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The availability for the scientific community of compact sources of intense, high-power, ultrashort 
laser pulses, allowed a rapid growth of studies on laser driven electron accelerators. Different laser 
plasma acceleration mechanisms have been explored. A by now well know scheme involves the 
generation of huge acceleration gradients, up to 10 to 100 GV/m, due to the propagation of a TW-class 
laser pulse in a diluted plasma. GeV scale and very short duration (some fs) electron beams produced 
in this way are a natural candidate as drivers for a free-electron laser or to be coupled into undulators 
to produce radiation in the visible and X-ray domain. 
 

In this talk we present an alternative approach: the generation of fast electron beams in relativistic 
laser-solid interaction. The studies in this domain are mainly stimulated by the possibility of having 
higher electron currents due to the high density. In laser-solid interaction the energy coupling between 
the laser beam and the target is mainly localized at the surface and the coupling efficiency needs to be 
optimized in order to get an energetic electron distribution. One way is to use properly-structured 
targets whose surface characteristics match with the laser parameters, so that surface plasma waves are 
excited [1]. 
 

As will be discussed, the surface plasma wave excitation on solid grating target enhances drastically 
the laser absorption in ultra-high intensity interaction regime (Iλ2 > 1018 Wcm-2μm2) and generates 
large currents of relativistic electrons. Theoretical, numerical (via the Particle-in-Cell method) and 
experimental studies of fast electron generation will be presented. Recently, a simple scaling for the 
conversion of surface wave field energy into electrons kinetic energy has been identified by our group 
by considering the interaction of test electrons with the evanescent high frequency field of a surface 
wave [2]. We were able to show that the most energetic relativistic electrons are accelerated parallel to 
the plasma-vacuum interface to velocities larger than the wave phase velocity. These results have been 
confirmed by Particle-in-Cell simulation and experiments [3]. 
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