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Classical and quantum -mechanical model of high harmonic generation

The aim of the project was to compare the classical and semi-classical models of high harmonic generation. High-order harmonic generation is a nonlinear optical phenomena, exploited to generate attosecond pulses. When we focus a laser pulse to a high intensity onto a small pressure gas target, we can observe the odd multiples of the driving frequency. The intensity drops rapidly for the first few harmonics, but after this short perturbative regime, a far-reaching plateau is formed, in which the harmonics have nearly constant intensity, ending in a sudden cutoff. The explanation of this process is that the electron may be ionized by the intensive laser field, and after its motion in the continuum it might recombine, if it is driven back by the laser field toward the ionic core, which implies the emission of a high energy photon.
Because of the high photon density, we can treat classically the influence of laser field to the atom. If we neglect the quantum -mechanical nature of the electron and solve the Newton-equation, we get surprisingly precise results. Moreover, we can describe the electron more accurately with the tools of quantum -mechanics (strong field approximation of the Schrödinger -equation).
I made calculations with the two models for different laser fields, with the help of MathCad programme. I specified the highest harmonics (the cutoff), the resulting spectra, and compared the results of two models.
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1. figure: Classical and semi-classical trajectories
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