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Using ultrashort hard x-ray pulses
, we measure lattice dynamics in solids with time resolved diffraction techniques
. 

In the first set of experiments, reversible excitation of bulk and layered semiconductors was studied in an optical pump, x-ray probe configuration. After carrier photo-excitation with 800-nm wavelength femtosecond laser pulses, we measure the chain of relaxation processes causing rapid lattice heating, generation and propagation of stress/strain waves into the bulk of the material
 and eventual anharmonic decay of coherent acoustic phonons into the thermal bath of the solid
. Using ultrafast x-rays, we also deetect length scales of thermal excitation in the bulk of different semiconductors
, thereby elucidating heat transport phenomena and explaining the different scaling laws for melting fluence thresholds. 

In the second set of experiments, melting of covalently bonded semiconductors after irradiation with ultrashort optical pulses is directly addressed. After excitation of dense electron-hole plasmas within a 160-nm Germanium film, the ultrafast pathway of lattice disordering is measured as a function of laser fluence. For close-to-threshold irradiation, heterogeneous thermal melting, occurring via surface nucleation of the liquid phase and growth into the bulk, determines the dynamics of the solid-to-liquid phase transition. For excitation at about twice the melting threshold, a nonthermal pathway, starting from a highly excited cold solid and relaxing into a hot liquid causes ultrafast melting. At long time delays, nearly perfect re-crystallization of a (111) crystal is observed, corroborating our interpretation of the nature of the phase transition
.

Ongoing experimental efforts aimed to the measurement of solid-solid phase transformations will be discussed.
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