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Water and ice are routinely studied with X-rays to reveal their diverse structures and anomalous
properties. We developed a hybrid collisional-radiative/molecular-dynamics code, MolDstruct [1], to
explore how femtosecond X-ray pulses interact with hexagonal ice. We find that ice makes a phase
transition into a crystalline plasma where its initial structure is maintained up to tens of femtoseconds.
The ultrafast melting process occurs anisotropically, where different geometric configurations of the
structure melt on different time scales. The transient state and anisotropic melting of crystals can be
captured by X-ray diffraction, which impacts any study of crystalline structures probed by femtosecond
X-ray lasers [2].
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Figure 1. Dynamics of hexagonal ice investigated with an intense 50 fs long X-ray pulse, with 8 keV photons
and intensity of 1018 Wcm−2. (a) Snapshots of the structures from the hybrid CR/MD simulation of ice at 3

different time points. (b) Diffraction patterns of ice at corresponding time points, with sample to detector
distance of 70 mm. (c) Angular correlation of the intensity in the diffraction patterns as a function of angle

and momentum transfer.

References

[1] I. Dawod et al. J. Chem. Phys. 160, 184112 (2024).

[2] I. Dawod et al. , ACS Phys. Chem. Au 6, 385?392 (2024).

∗E-mail: carl.caleman@desy.de

mailto:carl.caleman@desy.de

