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Graphical Abstract

Synopsis: in a nanocomposite, the nanostructure will strongly scatter phonons only when their wavelength is
comparable to the nanostructure lengthscale. My research topic covers these kind of systems, tracking the
strong disorder-induced scattering on phonons, where the disorder is introduced by the nanostructure.

Abstract

It is today largely recognized that collective vibrations such as phonons in crystals, can propagate as
well in disordered materials, such as glasses or liquids at long wavelengths. Indeed, when the
wavelength is very large with respect to the characteristic lengthscale of the disorder, the wave won’t
even notice the existence of such disorder and the phonon will propagate in an effective medium with
effective elastic constants. When however, the two lengthscales are similar, the wave will be scattered
by the disorder, until scattering is so strong that the wave cannot propagate anymore. This is the loffe-
Regel limit, separating the propagons (propagative phonons) from diffusons (diffusive vibrations) in
glasses. Such limit is usually located at wavelengths of 1-5 nm, and energies in the THz range, which
is the lengthscale of the elastic constants fluctuations in a glass, and it has been related to the
appearance of the vibrational anomalies typical of glasses: a phonon attenuation growing with the
fourth power of its energy (Rayleigh scattering) and an excess of states in the reduced phonon density
of states, the famous Boson Peak [1,2]. There are however other materials in which elastic
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heterogeneities can naturally or artificially arise. This is the case of nanocomposites, materials made
of the inter-twinning at the nanoscale of different materials with different elastic constants. Here the
elastic constant fluctuations are at a lengthscale of tens of nanometers and have been predicted to
strongly scatter phonons, leading to glass-like vibrational and thermal transport properties [3,4]. In
this lecture | will go through these systems, showing their similarities and differences in phonon
dynamics.
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