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Introduction

Searches for baryon CPV complementary to meson decays

• First step is to observe an asymmetry to set baseline

• Enhancement of penguin diagrams in charmless and doubly-charmed final states good

hunting ground for CPV

• Theoretical predictions are challenging for heavier quark decays

due to non-perturbative QCD contributions
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LHCb Run 1 + 2 

Results presented from Run 1+2

At high energies production of the b and anti-b 

highly correlated. Also great for c-physics.

Pseudorapidity range 2 < 𝜼 < 5

Run 1 and Run 2 integrated luminosity 9 fb-1

2011-2018 (Run1: 3fb-1 + Run2: 6fb-1) (2011-12, 2016-2018)

VELO and Hadron PID are excellent, neutrals are

possible, but challenging
VELO  resolution 𝜎IP (15 + 29/pT) µm

LHCb Run 1+2 detector setup [JINST 3 (2008)S08005, IJMPhys A 30,(2015) 1530022] 
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https://iopscience.iop.org/article/10.1088/1748-0221/3/08/S08005
https://iopscience.iop.org/article/10.1088/1748-0221/3/08/S08005
https://iopscience.iop.org/article/10.1088/1748-0221/3/08/S08005
https://www.worldscientific.com/doi/epdf/10.1142/S0217751X15300227
https://www.worldscientific.com/doi/epdf/10.1142/S0217751X15300227


CPV Analyses overview

Λ𝑏
0 → 𝑝 ℎ−

Λ𝑏
0 /Ξ𝑏

0 → Λ ℎ+ℎ′−

Λ𝑏
0 → 𝑝𝐾−𝜋+𝜋−

Λ𝑏
0 (Ξ𝑏

0) → 𝑝𝐾𝑠
0ℎ−

Λ𝑏
0 → 𝐽/𝜓𝑝ℎ−

CP asymmetries [PRD 111 092004]

Branching ratios and CP asymmetries [PRL 134 101802]

CP asymmetries [Nature 643 (2025) 1223]

Branching ratios and CP asymmetries [LHCb-PAPER-2025-016]

CP asymmetries [LHCb-PAPER-2025-021] 

[ℎ = 𝜋, 𝐾, 𝑝] 

Λ𝑏
0 → Λ𝑐

+(→ 𝛬ℎ+) ℎ− CP asymmetries and decay parameters [PRL 133, 261804] 
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4For Charm CP asymmetry see the talk by Angelo Carbone (Tuesday)

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.111.092004
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.134.101802
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.134.101802
https://www.nature.com/articles/s41586-025-09119-3
https://www.nature.com/articles/s41586-025-09119-3
https://www.nature.com/articles/s41586-025-09119-3
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.133.261804


𝛤𝐶𝑃 strategy

𝐴𝐶𝑃 =
Γ 𝐵 → 𝑏 − Γ ത𝐵 → ത𝑏

Γ 𝐵 → 𝑏 + Γ ത𝐵 → ത𝑏

𝐴𝑟𝑎𝑤 =
N 𝐵 → 𝑏 − N ത𝐵 → ത𝑏

N 𝐵 → 𝑏 + N ത𝐵 → ത𝑏

A𝐶𝑃 can be related to the number of counts… 

..by taking into account production, detection and other experimental asymmetries

𝐴prod 𝐴detection 𝐴trigger 𝐴PID

Cancellation of effects can be done by including the Cabibbo favoured (charm) control channel

ΔA𝐶𝑃 = A𝐶𝑃
𝑓

− A𝐶𝑃
𝑐𝑜𝑛𝑡𝑟𝑜𝑙
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𝚲𝒃
𝟎 → 𝒑𝒉−(𝒉 = 𝑲, 𝝅)

Searches for CPV in Λ𝑏
0 → 𝑝ℎ− with Run 1 + Run 2 samples

Same quark-level transitions as mesons – where asymmetries are large

𝒃 → 𝒖 ഥ𝒖 𝒅 𝒃 → 𝒖 ഥ𝒖 𝒔

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

0 → 𝐾+𝜋−

CPV −31.4 ± 3.0 22.4 ± 1.2 8.3 ± 0.3 16.2 ± 3.5

PLB 787(2018) 124

JHEP 10(2021)060

The Run 1 LHCb measurement [PLB 787(2018) 124], large syst. uncertainties from Λ𝑏
0  production asymmetries

Improvements of new analysis 

• larger data set

• Run 1 updated with determined Λ𝑏
0  prod asymmetries  [JHEP 10(2021)060]

• Run 2, avoiding prod asymmetries by using kinematically re-weighted Λ𝑏
0 → Λ𝑐

+𝜋− control sample

• New strategy for trigger induced asymmetries and PID uncertainties
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ΔA𝐶𝑃
Run1 Λ𝑏

0 → 𝑝𝐾− = −2.0 ± 1.3stat ± 1.9syst % ΔA𝐶𝑃
Run1 Λ𝑏

0 → 𝑝𝜋− = −3.5 ± 1.7stat ± 2.0syst %

https://www.sciencedirect.com/science/article/pii/S0370269318308104?via%3Dihub
https://link.springer.com/article/10.1007/JHEP10(2021)060


𝚲𝒃
𝟎 → 𝒑𝒉−(𝒉 = 𝑲, 𝝅)

Final result Run 1 + 2

ΔA𝐶𝑃 Λ𝑏
0 → 𝑝𝐾− = −1.1 ± 0.7stat ± 0.4syst %

ΔA𝐶𝑃 Λ𝑏
0 → 𝑝𝜋− = 0.2 ± 0.8stat ± 0.4syst %

In contrast to meson decays, no sizable CPV

Destructive interference between different 

partial waves suggested as an explanation 
[Phys.Rev.Lett. 134 (2025) 22, 221801]

Precision improved by a factor of three 

compared to the world average

Room for improvement as statistical uncertainties

dominate

7

[PRD 111(2025) 092004] 7

https://arxiv.org/pdf/2409.02821
https://arxiv.org/pdf/2409.02821
https://arxiv.org/pdf/2409.02821
https://arxiv.org/pdf/2409.02821
https://arxiv.org/pdf/2409.02821
https://arxiv.org/pdf/2409.02821
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.111.092004


𝚲𝒃
𝟎 (𝚵𝒃

𝟎) → 𝚲𝒉+𝒉′−

PRD 108(2023) 012008

Charmless 𝐵± → ℎ+ℎ′±ℎ′∓ up to 75% CPV in local regions 𝜋𝜋 → 𝐾𝐾 S-wave rescattering [PRD 108(2023) 012008] 

Studies of Λ𝑏
0 → Λ𝜋+𝜋− , Λ𝑏

0 → Λ𝐾+𝐾− , Λ𝑏
0 → Λ𝐾+𝜋− , Ξ𝑏

0 → Λ𝐾+𝜋− with Λ𝑏
0 → (Λ𝑐

+→ Λ𝜋+) 𝜋− as control channel

[Phys.Rev.Lett. 134 (2025) 101802]

𝐴𝐶𝑃(Λ𝑏
0 → Λ𝐾+𝜋−) = −0.118 ± 0.045 ± 0.021

𝐴𝐶𝑃(Λ𝑏
0 → Λ𝜋+𝜋−) = − 0.013 ± 0.053 ± 0.018

𝐴𝐶𝑃(Λ𝑏
0 → Λ𝐾+𝐾−) = 0.083 ± 0.023 ± 0.016

𝐴𝐶𝑃(Ξ𝑏
0 → Λ𝐾+𝜋−) = 0.27 ± 0.12 ± 0.05

ΔA𝐶𝑃 = Araw
sig

− Araw
ctrl − ΔAPr, sig−ctrl − ΔADet, sig−ctrl

Evidence of CPV asymmetry 3.1𝛔

3.1σ

2.4σ

2.1σ

0.2σ
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.108.012008
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.134.101802
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.134.101802
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.134.101802
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.134.101802
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.134.101802


𝚲𝒃
𝟎 → 𝚲𝑲+𝑲− Dalitz plot

Local asymmetry studies in the Dalitz plot, dominated by 𝑁∗+ → 𝛬𝐾+ and 𝜙 → 𝐾+𝐾−

𝐴𝐶𝑃(Λ𝑏
0 → 𝑁∗+ 𝐾−) = 0.165 ± 0.048 ± 0.017 3.2𝜎

𝐴𝐶𝑃(Λ𝑏
0 → Λ 𝜙) = 0.150 ± 0.055 ± 0.021 2.5𝜎

..but e.g. 𝐴𝐶𝑃(Λ𝑏
0 → 𝑁∗+ 𝜋−) show no effect 1.3σ, even if uncertainties are similar [Phys.Rev.Lett. 134 (2025) 101802]
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Event yields

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


𝚲𝒃
𝟎 → 𝒑𝑲−𝝅+𝝅−

First observation of CP asymmetries in baryon decays - 𝚲𝒃
𝟎 → 𝒑𝑲−𝝅+𝝅−

Amplitudes of tree and sizable penguin contributions combined with fortuitous strong phases

can provide measurable CP asymmetries 

Rich resonance structures, both 2- , and 3-body allow for many simultaneous searches

The Cabibbo-favoured Λ𝑏
0 → Λ𝑐

+ 𝑝𝐾−𝜋+ 𝜋− used as control channel

Λ𝑏
0 → 𝑁∗(𝑝𝐾−𝜋+)𝜋−

Λ𝑏
0 → 𝐾∗(𝐾−𝜋+𝜋−)𝑝

Λ𝑏
0 → Λ∗(𝑝𝐾−)𝑓(𝜋+𝜋−)

Λ𝑏
0 → 𝑁∗0(𝑝𝜋−)𝐾∗(𝜋+𝐾−)

10

Feynman diagrams!!!
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Leading tree (left) and penguin (right) diagrams 



𝚲𝒃
𝟎 → 𝒑𝑲−𝝅+𝝅−

[Nature 643 (2025) 1223]

NΛ𝑏
0 = 4.184 ± 0.025 × 104 ഥNΛ𝑏

0 = 3.885 ± 0.023 × 104 

𝐴Raw = 3.71 ± 0.39 %

𝐴𝐶𝑃(Λ𝑏
0 → 𝑝𝐾−𝜋+𝜋−) = 2.45 ± 0.46 ± 0.10 % 5.2𝜎

First observation of CPV in baryon weak decays!

Nuisance asymmetries cancelled by control mode
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https://www.nature.com/articles/s41586-025-09119-3
https://www.nature.com/articles/s41586-025-09119-3
https://www.nature.com/articles/s41586-025-09119-3


𝚲𝒃
𝟎 → 𝒑𝑲−𝝅+𝝅−

Largest CP asymmetry seen for 𝑁∗+(𝑝𝜋+𝜋−) resonance region (6.0𝜎) 
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[Nature 643 (2025) 1223] 12

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


𝚲𝒃
𝟎 → 𝒑𝑲−𝝅+𝝅−

Other regions also searched for CPV asymmetries

(a)

(c)

4σ effect for 𝛬 and 𝑓 resonances

More theoretical and experimental studies are required

to interpret the results

(b)

(d)
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[Nature 643 (2025) 1223] 13

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


𝚲𝒃
𝟎 (𝚵𝒃

𝟎) → 𝒑𝑲𝒔
𝟎𝒉−

GFA

QCDF LFQM

PQCD FSR

The first CP-asymmetry from Run 1(2011) inconclusive,

ACP
Run1 Λ𝑏

0 → 𝑝𝐾𝑠
0𝜋− = (22 ± 13𝑠𝑡𝑎𝑡 ± 3𝑠𝑦𝑠𝑡)%

Conflicting theory predictions either ~20-30% [GFA, 

QCDF, LFQM]

or null predictions [PQCD, FSR]. So, which is it? 

Updated and extended measurement of Λ𝑏
0 (Ξ𝑏

0) to 

𝑝𝐾𝑠
0𝐾− and 𝑝𝐾𝑠

0𝜋− with Λ𝑐 → 𝑝𝐾𝑠
0 as control mode

14
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Run 1

Run 1

[JHEP 04 (2014) 087]

Studies of Λ𝑏
0  to 𝑝𝐾𝑠

0ℎ− in Run 1 relatively low yields  

http://arxiv.org/abs/1702.05263
http://arxiv.org/abs/1803.01297
http://arxiv.org/abs/2102.01552
http://arxiv.org/abs/2409.02821
http://arxiv.org/abs/2412.20458
https://link.springer.com/article/10.1007/JHEP04(2014)087


𝚲𝒃
𝟎 (𝚵𝒃

𝟎) → 𝒑𝑲𝒔
𝟎𝒉−

Preliminary Preliminary

ACP Λ𝑏
0 → 𝑝𝐾𝑠

0𝜋− = (3.4 ± 1.9stat ± 0.9syst)%
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[LHCb-PAPER-2025-016] in prep for JHEP
15

Much larger yields combining Run 2

Now improved by a factor of nine (three) for the 

statistical (systematic) uncertainties 

Several new modes discovered, more details 

Edoardo Mariani’s talk   

ACP Λ𝑏
0 → 𝑝𝐾𝑠

0𝐾− = ( 2 ± 13stat ± 5syst)%

ACP Ξ𝑏
0 → 𝑝𝐾𝑠

0𝐾− = (22 ± 15stat ± 10syst)%

Run 1 + 2

https://indico.cern.ch/event/1440982/contributions/6583238/


𝚲𝒃
𝟎 → 𝒑𝑲𝒔

𝟎𝝅−

Symmetry consistent with 2.7σ 

(1) ACP 𝐾∗ 892 = −0.6 ± 4.0 ± 1.9 %

(2) ACP 𝐾∗ 1410, 1430 = 12.4 ± 4.2 ± 1.8 %

(3) ACP 𝑁∗ = 0.5 ± 2.4 ± 1.1 %

(4) ACP non − res = 3.3 ± 5.5 ± 2.0 %
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[LHCb-PAPER-2025-016] in prep for JHEP
16

The 𝚲𝒃
𝟎 → 𝒑𝑲𝒔

𝟎𝝅− yields are large enough (4.74 ±0.09) ×103 to 

split up into localized Dalitz plot regions  

Fixed according to three resonant and one non-resonant regions



The kaon mode is expected to have small penguin contributions, the pion mode exhibits enhanced penguins

𝚲𝒃
𝟎 → 𝑱/𝝍𝒑𝒉−(𝒉 = 𝑲, 𝝅)

LHCb Run 1 measurement showed no asymmetry

CPV searches of 𝑏 → 𝑐 ҧ𝑐𝑠  and 𝑏 → 𝑐 ҧ𝑐𝑑  transitions shows 3.2σ effect in 𝐵+ → 𝐽/𝜓 ℎ+ [PRL 134, 101801 (2025)]

 

ΔA𝐶𝑃 = 𝐴𝐶𝑃(Λ𝑏
0 → 𝐽/𝜓𝑝𝜋−) - 𝐴𝐶𝑃(Λ𝑏

0 → 𝐽/𝜓𝑝𝐾−)

ΔA𝐶𝑃 = 𝐴raw(Λ𝑏
0 → 𝐽/𝜓𝑝𝜋−) - 𝐴raw(Λ𝑏

0 → 𝐽/𝜓𝑝𝐾−)+ 𝐴D(𝐾𝜋)

ΔA𝐶𝑃
Run 1 = 5.7 ± 2.4 ± 1.2 %
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17[JHEP 07(2014)103]

https://link.springer.com/article/10.1007/JHEP07(2014)103


𝚲𝒃
𝟎 → 𝑱/𝝍𝒑𝒉−(𝒉 = 𝑲, 𝝅)

First evidence (3.9σ) of CPV in baryon decays to charmonia

[LHCb-PAPER-2025-021] in preparation for Science Bulletin

Preliminary Preliminary Preliminary Preliminary

ΔA𝐶𝑃
Run 2 = 4.03 ± 1.18 ± 0.23 %

ΔA𝐶𝑃
Run 1+2 = 4.31 ± 1.06 ± 0.28 %
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2.4 x more precise result



Triple product asymmetry can be used to test the T-odd CPV effects [PRD 92 076013 (2015)]

𝚲𝒃
𝟎 → 𝑱/𝝍𝒑𝒉−(𝒉 = 𝑲, 𝝅)

Investigating resonant region (4 bins) and equipopulated bins (128 bins) shows no T-odd effects

Preliminary Preliminary

Preliminary

19

19[LHCb-PAPER-2025-021] in preparation for Science Bulletin

𝐶 ෠𝑇 = Ԧ𝑝𝜇+ ⋅ ( Ԧ𝑝𝑝 × Ԧ𝑝𝜋−)

ҧ𝐶 ෠𝑇 = Ԧ𝑝𝜇− ⋅ ( Ԧ𝑝 ҧ𝑝 × Ԧ𝑝𝜋+)

AT−odd
Run 1+2(J/𝜓𝑝𝜋−) = −1.37 ± 1.15 %

AT−odd
Run 1+2(J/𝜓𝑝𝐾−) = −0.04 ± 0.28 %

Raw asymmetry Triple product asymmetry

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.92.076013


Asymmetry parameters and Polarization

−𝝅 ≤ 𝝓 ≤ 𝝅

20
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[Phys.Rev. 108 (1957) 1645]

𝚫𝛟𝑪𝑷 =
𝝓 + ഥ𝝓

𝟐
∝ cos 𝝓 tan(𝜉𝑃−𝜉𝑆)

𝑨𝑪𝑷 =
𝜶 + ഥ𝜶

𝜶 − ഥ𝜶
∝  −sin 𝝓 tan(𝜉𝑃−𝜉𝑆)

In two-body non-leptonic weak decays CP-odd parameters 𝛼 and 𝜙. 

Daughter baryon becomes longitudinally polarized 𝑎 and transversally polarized with 𝜙  

Sequential beauty weak decays give access to strong phase and the weak phase difference of 𝚲𝐜
+ decays (if 𝜶 ≠ 0 )  

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


𝚲𝒃
𝟎 → 𝜦𝒄

+(→ 𝜦𝒉+) 𝒉−

Sequential 2-body weak decays of Λ𝑏
0 → Λ𝑐

+ℎ−(𝜋, 𝐾) with Λ𝑐
+ → Λℎ+ and Λ𝑐

+ → 𝑝𝐾𝑠
0 determined with Run 1+2

Five helicity angles from six decays fit simultaneously. Decay parameters encoded into angular distributions 

Beauty baryons induce 100% polarized charm baryons. Strong and weak phase differences determined

[PRL 133 (2024) 261804]
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Λ𝑐
+ → Λ 𝜋+ Λ𝑐

+ → Λ 𝐾+

Δ𝜙 0.01±0.02 -0.03±0.15

Δ𝛿 2.693±0.017 2.57±0.19

in contrast to cap xi goes to cap 
lambda piWeak phase diff consistent with 0, large strong phase difference (in contrast to Ξ → Λπ)

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.133.261804
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.133.261804
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.133.261804
https://www.nature.com/articles/s41586-022-04624-1#Sec2


Summary

CP asymmetry indications, Λ𝑏
0 → 𝐽/𝜓𝑝ℎ−(3.9𝜎), Λ𝑏

0 → Λ𝐾+𝐾− (3.1𝜎) and observation Λ𝑏
0 → 𝑝𝐾−𝜋+𝜋− (5.2𝜎) of CPV

Null results Λ𝑏
0 → 𝑝𝐾𝑠

0ℎ− are Λ𝑏
0 → 𝑝ℎ− important

LHCb Run 3 is ongoing. Integrated luminosity now exceeds Run 1+2

Full software trigger allows for much larger efficiency increase for core physics processes 

[LHCB-FIGURE-2024-030]
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22As of Sep 17,2025

https://cds.cern.ch/record/2912743/files/main%20%282%29.pdf?version=1
https://cds.cern.ch/record/2912743/files/main%20%282%29.pdf?version=1
https://cds.cern.ch/record/2912743/files/main%20%282%29.pdf?version=1
https://cds.cern.ch/record/2912743/files/main%20%282%29.pdf?version=1
https://cds.cern.ch/record/2912743/files/main%20%282%29.pdf?version=1
https://cds.cern.ch/record/2912743/files/main%20%282%29.pdf?version=1
https://cds.cern.ch/record/2912743/files/main%20%282%29.pdf?version=1
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