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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



Review of functional analysis

function functional



Real Time Feynman Path Integral (derived in lecture 1)
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Imaginary time path integral - 1
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Imaginary time path integral - 2

Some low hanging fruit



Recapitulation of achievements so far
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Work out                       and                        for free particle and SHO



Imaginary time path integral - 3



Work out                              for free particle



Work out                              for SHO





The Double Well
(as in undergrad QM)













Double well instantons – a first look (purely classical)



Double well instantons – a solvable example (purely classical)



Reversing time for the instanton



Action for one instanton or anti-instanton



Now look at the case for many instantons and anti-instantons



Conclusions of Lecture#2
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