
Construction of a relativistic field theory
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Lagrangian invariant under all the symmetries of nature

(Nonrelativistic mechanics)

-makes it easy to construct viable theories
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Noether current
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The Klein Gordon current

( )
†

2 †( ) ( ) ( ) ( )x x m x x
µ

µ! ! ! !" " #L=

Is invariant under ( ) ( )i
x e x

!" "# …an Abelian (U(1)) gauge symmetry

†

†
0,     

2 ( ) ( )

ie
j j

µ

µ µ µ µ
! !

! !
" #$ $

$ = = %& '$ $ $ $( )

L L

( )* *KG
j ieµ µ µ! ! ! != " # " #

This is of the form of the electromagnetic current we used for the KG field



The Klein Gordon current
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This is of the form of the electromagnetic current we used for the KG field

3 0Q d x j= ! is the associated conserved charge



Suppose we have two fields with different U(1) charges :
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If M ! 103

GeV ,  "Effective" Field theory approximately renormalisable

Terms allowed by U(1) symmetry



U(1) local gauge invariance and QED
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U(1) local gauge invariance and QED
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The Euler lagrange equation give the KG equation:

Yang-Mills (+Shaw)
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The electromagnetic Lagrangian
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The photon propagator
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• The propagators determined by terms quadratic in the fields, using the Euler 
Lagrange equations.
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The Klein Gordon propagator (reminder)
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The photon propagator
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The Standard Model
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Symmetry :

Local conservation of 
3 strong colour charges

QCD : a non-Abelian (SU(3)) 
local gauge field theory
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The strong interactions

QCD  Quantum Chromodynamics Symmetry :

Local conservation of 
3 strong colour charges

QCD : a non-Abelian (SU(3)) 
local gauge field theory
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Matter Sector  “chiral”
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