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Title
Electrons dancing to the rhythm of light, visualized by computer simulations

Abstract
This lecture is about the motion of electrons on the femto- and atto-second time scale; how it can be monitored, analyzed and, ultimately, controlled with ultra-short laser pulses. To visualize the motion of electrons, we employ a quantum mechanical simulation technique known as time-dependent density functional theory. This approach is based on the surprising fact that the dynamics of a quantum system is completely characterized by the time-evolution of its microscopic charge distribution. We shall visualize the laser-induced formation and breaking of chemical bonds in real time, and we shall highlight non-steady-state features of the electronic current through nano-scale junctions. With the goal of pushing magnetic storage processes towards ever shorter time scales, we shall demonstrate how the microscopic magnetization of a solid can be switched on the time-scale of a femto-second with ultra-short laser pulses. This novel effect was first predicted by computer simulations and later found in experiment. If it could be used in magnetic storage devices it would make read-write processes a million times faster than present-day devices.
