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Prediction of space radiation exposure on Mars
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We are setting the stage for human exploration to Mars. The purpose of this study is to quantitatively predict the radiation
dose on the surface of Mars associated with galactic cosmic rays (GCRs) and solar energetic particles (SEPs). The requir
elements for the physics-based prediction are a) modeling GCR energy spectra in Mars orbit, b) modeling SEP energy spectr
c) air shower simulation of the Mars atmosphere with a + b as input to evaluate the radiation dose, d) Quantitative tuning by
observation data set. The basic framework called WASAVIES has been developed for the Earth to combine them to realize th
prediction (Kataoka et al., 2014, 2019; Sato et al., 2019). However, there are several points that require new development fc
adapting to Mars. One of the most challenging points is the low energy component of the SEPs, which has been neglected ¢
Earth because of the strong geomagnetic field and thick atmosphere. It cannot be neglected on Mars because of the weak m:
netic field and thin atmosphere. In other words, it is necessary to model the very complex variations of SEPs associated with th
evolution of interplanetary shocks in the inner heliosphere, which has not been considered in the framework of WASAVIES. In
this study, SUSANOO-CME model (Shiota and Kataoka, 2016) is introduced to solve this problem by reproducing and analyzing
the interplanetary shocks in real time to find the physical limitation associated with the shock acceleration processes. In this talk
we will summarize the other potential problems of a, b, ¢ and d, and report the current status of our development of Mars-versiol
WASAVIES.
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