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Understanding the collective response of plasma particles to intense laser radiation is both of 

fundamental interest and important to the development of laser-driven accelerators. The case of 

ultra-thin foils which become relativistically transparent during the interaction with an intense 

laser pulse is of particular interest due to their importance in laser-driven ion acceleration.  

We report on experimental and 3D particle-in-cell simulation results on the collective motion 

of plasma electrons and ions responding to the propagation of an intense laser pulse through an 

expanding ultrathin foil which becomes relativistically transparent [1-2]. It is shown that spatial 

structure within the beam of energetic electrons produced can be controlled by variation of the 

laser pulse parameters. Diffraction of intense laser light propagating through a self-generated 

‘relativistic plasma aperture’ produces a structured near-field diffraction pattern, to which the 

electrons collectively respond. Static and rotating electron beam profiles can be induced by 

variation of the degree of ellipticity of the laser polarisation [1]. The resulting modulation of the 

charge-separation-induced electrostatic field means that the ion motion can also be manipulated 

[2]. These concepts have been verified via experimental and 3D particle-in-cell simulations and 

provide a new avenue for optical control of laser-accelerated electron and ion beams. 
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