
Flavor Mixing and CP Violation
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3.CP violation 
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1. CKM Matrix
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18 parameter   (9 complex elements)

-5  relative quark phases (unobservable)

-9  unitarity conditions

=4 independent  parameters: 3 angles + 1 phase

Number of 

independent 

parameters:

PDG parametrization
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2. Mixing of neutral mesons

The quark mixing results into several interesting “loop” effects:                 

Standard Model predicts at loop-level Flavor Changing Neutral Currents 

Mixing of neutral mesons, e.g.:
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2.1 Mixing Phenomenology
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Mixing of neutral mesons
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B0-B0 Mixing
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2.2 Standard Model Prediction
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Oscillation is about 35 times stronger than in the case of Bd

( Vts much larger than  Vtd)

B oscillation:

Deactivation of GIM suppression because of large mass splitting:

What would be the mixing if  all quarks had the same masses?

(Unitarity of CKM matrix -> cancellation of FCNC!)  
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Non-observed  FCNC and GIM mechanism
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Historical remark:

The observation of the Bd meson mixing put the first lower limit on the top 

mass:  mtop > 50 GeV.  

If the top mass was lower the GIM mechanism  would in a small m, i.e. 

the B would oscillate very slowly and would decay before mixing.

The GIM mechanism is a result of the unitarity of the CKM matrix. Only 

different quark masses lead to a non-perfect cancellation and are the 

soruces of observable FCNCs at loop level. 
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Measuring Bs Mixing

Principle:
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Determination of Production Flavor = Tagging

Characterization:

tag = tagging effi.

= wrong tag fraction

Advantage of e+e-

B-factories

at LHC
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Interlude: (4S) B0B0
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3. CP Violation
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• C and P violated in weak decays

• CP conserved in weak interaction ?   No !

allowed

Reminder: Maximum C and P violation in weak decays:
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3.1 Discovery of CP Violation in Kaon Decays
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CP(|3 >)= -1  

and never into 2 CP(|2 >)= +1 

Christenson, Cronin, Fitch, Turlay, 1964

Explanation:
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(Direct CPV)

The measured CP violation in the kaon system is small – theoretical interpretation is 

quiet difficult ! 

In the B meson system effects are much larger, easier to understand and they can be 

calculated in the Standard Model.  CPV in the B0 system was observed in 2000.
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3.2 CP Violation in Standard Model: complex CKM elements
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Remark: For 2 quark generations the mixing is described by the  real 2x2

Cabbibo matrix  no CP violation !!. To explain CPV in the SM 

Kobayashi and Maskawa have predicted a third quark generation. 

Moreover, as can be shown, CPV requires that all u-type and all d-

type quarks have different masses. 

CP (T) violation 
jiji VV

i.e. Complex elements
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CKM Matrix and Unitarity Triangle
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Rescaled unitarity condition
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Experimental confirmation of UT:

The sides of the UT can be measured via 

• Bd and Bs oscillation 

• Semileptonic B decays with a b c or b u quark transition.

The angles (phases) can be determined from CP asymmetries in  

B decays! Observation of CP violating phases require 

presence of interfering amplitudes!  



3.3 Observation of CP Violation
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“3 Ways” of CP violation in meson decays
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c) CP violation through interference of mixed and 

unmixed amplitudes 
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ad a) Direct CP violation (B system)
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Evidence of anomalous CP-violation in the mixing of neutral B mesons:



c) CP violation in interference between mixing and decay  
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SM prediction for = A1 / A2 (amplitude ratio)
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Calculation of the time-dependent CP asymmetry 
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To measure CP violation in Bd system:

• Need many B (several 100 109)

• Need to know the flavor of the B at t=0

• Need to reconstruct the decay length to measure t
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3.4 Measurement of sin2 : Asymmetric e+ e- B factory
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3.5 Experimental status of the Unitarity Triangle  

Standard Model CKM mechanism confirmed

1. Large CP Violation in B decays

2. Large direct CP violation observed

3. CPV parameter related to magnitude of non-CP observables
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