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CKM matrix and CP violation in SM (I)CKM matrix and CP violation in SM (I)

 Origin of the Cabibbo-Kobayashi-Maskawa Matrix (CKM) 
 Overview of the measurements of the CKM elements
 CP violation in the Standard Model
 Overview of the measurements
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Standard ModelStandard Model
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Mass of the Quarks in the Standard ModelMass of the Quarks in the Standard Model
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Weak Interactions and Mass EigenstatesWeak Interactions and Mass Eigenstates
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No more Universality of Weak InteractionsNo more Universality of Weak Interactions
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Cabibbo-Kobayashi-Maskawa MatrixCabibbo-Kobayashi-Maskawa Matrix
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Properties of CKM Matrix Properties of CKM Matrix 

+
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How do we know there are only 3 How do we know there are only 3 
generations of matter?  generations of matter?    
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Number of neutrino families from LEP @ CERN Number of neutrino families from LEP @ CERN 
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Families of matter known in 1972   Families of matter known in 1972   
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Kobayashi-Maskawa Mechanism of CP Violation Kobayashi-Maskawa Mechanism of CP Violation 
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1974: Discovery of charm in J/psi1974: Discovery of charm in J/psi
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1977: Discovery of bottom in Upsilon(1S) @ FNAL 1977: Discovery of bottom in Upsilon(1S) @ FNAL 
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Standard Parameterization of CKM matrixStandard Parameterization of CKM matrix
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3 mixing angles and one CP-violating KM phase.
The angles 

ij
 in the first quadrant, so s

ij
, c

ij
 ≥ 0 
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Features of CKM Matrix Features of CKM Matrix 
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Wolfenstein Parameterization of CKM Matrix Wolfenstein Parameterization of CKM Matrix 
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Measurements of CKM Element MagnitudesMeasurements of CKM Element Magnitudes
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Measuring CKM Elements Measuring CKM Elements 
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From Hadrons to QuarksFrom Hadrons to Quarks
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Typology of Tree Decay AmplitudesTypology of Tree Decay Amplitudes
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CKM Elements in First Two GenerationsCKM Elements in First Two Generations
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Measuring |VMeasuring |V
uxux| and | and |V|V

cxcx||
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|V|V
udud|: |: ββ Decays Decays

not well known

|Vud| = 0.97373±0.00031 
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Super-allowed pion Super-allowed pion ββ  decaydecay

0.9739 ± 0.0029
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|V|V
usus

|: Semileptonic K Decays |: Semileptonic K Decays 

form factor at q2 = 0

Averaging many experimental results:

|V
us

| = 0.2231 ± 0.0007  (with f
+
(0) coming from lattice QCD calculations )
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di-muon Production in Deep Inelastic Scattering  di-muon Production in Deep Inelastic Scattering  

|V
cs
| = 1.04 ± 0.16   (16%)
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Semileptonic Semileptonic DD and Leptonic  and Leptonic DD
ss
 Decays  Decays 

D → K l ν

D
s
 → μ ν

D
s
 → τ ν

Averaging the determinations from leptonic and semileptonic decays:

|V
cs
| = 0.987 ± 0.011  
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Hadronic or Semileptonic Hadronic or Semileptonic ??
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