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The PETAL laser has been able to successfully accelerate protons up to 50 MeV in the TNSA 

regime, and this source has already been used for protonography studies. Despite the high 

energy and power used in the experiment (about 450 J delivered in 600 fs), the large waist 

used, close to 50 μm, leads to an intensity on target close to 8x10
18

 W/cm
2
. According to 

standard scaling laws of TNSA, this moderate intensity should not be high enough to 

accelerate protons up to 50 MeV. We will show with simulation that this results is explained 

by the coupling between the kJ and ps-long laser pulse with a long (~100 μm) and low density 

preformed plasma induced by the laser prepulse. During this interaction, filamentation of the 

PETAL beam in the preplasma induces a local increase of the intensity and a better 

conversion of the laser energy into electron kinetic energy. The boosted electron energy then 

explains the proton acceleration up to 50 MeV.  

3D PIC simulation is not possible to model the large spatial and time scale of this experiment, 

and 2D Cartesian simulation is known to overestimate proton acceleration. Instead, for the 

first time, we have used the quasi-cylindrical PIC code CALDER-CIRC to model ion 

acceleration. This code enables reduced 3D simulations at a computational cost close to that 

of 2D Cartesian simulations. To illustrate both its potential and limitations, we will first 

compare simulations of a typical TNSA setup carried out using CALDER-CIRC and the 2D 

and 3D Cartesian versions of CALDER. Then, the PETAL simulation will be described.        
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