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Abstract

The interaction of high-contrast, intense femtosecond laser pulses (>10® W/cm?) with solid-
density targets often generates an inhomogeneous plasma layer at the target surface. This
inhomogeneous plasma-density gradient, encompassing both under-dense and over-dense
regions, plays a critical role in laser absorption through resonance, laser-driven fusion, and
particle acceleration processes. Understanding the spatial and temporal dynamics of the
electric and magnetic fields in these scenarios is particularly challenging, especially for
obliquely incident laser pulses with varying polarization (p, s, or circular) at relativistic
intensities. Analytical solutions for such systems are typically limited only in some simplified
cases. In this study, we analyze the electric and magnetic field profiles produced by differently
polarized incident laser pulses (modeled as plane waves) interacting with an inhomogeneous
plasma characterized by a linear density gradient. Our approach combines analytical methods
[1-3] with numerical simulations using the 1D-3V particle-in-cell (PIC) code LPIC++ [4]. We
demonstrate that at lower laser intensities (<107 W/cm?) the self-consistent PIC simulation
results align closely with analytical predictions for various polarizations and incidence angles,
including resonance conditions. However, at higher intensities (>101” W/cm?), deviations arise
due to the breakdown of analytical assumptions, with the PIC simulations providing more
accurate results. This study highlights the importance of PIC simulations in exploring the
unexplored regime of relativistic laser intensities and plasma density inhomogeneities, which
are frequently encountered in laser-solid interactions.
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