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In celestial bodies with thin atmosphere, such as Mercury and Moon, atoms in the exosphere are mainly supplied by
the desorption from the surface. Since these atmosphere is regarded as collision-less, the surface composition
distribution could be directly reflected in the distribution of the exosphere. In the previous study, Merkel et al. (2018),
the amount of Mg exosphere on Mercury is turned out to be enhanced above Mg-rich terrain, using the observational
data by MASCS and XRS, both of which were onboard MESSENGER spacecraft. If this exosphere-surface composition
correlation exists universally in other atoms and other celestial bodies, we would be able to estimate the surface
composition distribution from remote observations of the exosphere.

Na, Ca, and Mg in the Mercury's exosphere were observed by MASCS onboard MESSENGER. The surface distribution
of Na has been estimated by a model of thermal desorption using observational data in limited regions. Highly volatile
Na is thought to repeat the ejection from the surface and the re-impact on the surface, and accumulates on low
temperature regions. Therefore, it has been expected that the surface composition distribution does not correlate to
topography and the exosphere distribution reflects the temperature distribution. The surface Ca distribution, on the
other hand, does not drastically vary due to the low volatility, as well as Mg, we have expected that the enhancement of
the exosphere would be seen above certain topographies.

Our study aims to understanding the conditions of atomic species and celestial bodies that show the exosphere-surface
correlation. We applied the analysis method by Merkel et al. (2018) to Ca and Na, and analyzed MESSENGER data to
verify the correlation of the surface density distribution and the production rate of the exosphere. As a result, we
unexpectedly found that there is no correlation between the distribution of the exosphere and the surface density for
Ca. One of the causes of the difference in the results of Mg and Ca is thought to be the difference in the magnitude of
solar radiation acceleration. Because the resonance scattering efficiency (g-factor) of Ca is higher than that of Mg, it is
likely to be accelerated in the anti-sunward by solar radiation. Therefore, the information on the surface density
distribution, which is retained in the near-surface exosphere, may be easily diffused. We also constructed 3-D model of
Ca and Mg exosphere of Mercury to evaluate the contribution of solar radiation to the exosphere's structure. On the
other hand, it was found that there was a difference in the Na production rate even in the regions with the same
temperature environment. This result implies that surface density anomaly due to the large meteorite impact and so on
should be kept, even if the surface Na density distribution varies due to the temperature gradient.

In future study, we will perform the same analysis for Moon and verify the exosphere-surface correlation on other
celestial bodies with thin atmosphere.
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