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Energetic Neutral Atom (ENA) emission in the form of reflected 
and neutralized solar wind protons has been observed at the 
Moon [1] and this process is similarly expected to occur on 
Mercury. The properties of the reflected particles are strongly 
influenced by the precipitating ions, but they are also affected by 
the surface at the location of reflection. 

Studies of ENAs at Mercury thus have the potential of providing 
additional insights into the surface structure and composition. 
Due to the complex and variable plasma precipitation at Mercury, a 
well-founded theoretical model will be required to predict and inter-
pret ENA observations by BepiColombo [2]. 

1. Motivation 3. Constraining Porosity from ENA Emission
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In this study, we present simulations of the solar wind proton reflection from regolith, taking into 
account the full 3D grain structure. For the test case of the Moon, the model reproduces the observations 
of ENA emission and allows us to constrain the porosity of the top of the lunar surface.

2. Simulation Methods

Proton scattering is modeled using a regolith grain structure in SDTrimSP-3D.

 → SDTrimSP-3D fully traces the path and collisions of ions with target atoms based 
on the Binary Collision Approximation (BCA) [3].

 → A geometry of stacked regolith grains at different porosities is included [4], as the   
interaction with ions is strongly affected by the surface structure. We consider both 
spherical and irregular grain shapes.

 → Simulation results are compared to ENA measurements from the Chandrayaan-1 
lunar orbiter [5].

 → We consider the averaged solar wind proton energy spectrum during the data 
acquisition and a regolith fully consisting of enstatite (MgSiO 3).

Porosity dependence of the total reflection coefficient R:

 → Only regolith setups with very high porosity P reproduce Chandrayaan-1 measurements.

 → We globally estimate a porosity P of 0.85 ± 0.15, which agrees with the local result from infrared analysis of 
the Apollo 16 site (0.83 ± 0.03 [6]).

4. Conclusions and Outlook for Mercury

 → Our model allows the full simulation of the ion interaction with a 
porous regolith.

 → Simulations of solar wind proton reflection agree with observa-
tions at the Moon, allowing us to constrain the lunar surface 
porosity to 0.85 ± 0.15.

 → The model will act as a basis for predicting ENA emission from 
Mercury and relating observed behavior to Mercury’s regolith 
porosity as well as other surface properties.
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