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On the link between collective excitations and 
material response in glasses, liquids and crystals

Understanding the link between collective excitations and material response in
disordered dissipative systems is a central task in physics, with applications
ranging from condensed matter and materials to nuclear physics (e.g. neutron
stars) and high-energy physics (e.g. the viscosity of quark-gluon plasma). I will
present theoretical results on how collective vibrational excitations in disordered
solids and liquids can be linked to macroscopic quantities such as the dielectric
and the viscoelastic moduli of a variety of different materials (metals, polymers,
etc). This approach, which extends lattice dynamics and phonon theory to
disordered dissipative systems, leads to the unprecedented possibility of
performing atomic-level predictions of the mechanical response of glasses over
the entire range of deformation rates/frequencies, whereas standard atomistic
simulations are confined to exceedingly high rates that are useless for
applications. This framework also provides the input for predicting the Brillouin
and Raman spectroscopy of glasses and disordered crystals. This approach,
furthermore, sheds light on some longstanding issues in the physics of glasses,
such as the nature of the glass transition itself, and the microscopic origin of the
so-called boson peak (excess of non-Debye modes at low energy) that is
responsible for the low-T specific heat anomaly of glasses. It also explains the
observation of boson peak in defect-free quartz crystals by G. Monaco and co-
workers (Chumakov et al PRL 2014). For the liquids, our recent model
(Krassuer, Samwer & Zaccone PNAS 2015) relating interatomic
pseudopotentials to the viscosity of liquid metals, has opened a new area of
research and is now being implemented by several experimental groups as in a
recent paper by Pueblo, Sun & Kelton Nature Mater. (2017). Along a more
fundamental line, in a collaboration with G. Cicuta, we recently obtained new
results in random matrix theory for the eigenvalue spectra of disordered solids
in arbitrary dimensions, including the elusive d=3. Our results recover different
known limits in d=1 and d=infinity. This approach opens up new perspectives
beyond the state-of-the-art replica symmetry-breaking approach of G. Parisi
and co-workers which are strictly limited to systems of infinite dimension.
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