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Helium nanodroplets provide a unique and ver-
satile platform for investigating strong-field-driven
nanoplasma dynamics [1]. In this work, we present
large-scale, GPU-accelerated particle-in-cell sim-
ulations using PIConGPU [2| to study the in-
teraction of pure helium nanodroplets containing
up to 106 atoms with intense near-infrared fem-
tosecond laser pulses, and we compare the results
with single-shot velocity-map electron imaging and
ion measurements. The simulations describe the
plasma. evolution from the first ionization events to
collective electron motion, nanoplasma formation,
and early expansion. We show that the calculated
electron and ion observables reproduce the main
features of the measured spectra in systems with
similar cluster sizes and laser intensities. Our re-
sults demonstrate that PIConGPU captures the es-
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Figure 1: Spatio-temporal evolution of a laser-driven he-
lium nanoplasma for the initially neutral target. a) nor-
malized laser field component Ex/EOQ in the polarization
direction plane (polarization along x, propagation along
z). b): electron distribution and c) helium core-particle
distribution (all charge states, Z = 0, 1, 2). Times are
given relative to the laser peak at the target (t = 0)

sential physics of nanoplasma formation previously addressed mainly with molecular-dynamics or TDDFT
approaches [3|, while remaining computationally efficient and applicable to much larger systems. This
establishes PIConGPU as a powerful and scalable tool for connecting nanoplasma theory with experimen-

tally accessible observables.
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