
Sixth Exercise Sheet due to 10. April

Exercise 1 (Radiative Decoherence) A harmonic oscillator coupled to a
heat bath is described by a Lindblad equation

ρ̇ = Lρ = −i[H, ρ] + γ

2
(n+ 1) (2aρa∗ − a∗aρ− ρa∗a)

+
γ

2
(n) (2a∗ρa− aa∗ρ− ρaa∗) ,

where γ is the relaxation rate and n is the mean number of quanta in the
thermal equilibrium

n =
1

exp(~ωβ)− 1
.

The Hamiltonian H = ω(a∗a+1/2) is unimportant for this exercise and can
be eliminated from the equation by going to the interaction picture.

Find the stationary state of the equation, i.e. a state σ such that Lσ =
0. The mean number n appearing in the Lindblad Eq. is a parameter of
the model, check that its relation to the temperature is consistent with the
stationary state σ.

Let N(t) := Tr(a∗aρ(t)) be the number of quanta. Show that it is given
by

N(t) = exp(−γt)N(0) + n(1− exp(−γt)).

This show that γ is indeed the relaxation rate.
The equation can be applied for example to a field in the cavity (in that

case a∗ is the creational operator of a mode of the cavity) or to the motional
degree of freedom of a trapped ion (in that case a∗ corresponds to the center
of mass mode (COM)).
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