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Solar wind response of Titan’s atmospheric escape simulated with the 3D global

MHD code
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Titan is a unique satellite with an environment close to the early Earth: liquid on the surface (methane and ethane), nitrogen-
dominated atmosphere, and tick atmospheric pressure around 1 atm on the surface. In order to unveil the atmospheric
evolution of the early Earth, it is very important to understand that of Titan, especially the escape of atmosphere to the
space. Titan’s atmosphere comprises 97% nitrogen, 2% methane and 1% hydrogen which have been observed by the in-situ
measurements with the Voyager and Cassini spacecraft (Sagan and Thompson,1984). Titan is blown in the solar wind for a
long period in its orbital motion around Saturn. The temporal variation in the solar wind may change Titan’s atmospheric
escape. However, the global spatiotemporal variations in Titan’s atmospheric escape have not been investigated quantitatively.
Here we investigate the global response of atmospheric escape to the solar wind by numerically modeling the global non-
thermal escape process of Titan’s atmosphere using a 3D multi species MHD simulation code. We applied the MHD code
for the atmospheric escape for Venus and Mars (Terada et al., 20092,2009b) to Titan. In a simplified case, we calculated the
escape rate from a nitrogen atmosphere in the altitude range of 100071400 km and estimated the escape rate to be 5.97e+23-
3.76e+24 /s when the dynamic pressure of the solar wind ranges from 1.2 to 6.8 nPa which is comparable with the present
value at Earth’s orbit. This result is comparable to the non-thermal escape rate of 2-3e+24 /s estimated by 1D Monte Carlo
simulations and other methods in the previous studies (Michael et al.,2005). For more realistic estimations, we are currently
evaluating the escape rates for the nitrogen and hydrogen atmospheres in the altitude range of 700-3000 km, which includes
the ionospheric electron density peak. The solar wind response of nitrogen and hydrogen escape rates will be presented in this
poster. We also plan to investigate the nitrogen and hydrogen escape rates when Titan is located in Saturn’s magnetosphere.
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