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Hierarchical   Structure 
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QUARK  MIXING  MATRIX 
   Unitary                      Matrix: parameters G GN N× 2

GN

                     arbitrary  phases: G2 1N −
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●  Nf = 2 :    1  angle,  0  phases    (Cabibbo) 
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ij ij ij ijcos ; sinc sθ θ≡ ≡●  Nf = 3 :    3  angles,  1  phase   (CKM) 
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GIM  Mechanism 
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 Top contribution dominates. Strong suppression: 
 
 CP effects fully governed by top contribution 
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  Complex  Phases 

  Interferences 

Thus,     requires: 

       Theorem:                          

   ,  :      Violated  maximally  in  weak  interactions 

   :   Symmetry  of  nearly  all  observed  phenomena 

   Slight   (~ 0.2 %)      in           decays     (1964) 

   Sizeable       in           decays     (2001) 

   Huge  Matter    Antimatter  Asymmetry   
      in  our  Universe                    Baryogenesis 

0K

0B

9 Flavour  Physics                                                                                                                    A. Pich  –  TAE 2018 



Standard Model       :     3 fermion families needed 

2 2 2 2 2 22( ) ( ) ( ) ( )u t c c u t uM m m m m m mH ≡ − − −

2 2 2 2 2 22( ) ( ) ( ) ( )s sd b d b dM m m m m m mH ≡ − − −

 2 2( ) ( ) 0u dM MH H J⋅ ⋅ ≠

2 2 6 4
12 13 23 12 13 23 13sin 10c c c s s s AJ δ λ η −= = <

•  Low-Energy  Phenomena 

•  Small  Effects   ~  J 

•  Big  Asymmetries           Suppressed  Decays 

•  B  Decays  are  an  optimal  place  for          signals 
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DIRECT         ( ) ( )P f P f| | | |T T→ ≠ →
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One needs: 

    2  Interfering  Amplitudes 

    2  Different  Weak  Phases 

    2  Different  FSI  Phases  2 1sin( ) 0δ δ − ≠ 

2 1sin( ) 0φ φ − ≠ 

0
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DIRECT        

Br( ) Br( )
( )

Br( ) Br( )CP

B f B f
A B f

B f B f
→ − →

→ ≡
→ + →

0( ) 0.082 0.006CP dA B Kπ − +→ = − ± (13.7 σ) 

0( ) 0.26 0.04sA B Kπ − +→ = − ± (6.5 σ) 

( ) 0.118 0.022CPA B K K π+ + − +→ = − ± (5.4 σ) 

Large & Interesting Signals 

Big challenge:  Get reliable SM predictions  

Severe hadronic uncertainties 
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INDIRECT        :    K0 ─ K0  MIXING ¯ 
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INDIRECT        :    K0 ─ K0  MIXING ¯ 
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Lattice  Results  for  BK 
^ 

Flavianet  Lattice  Averaging  Group 

 MS ˆ(2GeV) 0.557 0.007 , 0.763 20.010 1fK KB B N     
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DIRECT         in   K → π π 
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KTeV, E731 

 Short-distance   OPE 
   Ciuchini et al, Buras et al 

 Long-distance    χPT 
    Pallante-Pich-Scimemi 
    Cirigliano-Ecker-Neufeld-Pich ( ) ( )11 4

9ThRe / 19 10K Kε ε + −
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17 

                    2017 update     Gisbert-Pich, 1712.06147 
-4(15 ± 7)×10
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