
Search for CP violation in neutral B 
meson decays 

Felix Wiebe and Mohammad Wadud 



Contents 

1. CP Violation 

2. B mesons 

3. CP Violation in B meson decays 

4. Results 

 



C and P Operators 

• Charge conjugation (C) replaces a particle by 
its antiparticle: 

𝑝 → 𝑝  

 

• Parity (P) reverses the spatial coordinates: 
(𝑡, 𝑥 ) → (𝑡, −𝑥 ) 



CP Transformation 
• CP transformation 

replaces a particle by 
its antiparticle and 
takes its mirror image 

• Intuitively, we expect physics to remain the 
same under CP transformation 



Symmetry Violation 

• However, CP symmetry is violated in weak 
interactions. 

 

“If you don't like it, go somewhere else, to 
another universe!” – Richard Feynman 



CKM Matrix 

• Quarks change flavour through charged weak 
interactions (𝑊±) 

• The weak eigenstates are constructed by 
rotating the mass eigenstates with the 
Cabbibo-Kobayashi-Maskawa (CKM) matrix  

 



CP Symmetry 

• The charged current part of the SM Lagrangian 
is given by: 

• Under CP transformation, the Lagrangian 
becomes: 

• CP symmetry requires real matrix elements: 



• The standard parametrisation of the CKM 
matrix is: 

• The phase factor 𝛿 leads to CP Violation. 

CP Violation 



Neutral B Meson Mixing 

• The Schrodinger equation governs the time 
evolution of the flavour eigenstates: 

 

• B mesons oscillate between particle and 
antiparticle 



Neutral B Meson Mixing 

• Diagonalising the Hamiltonian gives mass 
eigenstates in terms of flavour eigenstates: 

• These states evolve as: 



Neutral B meson decay 

• Neutral B mesons have several decay modes. 

 

• We study the decay channel 𝐵𝑠
0 → 𝐽/𝜓𝜙: 

 



CP violation in direct decay 

• Decay amplitudes depend on CKM matrix elements 

 

• CP violation leads to different decay rates for the 
process 𝐵𝑠

0 → 𝐽/𝜓𝜙 and its CP conjugate 𝐵𝑠
0 → J/𝜓𝜙. 

 

• To characterise the degree of violation, we define the 
asymmetry parameter: 

 



Mixing Induced CP Violation 

• Direct decay 𝐵𝑠
0 → 𝐽/𝜓𝜙 

interferes with oscillation 

𝐵𝑠
0 ↔ 𝐵𝑠

0 and subsequent 

decay 𝐵𝑠
0 → 𝐽/𝜓𝜙. 

• This gives rise to time-dependent CP 
asymmetry. 



Mixing Induced CP Violation 

• The time-dependent asymmetry parameter is given by: 

𝜙𝑠 arises from the interference 
between direct and indirect decay 



LHC Measurements 

• Data collected by the ATLAS detector from LHC 
pp collisions has been used to determine 

–  asymmetry phase 𝜙𝑠 

–  rate difference ΔΓ𝑠 = Γ𝐿 − Γ𝐻 

– mean rate Γ =
Γ𝐿+Γ𝐻

2
 

• Experiments performed with collision 
parameters: 

𝑠 = 7 TeV 

Integrated luminosity 4.9 fb-1 

 



Results 



Results 

• Measurements 
consistent with 
standard model 
predictions 



Danke! 


