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7.1 Higgs Mechanism
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Gauge Boson Masses

QED: U(1) local gauge theory with single spin-1 gauge field

Lagrangian: 

Invariant under local gauge transformations 
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A mass term for Aμ would destroy the gauge invariance

In general, gauge bosons must be massless and gauge 
invariance is a guiding principle. 

To generate a mass for gauge bosons, the local gauge 
symmetry must be broken. 

This leads to spontaneous symmetry breaking.

Symmetry Breaking
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Spontaneous Symmetry Breaking
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Toy model: a single complex scalar ϕ field coupled to U(1) 
gauge field

where 

If μ2 > 0:   V(ϕ) has unique minimum at =0
   mϕ = μ and mA = 0.



Spontaneous Symmetry Breaking
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If μ2 < 0:   V(ϕ) has minimum at

Vacuum breaks U(1) symmetry

Rewrite

Lagrangian becomes 
   



Spontaneous Symmetry Breaking
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Higgs Mechanism
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W and Z Boson Masses
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Summary
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