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• better understanding of 

volatiles and space resources
• instrumentation to enable their 

in-situ characterization

• extract and utilise resources
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Sources & Sinks

• Solar wind

• Micrometeoroid Impact

• Micrometeoroid Impact Vaporization

• Sputtering

• Gravitational Escape

• Photolysis

• Sputtering

• Permanent Cold Trapping
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Lunar Exosphere Simulation

Monte Carlo 

simulation

mostly noble 

gases

custom 

model 
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Lunar Exosphere Simulation

Assumptions:

• 2D landing position calculation 

instead of 3D ODE trajectory solver

• Only neutral gases

• Only gravity

• Steady-state conditions without 

Earth's influence

• ...
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Grava et al., 2019

Grava et al., 2015Sarantos et al.

My model 

predictions
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Velocity distributions
Maxwell-Boltzmann Velocity Distribution

Maxwell-Boltzmann Flux Velocity Distribution
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Maxwell-Boltzmann Flux Velocity Distribution
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Maxwell-Boltzmann Flux Velocity Distribution

Lunar Exosphere Simulation

ExESS
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Velocity distributions

2D/3D Trajectories

Temperature Distributions

                   

                   

Discretization

Maxwell-Boltzmann Velocity Distribution



Lunar Exosphere Simulation

ExESS

https://julialang.org/
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Conversion Reactions



Lunar Water Exosphere Simulation

Photodissociation
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Conversion Reactions

Huebner et al., 1992



Lunar Water Exosphere Simulation

Photodissociation

Surface Reactions
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Conversion Reactions

Crider and Vondrak, 2002
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EQUATOR

POLAR REGION

Smolka et al. 2023



Alexander Smolka | Technical University of Munich | Lunar and Planetary Exploration

DON’T MIND 

THESE EXACT 

VALUES!
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Almost no 

surface 
reactivity
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Was mache ich hier?
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Conversion Reactions
• Irradiation

• bombardment with D+; dissociation 
upon impact

• Characterisation of Irradiated Samples

• ToF-SIMS to measure water group 
molecule concentration

• ERDA (Elastic Recoil Detection 
Analysis) to determine deuterium 
depth

• Laser Pulses to Simulate MMI
• TPD Measurements
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