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Light from inside the tunnel –  
Modelling and imaging ultrafast electron dynamics 

in dielectrics 

Kerr-type nonlinearities form the basis of our physical understanding of nonlinear 
optical phenomena in moderately intense fields. In strong laser fields, additional 
higher-order nonlinearities enable high-harmonic generation, which is currently 
understood as the interplay of light-driven intraband charge dynamics and interband 
recombination. Remarkably, the nonlinear response emerging from the subcycle 
injection dynamics of electrons into the conduction band, i.e. from ionization, has been 
almost completely overlooked in solids and only partially investigated in the gas phase. 
In the talk I will illustrate the significance and impact of this ionization-induced 
nonlinearity in SiO2 as a typical wide-
bandgap dielectric and will show that, 
close to the material damage threshold, 
the so far unexplored injection current 
provides the leading contribution [1]. The 
ultrafast plasma dynamics following 
massive ionization can be traced via time-
resolved coherent-diffractive imaging, as 
will be discussed for the case of SiO2 
nanospheres [2]. 
[1] P. Jürgens et al., Nat. Phys. 16, 1035 (2020). 
[2] C. Peltz et al., New J. Phys. 24, 043024 (2022).
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