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Laser-driven proton beams [1] can be focused and post-accelerated by attaching the irradiated 

foil target to a helical coil which the accelerated protons are propagating through [2]. This 

scheme uses the target discharge current pulse which is injected in the coil and generates an 

electromagnetic pulse focusing, bunching and re-accelerating a part of the proton beam. This 

technique is of great interest for many applications ranging from isochoric heating of dense 

materials to isotope production. It has been experimentally demonstrated with a few joule 

laser pulse [2] and numerically analysed [2,3]. However, the physics of the proton chromatic 

collimation and post-acceleration is not fully understood. 

We present the results of an experimental campaign carried out at the LULI 2000 facility 

where a high energy laser pulse (~70 J, 1 ps) irradiated gold foils attached to helixes of 

different lengths and pitches [4]. This campaign demonstrated the proton beam collimation, 

post-acceleration and bunching. The experimental results were compared to large-scale 

Particle-In-Cell simulations using the SOPHIE code [5], developed at the CEA-CESTA, 

which self-consistently models the generation and propagation of a discharge current pulse 

through the helix by using realistic boundary conditions as well as the proton dynamics. The 

good agreement between the experimental and simulation data allows us to infer the proton 

and electron emission laws, as well as to understand in detail the phenomenology of the 

device, regarding in particular the discharge current propagation and dispersion through the 

helical coil and the proton dynamics. Preliminary results of a second experimental campaign 

carried out with the same facility (in February 2020) whose goal was to gain further 

understanding of the collimation and post-acceleration processes, will also be presented. 
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