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φ Theory

φ
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Linear Sigma Model
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Linear Sigma Model

φ + φ = λ



Linear Sigma Model
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Goldstone’s Theorem

Spontaneous breaking of continuous global
symmetries implies the existence of massless,
spinless particles.

⇒ π±,



Goldstone’s Theorem
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Gauge Theories

local spacetime dependence
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Gauge Theories

L µ

∂µ → µ = ∂µ + µ

L = | µφ| − (φ)− ( µν)
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Gauge Theories with SSB



Abelian Higgs Model
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Abelian Higgs Model
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| µφ| = (∂µφ ) + (∂µφ ) + (
√

φ ) µ∂µφ + φ µ
µ

µ φ



Abelian Higgs Model

Unitary Gauge: α( ) φ

L = (∂µφ) + φ µ
µ − (φ)− ( µν)

Higgs Mechanism: (φ) φ = L massive
gauge boson µ φ

φ = =



Non-Abelian Gauge Theories



Non-Abelian Gauge Theories

Quantum Chromodynamics:
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Non-Abelian Gauge Theories
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Non-Abelian Gauge Theories
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Higgs sector



Non-Abelian Gauge Theories

Grand Unified Theories:
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Grand Unified Theories:
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