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Title: Studying ultrafast dynamics by femtosecond electron diffraction 
The physical and chemical properties of materials are intimately related to the basic dynamics 
of matter, in particular the dynamics of electrons and atoms in the crystal lattice. Moreover, 
atomic motion is often at the origin of phase transitions. These dynamics are held on a very 
short time scale, on the order of femtoseconds (10-15 sec) to picoseconds (10-12 s). The 
ultimate understanding of the reactional process therefore requires the study of dynamics in 
matter at this time scale. Thanks to the use of femtosecond laser, it is today possible to 
perform so-called "pump-probe" experiments that can trigger a dynamic in the material, and 
then follow them at the characteristic time scale [1]. By this technique, we can "follow in real-
time" the movement of atoms in the material. For example, it is possible to visualize 
collective vibrations of atoms in order to understand their role in a phase transition.  
     Among pump-probe techniques, one of the most powerful is ultrafast time-resolved 
electron diffraction [2]. In fact, the interaction of a laser pulse with a photocathode produces 
an electron beam whose duration is in the femtosecond range, and with energies of the order 
of 100 keV. The interaction of the electron beam with the sample produces a diffraction 
pattern, which is highly sensitive to the positions of atoms in the unit cell. In this case, we can 
therefore benefit from both the spatial and temporal resolution to access atomic dynamics.  
     Our research group is very active in this area. At the Laboratoire d’Optique Appliquée, we 
have designed and implemented pump-probe experiments using both reflectivity and 
femtosecond electron diffraction. Our expertise in this field is very broad, and we have 
studied a large number of samples [1,3,4].  
     The internship will focus on pump-probe experiments, in particular the femtosecond 
electron diffraction experiment. Our experimental setup is a very reliable operating system, 
and will allow the student to focus on two main aspects: on one hand, improving the 
femtosecond electron diffraction experiment to increase the signal-to-noise ratio to explore 
subtle dynamics in crystals, and on the other hand, the physical aspects of specific dynamics, 
by performing time-resolved experiments on one or more classes of materials. During this 
internship, we will especially focus on the study of dynamics in nanomaterials, for which the 
electron diffraction is particularly well suited. Moreover, there will also be the opportunity to 
explore dynamical processes by measuring the reflectivity in the range of visible wavelengths. 
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