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Introduction
ØCPV is one of the necessary conditions for 

baryogenesis

ØCPV is well established in meson decays
Ønot enough to account for the baryogenesis
ØNeed contribution from New Physics

ØThe Standard Model predicts similar CP violation 
in baryon and meson decays
ØLarge CPV in (b-)baryons is possible

ØBaryon CP violation has rarely been observed
ØTheory: Unknown underlying mechanisms?
ØExperiment: Limited by statistics
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Introduction
ØThe only source of CPV in SM is through CKM mechanism
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• Interference of two amplitudes (with different strong&weak phases) generates CP violation

Λ;< → 𝑝𝐾=𝜋>𝜋= Λ;< → 𝐽/𝜓𝑝𝜋=



CP violation measurement
ØCP violation appears as a difference in decay rates between particles and antiparticles
Ø In experiment, we measure the asymmetry in event yields instead of decay widths. 

ØNuisances asymmetries from production and detection（including PID&Trigger asym.） must be 
accounted

ØA control channel is introduced to cancel the leading-order nuisance asymmetries, and the CP 
asymmetry difference between the two modes is given by
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𝐴!"# =
𝑁 𝛬$% → 𝑋 − 𝑁 ̅𝛬$% → )𝑋
𝑁 𝛬$% → 𝑋 + 𝑁 ̅𝛬$% → )𝑋

𝐴!"# = 𝐴&' + 𝐴(!)* + 𝐴*+,

Δ𝐴&' = 𝐴&'
-./0"1 − 𝐴&'2)0,!)1 = Δ𝐴!"# − Δ𝐴(!)* − Δ𝐴*+,



CPV in Λ!" → 𝑝𝐾#𝜋$𝜋# 
ØFull Run1+2 data (9fb34)
ØSignal yields are extracted from fit to 𝑚 Λ$%  and 𝑚 1Λ$%

ØControl channel Λ$% → Λ25(→ 𝑝𝐾3𝜋5)𝜋3 is introduced to cancel 
nuisance asym. 
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Δ𝐴?@ = 𝐴?@
ABCDEF − 𝐴?@GHDIJHF = Δ𝐴JEK − Δ𝐴LJHM − Δ𝐴MNI

Ø Δ𝐴JEK ≈ 2.46%

Ø Δ𝐴LJHM ≈ 0: Cancelled by reweighting Λ;<  
kinematics of the signal to match those of 
control channel.   

Ø Δ𝐴MNI ≈ 0.01%: evaluated event by event 
according to kinematics of final-state 
particles.

𝑨𝑪𝑷 = 𝟐. 𝟒𝟓 ± 𝟎. 𝟒𝟔 ± 𝟎. 𝟏𝟎 %  𝟓. 𝟐𝝈 𝑨𝒓𝒂𝒘 = 𝟑. 𝟕𝟏 ± 𝟎. 𝟑𝟗 %

First observation!



CPV in Λ!" → 𝑝𝐾#𝜋$𝜋# 
ØCPV in local PHSP also investigated.
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4𝜎

6𝜎

Ø Significant enhancement of CPV in 𝑁∗(𝑝𝜋>𝜋=) 
resonances

Ø Needed to disentangle contributions from overlapping 
resonances. 



CPV in 𝛬!" → 𝐽/𝜓𝑝𝜋# 
Ø𝑏 → 𝑐𝑐𝑑 process, large penguin contribution could enhance the CPV
ØFull Run2 data
Ø Δ𝐴?@ = 𝐴UVW(Λ;< → 𝐽/𝜓𝑝𝜋=) − 𝐴UVWX Λ;< → 𝐽/𝜓𝑝𝐾= + 𝐴Y(𝐾=) − 𝐴Z(𝜋=)
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10853 ± 134 yields
𝐴!"#(Λ$% → 𝐽/𝜓𝑝𝜋&) = (5.94 ± 1.14) %

125380 ± 372 yields
𝐴!"#(Λ$% → 𝐽/𝜓𝑝𝐾&) = (0.98 ± 0.30) %

Δ𝐴?@ = 4.03 ± 1.18 ± 0.23 % 3.3 𝝈

Combined with Run 1: Δ𝒜?@ = (4.31 ± 1.06 ± 0.28)% 3.9 𝝈

Run 1 results:
Δ𝐴?@ = 5.7 ± 2.4 ± 1.2 %

Production and proton detection 
asym. are cancelled by 
reweighting the kinematics of 
Λ;<&𝑝 to match those of signal



TPA in 𝛬!" → 𝐽/𝜓𝑝𝜋# 
ØTriple product asymmetry: 
ØΛ$% : 𝐶6 ≡ 𝑝⃗7' ⋅ (𝑝⃗(×𝑝⃗8()

Ø1Λ$% : ̅𝐶6 ≡ 𝑝⃗7( ⋅ (𝑝⃗(̅×𝑝⃗8')

Ø𝐴 :6 𝐶 :6 = ; &)*<% 3;(&)*>%)
; &)*<% 5;(&)*>%)

,

Ø𝑎&'
:63)** = 4

@
𝐴 :6 − 𝐴̅ :6
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Ø 𝑎&'
:63)**= (−1.37 ± 1.15 ± 0.21) %



Local CPV in 𝛬!" → 𝐽/𝜓𝑝𝜋# 
ØMeasurement of local CP asymmetry in 128 bins
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𝑨𝒓𝒂𝒘 𝒂𝑪𝑷
[𝑻=𝒐𝒅𝒅

Ø Both raw asymmetry 𝑨𝒓𝒂𝒘 and TPA 𝒂𝑪𝑷
[𝑻=𝒐𝒅𝒅 

are measured

Ø local CP asymmetry near 𝑁∗(𝑝𝜋) resonances

Ø No significant variation 
of asymmetries across 
the phase space



Why baryon CPV so small
ØSmall strong phase difference
ØThe cancellation between different partial wave 

turns in small net direct CPV
ØOverlap of resonances could dilute CPV
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Ø S- and P-wave CPV are large but cancelledS+P wave S wave only

Further measurements 
are essential to clarify 
the picture



Outlook
ØHigher integrated luminosity in Run 3 (25–30 fb-1)
ØTrigger efficiency for hadron final states increased by factor of 2 
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Ø Current statistics enable us to 
reduce the uncertainty to ~0.1%

LHCb Run 1



Summary
ØFirst observation of CP violation — a milestone in CPV studies
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ØFirst evidence of CP violation in b-baryon to chamonium

ØWith LHCb Run3 data, more precise measurement will come
ØSearch for CP violation in more baryon decays.
ØSearch for CP violation using more CP observables. 


