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When subjected to a series of ultrashort laser pulses, an initially smooth surface undergoes a
progressive transformation into dissipative structures, empowering it to regulate energy flux
and optimize entropy production rates. This phenomenon manifests as the spontaneous
emergence of periodic patterns at various scales, with diverse shapes and varying aspect
ratios. Consequently, numerous 2D patterns (stripes, labyrinthines, dots, triangles, hexagonal
cavities, etc.) have recently been observed at various scales [1]. The theoretical challenge lies
in developing an effective model with symmetry breaking, scale invariance, stochasticity, and
nonlinear properties to replicate dissipative structures. Describing pattern growth requires
nonlinear dynamics under far-from-equilibrium conditions, for which classical equations
(Maxwell, Navier-Stokes, Fourier...) demand unknown transient material properties [2]. We
have implemented a stochastic Swift-Hohenberg model that replicates hydrodynamic
fluctuations near the convective instability threshold, inherent in laser-induced self-organized
nanopatterns at the nanoscale. We will show that a deep convolutional network can learn the
complexity of patterns, linking model coefficients to experimental parameters to design
specific morphologies [3]. The model accurately predicts patterns, identifying laser parameter
regions and potentially anticipating physics complexity evolution.
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Figure: Examples of SEM images exhibiting the complexity of 2D LIPSS at the nanoscale obtained
on irradiated Nickel for delayed double pulses (F = 0.18 J/cm? & At = 8 ps [left] and F = 0.26 ] /cm?
& At = 28 ps [right] for a pulse duration of 170 fs at A = 1030 nm).



