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Fermion  Fermion  MassesMasses areare
NewNew Free Free ParametersParameters

( ) ( ) ( ) v, , , ,
2ud

d u l
q q lm m m c c c⎡ ⎤ ⎡ ⎤= − ⎣ ⎦⎣ ⎦

FERMION   MASSESSFERMION   MASSESS

{ }1
v udY q q u ud d lm qH q m q q m l l⎛ ⎞+⎜ ⎟
⎠

= − + +
⎝

L

SSBSSB

ScalarScalar –– Fermion  Fermion  CouplingsCouplings allowedallowed by  by  GaugeGauge SymmetrySymmetry

0

0 0

( ) ( )† ( )

( ) ( )†
( ) ( )

(
)

)
(( , ) ( ) ( ) ( , ) h.c.u L R u R L Rd d

u l
l

d
Y c c cq q q q v l l

φ φ φ
φ φ φ

+ +

+
⎛ ⎞ ⎛ ⎞ ⎛ ⎞
⎜ ⎟ ⎜ ⎟ ⎜ ⎟

−⎝ ⎠ ⎝

⎡ ⎤
= + + +⎢ ⎥

⎢ ⎥⎣ ⎦⎠ ⎝ ⎠
L

f

CouplingsCouplings FixedFixed:: f
Hf f

mg v=
fm

v
f

H



The Standard Model A. Pich  - CERN   Summer Lectures 2005

WHY ?WHY ?

FERMION  GENERATIONSFERMION  GENERATIONS
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DIAGONALIZATION  OF  MASS  MATRICESDIAGONALIZATION  OF  MASS  MATRICES
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MeasurementsMeasurements ofof VVijij
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We measure decays of hadrons (no  free  quarks)

Important QCD   Uncertainties
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QUARK  MIXING  MATRIXQUARK  MIXING  MATRIX
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● Nf = 2 : 1  angle,  0  phases (Cabibbo)
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Standard  Standard  ModelModel ParametersParameters
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18  Free  18  Free  ParametersParameters (+  Neutrino  (+  Neutrino  MassesMasses /  /  MixingsMixings ?)?)

TOO    MANY  !TOO    MANY  !
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Complex Phases

Interferences

Thus, CP requires:

CPT    Theorem:                       TCP

C , P : Violated maximally in  weak interactions

CP : Symmetry of nearly all observed phenomena

Slight (~ 0.2 %) CP in decays (1964)

Sizeable CP   in decays (2001)

Huge Matter Antimatter Asymmetry
in our Universe Baryogenesis

0K
0B
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Meson – Antimeson  Mixing
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ComplexComplex phasesphases in in YukawaYukawa couplingscouplings onlyonly::
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TheThe CKM  CKM  matrixmatrix VVijij isis thethe onlyonly sourcesource ofof CPCP



The Standard Model A. Pich  - CERN   Summer Lectures 2005
The Standard Model A. Pich  - CERN   Summer Lectures 2005



The Standard Model A. Pich  - CERN   Summer Lectures 2005
The Standard Model A. Pich  - CERN   Summer Lectures 2005



The Standard Model A. Pich  - CERN   Summer Lectures 2005
The Standard Model A. Pich  - CERN   Summer Lectures 2005



The Standard Model A. Pich  - CERN   Summer Lectures 2005
The Standard Model A. Pich  - CERN   Summer Lectures 2005



The Standard Model A. Pich  - CERN   Summer Lectures 2005

Neutrino   Neutrino   
OscillationsOscillations e µν ν↔

µ τν ν↔

M. Maltoni

Lepton Mixing

Rν ?CP,

NEW  PHYSICSNEW  PHYSICS
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THE    STANDARD   THEORY   OF THE    STANDARD   THEORY   OF 
FUNDAMENTAL   INTERACTIONSFUNDAMENTAL   INTERACTIONS ( ) ( ) ( )C L YSU 3 SU 2 U 1⊗ ⊗

ElectroweakElectroweak +    +    StrongStrong ForcesForces

Gauge Symmetry Dynamics

3  Gauge Parameters:

All Known Experimental  Facts Explained

Problem with Mass Scales /  Mixings:

( )2 , ,Z Ws Mα α θ

- 15  Additional Parameters
- Why 3 Families ?

- Why Left ≠ Right ?
- Why ?
- Does the Higgs Exist ?
- Flavour Mixing
- CP Violation
- Neutrino Masses / Oscillations

Ztm M>
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WANTEDWANTED

HiggsHiggs
GREAT  REWARDGREAT  REWARD

STOCKHOLM
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