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Ionization of atoms and molecules in strong infrared laser fields is a fundamental process that 

plays key role in many research fields, from attosecond physics to laser modification of 

transparent materials.  I will describe new results related to this process. 

I will first introduce protocols that can be used to define and measure time delay associated 

with strong-field ionization, and will discuss how this time depends on the number of photons 

required to overcome the ionization potential. Since strong field ionization is often viewed as 

electron tunnelling through the barrier created by the superposition of the atomic binding 

potential and the laser field, this question touches upon the famous problem of time delays in 

tunnelling. Using the combination of analytical theory and ab-initio numerical simulations, I 

will show that optical tunnelling is instantaneous [1], at least within the framework of non-

relativistic quantum mechanics.  

I will then show that optical tunnelling in polyatomic molecules populates different hole 

states, inducing correlated electron-hole dynamics. Importantly, in chiral molecules the hole 

dynamics becomes chiral, sensitive to the helicity of the driving laser field and the chirality of 

the molecule. The infrared laser field that removes the electron from the molecule can also 

bring this electron back to the parent ion, where it can recombine with the hole left behind. 

Light emitted during recombination takes the snapshot of the recombining system, recording 

the electron-hole dynamics with attosecond temporal resolution. I will show that in chiral 

systems the emitted light distinguishes left-handed and right-handed molecules with extreme 

sensitivity and records the chiral dynamics of the hole with about 0.1 fsec temporal resolution 

[2].  
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