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ABSTRACT

High-order harmonic generation (HHG) is a non-linear strong-field process that produces
coherent extreme ultraviolet (XUV) radiation and enables attosecond spectroscopy of ultrafast
electronic dynamics [1]. While HHG has been extensively investigated in gases [2] and solids
[3], its study in liquids has remained limited due to significant experimental challenges, despite
the central role of liquid environments in chemical and biological processes. The first
experimental observation of HHG in liquids in 2018 [4], followed by the first theoretical study
only in 2022 [5], marked the beginning of a rapidly developing field in which many fundamental
aspects remain to be elucidated.

In this work, we contribute to closing the gap between theory and experiments by developing
an efficient fully quantum one-dimensional model tailored to capture HHG in disordered liquid
phases. In parallel, we are using ab initio Ehrenfest molecular dynamics [6] simulations using
the deMon2k software package [7] to incorporate the coupled electron—nuclear motion and the
fluctuating local environments characteristic of liquids. These simulations will employ optimized
Gaussian basis sets specifically adapted to describe continuum electronic states in HHG [8],
which are essential for accurately modeling strong-field ionization and high-harmonic
generation in condensed-phase systems.

These complementary approaches aim to provide a robust foundation for understanding
strong-field interactions in liquid-phase systems. The methods currently under development
are intended to clarify the key mechanisms underlying HHG in liquids and to guide upcoming
theoretical and experimental developments in attosecond science applied to complex media.
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