
CP Violation in meson decays
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Only source of CP violation in the SM are non-trivial phases of CKM matrix:

at O( 4).

CP violation was first observed in the system of neutral Kaons:

Christenson, Cronin, 

Fitch, Turlay, 1964
Observation of decay KL (CP=+1) with BR~2 10-3.

As the KL was believed to be a pure CP=-1 state, 

the observed decay violates CP symmetry.

A intense program to study CPV in kaon decays followed.

Effects in kaon decays are small and difficult to explain.

From a didactic point of view B mesons are much easier and exhibit 

much larger CPV. Interpretation of CKM phases also easier.
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Reminder:

Observation of CP violation in KL decays

If no CPV:

One can show that the 2 final state is CP=+1:

The observation of  KL thus violates CP.

Explanation:

KL is not a pure Ks state.
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Not a CP eigenstate: CP violation !
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After 35 years of kaon physics:
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(Direct CPV)

Interpretation of CPV measured in the kaon

system is difficult. 

Today’s knowledge
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“The Unitarity triangle”
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Rescaled unitarity condition
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Observation of CP Violating Phases
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phase difference

Need two phase differences between A1 and A2: Weak difference which changes 

sign under CP and another phase difference (strong) which is unchanged.

Phase measurement     

= Interference experiment
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a) Direct CP violation

b) CP violation in mixing

“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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Combinations of the 3 ways are possible!
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f = CP eigenzustand!



ad a) Direct CP violation (B system)
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b) CP  violation in mixing
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CP violation in mixing
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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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To measure CP violation in Bd system:

• Need many B (several 100 106)

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

• Need to reconstruct the decay length to measure t
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Measurement of sin2 in Bd J/ Ks
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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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