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Abstract— It is well known that by changing the subwavelength unit cell of a metamaterial,
one can design its effective-medium properties. Homogenization or effective-medium theories
then tell what the effective parameters are. There are various methods to compute the effective
index of a metamaterial, based on its dispersion relation or on a spatial average, and for longer
wavelengths, these methods tend to agree more.
Metamaterials and metasurfaces are also increasingly considered as designer environments for
quantum emitters, to increase their brightness, directional emission, etcetera. These quantum
emitters send out single photons or other non-classical states of light, which require a quan-
tum electrodynamics description. It is then usually tacitly assumed that the effective-medium
properties of the metamaterials are the same in quantum as in classical electrodynamics, so
that photons are thought as propagating through effectively homogeneous media with effective
parameters computed with the usual homogenization theory of classical electrodynamics.
Here we describe our tests of that assumption, starting from a macroscopic QED [1] description
of the metamaterial. For simplicity, we consider layered metamaterials [2], and we consider how
quantum states of light propagate through them, for all possible propagation and polarization
directions [3].
Metamaterials and especially hyperbolic metamaterials often contain metals as one of their con-
stituents, so that loss can’t always be neglected. Sometimes this loss can partly be compensated
by gain in another constituent, in the so-called loss-compensated metamaterials. In macroscopic
QED, both loss and gain have associated quantum noise, and these noise sources add up rather
than compensate each other.
We find that the effective index is the same in quantum as in classical electrodynamics. We also
find that an effective description of the quantum noise in a metamaterial is possible. However,
only in special cases can this effective quantum noise be described in terms of the effective index.
The general outcome is therefore that even in the long-wavelength limit, homogenization in
macroscopic QED requires an additional parameter compared to classical electrodynamics, and
our quantum homogenization theory gives the correct value for that parameter. As an example,
we illustrate that our homogenization theory accurately describes the propagation of squeezed
states of light through metamaterials.
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