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CP violation @ LHCb

• CP violation: 
• One of the Sakharov conditions for the 

generation of a matter-antimatter asymmetry in 
the early Universe
• Arises from the complex phase in the CKM 

mixing matrix. 

• The main purpose of LHCb is to study CP 
violation in b-mesons

LHCb LoI, 1995
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CP violation in b-sector

• Of the 6 orthogonality relations the CKM matrix satisfies

• the “bd” term is central in many B-meson decays:
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• The CKM matrix in terms of the Wolfenstein parameters

• B0 and Bs mixing phases sensitivity

|𝑉!"|

CKM parameter measurements with B decays

The standard techniques for the angles
β : B0 mixing (phase β) (+ single b ® c decay)
a : B0 mixing (phase β) + single b ® u decay (phase γ)
γ : b ® u (phase γ)  (interference with b ® c)
βs : Bs0 mixing (phase βs) (+ single b ® c decay)
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𝒔𝒊𝒏𝟐𝜷
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Measurement of CP violation in B0→ψ(→ℓ+ℓ−)K0S(→π+π−) decays, PHYS. REV. 
LETT. 132 (2024) 021801
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𝒔𝒊𝒏𝟐𝜷

• Golden measurement channel 𝐵! → 𝐽/𝜓𝐾"
• tree dominated 𝑏 → ̅𝑐𝑐𝑠 transition
• Interference between decays with and

without mixing leads to CP asymmetry

• Measurement primary goal of the b-factories
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𝒔𝒊𝒏𝟐𝜷

• LHCb Run 2 (6 fb-1) results using 𝐵! → 𝐽/𝜓𝐾" (both muons and 
electrons) and 𝐵! → 𝜓(2𝑆)𝐾"
• Flavor-tagged time-dependent analysis to determine sin 2β
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𝒔𝒊𝒏𝟐𝜷
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𝒔𝒊𝒏𝟐𝜷

• LHCb Run 2 result most precise to date
• Still dominated by statistical uncertainty
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𝝓𝒔, 𝝓𝒔
𝒔"𝒔𝒔

Improved measurement of CP violation parameters in B0s→J/ψK+K− decays 
in the vicinity of the ϕ(1020) resonance, PHYS. REV. LETT. 132 (2024) 
051802
Precision Measurement of CP Violation in the Penguin-Mediated Decay B0s→
ϕϕ, PHYS. REV. LETT. 131 (2023) 171802
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𝑩𝒔 mixing

• Interference of decays with/without mixing gives measurable phase

• Observable phase 𝜙! = −2𝛽! = Φ" − 2Φ#
• In the Standard Model expected to be small, 𝜙! = - 0.0368 radians
• Larger values possible in models of New Physics
• Golden channel: 𝐵! → 𝐽/𝜓𝜙

Bs0

Bs0

Bs0

f+(t)

q
p
f−(t)

Af

Af

𝑓

Φ#

Φ$

−Φ$

b

s
u, c, t W-

W+_
s

b
_u, c, t

b

s u, c, t
W- W+

_
s

b
_

u, c, t
___

Bs0Bs0-

11



𝝓𝒔 from 𝑩𝒔 → 𝑱/𝝍𝑲𝑲

• Measure ϕs and ΔГs using the decay Bs → J/ψ K+K− with M(K+K−) in the vicinity 
of ϕ(1020) meson
• Specific background from B0 and Λb suppressed with 

mass and PID requirements; 
remaining background from Λb statistically subtracted
• Entire run-2 dataset, 48 sub-samples
• A mixture of CP-even & CP-odd components 

→ angular analysis 
• Fits for decay time and angular distributions
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𝝓𝒔 from 𝑩𝒔 → 𝑱/𝝍𝑲𝑲

• The phase ϕs measured independently for each 
polarization of the K+K− system

• No evidence for polarization dependence

13



𝝓𝒔 from 𝑩𝒔 → 𝑱/𝝍𝑲𝑲

• Tension in measurements of ΔΓs using Bs → J/ψ KK decays by 
ATLAS, CMS and LHCb, large scale factor on the uncertainty for 
HFLAV average
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𝝓𝒔
𝒔"𝒔𝒔 from 𝑩𝒔 → 𝝓𝝓

• CPV in FCNC via penguin dominated b → sss transitions
• NP contributes to mixing and penguin processes
• Very similar analysis strategy as Bs → J/ψ KK 
• In Bs → ϕϕ, CPV may be polarization dependent
• Time-dependent flavor-tagged angular analysis
• Entire run 2 dataset
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𝝓𝒔
𝒔"𝒔𝒔 from 𝑩𝒔 → 𝝓𝝓

• Combined with Run 1

• Polarization dependent results (statistical uncertainty only):

• Most precise measurement of time-dependent CP asymmetry in Bs → ϕϕ and in any 
penguin-dominated B-decay

• Consistent with SM
• Polarization-dependent CPV parameters measured for the first time, no significant 

difference between three polarizations
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𝜸 (See Xiaokang’s talk)
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Study of CPV in B(s)→DK*(892)0 decays with D-> Kπ(ππ), ππ(ππ), and KK final 
states, JHEP 05 (2024) 025
A model-independent measurement of the CKM angle γ in partially reconstructed 
B±→D∗h± decays with D→K0Sh+h- (h=π,K), JHEP 02 (2024) 118
Measurement of the CKM angle γ using the B±→D∗h± channels, JHEP 12 (2023) 013
Measurement of the CKM angle γ in the B0→DK∗0 channel using self-conjugate 
D→K0Sh+h- decays, EPJC 84 (2024)206
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Summary

• New precise measurements of CKM angles from LHCb

• All available measurements of CPV observables, including amplitude 
and phase measurements are so far consistent with the Standard Model

• A lot more to come in the next decades from LHCb Upgrade(s), we 
expect to be more precise 
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Future prospects 

• LHCb expect ~300fb-1 in run-6

Now 0.014
Now 20 mrad
Now 69 mrad
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Prospects on CKM unitarity triangle

2006

2012

2023

Prospect: 300fb-1
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