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Abstract

The lunar radiation environment presents harsh conditions for both manned and unmanned lunar
missions due to the lack of atmospheric and magnetic shielding from primary radiation, such as solar
energetic particles and galactic cosmic rays. These highly energetic particles pose a significant risk for
both biological tissue and electronics, and therefore set constraints on shielding, mission duration and
material choices. During impact on the lunar regolith, secondary radiation in the form neutrons, protons,
electrons and gamma rays is generated and partially emitted from the lunar surface. This contributes
to the overall radiation level experienced by humans and spacecraft near the lunar surface. Secondary
radiation measurements therefore grow increasingly relevant with mankind planning to return to the Moon
and establish lunar bases within the next decade.

Due to specific absorption and emission lines from each element altering the regolith response to
primary radiation, secondary radiation measurements are capable of determining elemental abundances
in the lunar regolith. Gamma-ray and neutron spectroscopy (GRNS) can quantify abundances of elements,
such as H, Fe, Mg, Si, Al, Na, O and Ti, both in-situ and remotely, such as on a satellite platform, allowing
it to survey large geographical areas. Mapping reserves of such elements lays the foundation to in-situ
resource utilisation and resource mining, as it identifies landing sites with suitable resources.

To predict the local radiation environment and prepare elemental abundance mapping missions, we
developed a simulation of the interaction between primary cosmic rays and the lunar regolith, in addition
to the subsequent secondary radiation response. Given primary radiation spectra from cosmic ray models,
such as CREME96, the DLR GCR model, and SAPPHIRE, the particle propagation in the lunar regolith
is simulated using BDSIM. Responses are determined for variations in lunar regolith properties including
elemental composition, hydrogen content, temperature, as well as changes in primary radiation spectra.
Predicted secondary radiation spectra variations, such as epithermal neutron depletion or presence of
spectral lines for different soil and irradiation conditions, provide crucial data for both instrument design
and data processing of future GRNS missions. Secondary radiation flux results furthermore provide insight
into the surface radiation environment on the lunar surface and can aid in lunar mission planning. In
this report, we introduce our simulation framework, verify the results, and demonstrate its application
potential on the example of the GRINS instrument proposed on the SER3NE mission.



