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� CP is the discrete symmetry which takes a particle to an antiparticle
with  reversed “charges”. 

� Universe was born with equal amounts of matter and antimatter.
All evidence indicates that the universe is made up of matter alone.
One necessary ingredient for this observed baryon asymmetry is

CP Violation. 
� Origin of CP violation not understood.
� CP violation is merely parameterized in the SM.
� CPVin SM not sufficientto explain the baryon asymmetry.
⇒New Physics

� CP violation has been observed in K meson and B meson decays and
recently even in the D meson decays.



All evidence indicates that theuniverse is made up of matter
In the lab. possible to create antimatter-identical to matter, with 
opposite charges, matter+antimatter, annihilate.
Universe was born with equal amounts of both

⇒Matter and antimatter do not behave identically

1967 Sakharov gave the famous three conditions for generating a 
baryon number asymmetry in the universe:
(1) Baryon number violation, so that the antibaryon disappears.
(2) CP Violation, since only antibaryon has to disappear.
(3) Departure from thermal equilibrium, otherwise the created 
asymmetry will disappear.

1967
Baryon Asymmetry





Dynamic generation of Baryon asymmetry of the Universe



Baryon number violation alone is not sufficient to 
generate the asymmetry. 
A difference in the partial widths can be generated by
C and CP violation. 
The smaller symmetry violation, i.e., CP violation will
determine the size of  the baryon number asymmetry.

If the system is in thermal e quilibrium, all states with 
same energy will be equally populated, so particle and
antiparticle populations will be the same. 
Departure from thermal equilibrium is therefore
another necessary condition for the baryon asymmetry.



CP conserving CP violating
�CPV due to complex Yukawa couplings

� Yukawa interactions→ mass terms

Product of Unitary matrix diagonalizing the mass matrices is the CKM

CPV in Standard Model 

e−−−−ιιιιββββ
Elements describe charged-current 
couplings.
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unsquashed



General N×N matrix                        2N2 parameters
Unitarity N2 conditions
Phases that may be absorbed
by rephasing the quark fields         2N-1
Free parameters                              (N-1)2

N×N orthogonal matrix                    N(N-1)/2           rotation angles
parametrized by 
Remaining parameters                   N(N-1)(N-2)/2    physical phases

N≥ 3
Required for CPV













How do we test this parametarization?

CKM has a hierarchical structure, in the Wolfenstein parametrization: 

The B system is an excellent  testing ground

Non zero values of the phases; η ≠ 0 CPV

Hence, there was a huge  worldwide effort to measure CPV 
in B mesons.
Decays rare-require large number of B mesons – B-factories





Extraction of Parameters 

CP phases can be measured through certain asymmetries which                                              
free of hadronic uncertainties

Phases are observable only through interference terms in modes
to which 2 different amplitudes with distinct phases contribute
The different ways in which the interference terms appear, 

result in the following categories of CPV











Resulting Picture 

Consistency, KM 
mechanism confirmed 

There is room for NP 
Dominant
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