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Intense laser fields of well-defined waveform are a powerful tool for studies of sub-cycle resolved electron 

dynamics in solids and nanostructured materials. Few-cycle laser pulses have been applied for attosecond control 

of electron emission from isolated nanoparticles [1], nanotips [2], and for control of electrical currents in 

dielectrics [3]. Here we present results of our studies on intensity dependent waveform controlled electron 

emission from isolated nanospheres in the range from low intensities in the nonadiabatic tunnelling regime to the 

nonlinear optical response of the nanoparticles. 

 
Fig. 1 Cutoff in the electron emission spectra measured in 95 nm diameter SiO2 nanoparticles at different laser 
intensities (filled black circles in (a) and filled blue circles connected with a solid blue line in (b)). For comparison 
the results of the M3C calculations are shown as filled red circles connected with a solid red line. The shaded area in 
(b) illustrates systematic uncertainty in determining the cutoff. 

  

In our experiments, intense laser pulses of 4.5 fs pulse duration centered at 720 nm were focused onto a SiO2 

nanoparticle beam. The nanospheres of narrow size distribution were inserted into the gas phase by aerosol 

preparation and aerodynamic lens focusing. Single-shot phase-tagged velocity map imaging was utilized for 

studies at relatively low laser intensities in the range (0.7-4.5)×1013W/cm2 (Figure 1(a)), while at higher laser 

intensities ((1-3.5)×1014 W/cm2) stereo time-of-flight detection was used (Figure 1(b)) [4]. For the intensity 

range (1.7-15)×1013 W/cm2 the measurements show a nearly constant scaled cutoff energy Ec/Up with an average 

cutoff value of 53.0 Up. Here Up=e2E2/(4m2) is the ponderomotive potential of an electron in the laser field. 

These results are in good agreement with a trajectory-based Mean-field Mie Monte-Carlo (M3C) model that 

considers atomic Ammosov-Delone-Krainov (ADK) tunnel ionization in the surface layer and linear optical 

response of the nanoparticle. The model identifies backscattering from the nanoparticle surface in highly 

dynamic near field as acceleration mechanism for the energetic emission. For the lowest intensities the model 

predicts lower cutoff energies as compared to the experiment. This discrepancy may be attributed to the Keldysh 

parameter being on the order of one and the adiabatic tunnelling regime not strictly applicable. For high laser 

intensities above ~1.5×1014 W/cm2 the scaled cutoff energy monotonically increases with intensity reaching 

value of 100 Up. This intensity dependence is ascribed to a phase transition between bound and free electrons 

with plasma shell formation at intensities close to the optical damage threshold. 
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