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Thermal and Non-thermal
Escapes

e Thermal

— Jeans escape (evaporation)
— Hydrodynamic blow-off (bulk fluid flow)




JPL  Fluid Equations & Escape

e.g., solve 1D radial equations: Jeans parameter: », = U/ KT\
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Molecular Kinetic Simulations

Direct Simulation Monte Carlo (DSMC)
(e.g. Bird 1994) ‘/1/

Equivalent to solving Boltzmann equation for a gas

Simulate atmosphere using representive molecules with weights
Track molecules in gravity field subject to collisions & heating
MC choice of collision outcomes: cross sections

Gas properties constructed from density & speed distributions

Kn = Mean free path for collision/ length scale
Kn < ~ 0.1 Fluid equations
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Hydrodynamic vs Molecular

Basically kinetic approach for the population
— Particle distribution function

Hydrodynamic escape

— Concerns the escape of the pdf core

Jeans escape
— Concerns the escape of the pdf tail




it Use Molecular Kinetic Model to:

Check the energy limited escape rate
Check validity of using Jeans bc¢
iterion for when the atmospher




JPL Scaled Escape Rate: Q =0 forr>r,

Volkov et al. 2011; Gruzinov 2011
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Modeling upper atmosphere
with UV/EUYV heating




JPL Fluid/DSMC Example for Pluto
(Tucker et al. 2012)

Solar Min: UV/ EUV heating of CH, and N,
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Energy limited escape is reasonable
(with a major caveat: heating efficiency)

But flow not necessarily transonic

Blow-off (Transonic) Evaporative (Subsonic)
Hydrodynamic escape Jeans-like escape
T & n decrease rapidly T & n decrease more slowly
Concentrations ~ const. Diffusive separation

Affects: Escape of trace species
Interaction with external fields
UV/EUYV absorption radius
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Transonic Threshold?

b~ Q. /Ur)~nc4mr?
¢, ~U(r,)/2m
Kn(r) < Kn, ~ < 0.1
Qe > 47 QU(r)/m)" U(r,) y /(o Kn,)
r, is the mean absorption depth
I, is the sonic point (>r,)

— 2 ° ° °
Q,.=td4nr2Fyyyy — radiative cooling
¢ = ‘heating’ efficiency



Multiple Species

Molecular
Escape

Thermal escape from Titan
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Cassini INMS Data
(Global Average over 90+ Flybys, Cui et al. 2011 )
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JPL  DSMC: Titan N,, CH, and H,

heat mostly deposited below lower boundary
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Comments and Future Work

 DSMC 1s able to reproduce N, and CH,
densities without requiring a significant
upward flux

e Thermal escape of H,, CH, and N, 1s
‘Jeans’ like (molecules escape with energy
~ KT)

* Consider effects of non-thermal processes

on velocity distributions, heating and escape
In exophere



JPL

Acknowledgement

search is in part supported by NASA Planetary Atmospheres Program




