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Femtosecond laser irradiation can produce highly-localized changes of the physical properties
inside dielectrics and, thus, efficiently tailor highly-resolved 3D nanostructures. For example,
laser-induced super-dense phases have been observed recently in the bulk of sapphire and a-
quartz [1,2]. In order to understand and better control such high local densification, we
performed Molecular Dynamics simulations of amorphous silica under different
thermodynamic conditions that can be possibly reproduced by a femtosecond laser pulse.
Moreover, we explored different crystalline polymorphs of SiO. (a-quartz, B-quartz, a-
cristobalite, keatite, coesite, stishovite) with the aim to produce amorphous silica with the
highest possible density.

The influence of pressure, volume, heating rate and their combination on the densification of
the amorphous silica in molecular dynamics was analyzed. It was shown that by using
pressure of 100 GPa and ultrafast pressure relaxation the 40-50% density increase can be
obtained (i.e. in case of a-quartz the density increases from 2.27 to 3.31 g/cm3). Additionally,
we explored the possibility to recreate a density anomaly (density increase in liquid with the
increase of temperature)[3] by ultrafast-laser-induced excitation.
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