Ultrafast Structural Transformations in Fe: A Time-Resolved X-ray Diffraction Study
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Abstract

The atomic structure of the thin Fe layer after sub-ps pulsed laser annealing has been studied by time-resolved X-ray diffraction. Due to very strong electron-phonon coupling,
rapid heating of the lattice occurs on a 1 ps timescale leading to ultrafast structural transformations. Melting occurs on a timescale of 1-5 ps. At the highest excitation levels
studied, ultrafast melting prevents any solid-solid transformations known from the equilibrium phase diagram. Below the threshold of complete melting, the body-centered

tetragonal (bct) phase forms on a time scale of about 10 ps and remains stable for at least 60 ps. This experimental observation of structural changes supports, for the first
time, the theoretical predictions of phonon softening in Fe upon heating.
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