ → 𝐽/𝜓𝜋+) − 𝐴𝐶𝑃(𝐵+ → 𝐽/𝜓𝐾+) = (1.29 ± 0.49 ± 0.08)%,  3.2𝝈

• Similar decay in baryon sector with 𝑏 → 𝑐 ҧ𝑐𝑞 transition studied
• No CP violation in b-baryon decays to charmonium found using LHCb Run1 

data [JHEP 07 (2014) 103]

• Δ𝐴𝐶𝑃 = 𝐴𝐶𝑃(𝛬𝑏
0 → 𝐽/𝜓𝑝𝜋+) − 𝐴𝐶𝑃(𝛬𝑏

0 → 𝐽/𝜓𝑝𝐾+) = (5.7 ± 2.4 ± 1.2)%,

• Preliminary Run2 update: Δ𝐴𝐶𝑃 = (4.03 ± 1.18 ± 0.23)%

• Combine with Run1 results, 
Δ𝐴𝐶𝑃 = (4.31 ± 1.06 ± 0.28)%, 3.9𝝈

• First evidence of CP violation 
in beauty baryon to charmonium!

16

LHCb-PAPER-2025-021, in preparation

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.134.101801
https://link.springer.com/article/10.1007/JHEP07(2014)103


CP violation in Λb
0 → 𝐽/𝜓𝑝ℎ− decays

• Triple-product asymmetry (TPA)

• 𝐴 ෠𝑇 =
Γ 𝐶𝑇>0 −Γ 𝐶𝑇<0

Γ 𝐶𝑇>0 +Γ 𝐶𝑇<0
, where  

Λ𝑏
0 : 𝐶𝑇 ≡ Ԧ𝑝𝜇+ ∙ ( Ԧ𝑝𝑝 × Ԧ𝑝𝜋−)

Λ𝑏
0 : ҧ𝐶𝑇 ≡ Ԧ𝑝𝜇− ∙ ( Ԧ𝑝 ҧ𝑝 × Ԧ𝑝𝜋+)

 

• CP violation variable: 𝐴𝑇−𝑜𝑑𝑑 =
1

2
(𝐴 ෠𝑇 − ҧ𝐴 ෠𝑇) 

• Preliminary results: 𝐴𝑇−𝑜𝑑𝑑(𝐽/𝜓𝑝𝜋− )  =  (−1. 37 ±  1. 15)%

                                𝐴𝑇−𝑜𝑑𝑑(𝐽/𝜓𝑝𝐾− )  = (−0. 04 ±  0. 28)%

• Investigation of the phase space for local CPV enhancement

• Binning schemes
• 4 and 128 equally populated bins 

of the Dalitz plot
• Resonant structures 𝛬𝑏

0 → 𝐽/𝜓𝑁 
(total of 4 m(𝑝𝜋− ) bins)

• 𝛬𝑏
0 → 𝐽/𝜓𝑁 resonances + 𝑝𝜋− pair helicity 

angle 𝜃 (8 total bins, 4 mass, 2 cos 𝜃 ≷ 0)

• No evidence of TPA found, 
No variation of the asymmetries in 
phase space found
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LHCb-PAPER-2025-021, in preparation



CP asymmetry in Λ𝑏
0 → Λℎ1

+ℎ2
− decays

• Three Λ𝑏
0 decays Λ𝜋+𝜋−、 Λ𝐾+𝜋−、 Λ𝐾+𝐾−; one Ξ𝑏

0 decay

• Λ𝑏
0 → Λ𝑐

+ → Λ𝜋+ 𝜋− as control channel
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PRL 134 (2025) 101802 

3.1𝜎, first evidence for 

CPV in baryon

Λ𝑏
0 → Λ𝐾+𝐾− decayΛ𝑏

0 ഥΛ𝑏
0

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.134.101802
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.134.101802


Local CP asymmetry for Λ𝑏
0 → Λ𝐾+𝜋− / Λ𝑏

0 → Λ𝜋+𝜋− 
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Λ𝑏
0 → 𝑁∗+ → 𝛬𝐾+ 𝜋−

 𝛥𝐴𝐶𝑃 𝑁∗+𝜋− = −0.078 ± 0.051 ± 0.027

𝑚Λ𝐾+ < 2.3 GeV

Λ𝑏
0 → Λ𝑓(𝜋+𝜋−)

 𝛥𝐴𝐶𝑃 Λ𝑓 = 0.088 ± 0.069 ± 0.021

𝑚𝜋+𝜋− < 1.7 GeV

PRL 134 (2025) 101802 

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.134.101802
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.134.101802


Local CP asymmetry for Λ𝑏
0 → Λ𝐾+𝐾−

• Two resonance-dominated regions
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Λ𝑏
0 → 𝑁∗+ → 𝛬𝐾+ 𝐾−: possibly via 𝑏 → 𝑢 ത𝑢𝑠

 𝛥𝐴𝐶𝑃 𝑁∗+𝐾− = 0.165 ± 0.048 ± 0.017

Λ𝑏
0 → Λ𝜙(→ 𝐾+𝐾−) or non-resonant:

 𝛥𝐴𝐶𝑃 Λ𝜙 = 0.150 ± 0.055 ± 0.021

𝑚𝐾+𝐾− < 1.1 GeV

(local 3.2𝜎) 

𝑚Λ𝐾+ < 2.9 GeV

Several related 𝑁∗+ channels to cross-check

    𝑁∗+→ 𝛬𝐾+ ⇒ Λ𝑏
0 → 𝑁∗+ Λ𝐾+ 𝐾−

    𝑁∗+ → 𝑝𝜋+𝜋− ⇒ Λ𝑏
0 → 𝑁∗+ 𝑝𝜋+𝜋− 𝐾−

    𝑁∗+ → 𝑝𝜋0 ⇒ Λ𝑏
0 → 𝑁∗+ → 𝑝𝜋0 𝐾−

J.P. Wang, F.S. Yu, CPC 48 (2024) 101002

• Many 𝑁∗+ may contribute to Λ𝑏
0 → 𝑁∗+𝐾− 

PRL 134 (2025) 101802 

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.134.101802
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.134.101802


CP asymmetry in Λ𝑏
0 → 𝑝 𝐾−𝜋+𝜋−

• ACP arises from interference between the tree- and loop-level 
amplitudes

• Rich resonance structures 

• Λ𝑏
0 → 𝑁∗+(𝑝 𝜋+𝜋−)𝐾−,  𝑝 𝐾∗−(𝐾−𝜋+𝜋−),  Λ(𝑝 𝐾−)𝑓(𝜋+𝜋−), 

𝑁∗0(𝑝 𝜋−)𝐾∗0(𝐾−𝜋+)

• Control channel Λ𝑏
0 → Λ𝑐

+(𝑝 𝐾−𝜋+)𝜋− to subtract nuisance 
asymmetries

21

[Nature 643 (2025) 1223]

https://www.nature.com/articles/s41586-025-09119-3
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CP asymmetry in Λ𝑏
0 → 𝑝 𝐾−𝜋+𝜋−

𝛬𝑏
0 → 𝑝 𝐾−𝜋+𝜋− ҧ𝛬𝑏

0 → ҧ𝑝 𝐾+𝜋−𝜋+

𝐴𝐶𝑃 = (2.45 ± 0.46 ± 0.10)%

（5.2𝜎 significance）

First observation of 

baryon CP violation!

[Nature 643 (2025) 1223]

https://www.nature.com/articles/s41586-025-09119-3
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Local CP violation in selected regions of the phase space

𝑁∗+ resonance region 

（6.0𝜎）

[Nature 643 (2025) 1223]

https://www.nature.com/articles/s41586-025-09119-3
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24.3.2025



Conclusions and prospects

• CP violation is a rich field of study 

• Essential to precisely test the SM and constraint/guide New 
Physics models 

• Direct CP violation in baryon decays observed

• BEPCII and BESIII inner tracker 
upgraded

• In LHCb Run 3, int. luminosity in 1 year
comparable to the sum of Run 1&2

• More results will come!
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