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Solid-liquid phase transition dynamics induced by femtosecond laser 
 
The development of powerful and reliable femtosecond lasers has attracted numerous 
academic and industrial interests. In this context, understanding of fundamental processes 
occurring during femtosecond laser interaction with matter is of great importance. 
The solid relaxation after ultrashort pulse excitation is specific due to the very short timescale 
of the interaction. In these conditions, the laser pulse energy is deposited in the electronic 
population leading to highly out-of-equilibrium state of matter (electron temperature ≠ 
phonon temperature). The atomic structure relaxation directly depends on the electron-phonon 
energy transfer properties of the sample and phase transitions can occur (solid-liquid-plasma). 
Experimental studies of this relaxation dynamic with a sub-picosecond temporal resolution is 
of fundamental interest. 
 
This internship aims to study the gold melting induced by an infrared (IR) femtosecond laser 
pulse (“pump” beam). A time-resolved description of the sample relaxation will be achieved 
by using a femtosecond x-ray source (“probe”) devoted to a x-ray photoemission electron 
spectroscopy diagnostic. Thanks to the experimental setup represented below, we will be able 
to probe the melting and resolidification time, estimate the melting threshold in terms of laser 
fluence and observe the electronic structure modification of the gold during this 
out-of-equilibrium heating. This “pump-probe” experiment will be performed at CELIA 
laboratory (Bordeaux, France) during the internship period.  
 
                                                  The experimental results will be interpreted 
    using a 1D hydrodynamic code (ESTHER) 
    well-suited for studying phase transitions in  
    out-of-equilibrium conditions.    
     
    The internship will be partly devoted to the 
    experiment realization (at CELIA lab.) and  
    to the measurement interpretation using this 
    specific simulation code (at INSP lab.) 
 
 
 
Please, indicate which speciality(ies) seem(s) to be more adapted to the subject: 
 
Condensed Matter Physics:  YES     Macroscopic Physics and complexity: YES 
Quantum Physics:  NO    Theoretical Physics: NO 


