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Quantum vacuum physics in dielectric media with dispersion and dissipation
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Over the last decade, much work has been spent on incorporating dispersion into the theory of
analogue gravity phenomena in dielectric media. Using the established "Hopfield model” with multiple
energy bands nowadays allows for describing materials with quite complicated dispersion relations.
However, quantum electrodynamics in realistic dielectric environments is generally also affected by
dissipation.

In Kramers-Kronig type dielectrics, dissipation obviously becomes relevant close to the medium
resonance. Yet, by acting on the incoming quantum vacuum fluctuations, it could also have an effect
on analogue gravity experiments yielding quantum radiation at much lower frequencies.

In this contribution, we add dissipation to the established "Hopfield model® by explicitly coupling the
medium to an environment field that can carry away energy and information. We also consider a
mechanism that converts quantum vacuum fluctuations into real excitations and relies on the
interplay of dispersion and dissipation.
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Figure 1 : To add dissipation to a 1+1 dimensional dispersive but non-dissipative Hopfield dielectric, we couple
and environment field ®(t, x, &) to each matter oscillator in the medium.
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