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Abstract 

Ion accelerators driven by an intense laser beam are an alternative to conventional accelerators. An 

important feature of this type of accelerators is the acceleration gradients, which are of the order of 

MeV/μm, much larger than the ones provided by radio-frequency accelerators, MeV/m [1]. As a 

result, the ions can be accelerated to high energies over sub-mm distances, by many orders of 

magnitude shorter than required in conventional accelerators. The high intensity of the ion beam and 

the short time duration of the ion pulse leads to new applications in different branches of science, 

medicine and technology. Some of the possible applications of these ion beams are ion beam cancer 

therapy [2] [3], radioisotope production [4], ion fast ignition for inertial confinement fusion [5], 

laboratory astrophysics [6]. Laser facilities like Extreme Light Infrastructure – Nuclear Physics 

(ELI-NP) and Apollon (Plateau de Saclay, France) will reach the multi-PW peak power regime and 

bring us the possibility to study in the laboratory new regimes of laser-matter interaction. 

Our main goal is to enlarge our understanding of the interaction process, and to describe and model 

the energy transfer from laser to particles, in the transparent and opaque regime of laser-plasma 

interaction. Through 2D PIC simulations with SMILEI (Simulating Matter Irradiated by Light at 

Extreme Intensities) [7], we studied the case of an ultra-high intensity laser pulse interacting with a 

near critical density target. Varying the target density and thickness, we studied the optimal 

parameters for the maximum conversion efficiency of the laser energy to particles. We proposed a 

model for a near-critical density plasma between 0.5nc and 20nc driven by a laser pulse of intensity 

I=1022 W/cm2. 
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