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Environment

SystemR. Brown, (1827). 

Introduction to open quantum systems
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Stochastic formulation for reduced
dynamic

Langevin equation :
Noise part plays a 
diffusion rôle

Deterministic part

The system density can be
written as an average :
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Open quantum mechanics

Liouville von Neumann equation :
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Generalities on open quantum systems
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Equivalent Stoch. Density Eq. :

Denis Lacroix, Physical Review E (2008)



Applications to open quantum systems

1. This method has been applied to spin boson model.

2. M2 internship work : Application to the Caldeira Leggett model.
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Observable expectation values are given by

Application : Caldeira Leggett model
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1° Average evolution of the bath 
observable B

2° Expectation values of Q and P in 
the complex plane
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Evolution of the first moments
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Using a Drude 
spectral density:
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2nd moments evolution
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Applications to open quantum systems

1. This method has been applied to spin boson model.

2. M2 internship work : Application to the Caldeira Leggett model.

3. Last three month : Application to any kind of potential with different
methods

• Coupled channel
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Applications to open quantum systems

1. This method has been applied to spin boson model.

2. M2 internship work : Application to the Caldeira Leggett model.

3. Last three month : Application to any kind of potential with different
methods

• Self consistant calculation

Quantum+Statistical fluctuations

+ higher order



Self consistant calculation : for harmonic
oscillator

Self consistant equation derived 
from stochastic ME Exact
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Conclusion & perspective

• Find a way to get convergence of the stochastic 
approach?

• Application to the N body problem.

• A new formulation has been obtained with the help of 
stochastic approach.

• Experience on memory kernel, numerical simulation & 
computation acquired.

• Introduction on open quantum theory.


