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Abstract

Some super-Earths such as CoRoT-7 b and Kepler-
10 b are dense and hot enough that they are likely to
be rocky planets with rocky vapor atmospheres on top
of magma oceans. We call such an atmosphere a min-
eral atmosphere. An interesting question is whether
mineral atmospheres are stable or not against photo-
evaporation in strong stellar UV and X-ray (collec-
tively called XUV, hereafter) environments. Here,
we develop 1-D hydrodynamic model of the highly
XUV-irradiated mineral atmosphere and, investigate
the mass loss rate of its photo-evaporation from a
super-Earth. Our model shows that the atmospheric
escape occurs by a hydrodynamic/transonic wind. Al-
most all of the incident XUV energy is converted into
the radiative emission of rocky vapors. Due to this,
the mass loss rate is very low (~ 1 x 1072 Mg/Gyr),
but massive enough to remove completely the major
species Na from the atmosphere. We suggest that
photo-evaporation of mineral atmospheres affects the
planetary mass only slightly, but changes the atmo-
spheric major species on super-Earths.

1. Introduction

Until today, over 1000 exoplanets whose radii are less
than 2 Earth radii have been discovered. About half
of those planets have substellar equilibrium tempera-
tures high enough to melt and vaporize rock. Thus, if
rocky and dry, they likely have atmospheres composed
of rocky vapor such as Na, O, and SiO [1, 2]. We
call such an atmosphere a mineral atmosphere. Also,
photo-evaporation would have played a key role in the
evolution of the mass and composition of these plan-
ets since they are highly irradiated by stellar XUV. So
far, hydrodynamic simulations of photo-evaporation
have been done for hydrogen-rich and volatile-rich at-
mospheres [3], suggesting such atmospheres would
be lost from close-in small planets. On the other
hand, there have been no detailed theoretical studies of

the escape of the mineral atmosphere, although a hot
rocky exoplanet could evolve greatly through loss of
planetary mass and atmospheric species if the mineral
atmosphere undergoes massive escape [1, 4].

2. Model
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Figure 1: Schematic illustration of the hot rocky exo-
planet (upper panel) and processes considered in this
study (lower panel). Note that we explore only the hy-
drodynamic part of the mineral atmosphere and give
the lower boundary conditions according to the hydro-
static model [2].

We have constructed an 1-D hydrodynamic model
of the highly UV-irradiated mineral atmosphere at a
sub-stellar point, including molecular diffusion, ther-
mal conduction, photo-/thermo-chemistry, XUV heat-
ing and radiative line cooling. We assume Na, O, Si,
Mg, their ion and electron as gas species in the model
atmosphere and give the lower boundary conditions
according to the hydrostatic model [2], as illustrated
in Fig. 1. Using this model, we determine the outflow
structure and mass loss rate of the mineral atmosphere



on a hot rocky super-Earth with mass of 3 Mg and an
orbit of 0.02 AU during the early stage of a host G-type
star with a high UV flux.

3. Results and discussions

Our simulation shows that the atmospheric escape oc-
curs by a hydrodynamic/transonic wind. Then, the
atmospheric motion is driven by only 0.02 % of the
incident XUV energy since the radiative emission of
rocky vapors such as Na and Mg effectively releases
the XUV energy into space. The corresponding mass
loss rate is very low (~ 1 x 10~2 Mg/Gyr), indicating
that such a planet survives photo-evaporation. The re-
sult is consistent with the detection of several hundred
close-in exoplanets whose radii are less than 2 Earth
radii.

On the other hand, the mass loss rate is massive
enough to remove completely the major species Na
and also K from the atmosphere. This is because Na
and K are minor components in rocks (~ 0.1 wt% in
bulk silicate Earth) but are the major species in mineral
atmospheres [1]. Therefore, the detection of the pres-
ence or absence of Na and K in mineral atmospheres
would give a chance toward characterizing hot rocky
super-Earths and the escape processes of mineral at-
mospheres.
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