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Understanding Mercury’s evolution requires disentangling the effects of space weathering from remote sensing obser-
vations of the planetary surface. Space weathering processes fall into two broad categories: (i) stochastic micrometeoroid
impacts and (ii) radiation effects from the solar wind and galactic cosmic rays (GCRs) (Mesick et al., 2018). This study
focuses on the latter and aims to quantitatively evaluate GCR-induced space weathering using Geant4 radiation transport
simulations (Allison et al., 2016).

GCRs consist mainly of protons with energies ranging from several hundred MeV to several GeV, originating from outside
the solar system and accelerated by supernova explosions (Simpson, 1983). Previous work by Gurtner et al. (2004) explored
GCR interactions with Mercury’s surface using Geant4, but relied heavily on assumptions due to limited observational data
from Mariner 10. With the advancements brought by MESSENGER and BepiColombo, a reassessment based on updated
environmental and surface composition data is now necessary.

This study addresses two main objectives: (1) characterization of the near-Mercury GCR environment based on models
and observations, and (2) simulation-based estimation of energy deposition by cosmic-ray protons into Mercury’s surface.
For (1), we assessed the effect of Mercury’s magnetosphere on GCR penetration using the KT17 magnetic field model (Korth
et al., 2017). We calculated Larmor radii and particle rigidity to estimate the shielding effect. We also analyzed high-energy
particle data from the “SPM” radiation housekeeping monitor (Kinoshita et al., 2025) onboard BepiColombo/MMO
(Murakami et al., 2020). The SPM continuously observes galactic cosmic rays (GCRs) during BepiColombo’s cruise
phase; in this study, we focus on measurements obtained during the Mercury swing-by. For (2), we constructed a model of
Mercury-analog material in Geant4 and simulated incident proton trajectories (see Fig. 1). We recorded parameters such as
incident energy, deposited energy, angle of incidence, and maximum penetration depth to examine their interdependencies.
These results provide key insights for interpreting upcoming observations of Mercury’s surface by X-ray, gamma-ray, and
neutron spectrometers following BepiColombo’s orbital insertion at the end of 2026.
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