e In the path integration representation of the ground state wavefunction for the 1-dimensional quantum
rotor model, an instanton describes the tunneling from states with winding number v to states with
winding number v + 1, and an anti-instanton describes the tunnelings from winding numbers v + 1 to
v. Consider a spacetime path where an instanton and an anti-instanton are located at position (z1, 71)
and (x9,T2), respectively. Such a configuration contributes to the path integration that connects two
states with the same winding number (say v = 0).

— Estimate the action of the spacetime configuration with an instanton and an anti-instanton.

— Estimate the contribution of a pair of instanton and anti-instanton with \/(z1 — x2)2 + (11 — 72)2 <
R with a fixed (21422, 2472) . Show that there exists a critical value of ¢/U below which the
average distance between the instanton and anti-instanton pair diverges.
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