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Cramological Thomulon

FIG. 2: The closed curve shows the points R where R = 0 for a given mass gap AM. The thermalons are located at the
. maximum (cosmological thermalon) and minimum (black hole thermalon) of the curve. The curves where R is such that for a

given AM, Ty = 0 are also shown. All the “+” parameters are held fixed.
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FIG. 2: The Euclidean system consist in the particle placed in a potential Vg = —V. The Euclidean action evaluated in
particular orbits dominate the path integral describing particular decay processes. At zero temperature, is the instanton which
starts at rest at x = 0, { = —oo, bounces at r = 23, and comes back to £ = 0 at t = co. At higher inverse temperatures 3, the

corresponding instantons are periodic orbits, bounded between two turning points, =1, 2, with period Sh. This happens at
some particular value of the energy —F. When the temperature is high enough the static orbit at the bottom of the potential
well £ = x¢, the thermalon, becomes dominant.
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TABLE I: Instantons and Thermalons Compared and Contrasted.

Solution of the
classical Equa-
tion of motion

Process that the solution
describes when used to
dominate path integral

Dependence on  Eu-
clidean time for motion
in one-dimensional
potential

Range of validity if used to
approximate decay rate by
steepest descent

Formula for decay rate

Instanton at zero
temperature

Instanton at non-
zero temperature

Thermalon

Tunneling through po-
tential barrier

Tunneling through po-
tential barrier at non-
zero temperature

Going over the barrier by

{a thermal kick

Time dependent. Starts
at = at 1 —00,
bounces at 2 and comes
back to 1 at t = oo,
The bounce is localized
in time (for large values
of [t| > T, z € (z2 —
A }}

Time dependent, starts
at x;, bounces at s and
comes back to x; after a
full period At =05

Time independent.
Stands at the bottom of
the Euclidean potential
for all times

Dominates for

g~

Dominates for

2R P
(a3

Dominates for

2
gepnatl
[

In overlap region, Sk ~ 2T,
both solutions should in gen-
eral be included.

Here w is the frequency of
oscillations in Euclidean
time of  perturbations
around the thermalon. It is
assumed that there is only
one such stable Euclidean
mode. For motion in a
potential w = V" (z1)

2 2

I'= %ImF

T
is

F' has imaginary part be-
cause extremum is a saddle
point due to unstable state
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