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Classical limit: Arrenhius factor   
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Classical activation rate            

Weak damping            

Strong to moderate damping                                           where            

Very strong  damping            

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             T < TR
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High temperature regime              

Now, main contributions to the action come from               

Fluctuations               

Second variation 
eigenvalues               

Whose actions are respectively               



~� ! 0 TR ⌘ ~!R/2⇡kB

⇤(b)
R = !2

R � !2
b + 2!R� = 0

                 there is a crossover temperature                                      above 
which the lowest positive  eigenvalue about qb  vanishes                   

TR = ~!2
b/4⇡�kB ⌧ T0 if � � !b

TR = T0 = ~!b/2⇡kB if � ⌧ !b

F = � 1

�
lnZ(�) ⇡ � 1

�
lnZ0(�) +

i

�

|Z1(�)|
Z0(�)

�(0)
� =

8
<

:

(2/~)ImF if T  T0

(!b�/⇡)ImF if T � T0

Evaluating                

And using the high 
temperature form of                

� =

!0

2⇡

!R

!b
fq exp��V0 fq =

1Y

n=1

!2
n + !2

0 + 2�|!n|
!2
n � !2

b + 2�|!n|
with                



~!0� ⌧ 1

fq ⇡ exp


~2�2

24

(!2
0 + !2

b )

�
�� =

!0

2⇡
exp��

✓
V0 �

~2�
24

(!2
0 + !2

b )

◆

�� =

!0!b

4⇡�
exp��

✓
V0 �

~(!2
0 + !2

b )

4⇡�
ln

~��
⇡

◆

For very weakly damped systems when               

For very strongly overdamped systems when               ~�� ⌧ 1

�� =

!0!b

4⇡�
exp��

✓
V0 �

~2�
24

(!2
0 + !2

b )

◆

Finally when               TR ⌧ T ⌧ ~�
kB



11)(ln −−Γ

TkBkBTR
(1)kBTR

(2)


B1

12 ηη >
2"

1"


B2


