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The talk will describe the unique capabilities of the ultrafast transmission electron microscope (UEM), 

which is being built at the Technion. We will discuss several applications of the UEM for novel radiation 

sources and for probing extreme light-matter interactions in nanostructures and in 2D materials. 

 

The ultrafast transmission electron microscope (UEM) combines the imaging capabilities of the electron 

microscopes with the time resolution of the femtosecond laser (Fig.1). The UEM is a specialized setup that 

triggers the emission of the electrons in a standard transmission electron microscope with a femtosecond 

pulsed laser, creating an ultrashort electron pulse that probes the sample simultaneously with it being 

excited by another femtosecond pulse, enabling time-correlated measurements. To capture the physics at 

short time scales, we change the delay between the laser pulse (“pump”) 

that excites the specimen and the electron pulse (“probe”) that images the 

specimen. By capturing images at different delays between the pump and 

the probe, a movie is created. This UEM technique has already been 

applied to transmission and scanning electron microscopes, revealing the 

dynamics in a multitude of ultra-fast phenomena [1-3]. Furthermore, by 

using the electron energy loss spectrometer (EELS) in the UEM, 

interactions between individual electrons and photons can be analyzed 

through filtering electron images at specific values of energy loss [3]. 

 

Figure 1: Illustration of the ultrafast transmission electron microscope. The 

electron-photon interaction is achieved by coupling the pulsed laser (red) 

“pump” to the sample simultaneously with the arrival of the electron pulse 

(green, excited by the ultraviolet laser in blue) ”probe“. Such interactions 

will result in short-wavelength radiation generation that can be infered by 

the electron energy loss spectoscopy (EELS) system at the bottom end of 

the column (Gatan imaging filter).  We will explore the interaction of 

ultrafast electron pulses with various nanostructures: nanoscale gratings 

and 2D materials like graphene. 

* Image from Prof. Carbone’s group at EPFL 

 

 

Rapid technological progress provides new ways to manipulate and confine light on the nanoscale, with 2D 

materials (such as graphene) creating novel states of light of extreme confinement. These include plasmon 

polaritons in graphene and phonon polaritons in hexagonal boron nitride, both showing extreme 

confinement of light by more than 2 orders of magnitude. This capability enables a variety of new light-

matter interactions and applications [4-8]. Our recent research has shown that such extreme light 

confinements give the unique ability to re-write basic rules in light-matter interactions: transitions involving 

a spin flip suddenly occur, and atoms that conventionally emit at discrete frequencies now emit a broad-

band spectrum [7]. We will discuss how some of these exciting phenomena could be probed with the UEM. 
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