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Dynamics at the sub-micron level in materials spans a rich array of coherent and incoherent phenomena over 
a wide range of time-scales. My talk presents complementary experimental approaches, based on ultrafast 
laser pulses, for the recording of movies at the ultimate spatiotemporal scales: femtosecond (10-15 sec) and 
nanometers (10-9 m). First, the laser-initiated dynamics of magnetic domains and domain-walls in a 
ferromagnet is imaged using circularly polarized high-harmonic radiation, leading to a unique access to short-
range magneto-transport processes. In the second approach, beams of relativistic free-electrons in a 
transmission electron microscope (TEM), undergo temporal modulations by optical micro-resonators. 
Resonators increase the interaction between the light and the electrons by orders or magnitude, and may 
facilitate the observation of quantum effects, such as pairs of free-
electrons entangled with photons. Since TEMs, which are the basis of 
the Nobel-Prize-winning cryogenic electron microscopy, already 
provide for atomic-resolution, their integration with optical 

technologies promises novel ultrafast and ultrasensitive modalities of imaging and spectroscopy.  

Ofer Kfir joined as a Marie-Curie post-doctoral fellow to the group of Claus Ropers in Göttingen, 
Germany, after completing his graduate studies with distinction at the Technion, Israel. Having a broad 
interest in quantum mechanics, and experimental experience with ultrafast dynamics in gases, 
magnetism, and with ultrafast electron microscopy, he wishes to harness the quantum tailoring of 
electron beams for the understanding of transient transport phenomena in spin-orbit-coupled 
materials.  
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