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Decay of the False Vacuum



Course Outline

• Intro to path integral
• Imaginary time 
• Instantons in a symmetric double well
• Decay of metastable states
• The functional determinant

Instantons in
particle QM

• Basic QFT for a scalar field
• Tunneling of field configurations
• The O(4) instanton
• How/when will the universe end?
• Gauge fields and tunneling
• Effective action

Tunneling of 
quantum fields



Tunneling in QFT
Much richer now that we have an infinite number of degrees of freedom. 



False vacuum

True vacuum



Spin glasses: instanton mediated transition



Higgs field and the early universe



Anticipating the O(4) Instanton



Tunnelling via bouncing instantons – peek at the final result

From this we see that the false vacuum cannot tunnel into a spatially homogeneous true 
vacuum. The only possibility is through nucleation, i.e. bubble formation. 
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Thin wall approximation



Basics of relativistic QFT in imaginary time
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The O(4) Instanton - Introduction



The O(4) Instanton – informal proof of existence



The O(4) Instanton - qualitative



The O(4) Instanton - quantitative



The O(4) Instanton – deciding the location



Instanton energetics



Once the false to true transition happens everything will be over, so bye-bye!
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