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[PRD 111 (2025), 092004] [PRL 134 (2025) 101802] 

➢ Λ𝑏
0/Ξ𝑏

0 → Λℎ1
+ℎ2

−
➢ Λ𝑏

0 → 𝑝𝐾−𝜋+𝜋−➢ Λ𝑏
0/Ξ𝑏

0 → 𝑝𝐾𝑠
0ℎ−

[LHCb-PAPER-2025-016, in prep.] [Nature(2025), arXiv:2503.16954,]

[PRL 133 (2024) 261804]

* Here “ℎ” means 𝐾 or 𝜋

[LHCb-PAPER-2025-021, in prep.]

https://doi.org/10.1103/PhysRevD.111.092004
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.134.101802
https://arxiv.org/abs/2503.16954
https://arxiv.org/abs/2503.16954
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.133.261804


Introduction

Tianze Rong Recent results on CP violation in baryon decays at LHCb 2

• Violation of CP symmetry (CPV) is essential to explain the observed matter-antimatter 

asymmetry in the Universe

CP violation
Matter

Antimatter
Sakharov

conditions

• CPV in Standard Model (SM) is insufficient to account for the observed asymmetry

• Understanding CP violation within the SM (CKM mechanism) and searching for CP 

violation beyond it are important tasks in particle physics
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• For baryons, CP violation had never been observed — until recently!

CP violation in baryons

➢ Hyperon:

• 𝐴𝐶𝑃 𝛬 → 𝑝𝜋− = −0.25 ± 0.48 %

➢ Charm baryons:

• 𝐴𝐶𝑃 𝛬𝑐
+ → 𝑝𝐾+𝐾− − 𝐴𝐶𝑃 𝛬𝑐

+ → 𝑝𝜋+𝜋− =
0.30 ± 1.1 %

➢ Bottom baryons:

• 𝐴𝐶𝑃 𝛬𝑏
0 → Λ𝐾+𝐾− = −8.3 ± 2.8 %

• 𝐴𝐶𝑃 Λ𝑏
0 → 𝑝𝐾−𝜋+𝜋− = 2.45 ± 0.47 %

[PRL 129, 131801 (2022)]

[JHEP 03 (2018) 182]

[PRL 134 (2025) 101802]

First 

Observation!
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• CP violation has been well-established in oscillations and decays of mesons

• Particularly, B meson decays exhibit CP asymmetries at the level of ~10%

• CP violation in baryons is complementary to meson studies and essential for 

comprehensive tests of the CKM mechanism

[Nature(2025)]

https://arxiv.org/abs/2204.11058
https://arxiv.org/abs/1712.07051
http://arxiv.org/abs/1807.06544
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.134.101802
http://arxiv.org/abs/1807.06544
https://www.nature.com/articles/s41586-025-09119-3


LHCb experiment

• Dedicated experiment at CERN for measurement of 𝑏, 𝑐 hadrons

[JINST 3 (2008) S08005, Int. J. Mod. Phys. A30, 1530022 (2015)]

• Single-arm forward spectrometer covers 2 < 𝜂 < 5

• Excellent vertex resolution
➢ 𝜎IP = 20 μm

• Excellent momentum resolution

➢ Δ𝑝/𝑝 = 0.5 – 1.0% (5 − 200 GeV/c)

• Efficient particle identification (PID)

➢ 𝜖 𝐾 → 𝐾 ~ 95%
➢ misID𝜖 𝜋 → 𝐾 ~ 5%

❖ LHCb Dataset

❖ Run1 + Run2 (2011-2018): 9 𝑓𝑏−1 of pp collisions
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https://iopscience.iop.org/article/10.1088/1748-0221/3/08/S08005/meta
https://www.worldscientific.com/doi/10.1142/S0217751X15300227


CP violation measurement
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• CP violation is manifested as a difference between the decay rate of a particle and 

that of its antiparticle
𝑨𝑪𝑷 =

𝚪 𝛬𝑏
0 → 𝑋 − 𝚪 ҧ𝛬𝑏

0 → ത𝑋

𝚪 𝛬𝑏
0 → 𝑋 + 𝚪 ҧ𝛬𝑏

0 → ത𝑋

• The raw asymmetry is directly measured by 

determining the yields

𝑨𝒓𝒂𝒘 =
𝑵 𝛬𝑏

0 → 𝑋 −𝑵 ҧ𝛬𝑏
0 → ത𝑋

𝑵 𝛬𝑏
0 → 𝑋 +𝑵 ҧ𝛬𝑏

0 → ത𝑋

Λ𝑏
0 → 𝑝𝐾−𝜋+𝜋− ഥΛ𝑏

0 → ҧ𝑝𝐾+𝜋−𝜋+

• Experimental and production asymmetries need to be subtracted

𝑨𝑪𝑷 = 𝑨𝒓𝒂𝒘 − 𝑨𝒆𝒙𝒑 − 𝑨𝑷

• Control channel is included in some results, and the difference of CPV is measured 

𝚫𝑨𝑪𝑷 = 𝑨𝑪𝑷(𝒔𝒊𝒈) − 𝑨𝑪𝑷(𝒄𝒕𝒓𝒍)

[Nature(2025)]

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


CP violation in charmless beauty baryon decays
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𝐴𝐶𝑃 measurement in Λ𝑏
0 → 𝑝ℎ− decays

• Search for CP violation in Λ𝑏
0 → 𝑝𝐾− and Λ𝑏

0 → 𝑝𝜋− decays, using Run1+Run2 samples  

• Dynamics analogy to 𝐵0 → ℎ+ℎ− decays

[PRD 111 (2025), 092004]

Transition 𝒃 → 𝒖ഥ𝒖𝒅 𝒃 → 𝒖ഥ𝒖𝒔

Decays 𝐵0 → 𝜋+𝜋− 𝐵𝑠
0 → 𝜋+𝐾− 𝐵0 → 𝐾+𝜋− 𝐵𝑠

0 → 𝐾+𝐾−

Direct CPV (%) −31.4 ± 3.0 22.4 ± 1.2 8.31 ± 0.31 16.2 ± 3.5

𝐴𝐶𝑃
𝑝𝜋−

= −2.5 ± 2.2 %

𝐴𝐶𝑃
𝑝𝐾−

= −2.5 ± 2.9 %

(Dominated by LHCb Run1 measurement)

[PRB 787 (2018) 124-133]

• 𝐴𝐶𝑃 measurement

• Experimental asymmetries • Production asymmetry

➢ Detection asymmetries

From calibration samples

➢ PID asymmetries 𝐴PID~0.1%
From calibration samples

➢ Measured for Run1
𝑝𝐾− ҧ𝑝𝐾+

• 𝑨𝒓𝒂𝒘 =
𝑵 𝛬𝑏

0 →𝑝ℎ− −𝑵 ഥ𝛬𝑏
0 → ҧ𝑝ℎ+

𝑵 𝛬𝑏
0 →𝑝ℎ− +𝑵 ഥ𝛬𝑏

0 → ҧ𝑝ℎ+

➢ Trigger asymmetries 𝐴T~0.1%
Data driven method

[J. High Energy Phys. 10 (2021) 060]

➢ Control channel for Run2

𝐴P~1%

Λ𝑏
0 → Λ𝑐

+ → 𝑝𝐾−𝜋+ 𝜋−

𝑝~1%, 𝐾+~0.5%, 𝜋+~0.1%

https://doi.org/10.1103/PhysRevD.111.092004
https://www.sciencedirect.com/science/article/pii/S0370269318308104
https://link.springer.com/article/10.1007/JHEP10(2021)060
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𝐴𝐶𝑃 measurement in Λ𝑏
0 → 𝑝ℎ− decays

• Most precise result in this mode

➢ The precision improved by a factor of 3 compared to the PDG value

➢ Not dominated by systematics anymore

[PRD 111 (2025), 092004]

𝐴𝐶𝑃
𝑝𝐾−

= −1.1 ± 0.7 ± 0.4 % 𝐴𝐶𝑃
𝑝𝜋−

= +0.2 ± 0.8 ± 0.4 %

• Sizable CP violation ruled out

𝑝𝐾−
ҧ𝑝𝐾+

𝑝𝜋− ҧ𝑝𝜋+

https://doi.org/10.1103/PhysRevD.111.092004


𝐴𝐶𝑃 measurement in Λ𝑏
0/Ξ𝑏

0 → Λℎ1
+ℎ2

− decays

• Study of three Λ𝑏
0 decays Λ𝜋+𝜋−, Λ𝐾+𝜋−, Λ𝐾+𝐾−, and Ξ𝑏

0 → Λ𝐾−𝜋+, Λ𝜋+𝜋−decay

➢ Run1+Run2 

➢ Control channel: Λ𝑏
0 → Λ𝑐

+ → Λ𝜋+ 𝜋−

[PRL 134 (2025) 101802]
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• Measurement of 5 branching fractions

➢ Λ𝑏
0 → Λ𝜋+𝜋−, Ξ𝑏

0 → Λ𝐾−𝜋+ are observed for the first time

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


𝐴𝐶𝑃 measurement in Λ𝑏
0/Ξ𝑏

0 → Λℎ1
+ℎ2

− decays

• Δ𝐴𝐶𝑃 measured for 4 channels

➢ Δ𝐴𝐶𝑃 = 𝐴raw(signal) − 𝐴raw control − Δ𝐴P − Δ𝐴𝑒𝑥𝑝

[PRL 134 (2025) 101802]

Tianze Rong Recent results on CP violation in baryon decays at LHCb 10

Λ𝑏
0 ഥΛ𝑏

0

• Evidence (3.1𝜎) of direct CP violation is found in Λ𝑏
0 → Λ𝐾+𝐾− decay

➢ Significance calculate using the negative log-likelihood method , confirmed by  pseudoexperiments

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


• Λ𝑏
0 → Λ𝐾+𝐾− is dominated by intermediate 𝑁∗+ → 𝛬𝐾+ and 𝜙(→ 𝐾+𝐾−) resonances

• In the region dominated by the 𝑁∗+ resonance, local 𝐴𝐶𝑃

show 3.2𝜎 evidence, examined by pseudoexperiments

Λ𝑏
0 → 𝑁∗+ → 𝛬𝐾+ 𝐾−: possibly via 𝑏 → 𝑢ത𝑢𝑠

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

𝑚Λ𝐾+ < 2.9 GeV
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(consistent with zero)

Λ𝑏
0 → 𝑁∗+𝐾− ഥΛ𝑏

0 → 𝑁∗−𝐾+

[PRL 134 (2025) 101802]𝐴𝐶𝑃 measurement in Λ𝑏
0/Ξ𝑏

0 → Λℎ1
+ℎ2

− decays

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


• Study of Λ𝑏
0 and Ξ𝑏

0 baryon to the final states of 𝑝𝐾𝑠
0𝜋−and 𝑝𝐾𝑠

0𝐾−, Run1+Run2 

➢ Update of previous analysis used only 2011 data

➢ Control channel: Λ𝑏
0 → Λ𝑐

+ → 𝑝𝐾𝑠
0 𝜋−

• Measurement of all 4 BFs

➢ Improved branching fraction measurement of Λ𝑏
0 → 𝑝𝐾𝑠

0𝜋− with a factor of 9

➢ First Observation of 2 decays
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Study of Λ𝑏
0/Ξ𝑏

0 → 𝑝𝐾𝑠
0ℎ− decays [New!]

Control channel:

Λ𝑏
0 → Λ𝑐

+ → 𝑝𝐾𝑠
0 𝜋−

First Observation!
Improved precision

stat. syst. control

mode

b-quark

fragmentation

fractions

[LHCb-PAPER-2025-016] , in preparation

To be submitted to JHEP 



• Δ𝐴𝐶𝑃 measurement in 3 observed decays

➢ Δ𝐴𝐶𝑃 = Δ𝐴raw − Δ𝐴𝑃 − Δ𝐴𝑒𝑥𝑝
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Study of Λ𝑏
0/Ξ𝑏

0 → 𝑝𝐾𝑠
0ℎ− decays [New!]

➢ Signal channel

Λ𝑏
0 → 𝑝𝐾𝑠

0𝜋− ഥΛ𝑏
0 → ҧ𝑝𝐾𝑠

0𝜋+

[LHCb-PAPER-2025-016] , in preparation

To be submitted to JHEP

Λ𝑏
0 → 𝑝𝐾𝑠

0𝐾− ഥΛ𝑏
0 → ҧ𝑝𝐾𝑠

0𝐾+

• No CP violation is found

➢ Global 𝐴𝐶𝑃 in 3 decay modes
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Study of Λ𝑏
0/Ξ𝑏

0 → 𝑝𝐾𝑠
0ℎ− decays [New!]

[LHCb-PAPER-2025-016] , in preparation

To be submitted to JHEP

• Local 𝐴𝐶𝑃 for Λ𝑏
0 → 𝑝𝐾𝑠

0𝜋− investigated

➢ 𝑁∗, 𝐾∗− resonances observed

➢ 𝐴𝐶𝑃 measured in 4 bins

➢ Local 𝐴𝐶𝑃 in 4 regions of Λ𝑏
0 → 𝑝𝐾𝑠

0𝜋− decay

• No CP violation is found



• Search for CP violation in Λ𝑏
0 → 𝑝𝐾−𝜋+𝜋−decays

• 𝑨𝑪𝑷 =
𝚪 𝛬𝑏

0 →𝑝𝐾−𝜋+𝜋− − 𝚪 ഥ𝛬𝑏
0 → ҧ𝑝 𝐾+𝜋−𝜋+

𝚪 𝛬𝑏
0 →𝑝𝐾−𝜋+𝜋− + 𝚪 ഥ𝛬𝑏

0 → ҧ𝑝 𝐾+𝜋−𝜋+

• Amplitudes of the tree and penguin transitions are expected to have comparable contributions

• Rich resonances

• Cancelling production and detection asymmetries:

• Control channel: Λ𝑏
0 → Λ𝑐

+(𝑝𝐾−𝜋+)𝜋−

• Same final state, no CP violation expected
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𝐴𝐶𝑃 measurement in Λ𝑏
0 → 𝑝𝐾−𝜋+𝜋− decays

𝑁∗0 𝑝𝜋− 𝐾∗0(𝜋+𝐾−)

𝛬𝑏
0 → 𝑁∗+ 𝑝𝜋+𝜋− 𝐾−,

𝛬𝑏
0 → 𝛬∗ 𝑝𝐾− 𝑓(𝜋+𝜋−),

𝑝𝐾∗−(𝐾−𝜋+𝜋−)

Sizeable weak 

phase difference

Possible strong 

phase difference

𝐴𝐶𝑃 = Δ𝐴raw − Δ𝐴p − Δ𝐴exp

[Nature(2025)]

https://www.nature.com/articles/s41586-025-09119-3
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➢ First observation of CPV in baryonic decays

• 𝑨𝑪𝑷 = ( 𝟐. 𝟒𝟓 ± 𝟎. 𝟒𝟔 ± 𝟎. 𝟏𝟎 )%

𝐴raw (signal) = 3.71 ± 0.39 %

5.2σ

Λ𝑏
0 → Λ𝑐

+𝜋− ഥΛ𝑏
0 → ഥΛ𝑐

−𝜋+

𝐴raw control = 1.25 ± 0.23 %

➢ Control channel
➢ Signal channel

Λ𝑏
0 → 𝑝𝐾−𝜋+𝜋− ഥΛ𝑏

0 → ҧ𝑝𝐾+𝜋−𝜋+

𝐴𝐶𝑃 measurement in Λ𝑏
0 → 𝑝𝐾−𝜋+𝜋− decays

Using z-score method

[Nature(2025)]

https://www.nature.com/articles/s41586-025-09119-3
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4𝝈

6𝝈

Λ𝑏
0 ഥΛ𝑏

0

❖ 𝑁+ resonances

❖ Λ resonances ❖ 𝑓0(980) resonances

➢Local 𝐴𝐶𝑃 reaching 6𝜎
• Interference between resonance states induces 

phase-space-dependent CPV

• Most significant local CPV found in 𝑁+

resonances regions

• look-elsewhere effect accounted for the 
significance

Tianze Rong

𝐴𝐶𝑃 measurement in Λ𝑏
0 → 𝑝𝐾−𝜋+𝜋− decays [Nature(2025)]

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


CP violation in beauty baryon to charmonium decays
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• Study of Λ𝑏
0 → 𝐽/𝜓𝑝𝜋− and Λ𝑏

0 → 𝐽/𝜓𝑝𝐾−decays

• No CPV observed in Run1 data [JHEP 07 (2014) 103]

• Δ𝐴𝐶𝑃 = 𝐴𝐶𝑃(Λ𝑏
0→ 𝐽/𝜓𝑝𝜋−) − 𝐴𝐶𝑃(Λ𝑏

0→ 𝐽/𝜓𝑝𝐾−) = (5.7 ± 2.4 ± 1.2)%
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Study of Λ𝑏
0 → 𝐽/𝜓𝑝ℎ−decays

See more details in 
Xiaofan’s talk

[New!][LHCb-PAPER-2025-021], in preparation

• Measurement of the CP asymmetry difference Δ𝐴𝐶𝑃 with Run1+Run2 data

• Δ𝐴𝐶𝑃 = (4.31 ± 1.06 ± 0.28)%

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

Λ𝑏
0 ഥΛ𝑏

0

Λ𝑏
0 ഥΛ𝑏

0

𝟑. 𝟗𝝈

https://indico.cern.ch/event/1457095/contributions/6557384/


CP violation in beauty baryon to open charm decays
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Decay parameters
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• Decay parameters: proposed by Lee & Yang to study P violation in hyperon decay Λ → 𝑝𝜋−

➢ Between 𝑝𝜋−, there are both P-violating S-wave and P-conserving P-wave

➢ Decay parameters 𝛼, 𝛽, 𝛾 indicate the extent of P violation

➢ These parameters can be extracted from the angular distribution

➢ The same definition in the Λ𝑏
0 , Λ𝑐

+ decays from a spin-half baryon to a spin-half baryon and a 
pseudoscalar meson

[Phys. Rev. 108 (1957) 1645]

𝑑Γ

𝑑cos 𝜃
=
1

2
Γ 1 + 𝜶𝑃Λ cos 𝜃

𝑃𝑝 =
𝜶+𝑃Λ cos 𝜃 𝑧′+𝜷𝑃Λ𝑥’+𝜸𝑃Λ𝑦′

1+𝜶𝑃Λ cos 𝜃

S and P waves

[.J.Mod.Phys.A 37 (2022) 27, 2250169]

https://journals.aps.org/pr/abstract/10.1103/PhysRev.108.1645
https://www.worldscientific.com/doi/full/10.1142/S0217751X2250169X?srsltid=AfmBOoruRT9gPhpoAQNsvVlzs0cdPCiOUNbz_ZGFOO1sHwdufuk6jTlU
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Probe CPV with decay parameters

• CPV observables can also be defined using the decay parameters of CP-conjugated processes

• ത𝛼, ҧ𝛽, ҧ𝛾 are the decay parameters of anti-baryon decays

• Δ𝛿 (Δ𝜙) is the strong (weak) phase difference between S- and P-waves

• Clean observables, less polluted by experimental effects

• Complementary to decay rate asymmetry

[Sci.Bull. 68 (2023) 583-592]

[PRL 133 (2024) 261804]

[PRL 129 (2022)131801]

https://www.sciencedirect.com/science/article/abs/pii/S2095927323001159?via%3Dihub
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.133.261804
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.129.131801


• Λ𝑏
0 → Λ𝑐

+ℎ− decay parameters are measured for the first time

• CP violating parameters 𝐴𝐶𝑃
𝛼 consistent with CP symmetry

• No CP violation in 𝛽, 𝛾 or phases in Λ𝑐
+ decays as well

• Weak (Δ𝜙) and strong (Δ𝛿) phase difference determined:

• Study of Λ𝑏
0 → Λ𝑐

+ℎ− ℎ = 𝜋,𝐾 with Λ𝑐
+ → Λℎ+, Λ → 𝑝𝜋− or Λ𝑐

+ → 𝑝𝐾𝑠
0, Run1+Run2

• Simultaneous angular analysis of 6 decays
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Beauty and charm baryon decay parameters [PRL 133 (2024) 261804]

Δ𝜙 0.01 ± 0.02 −0.03 ± 0.14

Δ𝛿 2.693 ± 0.017 2.57 ± 0.19

Λ𝑐
+ → Λ𝜋+ Λ𝑐

+ → Λ𝐾+

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.133.261804
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Conclusions & Outlook

• LHCb provides an excellent environment to study CP violation in baryon decays

• Numerous new results from Run 1 & 2 data

• First observation of CPV in baryonic decays! 

• A major step forward in understanding CP violation

• While generally smaller than in mesons, baryonic CPV can be significant under specific conditions

• The complex dynamics of baryon decays call for innovative analysis techniques

• Future prospects

• Huge increase in sample size expected for Run 3 with higher hadronic selection efficiencies

• Exciting opportunities to deepen our understanding of CP violation


