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Radiation-induced chemistry begins with electronic processes occurring on attosecond-to-femtosecond 
timescales [1-2] but evolves through molecular and chemical dynamics over picoseconds and beyond [3]. 
Establishing predictive connections across these disparate time and length scales remains a major challenge in 
modeling radiation–matter interactions. We are developing multiscale computational approaches [4-8] that 
connect the initial interaction of energetic photons with matter to electronic relaxation, secondary-electron 
production, and subsequent molecular dynamics. Electronic-structure calculations and Monte Carlo simulations 
yield evolving electronic configurations, charge states [4-7], and secondary-electron distributions that provide 
microscopic inputs for longer-timescale simulations [8]. 

Applications to x-ray-matter interactions will illustrate how local electronic processes couple to the 
surrounding environment. X-ray spectroscopic observables provide sensitivity to electronic structure and local 
environments at atomic length scales, while x-ray scattering and reciprocal-space imaging provide 
complementary information on spatial correlations and structural dynamics at nanometer length scales [9]. 
Together, these complementary observables provide opportunities to test and constrain models across scales. 
Strategies for cross-scale modeling will be discussed, spanning electronic-structure and stochastic simulations, 
electron transport and energy deposition, molecular dynamics, and continuum descriptions. Such approaches 
could provide a microscopic foundation for understanding how radiation absorption ultimately leads to chemical 
and material transformations in complex environments. 

 
Acknowledgements 

This work was supported by the U.S. Department of Energy, Office of Science, Basic Energy Sciences, 
Chemical Sciences, Geosciences, and Biosciences Division, under Contract No. DE-AC02-06CH11357. 

References 
[1] Z.-H. Loh, et al., Observation of the fastest chemical processes in the radiolysis of water, Science 367, 179 (2020). 
[2] S. Li, et al., Attosecond-pump attosecond-probe x-ray spectroscopy of liquid water, Science 383, 1118 (2024). 
[3] B. C. Garrett, et al., Chem. Rev. 105, 355–390 (2005). 
[4] P. J. Ho, Chris Knight, Large-scale atomistic calculations of cluster in intense x-ray pulses, J. Phys. B: At. Mol. 

Opt. 50, 104003 (2017). 
[5] P. J. Ho, et al., The role of transient resonances for ultra-fast imaging of single sucrose nanoclusters, Nature 

Communications 11, 167 (2020).  
[6] P. J. Ho, et al., X-ray induced electron and ion fragmentation dynamics in IBr, J. Chem. Phys. 158, 134304 (2023). 
[7] N. Bhat, et al., Impact of Atomic Substitution on Core-Hole Relaxation Dynamics: A Study of Br2 and IBr, J. 

Chem. Phys. 164, 051102 (2026).  
[8] L. Gavilan, P. J. Ho, U. Gorti, H. Ogasawara, C. Jager, F. Salama, A laboratory-driven multiscale investigation of 

X-ray induced mass loss and photochemical evolution in cosmic carbon and silicate dust, Astrophys. J. 925, 86 
(2022). 

[9] K. Younes, et al.,  


