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Introduction:  Protoplanets are believed to form 

before gas dissipates in the stellar nebula and thus they 
are likely to capture proto-atmospheres from the nebu-
la gas [1,2]. Such atmospheres should have similar 
composition as the stellar nebula and therefore be rich 
in hydrogen and helium. The detection and characteri-
zation of low density planets that are believed to have 
extensive H2-rich atmospheres in exoplanetary systems 
(e.g. super Earths and mini Neptunes, [3]) have driven 
the community to investigate the role of proto-
atmospheres in terrestrial planet formation. Modeling 
the accretion and evolution of proto-atmospheres is 
fundamental to science topics both inside and outside 
of the solar system, including the nebula origin of ter-
restrial water and other volatiles (H2, CO/CO2, N2, etc.) 
in Earth-like planets, the supply of Earth’s noble gases 
[4] and the role of proto-atmospheres in chondrule-
forming planetary bow shocks [5], [6]. Understanding 
how the proto-atmospheres could influence or even 
create the current terrestrial planetary environments in 
the solar system also has general significance to the 
study of exoplanet geochemistry and habitability.  

Recent research efforts on simulating the capture 
and loss of the planetary hydrogen envelopes using 
hydrodynamic codes [7-9] indicate an Earth-size planet 
is able to accrete thousands of bars of H2/He. However, 
much of the relevant parameter space is still unex-
plored.In most simulations, the protoplanet is station-
ary and planetesimal accretion rate is constant; these 
assumptions must be relaxed to better represent the 
nebula environment and corresponding behaviors of 
terrestrial proto-atmospheres. Especially, migration of 
planets has been revealed to be common in our solar 
system and exoplanetary systems [10], [11]. Due to 
dynamical resonances or encounters, these planets can 
be scattered onto very eccentric orbits, on which the 
the relative velocity of planets to nebula gas might or 
might not exceed sound speed. In either case, the ac-
cretion scenario of proto-atmospheres is fundamentally 
changed. Yet no models have considered the influence 
from eccentric orbits. 

Methodology:  We have been using the hydrody-
namics code FLASH to simulate the gravitational ac-
cretion of gas onto a protoplanet and its subsequent 
evolution. FLASH is a modular, adaptive-mesh, paral-
lel and Fortran-based simulation code capable of han-
dling problems of compressible flows like gas and at-
mospheres [12]. We first establish a one-dimensional 
stationary model assuming spherical symmertry and 

constant accretion luminosity (due to planetesimal im-
pacts) to benchmark the results with [7] which used a 
different numerical approach. We assume a two-part 
analytical atmosphere structure – an optically thin out-
er part approximated as isothermal and an optically 
thick inner part combining the convective and the low-
er radiative regions. The nebular density, as an upper 
boundary of the atmospheres, is varying from 10-10 to 
10-25 g cm-3 to simulate the dissipation of nebula gas. 
We are investigating planets with 0.1 to 5 ME masses, 
covering the range of sub-Earth to super Earth ex-
oplanets. The modeling efforts will be extended from 
1-D spherical to 2-D cylindrical treatments. 

Discussion:  The preseantation will focus on the 
series of work in progress and in plan to model the 
proto-atmosphere accretion in a more physically realis-
tic sense, including implementing sophisticated treat-
ments of planetesimal accretion rate, planet mass and 
atmosphere opacities, and exploring the influence from 
the planet traveling on an eccentric orbit. Prelimnary 
results by the time of the workshop will be presented 
as well. 
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