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Introduction

» CPV is one of the necessary conditions for
baryogenesis

» CPV is well established in meson decays
» Not enough to account for the baryogenesis
» Need contribution from New Physics

» The SM predicts similar CP violation in baryon
and meson decays

» Large CPV in (b-)baryons is possible

» Baryon CP violation has rarely been observed
» Theory: Unknown underlying mechanisms
» Experiment: Limited by statistics
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Introduction

» The only source of CPV in SM is through CKM mechanism
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CP violation measurement

» CP violation appears as a difference in decay rates between particles and antiparticles
» In experiment, we measure the asymmetry in event yields instead of decay widths.
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» Nuisance asymmetries from production and detection (including PID&Trigger asym.) must be
accounted
Arqw = Acp + Aprod + Aget

» A control channel is introduced to cancel the leading-order nuisance asymmetries, and the CP
asymmetry difference between the two modes is given by

1 l
AAcp = Az}l‘?gna - Ag(}))ntrol = AAyqw — AAprod — AAget



CPVinA) » pK ntn~

LHCb Run | (3fb™1) AA.p
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»High purity

»Large statistics
» Rich resonances
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CPVinA) » pK ntn~
> Full Run1+2 data (9fb~1) Mcp = Agd™™ = AT = Myay = Moprog — Mgy

> Signal yields are extracted from fit to m(Aj) and m(A3)

» Control channel A} - A¥ (- pK~n)n~ is introduced to cancel
nuisance asym.
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First observation!



CPVinA) - pK mtm™

» CPV in local PHSP also investigated.
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CPV |n Ag — ]/l/)pT[_ Production and proton detection

asym. are cancelled by

> b — ccd process, large penguin contribution could enhance the CP r%WGighting the kinematics of
> Full Run2 data (6 fb™1) A}, &p to match those of signal

» Mcp = Araw (D) = J/Ypr™) — Araw (A) = J/YpK ™) + Ap(K™) — Ap (™)
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Local CPV in A} - J/ypr™

» Measurement of local CP asymmetry in 128 bins
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Why baryon CPV so small

_ — & C6 Oi F\?) — %J?)
» Small strong phase difference R NIV
» The cancellation between different partial wave O: ﬁ , ﬁ 0 C%OD , C#\)
. . PC, PC,
turns in small net direct CPV O ﬁ o "
: d 3 : Further measurements
» Overlap of resonances could dilute CPV R — ) — are essential to clarify

the picture
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Outlook

» Higher integrated luminosity in Run 3 (25-30 fb-")
» Trigger efficiency for hadron final states increased by factor of 2
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Summary

» First observation of CP violation — a milestone in CPV studies

1956 1964 2001
Parity violation Strange mesons: Beauty mesons:
T.D. Lee, CP violation in K° CP violation in B®

C. N. Yang, decays decays
C.S.Wuetal. J. W. Cronin,

2025

Beauty baryons:
CP violation in Ag
decays

BaBar and Belle LHCD collaboration

V. L. Fitch et al. collaborations

1963 1973 PARE]
Cabibbo Mixing The CKM matrix Charm mesons:
N. Cabibbo M. Kobayashi, CPviolation in D°
T. Maskawa decays

LHCDb collaboration

» First evidence of CP violation in b-baryon to charmonium

» With LHCb Rung3 data, more precise measurement will come
» Search for CP violation in more baryon decays.
» Search for CP violation using more CP observables.
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TPAIn A} - J/ypr™

» Triple product asymmetry: 3 3
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