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Rapid structural transformations in metals after sub-ps
pulsed laser annealing
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We have studied ultrafast solid-solid and solid-liquid phase transformations in laser-excited iron.
Samples (30 nm thick layers deposited on 300 nm SiN membranes and caped with 300 nm SiO) were
annealed at extremely high heating rates (up to ~10”15 K/s) by sub-picosecond laser pulses. By
adjusting the irradiation fluence we have varied the maximum temperature from a ~1000 K up to
approx. 3 times the complete melting threshold. The temporal evolution of samples’ state was
characterized using X-ray diffraction technique at the European XFEL facility!. The application of the
ultrashort (fs) X-ray pulses allowed to directly probe the atomic structure of the sample with an
unprecedentedly high temporal resolution of ~500 fs (relevant for the ultrafast rates of studied
processes) at delay times in the range from before up to tens of ps after excitation with a pump pulsez2.
It enabled new insight into the atomic-level mechanisms and kinetics of ultrafast phase transitions. In
particular, we have measured the characteristic time scales of the martensitic transformations and
melting in Fe thin layer samples. The proposed experimental approach is matching the timescales of
experimental and computational studies3# of structural transformations, which for conventional
annealing techniques combined with XRD characterisation differ by several orders of magnitude.
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