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Short pulse x-ray sources have become indispensable diagnostic tools in modern science and technology and are widely used in probing substances for new material development, condensed matter physics, non-destructive x-ray imaging, and so on.  The plasma-based soft x-ray laser (SXRL) is one of these novel x-ray sources, and its advantages are having a large number of photons sufficient as a single shot probe enabling us to observe non-repetitive and irreversible phenomena, and the wavelength (h= 90 eV) for which highly reflective optics, i.e., Mo/Si multi-layer mirrors, are available. 

    In this report, the SXRL probe is applied to diagnose nano-scale surface dynamics in femto-second laser ablation.  Laser ablation is a key issue for ultra-fine laser processing, and the phenomenon includes various and complex physical processes such as photo absorption leading to non-thermal electron heating and electron Avalanches, the energy transfer process from the electrons to the lattice leading to the generation of internal compressive or tensile stress, and the elastic-plastic surface morphological changes followed by the evaporation or spallation of the surface layer.  In order to have deep and quantitative understanding of the mechanism of laser ablation, both experimental and theoretical approaches are indispensable: We have to conduct the experiments as precisely as possible, and the results are compared with theoretical models to verify and improve the accuracy of the models.  

    The experiments were conducted with the JAEA pump-probe system using a Ti:Sapphire pump pulse with the duration of 80 fs at a wavelength of 795 nm and a soft x-ray laser reflectometer/interferometer at a wavelength of 13.9 nm.  The sample was Au, and the temporal evolution of the surface modification under the femto-second laser pumping with the fluence of around 1~2 J/cm2 was observed for the time range from pico-seconds to nano-seconds.  Experimental results such as the time to drop the reflectivity, the temporal evolution of the shape and the velocity of the expansion dome structure, and the thickness and the density of the spallation layer, etc. were experimentally obtained.  These data were carefully compared with our molecular dynamics (MD) code.  In the presentation, we will show the details of the comparison, and the physical mechanism, which plays a decisive role but has not included so far will be discussed.
