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Interaction of a solid material with an extremely short and intense pulse of

high-energy photons creates a strong electronic excitation state within an ultra-short time and on
ultra-small spatial scales. This peculiar state offers the possibility to control the response of a
material on a nanometer scale crucial for the next generation of nano-devices. This study aimed to
reveal physical mechanisms for nano-structure creation. The author investigated the detailed
response on the surface of solid materials which was created by focusing a single femtosecond
extreme ultraviolet pulse from the SACLA free-electron laser, in order to establish a connection to
microscopic theoretical approaches. The cooling during ablation by means of rapid electron and
energy transport can suppress undesired thermal—hﬁdrodynamic motions, allowing silicon material to
be directly processed with a precision reaching the observable limitation of an atomic force
microscope.
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