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Introduction:  Since its orbit insertion around 
comet 67P/Churyumov-Gerasimenko (CG), the Roset-
ta spacecraft has revealed invaluable information re-
garding the cometary coma environment. The extended 
period of observation enables a relatively extensive 
spatial and temporal coverage of comet CG’s coma, 
which showed distinct distributions for different spe-
cies and activity on the surface in response to solar 
illumination as the nucleus rotates. 

Here we introduce the latest advances of a fully 3D 
kinetic model performed with the Direct Simulation 
Monte-Carlo approach applied to the cometary coma 
(Combi 1996) to the H2O, CO, and CO2 coma of comet 
CG using the Adaptive Mesh Particle Simulator code 
with the Rosetta nucleus shape. The model allows the 
description of the full coma of comet CG including the 
regions where collisions cannot maintain a flow that 
can be described by a fluid. The model is constrained 
by Rosetta observations giving clues regarding the gas 
release of the different species and the distribution of 
parent materials around the surface. This constitutes 
the most advanced coma model of comet CG, which is 
critical to interpret instrument data and for further mis-
sion planning.   

Model Analysis: As water vapor with some frac-
tion of other gases sublimates, it generates a cloud of 
gas, ice, and other refractory materials (rocky and or-
ganic dust) ejected from the surface of the nucleus. 
The ejected material produce a large and highly varia-
ble extensive dusty coma with a size that is much larg-
er than the characteristic size of the comet’s nucleus. 
During most of the Rosetta mission, the coma is under 
strong non-equilibrium conditions. Kinetic models 
based on solving the Boltzmann equation are the most 
appropriate tools for simulating dynamics of such envi-
ronments.  

For simulation of the coma of 67P/Churyumov-
Gerasimenko we have used our Adaptive Mesh Parti-
cle Simulator (AMPS) code outlined below:  
• Fully kinetic description 

• The evolution of the system is simulated by 
tracing the model particles 

• Realistic modeling of collisions in rarefied gas 
• Photochemical reactions for production of the 

minor species 
• Two phase simulation: gas and dust in a single 

model run 
• Adaptive mesh with cut-cells 
• Irregular nucleus shape for modeling the coma 
• Variable mesh resolution to capture important 

features of the dusty gas flow 
• Integration with SPICE 
• Built on an extended history of applications to 

other tenuous planetary atmospheres and exo-
spheres. 

Cometary surface boundary conditions are based 
on the models of Davidsson and Gutierrez (2004, 
2005, 2006) as described by Tenishev et al. (2008, 
2011, 2013) and Fougere et al. (2013).  This is a long-
term, on-going effort, and current progress toward un-
derstanding Rosetta measurements will be described.  
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