Quantum-mechanical H/D-COQO, collisions and their impact on atmospheric escape and evolution of CO,-rich planets

Marko Gacesal? and Cheikh T. Bop! Khalifa Universit).l

'Physics Department, Khalifa University of Science and Technology, Abu Dhabi, UAE Khalifa University Space Technology & Innovation Laboratory (KUSTIL), Khalifa University, Abu Dhabi, UAE

Core message Main result: mass scaling fails for light projectiles Rate coefficients for atmospheric models
H/D-CO; collisions are not hard-sphere-like: they are strongly forward- Reduced-mass scaling from O-CO, and C-CO, overestimates true H-CO, cross sections

peaked, so many collisions barely redirect hot H and D atoms. Classical by factors of ~ 30-45. H/D isotope effects are also energy dependent, reaching ~ 35%

and mass-scaled collision models therefore overestimate momentum loss and at low energies, so a single scaling factor is not physically reliable.

thermalisation. The consequence is macroscopic: revised exobase structure, \ )

escape rates, and D/H fractionation on Mars, early Venus/Earth, and CO,-
rich exoplanets.
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Hydrogen escape controls long-term water loss and isotopic evolution on 100
Mars, Venus, early Earth, and CO,-rich exoplanets. In the upper thermo-
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sphere, suprathermal H/D atoms undergo only a limited number of collisions T . ———
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calculations to within ~ 7%.
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