


P, C, and CP Transformation
For pseudoscalar mesons 𝑃 and  ത𝑃, the parity transformation implies

Charge conjugation is a transformation that relates particles and antiparticles,
leaving all space-time coordinates unchanged, i.e.

The combined transformation, 𝑷𝑪, acts on the pseudoscalar meson states as follows:

For neutral mesons, 𝑃0 and  ത𝑃0, one can construct the 𝑪𝑷 eigenstates

which obey



Mixing 



q, p, 𝜟m and 𝜟𝜞 for Bd and Bs

Now all three up quarks should be taken into account
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Three remaining diagram contributions in 𝑀12:
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ct:

tt:
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q, p, 𝜟m and 𝜟𝜞 for Bd and Bs
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2
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∗ + 𝑂
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2
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∗

2

Where 𝜂𝐵with the account of NLO corrections ( 𝜂𝐵
𝑁𝐿𝑂 = 0.55 ± 0.01 ) and 𝑓𝐵𝑑 𝐵𝐵𝑑 = 216 ± 15MeV

𝐼
𝑚𝑡
2

𝑚𝑊
2 =

1., 𝑚𝑡 = 0
0.5, 𝑚𝑡= 175𝐺𝑒𝑉
0.25, 𝑚𝑡 = ∞



Time evolution of neutral B mesons  

Assuming CPT conservation



Time evolution of neutral B mesons  



Discovery 𝑩ഥ𝑩 oscillations 

ARGUS Collaboration          Observation of B – anti-B0 Mixing PL B 192, 245

1987



𝑩𝒅
ഥ𝑩𝒅Mixing at LHCb



Mixing parameters 

Δ𝑚𝐷 = 0.01𝑝𝑠−1

1/Γ𝐷=0.415 𝑝𝑠
ΤΔΓ𝐷 2Γ𝐷 = 0.007
ΤΔ𝑚𝐷 Γ𝐷 = 0.004

Δ𝑚𝐾 = 5.3𝑛𝑠−1

ΤΔΓ𝐾 2Γ𝐾 ≈ −1
ΤΔ𝑚𝐾 Γ𝐾 = 0.945

Δ𝑚𝑑 ≈ 0.5𝑝𝑠−1

1/Γ𝑑=1.56 𝑝𝑠
ΤΔΓ𝑑 2Γ𝑑 ≪ 0.01
ΤΔ𝑚𝑑 Γ𝑑 = 0.77

Δ𝑚𝑠 = 17.8𝑝𝑠−1

1/Γ𝑠=1.47 𝑝𝑠
ΤΔΓ𝑠 2Γ𝑠 ≈ 0.13
ΤΔ𝑚𝑠 Γ𝑠 = 27



𝑩𝒔
ഥ𝑩𝒔Mixing at LHCb



CP Violation in B Decays



Classification of CP-violating effects 

Carter, Sanda

PRL 45, 952

1980



Observables: “direct” CP-violation 



CP-violation in the Time Evolution of B0 mesons





𝐼𝑛𝑐𝑜ℎ𝑒𝑟𝑒𝑛𝑡 𝐵𝐽0
+ → 𝐵0𝜋+ 𝐶𝑜ℎ𝑒𝑟𝑒𝑛𝑡 𝑒+𝑒− → 𝐵0 ത𝐵0∗ → 𝐵0 ത𝐵0𝛾 𝐶𝑜ℎ𝑒𝑟𝑒𝑛𝑡 𝑒+𝑒− → 𝐵0 ത𝐵0

For antisymmetric source of 𝑩𝟎ഥ𝑩𝟎, integrated CP asymmetry is zero:     
must do a time-dependent measurements 

Time Evolution of the Tagged 𝑩𝟎(ഥ𝑩𝟎) → 𝑩𝑪𝑷



Golden Channel



KEKB asymmetric e+e- collider



Time-Dependent CP Asymmetry Measurement



Detector   Belle



Flavour tagging – dilution factor



CP asymmetry



SIN(2𝜷)



Search for New Physics by studying rare processes and 

precision CP violation measurements in B and D sectors

✔ Good vertexing - Measure Bd /Bs oscillations, reject prompt background

✔ Particle identification - Flavour tagging, misID background

✔ Calorimetry - Reconstruction of neutral particles (γ, π0)

✔ Efficient trigger, including hadronic modes

LHCb





CP-violation in the Time Evolution of B0 mesons



Historical Remarks 

Carter, Sanda            CP Nonconservation in Cascade Decays of B Mesons PRL 45, 952

1980

Bigi, Sanda            Notes on the Observability of CP Violations in B Decays

Nucl. Phys. B193, 85 

1981

Great idea!    But is it practical? 

How large fraction of 𝐵0 oscillate  into a ത𝐵0before they decay? 

How measure Δ𝑡 at Υ(4𝑆)? 

Odonne Concept of Asymmetric e+e- B Factory
Proceedings, Conference on Linear 

Collider, Los Angeles, 26-30 Jan.

1987



Particle Identification System at Belle



Silicon Vertex Detector at Belle



Aerogel Cherenkov Counters 



Electromagnetic Calorimeter



CsI(Tl) Crystals



Detector   Babar



Silicon Vertex Tracker



Silicon Vertex Tracker (Babar vs Belle)



DIRC



Identification Performance



“Golden Mode” Event 



Luminosity 



Observables: “direct” CP-violation 



Reconstruction of B mesons



CPV Analysis: Time Distribution

𝒇𝑪𝑷± 𝜟𝒕 =
𝜞

𝟒
𝒆−𝜞|𝜟𝒕|(𝟏 ∓ 𝜼𝒇 𝟏 − 𝟐𝝎 𝒔𝒊𝒏(𝟐𝜷)𝒔𝒊𝒏(𝜟𝒎𝒅𝜟𝒕) ⊗ 𝑹(𝜟𝒕)

𝝎 – mistag probability
𝑹(𝜟𝒕)- time-resolution function
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