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The Standard Model 
of Particles and  Interactions

II- Towards The Standard Model
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The gauge symmetries of the Standard 
Model
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More about Matter and Higgs fields
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Fermi Model

• Current-current interaction of 4 fermions

• Consider just leptonic current

• Only left-handed fermions feel charged current weak 

interactions (maximal P violation)

• This induces muon decay
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Fermion Multiplet Structure

• L couples to W (cf Fermi theory)

– Put in SU(2) doublets with weak isospin I3=1/2

• R doesn’t couple to W

– Put in SU(2) singlet with weak isospin I=I3=0
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What about fermion masses? 1

• Fermion mass term:

• Left-handed fermions are SU(2) doublets

• Scalar couplings to fermions:

• Effective Higgs-fermion coupling

• Mass term for down quark:
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What about fermion masses? 2

• Mu from c=i2* 

• For 3 generations, , =1,2,3 (flavor indices)
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What about fermion masses? 3

• Unitary matrices diagonalize mass matrices

– Yukawa couplings are diagonal in mass basis

– Neutral currents remain flavor diagonal
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What about gauge boson masses

Abelian Higgs Model,1

• Why are the W and Z boson masses non-zero?

• U(1) gauge theory with single spin-1gauge field, A

• U(1) local gauge invariance:

• Mass term for A would look like:

• Mass term violates local gauge invariance

• We understand why MA = 0
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Abelian Higgs Model, 2

• Add complex scalar field, , with charge –e:

• Where

• L is invariant under local U(1) transformations:
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Abelian Higgs Model, 3

• Case 1: 2 > 0 

– QED with MA=0 and 

m=

– Unique minimum at 

=0
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Abelian Higgs Model, 4

• Case 2: 2 < 0

• Minimum energy state at:
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Abelian Higgs Model, 5

• Rewrite 

• L becomes:

• Theory now has:

– Photon of mass MA=ev

– Scalar field h with mass-squared –22 > 0

– Massless scalar field  (Goldstone Boson)
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Abelian Higgs Model, 6

• What about mixed -A propagator?

– Remove by gauge transformation

•  field disappears

– We say that it has been eaten to give the photon mass

–  field called Goldstone boson

– This is Abelian Higgs Mechanism

– This gauge (unitary) contains only physical particles

 
ev

AA
1'

  )(
2

1

24

1 22

hVhhAA
ve

FFL  







15



Higgs  Mechanism summarized

Spontaneous breaking of a gauge theory

by a non-zero  VEV  of a scalar field results in 

the disappearance of a Goldstone boson and its 

transformation into the longitudinal component 

of a massive gauge boson
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The gauge symmetries of the Standard Model
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The gauge symmetries of the Standard Model



20The Lagrangian of the Standard Model 
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Finally the Higgs  has 
been found in 2012, 
which is  the last 
missing piece in the 
Standard Model.
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•How to calculate predictions for the hard 
questions in QCD?
• What happens at nearby energies to allow the 
force couplings to unify at much higher 
energy?  SUSY?
• What causes the fermions to have the 
observed mass pattern?
• What about neutrinos

Lots still not understood!
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•What gives the universe matter excess over 
antimatter?
• What particles make up most of the (dark) 
mass of the universe?
• Where did the “dark energy” come from?
• What about gravity?

Lots still not understood!
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