
Optimizing post acceleration of laser driven protons in helical coil targets 
P. Hadjisolomou1, H. Ahmed1, S. Brauckmann2, R. Prasad2, M. Cerchez2, B. Aurand2, A. M. 

Schroer2, M. Swantush2, O. Willi2, M. Borghesi1 and S. Kar1 
1 School of Mathematics and Physics, Queen’s University of Belfast, Belfast BT7 1NN, UK. 

2 Institute for Laser and Plasma Physics, University of Düsseldorf, Düsseldorf, Germany. 

 Particle acceleration using intense laser pulses is attracting significant interest over the 

last decade, in view of a wide range of potential applications,1 including proton therapy, ion 

driven fast ignition (IFI), production of neutrons and radioactive isotopes. Laser driven proton 

beams, mainly driven by the well-established TNSA mechanism1, possess unique 

characteristics compared to conventional particle sources, e.g. short pulse duration, high 

proton flux and laminarity. However, the high beam divergence and the broad energy spectrum 

hindered its use for the aforementioned applications. Recently developed technique2 of helical 

coil target offers a promising solution to the issues by taking advantage of the target geometry 

and the EM pulse generated during the interaction of an intense laser pulse with a thin metallic 

foil3. In this scheme, a coil is attached to the rear side of a foil target. The EM pulse generated 

following the interaction of intense laser pulse with the foil target, travels through the helical 

structure to the ground, where the velocity of the EM pulse along the coil axis can be controlled 

by varying the coil radius and/or pitch. As a result of that, protons traveling through the coil, in 

sync with the EM pulse, can be strongly focused and post accelerated by the transverse and 

longitudinal components, respectively, of the electric field produced by the EM pulse. 

 In this work, we examine the effect of variation in the pitch of the coil in order to maintain 

the synchronisation between the EM pulse and the transiting protons over the length of the 

coil. By varying the coil length for a given radius and pitch, experimental data clearly suggests 

that the post acceleration of protons is saturated after the first few millimeters of the coil. As 

the protons experience gradual acceleration during their transit, they overun the traveling field 

region after a small length of the coil, depending on the rate of post-acceleration.  Therefore, 

the synchronisation of EM pulse with the given bunch of the protons can be maintained over 

the length of the coil by gradually increasing the pitch of the coil according to the energy gain.  

The post acceleration by coil can also be enhanced simply by increasing the amplitude of the 

longitudinal electric field in the coil, which is associated to the EM pulse. The strength of the 

EM pulse directly depends on THE target potential, subsequently, on the flux and temperature 

of the hot electrons produced during the laser-foil intereaction, which broadly scales with the 

incident laser parameters. The scaling of EM pulse strength with various laser and target 

parameters, viz laser energy, intensity, pulse duration, and target dimensions, will be presented 

which was obtained by collecting data from various high power laser systems (10-500 TW), 

including both Nd:glass  and Ti-Sapphire systems. Further improvement of the target geometry  

and a better understanding of the EM pulse characteristics would aid optimizing the helical coil 

scheme in light of the established and innovative applications.  
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