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1 Extended Abstract

Femtosecond high-intensity laser processing has opened new possibilities of free electron plasma nanoconfine-
ment inside dielectric targets via nonlinear phenomena taking place during ultrashort laser pulse propagation. On
one hand, the ability to control over transient refractive index changes has already contributed to the development
of state-of-the-art polarization-sensitive and plasmonic devices for material security marking, computer-generated
holography, biomedicine and optical data storage [1–4]. On the other hand, the underlying mechanisms in ul-
trashort laser processing and the influence of laser parameters on material reorganization are still far from being
clearly elucidated. The required optimum parameters can be found only based on rigorous theoretical analysis and
multiscale self-consistent numerical modeling.

The proposed model takes into account the variety of nonlinear processes which take place under ultrashort laser
irradiation and influence the propagation of light in inhomogenenous dispersive media, including Kerr effect,
photoionization, avalanche ionization, ponderomotive force and recombination [5]. Additionally, electron-ion heat
transfer equations are incorporated to connect the laser irradiation conditions with the resulting final modifications.
Possible applications of the multiscale model are discussed. Firstly, the role of the nonlinear processes in ultrashort
laser glass nanoprocessing is elucidated, allowing us to explain the formation of periodic nanostructures in fused
silica bulk [6]. Secondly, the laser-matter interaction with dielectric nanoparticles is investigated.
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