XATOM: an integrated toolkit for X-ray
and atomic physics

Introduction Theoretical and numerical details

@
X-ray free-electron lasers (XFEL) open a new era in science and Hamiltonian and perturbation theory Diagrams of X-ray—atom interaction ,
technology, offering many unique opportunities that have not been To treat X-ray—atom interactions, we employ a consistent ab initio framework based on
conceivable with conventional light sources. Because XFELs nonrelativistic quantum electrodynamics and perturbation theory. For implementation,
produce ultrashort pulses with a very high x-ray photon fluence, we use the Hartree-Fock-Slater model with the Latter tail correction.
materials interacting with XFEL pulses undergo significant radiation T — K : 7.
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ionization to molecular imaging. To simulate electronic dynamics during intense X-ray pulses, we employ the rate equation ®
approach with all computed cross sections and rates for all possible n-hole configurations, d
Diagrams of multiphoton absorption mechanisms in Ne and calculate charge state distribution, electron/fluorescence spectra, scattering signals, etc.
induced by ultraintense X-ray pulses d all config.
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scattering from hollow atom nonlinear X-ray response MAD at high intensity ultra-efficient ionization
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One of the prospective applications of XFEL is single-shot imaging The study and applications of nonlinear processes from the micro-
of individual macromolecules, which employs coherent X-ray wave to the ultraviolet frequencies are extensive, but not realized for
scattering to determine the atomically resolved structure of non- X-ray until now. We present the first experimental evidence of anomalous scattering from heavy atoms. Because of the ultra-
crystallized biomolecules or other nanoparticles. During ultrashort nonlinear response in the X-ray regime conducted at LCLS XFEL. brightness of XFEL, samples experience severe and unavoidable
and ultraintense X-ray pulses with an atomic scale wavelength, In theory, we have extended our model to include shake-off electronic radiation damage, especially to heavy atoms, which
samples are subject to radiation damage, which may influence the processes and to adapt the two-photon ionization cross section for hinders direct implementation of MAD with XFEL. We propose a cascade. We employ a Monte-Carlo approach to effectively solve
quality of X-ray scattering patterns. Our numerical simulations of the rate equation model. We have measured and analyzed generalized version of the MAD phasing method at high x-ray the rate equation to attack this formidable task. We observe
coherent X-ray scattering signals including electronic damage quadratic dependence of Ne®* production on intensity when the intensity. We demonstrate the existence of a Karle—-Hendrickson- surprisingly high charge states of Xe at 1500 eV up to Xe36*, far
dynamics show that hollow-atom formation and the associated photon energy is below the K-shell threshold of Ne®*. Nonlinear type equation for the MAD method in the high-intensity regime and beyond the straightforward sequential one-photon ionization limit at
phenomenon of X-ray transparency or frustrated absorption play a response comes from two channels: direct two-photon ionization calculate relevant coefficients with electronic damage dynamics and Xe?%*. We find that transient resonant excitations in the highly
crucial role in optimizing the strength and quality of single-shot X-ray and sequential two-photon ionization with transient excited states accompanying changes of the dispersion correction. Our work charged ions open new ionization channels and enhance the
scattering signals. The present results suggest that high-brightness competing with the Auger decay clock. This observation will boost provides an important conceptual extension of the recent ionization process. Our study provides fundamental insight into the
attosecond XFELs would be ideal for single-shot imaging of the emergence of nonlinear X-ray physics. development of femtosecond nanocrystallography using XFELSs. interaction of intense X-ray pulses with heavy atoms.
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