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INTRODUCTION 

The generation of high-energy, mono-energetic ion 

beams via collisionless SWA is of fundamental interest 

for many scientific areas, ranging from Astrophysics to 

Medical and Particle Physics to Inertial Confinement 

Fusion applications [1-3]. In Astrophysics, collisionless 

shocks are present in a wide variety of phenomena and 

spatial scales, from the Earth Magnetosphere-generated 

bow shock in the solar wind to supernova remnants to 

γ-ray burst afterglows to shocks generated in galaxy 

cluster collisions. Amongst several fundamental effects 

related to these shocks , accelerating cosmic rays up to 

extremely high energies is of direct interest for our 

proposed research. According to theoretical studies as 

well as our simulations, SWA ion beams have several 

remarkable properties such as very low divergence and 

mono-energetic spectrum, with energies ranging from 

few tens to few hundreds of MeV, making them suitable 

for Medical Physics applications, Accelerator Physics 

and Ion Fast Ignition. With ultra-high intensity (UHI) 

lasers is possible to produce two types of collsionless 

shocks, the electro-static (ES) and electro-magnetic (EM) 

shocks, both responsible for high-energy ion 

acceleration.  

COLLISIONLESS SHOCKS ON LFEX LASER 

The collaborative research is based on the generation of  

electrostatic (ES) and in a second time electromagnetic 

(EM) collsionless shocks using LFEX laser. The targets 

are composed by a low density Carbon foam deposited 

on both sides on a ultra-thin (0.2 µm) CH substrate. By 

driving the foam with a 1012 W/cm2 GEKKO pulse at 

fundamental frequency is possible to obtain a plasma 

density profile configuration ideal for collisionless shock 

generation as shown in figure 1. 

 
Figure 1: Plasma density profile at 1.2 ns after beginning 

of GXII irradiation, timing corresponding to the peak of 

the GXII pulse. 

Irradiation by LFEX laser compresses the plasma due to 

hole boring and launches the collsionless shock in the 

exponentially decreasing density tail on the target rear. 

The presence of a long scale-length plasma extending 

from the target rear ensures minimized TNSA 

acceleration and allows to obtain a quasi-monoenergetic 

ion beam, reflected by the electric field of the ES 



collisionless shock as shown in figure 2. 

 
Figure 2: Ion phase space showing shock reflected C ions 

with quasi-monoenergetic energy spectrum.      

Due to problems with the LFEX laser system, the 

experimental campaign has been postponed to the fiscal 

year 2018. 
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