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Our recent investigation on moving atom-quantum field interactions [1] reveals a rather sur-
prising fundamental phenomena: An atom with internal degrees of freedom moving at uniform
relativistic or nonrelativistic speed in a free quantum field will experience a viscous force orig-
inating from the excitation of vacuum fluctuations (quantum noise) of the field, which we call
vacuum viscosity. Vacuum viscosity is similar to the more familiar quantum friction but
different in major ways: a) quantum friction, as has been explored in great details for sev-
eral decades, shows up only when the neutral atom moves close to the surface of a dielectric
medium or a conducting boundary. Here, there are no boundaries; b) this vacuum viscosity is
a quantum effect at zero temperature, distinct from classical radiation reaction or Einstein-
Hopf thermal drag; c) this vacuum viscous force is reactive in nature, like the reactance of
an inductor, not resistive (no phase lag), as “friction” may conjure. As for its origin, we often
hear “elegant” arguments based on Lorentz transformation, that there should not be any damp-
ing, but such reasoning forgets the fact that we are dealing with an open quantum system here,
where backaction from the field plays an important role. In fact, the dissipative dynamics of
the system (charge or atom) is intrinsically nonMarkovian. The conception and investiga-
tion of vacuum viscosity predated modern quantum friction discovery: It was first proposed in
1970 by Zel’dovich [2] to describe the backreaction effects of vacuum particle production on
the dynamics of the early Universe. This idea was quantified and made precise by the rigorous
work of many authors in the 70’s using quantum field theory in curved spacetime method-
ologies and semiclassical gravity theory for treating backreaction effects, captured in terms
of vacuum viscosity [3]. The one-to-one correspondence between cosmological particle cre-
ation and the dynamical Casimir effect enables one to understand the backaction effects of
dynamically excited vacuum fluctuations in terms of a quantum Lenz law. In our work the
uncovering of finer details and the revelation of subtleties are made possible by the adoption
of a microphysics model, called the mirror/atom-oscillator-field (MOF) model in quantum
optomechanics [4], where the internal (electronic) degrees of freedom of the atom interacts
with the quantum field which takes on the values at the spacetime point of the atom’s exter-
nal (mechanical) degree of freedom, or its location, probing at a deeper level than the usual
quantum radiation noise and backaction approach.
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