Solid targets heating during laser prepulse
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The main stages of high-intensity laser pulse with a target interaction are prepulse and main pulse. Prepulse stage is crucial for plasma expansion and energy absorption. During the prepulse stage, preplasma generation occurs because of ablation and ionization of target atoms. Prepulse parameters have a significant influence on results of high-intensity laser-driven experiments. Particularly, laser prepulse strongly impacts the intensity and energetic spectra of accelerated particles. For optimization of and optimization of experimental condition of laser-driven particle acceleration interaction of laser prepulse with a target needs to be thoroughly studied. 
This study is centered around prepulse-target interaction before the formation of preplasma. Employing first-principles simulations, such as time-dependent density functional theory (TDDFT), enables a more detailed characterization of the coupled electronic and structural dynamics underlying preplasma formation. 
In our study, we use Salmon [1] (Scalable Ab-initio Light-Matter simulator for Optics and Nanoscience) software for TDDFT to determine laser-matter interaction at atomic scale. It is capable of performing TDDFT simulations by solving the time-dependent Kohn-Sham equations in real time and real space, utilizing norm-conserving pseudopotentials. SALMON begins by performing ground-state calculations based on density functional theory to establish the system's initial state. It then simulates the electron dynamics triggered by an applied electric field. 
This research explores laser-matter interactions by simulating the propagation of pulsed light through thin films of various materials, including Si, Cu, Al, and SiO₂. We analyze the incident, reflected, and transmitted pulses, as well as the electric field and excitation energy at material surfaces. Additionally, we examine the spatial distributions of the electric field and current density. The onset of preplasma formation is identified by a sudden rise in excited or ionized electron populations, a rapid drop in bound electron density, and a significant increase in energy absorption. We anticipate that preplasma will form earlier in metals than in silica or bulk silicon.
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