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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
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Standard Model :      3 fermion families needed
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• Low-Energy Phenomena

• Small  Effects ~ J

• Big  Asymmetries Suppressed Decays

• B  Decays are  an optimal place  for signals
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One needs:

2  Interfering Amplitudes

2  Different Weak Phases

2  Different FSI  Phases 2 1sin( ) 0

2 1sin( ) 0

0
dB
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DIRECT         in   K 
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NA48, NA31

KTeV, E731

Short-distance OPE
Ciuchini et al, Buras et al

Long-distance    PT
Pallante-Pich-Scimemi
Cirigliano-Ecker-Neufeld-Pich11 4

9ThRe / 19 10K K
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Time Scales:    Oscillation  sin / 2x iy t

,
2

Mx x

BELLE

K0 :   x y 1 

D0 :   x y 0.01               Slow oscillation (decays  faster)

Bd :   x 1  ,  y 0.01 

Bs :   x 25  ,  y 0.01      Fast oscillation (averages out to 0)  
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B0 B0 MIXING  AND  DIRECT      ¯
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Direct information on the CKM  matrix

Assumption: Only  1  decay  amplitude
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MEASURING  HADRONIC  CONTAMINATIONS
Time  Evolution
Transversity Analysis:    B V V
Isospin Relations (Gronau-London)

Mixing (Gronau-Wyler, Atwood-Dunietz-Soni)

Dalitz Analysis
SU(3)  Relations:      B K , 
…
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Tree-level determinations Loop processes

CP  Conserving CP  Violating
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DIRECT       
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Difficult  to  accommodate  in  the  Standard  Model   (but huge uncertainties)

New Physics ?
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Long-distance contributions are negligible
0 0LKT

New  Experiments Needed:   NA62, J-Parc, …

BNL-E949:  few events!

KEK-E391a:

101.15
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0 8Br 6.7 10 (90% C.L.)LK

58Flavour  Physics  &  CP                                                                                                      A. Pich   – Natal  2011



Complex phases in Yukawa  couplings only:
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Standard  Model Mechanism of

The CKM  matrix Vij is the only source of   
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Flavour Structure and         are major pending questions

Related to SSB Scalar Sector   (Higgs)

Important cosmological implications (Baryogenesis)

Sensitive to New Physics

is highly constrained in the SM:   1 phase only

Many interesting signals within experimental reach

Better control of  QCD effects urgently needed

Challenging future ahead:  
BES-III, LHCb, NA62, J-Parc, Super-Belle, Super-B, …

SUMMARY
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Quarks Leptons Bosons

photon

gluon

Higgs

up down electron neutrino  e

charm strange muon neutrino  

top beauty tau neutrino 

e

Z0 W ±

61Flavour  Physics  &  CP                                                                                                      A. Pich   – Natal  2011



Lattice Results for BK
^
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Flavianet Lattice Averaging Group
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b ccs
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