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Femtosecond holographic microscopy: from singe nano-objects to chiroptical imaging

Prof. Dr.  Franco Carmago, CNR-IFN Milan, Insituto di Fotonica e Nanotecnologie

Far-fi eld ultrafast microscopy techniques are valuable in revealing spatio-temporal dyna-
mics in matter, with applications ranging from measuring ultrafast carrier diff usion in the 
solid state to performing spectroscopy of single nano-objects. However, typically fi elds 
of view of only a few microns are used, severely hampering applications that lack a very 
small and fi ndable region of interest. In this talk, I will present recent results from our group 
combining off -axis holography with femtosecond pulses to perform ultrafast microscopy 
over 100×100 µm2 areas. I will show how the extended fi eld of view can be exploited to 
simultaneously perform ultrafast spectroscopy of dozens of single nanoparticles [1], or to 
measure ultrafast diff usion of hot carriers in semiconductors around 100 near diff raction 
limited excitation spots [2]. Moreover, holography recovers the complex-valued electric 
fi eld, and access to the typically unavailable phase information can be valuable, which I will 
demonstrate with two applications. The fi rst is to perform ultrafast spectroscopy on dozens 
of individual nanoparticles diff using in solution whilst tracking their positions in 3D over a 

volume of 100×100×100 µm3 [3]. The second is to perform ultrafast chiroptical widefi eld microscopy, where the full polarization information is recorded for 
each pixel, in such a way that each hologram simultaneously records the transient absorption transient phase, transient circular dichroism and transient 
Faraday rotation [4]. As an example, I will show data on the spatio-temporal dynamics of light-induced demagnetization in a ferromagnet.
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