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Dissipative (ohmic)  case 
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Hilbert space 

Spin-Boson Hamiltonian 
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Spin-Boson dynamics: weak coupling 
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Bloch equations in a field 



Adiabatic renormalization 

Renormalized “splitting” 
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Feynman-Vernon approach 

⇢(x
f

, x

f

, t) =

xfZ

xi

Dx(⌧)

xfZ

xi

Dy(⌧)A[x(⌧)]A⇤[y(⌧)]F [x(⌧), y(⌧)]

F [x(⌧), y(⌧)] = exp

i

⇡~

tZ

0

⌧Z

0

d⌧d�[x(⌧)� y(⌧)]L1(⌧ � �)[x(�) + y(�)]

⇥exp� 1

⇡~

tZ

0

⌧Z

0

d⌧d�[x(⌧)� y(⌧)]L2(⌧ � �)[x(�)� y(�)]

L2(⌧ � �) ⌘ ⇡↵R(⌧ � �) =

1Z

0

d! J(!) coth
~!

2kBT
cos!(⌧ � �),

L1(⌧ � �) ⌘ �⇡↵I(⌧ � �) =

1Z

0

d! J(!) sin!(⌧ � �)

L2(⌧ � �) ⌘ ⇡↵R(⌧ � �) =

1Z

0

d! J(!) coth
~!

2kBT
cos!(⌧ � �),

L1(⌧ � �) ⌘ �⇡↵I(⌧ � �) =

1Z

0

d! J(!) sin!(⌧ � �)

{+,+}, {+,�}, {�,+} and {�,�} (+) = q0/2 and (�) = �q0/2



Paths of 
integration 

)(τξ

)(τx

τ

)(τy

τ

)(τχ

τ

τ
blips 

sojourns 

t2 t2n-1 t1 t2n 

⇠(⌧) ⌘ q

�1
0 [x(⌧)� y(⌧) ]

�(⌧) ⌘ q

�1
0 [x(⌧) + y(⌧) ]



F [x(⌧), y(⌧)] = exp

iq

2
0

⇡~

tZ

0

⌧Z

0

d⌧d�⇠(⌧)L1(⌧ � �)�(�)

⇥exp� q

2
0

⇡~

tZ

0

⌧Z

0

d⌧d�⇠(⌧)L2(⌧ � �)⇠(�)

Feynman-Vernon approach 

⇠(⌧) ⌘ q

�1
0 [x(⌧)� y(⌧) ]�(⌧) ⌘ q

�1
0 [x(⌧) + y(⌧) ]

A ⌘ {+,+}, B ⌘ {+,�}, C ⌘ {�,+} andD ⌘ {�,�}

Amplitude to flip in dt is  i�
�

2
dt

� = 0 for A ⌦ D and B ⌦ C

� = �1 for A ⌦ B and D ⌦ C

� = 1 for A ⌦ C and B ⌦ D

Amplitude to stay in the same state in dt is  
exp�i✏⇠(t)dt



NIBA- Non-Interacting Blip Approximation 

from the hops 
from the influence 
functional 



NIBA- Non-Interacting Blip Approximation 



For Ohmic dissipation 

NIBA- Non-Interacting Blip Approximation 



Solutions 



Blocked state 

Solutions 
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Solutions 

Exponential relaxation 



Solutions 

Exponential relaxation: 
exact solution 



Solutions 

Oscillatory decay 



Probably incoherent  
relaxation 

Solutions 


