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Quantum friction and fluctuation theorems
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We use general concepts of statistical mechanics to compute the quantum frictional force on an atom moving at
constant velocity above a planar surface. We derive the zero-temperature frictional force using a nonequilibrium
Auctuation-dissipation relation, and we show that in the large-time, steady-state regime, quantum friction scales as
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the cubic power of the atom’s velocity. We also discuss how approaches bused on Wigner-Weisskopf and quantum
ions fail to predict th steady-state zero-temperature frictional force, mainly due to
Thenry of quantum friction the lnwrrnxiuenny nature of quantum friction.
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Abstract _er_‘lg, 3 waﬁt&aj

Here, we develop a comprehensive quantum theory for the phenomenon of

quantum friction. Based on a theory of macroscopic quantum electrodynamics

for unstable systems, we calculate the quantum expectation of the friction force @k& S/\[
al zero temperature, and link the friction effect to the gmergence of system L

instabilities related to the Cherenkov effect. These instabilities may occur due to

the hybridization of particular guided modes supported by the individual moving

bodies, and selection rules for the interacting modes are derived. It is proven that

the quantum friction effect can take place even when the interacting bodies are
lossless and made of nondispersive dielectrics.
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