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            Toward Coherent Ultrafast Transmission electron microscopy 
 
Context: Ultrafast Transmission Electron Microscopes combining sub-picosecond temporal 
resolution and nanometer spatial resolution have very recently emerged as unique tools for 
state-of-the-art investigations at both ultimate spatial and temporal resolutions. However, the 
brightness of their electron source is a limitation to tackle the most demanding challenges in 
nanoscience and nanotechnology. The FemTOTEM project aims at developing an alternative 
200 kV Ultrafast Transmission Electron Microscope based on a high brightness laser-driven 
field emission electron source. This will be achieved by bringing together a femtosecond laser 
source and a customized cold-field emission Transmission Electron Microscope (CFEG-
TEM). This unique combination of femtosecond time resolution and high brightness 
(allowing high spatial resolution and coherence of electrons) will enable fast electron based 
nanospectroscopies and lead to the first time-resolved electron holography experiments. Its 4 
major objectives are: 
 
• Picosecond Time-Resolved Cathodoluminescence (pTRCL) studies of the carrier dynamics 
   in semi-conductor nanostructures at the nanometer scale. 
• Electron Energy Gain Spectroscopy (EEGS) of plasmonic and photonic nanosystems 
• Ultrafast electron holography  
• Ultrafast electron diffraction 
 
Abstract: The internship will be devoted to the generation and characterization of ultrashort 
electron packets. Laser pulses delivered by a femtosecond laser source will drive the electron 
emission from a metallic nanotip. The influence of the optical parameters (pulse duration, 
energy) and nanotip characteristics will be experimentally investigated on a set-up combining 
ultrafast optics, Ultra-High Vacuum and field-emission source. TEM experiments (imaging, 
diffraction and Electron energy Loss Spectroscopy) will be performed before and after laser-
driven emission to investigate the influence of tip structure on the emission properties.  
 
This internship is a unique opportunity to work on a demanding project at the cross-roads of 
ultrafast optics, field-emission, TEM and nano-optics. This project is mainly experimental but 
the modeling of the laser-driven electron emission processes will also be an exciting challenge 
for candidates with a solid background in solid state physics and optics.  
 
 
 
Please, indicate which speciality(ies) seem(s) to be more adapted to the subject: 
 
Condensed Matter Physics:  YES     Macroscopic Physics and complexity: NO 
Quantum Physics:  YES    Theoretical Physics: NO 


