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We investigated the above-threshold electron emission from isolated Si02 nanoparticles in waveform con-
trolled few-cycle laser fields at intensities close to the tunneling regime [4]. The enhancement of the electron 
acceleration from the silica nanoparticles was explored as a function of the particle size (ranging from 50 to 
147 nm) and the laser peak intensity (1 - 4-10" W/cm2). Obtained cut-off values in the kinetic energy spectra 
are displayed in Fig. 1. The cut-off values show a linear dependence with intensity within the studied intensity 
range, with the average cut-off energy being 53 U , indicated by the black line. Quasi-classical simulations of 
the emission process reveal that electron rescattering in the locally enhanced near-field of the particle is respon-
sible for the large energy gain. The observed near-field enhancement offers promising new routes for pushing 
the limits of strong-field phenomena relying on electron rescattering, such as, high-harmonic generation and 
molecular imaging. 
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Fig. 1 Dependence of the cut-offs in the electron emission spectra from Si02 nanoparticles on laser intensity. Nanoparticles of 
different sizes are represented by different symbols as indicated in the legend. 
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The event of extreme lasers, for which intensities above 1022 W/cm2 will be reached on a routine basis, will give 
us opportunities to probe new aspects of quantum electrodynamics. In particular, the non-trivial properties of 
the quantum vacuum can be investigated as we reach previously unattainable laser intensities. Effects such as 
vacuum birefringence and pair production in strong fields could thus be probed. The prospects of obtaining 
new insights regarding the non-perturbative structure of quantum field theories shows that the next generation 
laser facilities can be an important tool for fundamental physical studies. Here we aim at giving a brief overview 
of such aspects of high-power laser physics. 
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