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PROBLEM  WITH  MASSES     
The same symmetry that determines the interactions  

requires all elementary particles to be massless

Mass is the only difference among 
the 3 families of quarks and leptons
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PROBLEM  WITH  MASSES     
 If MW = MZ = 0 the weak force would not be suppressed

Stars (Sun) would consume much faster their nuclear fuel 

The Universe would be different

 Massless electrons would travel at the speed of light

Atoms would not exist

 If mu > md protons would decay

Many atomic nuclei would not be stable
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Masses cannot be added by hand: the quantum theory 
becomes ill-defined when gauge symmetry is broken
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 Scalar field (without spin)  coupled to the gauge field

 θ(x) + Gauge  Field   =    Massive Gauge Field

 H(x) =  Higgs Field

Higgs  Mechanism

θ
H

1cos v
2Z W WM M gθ = =

Standard Theory                           :L YSU(2) U(1)⊗

v = 246  GeV
A. Salam

Nobel Prize 1979S.L. Glashow
S. Weinberg

Kibble  Guralnik Hagen  Englert Brout Higgs     1964

Nobel Prize 2013
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Masses generated through the
interaction with the Higgs field
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PREMIO PRÍNCIPE DE ASTURIAS DE INVESTIGACIÓN 
CIENTÍFICA Y TÉCNICA 2013

The Nobel Prize in Physics 2013:   François Englert, Peter Higgs
"for the theoretical discovery of a mechanism that contributes to our understanding of the origin of mass of subatomic particles, 
and which recently was confirmed through the discovery of the predicted fundamental particle, by the ATLAS and CMS 
experiments at CERN's Large Hadron Collider"

The discovery 
of the 

Higgs Boson
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A Higgs field indeed

Interaction 
proportional 

to mass
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• Kaon Factories : u , d , s 

• τcF : c , τ

• BF: b , c , τ

• LHC :   t , b , c

• LC, FCC : t , b , c, τ

• νF : νe , νµ , ντ

, ,eu c t
d e s b

µ τν ν ν
µ τ− − −

     
     
     

Flavour Structure of  the Standard  Model

Why  3 ?

• Pattern of  masses

• Flavour Mixing

• 

Related to SSB

Scalar Sector  (Higgs)
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NEUTRAL
CURRENTS

CHARGED
CURRENTS
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Flavour Conserving

Flavour Changing
Left Handed

Universality: Family–Independent Couplings
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 and  in Weak Interactions

 still a good symmetry (1 family)

42SM                                                                                                                           A. Pich  – 2021



Fermion Masses are
New Free Parameters
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Couplings Fixed: f
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FERMION   MASSES
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Arbitrary Non-Diagonal  Complex Mass Matrices
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WHY ?

FERMION  GENERATIONS
Masses are the only differenceGN = 3 Identical Copies
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DIAGONALIZATION  OF  MASS  MATRICES
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Flavour Changing Charged Currents
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Weak Decays
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LEPTON   UNIVERSALITY
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0.997 ± 0.011 (CMS preliminary)
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