A three dimensional non-adiabatic model, recently developed [1], was used to study the propagation of femtosecond laser pulses in rare gases. Under high intensity field, generated by the short laser pulse, the gaseous medium ionizes and gives rise to a space-time dependence of the refractive index. In space domain, a Gaussian beam (or any peaked laser beam) produces higher electron concentration in its central part than in the outer region, which results in the defocusing of laser field. On the other hand, the refractive index modulation produced by an electron concentration variation in time induces the self-phase modulation of laser pulse. Since these two effects chiefly modify the pulse characteristics into unexpected one, control of ionization effects is an important issue in the investigation of the effects which the interaction between atoms and intense femtosecond laser pulses creates, such as high-order harmonics, self-channeling in air, and laser assisted particle acceleration. 
The spatial and temporal characteristics of the refractive index are investigated and corelated with the computed characteristics of the laser field which propagates in the gaseous plasma. The self-guided configuration, found in specific experimental conditions, are confirmed by our numerical simulations. 
The study of the pulse propagation proved to be essential in optimizing the high order harmonic generation process, both in space and time domains [2]. This was achieved by using self-guided pulses to optimize harmonic generation in space domain, and chirped pulses to optimize in time/frequency domain. The numerical results proved to be of basic importance in understanding the intricate processes of harmonic generation in the above conditions [3,4].
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