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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
• Gauge fields and tunneling
• Effective action
• How/when will the universe end?

Tunneling of 
quantum fields



Reminder from basic quantum mechanics



Decay of a metastable state



Decay of a metastable state



Formally the expanded action is as it was in lecture#2
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But now note a crucial difference





Review of complex variables and integration - 1





Saddle Point



Review of complex variables and integration - 2



Review of complex variables and integration - 3

note



Now put it all together and move towards the final result 



The final touches 



The Grand Result
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