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Summary:  
The motion of electrons in atoms, molecules, and in condensed matter unfolds on a time scale that spans from the 
attosecond (1 as = 10−18 s) to several femtoseconds (1 fs= 10−15 s). The advent of light sources capable of generating 
pulses of ionizing radiation with duration of the order of few tens of attoseconds have opened the way to the time-resolved 
study of the evolution of electronic excitations in general, and of ionization and charge-transfer processes. These studies 
are normally based on a pump-probe scheme, in which an isolated or a train of attosecond pump pulses are used in 
association with a moderately intense infrared or visible probe pulse, with a controllable time delay. In our studies, we 
examine three aspects of ultrafast ionization dynamics in polyelectronic atoms i) the control of the coherence of the 
fragments that emerge from an ionization event; ii) the accurate calculation of the two-photon ionization amplitudes in the 
presence of autoionizing states in polyelectronic atoms, and iii) the reconstruction of the photoionization amplitudes in the 
ionization of complex atoms from experimentally observable quantities.  
We performed ab-initio simulation of XUV-pump IR-probe ionization of helium above excited thresholds to control the loss 
of coherence that emerges due to entanglement between ionization fragments. Due to the presence of intermediate 
resonant states, coherence between the ionic parent-ion states within the same manifold, which are degenerate in the 
non-relativistic limit, results in a stationary, delay- dependent electric dipole. The fine-structure correction splits the 
manifold causing picosecond real-time fluctuations of the dipole. From these real-time beatings we were able to 
reconstruct the coherences present in the residual-ion at the time of its inception. In the Argon atom, resonant phase 
structures below 3s-1 threshold were revealed using Reconstruction of Attosecond Beating by Interference of Two-Photon 
Transition (RABBITT) technique in association with wavelength scanning method. Our ab initio calculations were 
supported by experimental observations where we found an excellent agreement between the two and our results 
improves significantly over previous models. Finally, we tackled the complex problem of reconstructing the photoemission 
time delays for the ionization of the argon atom, which features multiple channels already at the one-photon transition 
level. We developed a protocol that, from the angular distribution of the photoelectrons in a pump- probe setup 
reconstructs not only the relative delay for the photoemission in different channels but also the Bremsstrahlung delay 
associated with net absorption or emission of an infrared photon by the photoelectron while in the presence of the parent-
ion potential.s  
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