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� The Standard Model

� Grand Unification

� SUSY

� Extra Dimensions

� Strings

Introduction
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Fundamental particles
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LEPTONS �Do not participate in strong interactions

�Spin ½

�Observed as free particles

�Pointlike (r < few x 10-17cm)

Family (Generation) Structure 
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�Strong interactions bind them into hadrons

�Not observed as free particle – confinement

�Spin ½ ; pointlike;  (r < few x 10-17cm)

�Qu = 2/3 ; Qd = -1/3 

QUARKS

NG = 3

Fundamental particles
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Interactions
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In QFT – the local invariance of L L L L defines the interactions

Electromagnetic Interactions:              γγγγ

Quantum Electrodynamics (QED)   U(1)

In the Standard Model

QED + Weak Interactions:                  γγγγ , Z0, W±

Electroweak Theory SU(2)L       U(1)Y

Strong Interaction 8 Gluons

Quantum Chromodynamics (QCD)     SUc (3)

Standard Model - interactions
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Three Families 
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Family Structure
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Charged Currents  W±±±±
Left-handed fermions only

Flavor changing: ννννl l, qu qd

Neutral Currents   γ, γ, γ, γ, Z Flavor Conserving     fi fi

Fundamental particles
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Standard Model - interactions
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Standard Model
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In the SM masses are generated trough 

Spontaneous Symmetry Breaking (SSB)  – Higgs Mechanism

Introduce Scalar Higgs doublet  �

The Lagrangian is invariant

However its vacuum state is degenerate –

Choice of the vacuum state – leads to SSB

SU(2)L  x U(1)Y  � U(1)Q

Couplings with gauge bosons and fermions – induce mass terms

Price – new particle H-boson – to be discovered
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Spontaneous Symmetry Breaking
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Higgs interactions
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Fermion Masses
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Scalar doublet couples with fermions – allowed by the Gauge Symmetry

SSB
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ΝΝΝΝG=3 identical copies : f’ are massles weak eigenstates
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Arbitrary Non-Diagonal Complex Mass Matrices
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Diagonalization of Mass Matrices

fffff USMSM
+=' 1=+

ff SS 1=+

ff UU

][1 lMluMudMd
v

H
L ludY ++








+−=

),,( tcuu mmmdiagM = ),,( bsdd mmmdiagM = ),,( τµ mmmdiagM el =

'

LfL fSf = '

RffR fUSf = Mass Eigenstates # Weak Eigenstates

LLLL ffff =''

RRRR ffff =''

NCNC LL ='

LLLL Vdudu ='' += duSSV CCCC LL ≠'

Quark Mixing CKM Matrix
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Quark Mixing
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Flavour Conserving Neutral Current

Flavour Changing Charged Current
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Interactions unification
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