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Baryon asymmetry in the Universe

• “Why is there more matter than antimatter?”
• One of the 125 questions listed by Sciences in 

2005

• Sakharov conditions in baryogenesis:
• Baryon number violation

• C and CP violation

• Out of thermal equilibrium  

• CP violation

• One of the main purpose of LHCb experiment
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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

• However, insufficient to explain baryon asymmetry in the universe

• Beyond SM CP violation needed
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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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Baryonic CP violation searches @ LHCb 
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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
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CP violation in Λ𝑏
0 → 𝑝ℎ− decays

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

+ 𝑝𝐾−𝜋+ 𝜋−

to cancel nuisance asymmetries
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𝐴𝐶𝑃
𝑝𝐾−

= −1.1 ± 0.7 ± 0.4 % 𝐴𝐶𝑃
𝑝𝜋−

= +0.2 ± 0.8 ± 0.4 %

• CP violation not found
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Why so small?

• 𝐴𝐶𝑃 ∝
𝑃

𝑇
sin 𝛿𝑇 − 𝛿𝑃 sin 𝜙𝑇 − 𝜙𝑃

• One diagram overwhelming? small strong phase difference?
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• Dynamics more complex than mesons

➢ Possible cancellation of S and P amplitudes

arXiv:2409.02821 

Favoring multiple body decays



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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3.1𝜎, evidence for CPV 

Λ𝑏
0 → Λ𝐾+𝐾− decayΛ𝑏
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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



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− 



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 these nuisance 
asymmetries
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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）

arXiv:2503.16954

First observation of 

baryon CP violation
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Local CP violation in selected regions of the phase space

𝑁∗+ resonance region 

（6.0𝜎）

arXiv:2503.16954
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Conclusions and prospects

• CP violation is a rich field of study 

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

• LHCb has a leading role for CP violation searches

• Direct CP violation in baryon decays observed

• 2024 sample size comparable 
to the sum of Run 1&2

• More results will come!
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