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S. Rezaeit, M.J. Jafari*!, E. yazdani?

. Plasma and Nuclear Fusion Research School, Nuclear Science and Technology Research Institute, AEOI, P.O.BOX: 14399-51113, Tehran - Iran

2. Department of Physics, Faculty of Basic Sciences, Tarbiat Modares University, P.O. Box: 14115-175, Tehran-Iran

Research Article
Received 17.7.2021, Accepted 22.9.2021

Abstract

Target Normal Sheath Acceleration (TNSA) mechanism is one of the most common proton acceleration
mechanisms in the experimental setup. In this work, the effect of field ionization on the proton
acceleration performance in result of the interaction of high intensity laser pulses with different pulse
lengths was studied using two-dimensional particle in cell (PIC) simulations. For this purpose, two solid
(neutral) targets as well as fully ionized plasma target, made of aluminum layer with thickness of 0.5 pm,
and paired with a thin layer of hydrogen with thickness of 50 nm are considered. Simulation results
showed that considering the constant pulse energy and a medium laser intensity (here ap =10 for pulse
width of 25 femtoseconds) the use of solid structure leads to an increase in the maximum energy of the
protons by about 36%. In addition, the difference in proton cut-off energy between the solid target and the
ideal plasma one decreases with increasing the laser pulse width.

Keywords: Particle in cell simulation, Laser proton acceleration, TNSA mechanism, Laser pulse
duration, Field ionization
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