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Predictive modeling of materials excitation, melting and
nanostructuring upon femtosecond laser irradiation:
first—principle and phenomenological perspectives
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Abstract :Irradiating solids using near-IR and intense ultrashort laser pulses is triggering a wide variety of
microscopic and large—scale phenomena, from the attosecond excitation of electrons to the microsecond
cooling of the sample. In this seminar, examples of macroscopic manifestations of laser—triggered quantum
phenomena relevant to the field of laser processing will be discussed, supported by first—principle and by
large—scale simulations.

A first example is the formation of periodic nanostructures induced by the laser—excitation of polaritons at the
surface of metals and band gap solids undergoing transient metallization. In particular, improving the description
of optical losses in classical polaritonics has enabled a better control of surface polaritons properties and
lifetime.

A second example is the analysis of macroscopic pump—probe experiments made with semiconductors, where
carrier diffusion and 3—body—phenomena such as Auger recombination and screening of the electron—phonon
interaction at high electron density plays a role in localization of the absorbed laser energy. Phenomenological
descriptions enable to perform accurate predictions of material melting thresholds on a wide range of laser
parameters and reveal sub—surface dynamics originating from the density—dependent electron—phonon

coupling.
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