Dissipative quantum tunnelling (finite temperatures)
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Undamped systems
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Then we need to evaluate
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Two kinds of extrema obeying q(h3/2) = q(—hS/2) = x

Typel: ¢(hB/2) # ¢(—hB/2) which are harmonic oscillator-like
paths. We consider only those with negative Euclidean energy

L.
B =—|B| = ; M§ - V(g

Type I : h3 periodic solutions which live within the metastable well of
the inverted potential



But, close to g where V'(q,) = 0 (V(qp) = Vb), wg =V"(qp)/M
and the period of the motion is 27 / w, =y hB = 2nm / Wp

The partition function is then
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Low temperatures: 371 < 50_1 = hwy /21 (T = hwy/27kB)
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High temperatures: 871 > By !
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Classical activation rate

I'p ~ Au(B) exp —BVy

Weak damping A (B) o< vBwo /21

Strong to moderate damping A (8) = f(v)=— where
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Very strong damping Acl(ﬁ ) =

For weak damping the activation rate is dominated by energy diffusion
whereas for strong damping it is dominated by spacial diffusion.
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Valid only when there is a zero mode or 1" < 1R

Working in Fourier representation
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Boundary condition as a Lagrange multiplier
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Low temperature regime
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Add 2 / ngf F) (ge(7)) dT to the zero temperature action. This gives
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High temperature regime

Now, main contributions to the action come from ¢(7) = 0 and ¢(7) = ¢
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Second variation



h — 0 there is a crossover temperature Tr = hwg/27kp above
which the lowest positive eigenvalue about g, vanishes
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For very weakly damped systems when hwof < 1
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