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Laser-induced ultrafast magnetism in nickel and gold nanoobjects
Ultrafast magnetism has become a topical research area since the pioneering work of Beaurepaire
et al. [PRL 76, 4250 (1996)], who first observed the demagnetization of thin nickel films irradiated
with femtosecond laser pulses. In spite of intense investigations, the nature of such ultrafast
demagnetization has not been totally elucidated.
In this talk, we consider two aspects of ultrafast magnetism.
First, we introduce a novel phase-space model to study the interaction between a laser pulse and
the electron charges and spins in a ferromagnetic nickel film. The model combines both itinerant
and localized magnetism and their interplay through various magnetic exchange mechanisms. Our
principal result is that oscillating spin currents can be generated in the film via the application of a
femtosecond laser pulse of modest amplitude. Such currents may possibly be observed through their
emitted magnetic dipole radiation.
In the second part of the talk, we study the creation of a magnetic moment in gold nanoparticles by
circularly polarized laser light. The collective electron dynamics is described semiclassically using
a quantum hydrodynamic model that incorporates the principal quantum many-body and nonlocal
effects, such as the electron spill-out, the Hartree mean field, as well as exchange and correlation
effects. We show that gold nanoparticles can build up a static magnetic moment through the
interaction with circularly polarized laser light at the surface plasmon resonance. The underlying
physical mechanism is a plasmonic inverse Faraday effect, resulting from electric currents on the
nanoparticle’s surface. The computed laser-induced magnetic moments are sizable, of about 0.35
μB/atom for a laser intensity of 450 GW/cm2 at resonance.
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