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What happens to atoms and molecules during x-ray free-electron laser pulses?

In this talk, | will present a theoretical framework to treat x-ray-induced processes and to simulate detailed ionization
and fragmentation dynamics of atoms and molecules during intense XFEL pulses, introducing two dedicated x-ray
physics toolkits, XATOM and XMOLECULE. They can provide a fundamental insight to understand how matter
interact with intense XFEL pulses. | will mainly present two recent studies: x-ray multiphoton ionization dynamics of
xenon atoms including resonant and relativistic effects [1,2] and ultrafast explosion dynamics of
iodomethane molecules [3]. In both studies, atoms and molecules are interacting with ultra-intense hard x-rays. Using
our toolkits, charge state distributions and kinetic energy releases of fragments are calculated to probe ionization and
fragmentation dynamics, and compared with recent experimental results conducted at LCLS. | will discuss very
simple but striking phenomena that uniquely happen at high x-ray intensity, namely resonance-enabled x-ray multiple
ionization (REXMI) and charge-rearrangement-enhanced x-ray ionization of molecules (CREXIM). With
these examples, | will demonstrate how important understanding of the fundamental XFEL-matter interaction is and
how theory and experiment work together to advance XFEL science
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