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Quantum Field Theory for lossy systems

Quantum Dissipative Systems
Ulrich Weiss
Modern Condensed Matter Physics vol. 13
(3rd ed., World Scientific 2008)

The Theory of Open Quantum Systems
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Francesco Petruccione
(Oxford University Press 2002)

bath: Feynman-Vernon influence functional
spin-boson physics: NIBA & co

(non)Lindblad master equation
damped oscillator, Brownian motion,
Born-Markov & co
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(5) is valid for the oscillator even when
damping is taken into account, but to get the correct
result one must treat the coupled system oscillator
plus radiation field. Kanai conjectures that it is probably impossible to express adequately the interaction
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between the electron and its own field by means of
simple dissipative forces.
The reason for the violation of the usual principle of
uncertainty would appear to stem from the explicit
dependence of H and E on the time. The purpose of the
present mote is to show that the quantization of dissipative systems not involving the time explicitly can be
carried out consistently in the Heisenberg representation only if the generalized forces are functions of
position, and not at all in the Schrodinger representation.
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that the particle moves in response to a randomly
Quctuating force which has a constant, but unknown,
and from Eq. (3.6),
spectral density. (The spectral density is, in actuality,
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not constant, and Eq. (5.1) is not valid at high frequencies. ) By application of the theory of stochastic
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T)}
processes, one is then able to predict the distribution
Irreversibility and generalized noise
functions for either the displacement or the velocity of
Herbert B. Callen and Theodore A. Welton
the particle. 4 The distribution function for displacement
X
l&F+k~IQIE&l'p(E+k~)t(E)f(E)de~ (4 t) yields the diBusion constant, which in turn
may be
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related by the Einstein relation' to the frictional
constant p, thus evaluating the spectral density. '
of these equations yields directly our
Comparison
quantum Johnson-Nyquist voltage noise
the distribution function for velocity
Alternatively,
fundamental theorem:
yields the energy, which is known by the equipartition
theorem and which therefore evaluates the spectral
&V')= (2/s) it E((o)E(co, T)dcd,
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density, yielding Eq. (5.1).
W'e now apply our general formalism to the Brownian
where
(4.9-). motion. We assume the existence of a viscous force as
E(~, T) = 'h~+h~ke-xp(k&/kT)
1j ' —
given by Eq. (5.2). The system of a particle in a Quid,
It may be recognised that F(co, T) is, formally, the the particle being acted on by an external force, is then
expression for the mean energy at the temperature T dissipative and linear. The real part of the impedance
of an oscillator of natural frequency m.
is simply q (the inertial mass of the particle giving a
At high temperatures, F(ra, T) takes its equipartition
pure reactance of mar). We conclude immediately, in
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To reiterate

then, a system with a generalized
resistance A(co) exhibits, in equilibrium, a Quctuating
force given by Eq. (4.8) or, at high temperature, by

Eq. (4.11).

We shall now consider a few speci6c applications of
this theorem. The application to the electrical case is
obvious, the general Eq. (4.8) being identical with the
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VI. ELECTRIC DIPOLE RADIATION RESISTANCE AND
ELECTRIC FIELD FLUCTUATIONS
IN THE VACUUM
An oscillating electric charge radiates energy, leading
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Theory of Electrical Fluctuations and Thermal Radiation
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summation over surface plasmons:
Intravaia and Lambrecht [Phys Rev Lett 2005] [Phys Rev A 2007]

Energy and Entropy

Energy flux balance
δ Q9 in = δ Q9 out
. . . otherwise climate heating
Net entropy flux
δ Q9 in
δ Q9 out
9
9
−
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T (J)
“solar information source”
[L. Boltzmann/E. Schrödinger]
entropy source/sink:
material bodies, complex many-body
systems

“Entanglement forces”

example: “quantum friction force”
F~v

0←

T

F~v

heuristics:
lateral delay of image charge, dipole . . .

Barton [New J Phys ≥ 2010],
Behunin & Hu [Phys Rev A 2010],
Pieplow & Henkel [New J Phys 2013],
Intravaia & al [J. Phys. Condens. Matt. 2015], . . .

pair production (“unstable vacuum”)
plate-plate entangled state
“afresh” zero temperature baths
• non-equilibrium stationary state

Pendry [J mod Opt 1998],
Philbin & Leonhardt [New J Phys 2009]

Thermodynamic cut – toy model
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spectrum of heat current
competition: interaction vs bath coupling
standard language: ‘continuous variables’ (covariance matrix hqi qj i, partial transpose . . . )
• goal here: extend the entanglement criterion to spectral correlations Sij (ω) ← hqi (t)qj (t0 )i
Dorofeyev [Can J Phys 2013], Biehs & Agarwal [JOSA B 2013], Barton [J Stat Phys 2015] . . .
Two-Temperature van der Waals Potentials,
J. P. Rosenkrans, B. Linder, and R. A. Kromhout,
J Chem Phys 49 (1968) 2927

Summary & Perspectives

Mystery of vacuum fluctuations?
. . . challenge to cosmology
. . . down to earth: regularized by matter (de)coupling
System+bath physics
. . . roots of thermodynamics (fluctuation–dissipation)
. . . poor men’s master equations vs NEGF
Challenges
. . . thermal anomaly (low Matsubara frequencies)
. . . heat transport: take materials/interfaces seriously

