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Abstract

We aim at investigating the possible internal structures
of the exoplanet GJ 1132 b whose physical properties
have been recently refined from multi-wavelength ob-
servations of a series of transits. Because this planet
potentially harbors an atmosphere, we also discuss the
influence of hydrodynamic escape on its internal struc-
ture.

Introduction

Discovered transiting exoplanets are known for their
very small orbital periods. A planet with an Earth-like
mass is then much closer to its host star than planets
in the Solar system, and thus receives a much higher
amount of irradiation. Therefore, such a planet experi-
ences a very high XUV-driven escape of gases from its
exosphere, which leads to major changes in the com-
position of the atmosphere. Here we aim at investigat-
ing the possible internal structures of the exoplanet GJ
1132 b whose physical properties have been recently
refined from multi-wavelength observations of a series
of transits [1]. Because this planet potentially harbors
an atmosphere [1], we also discuss the influence of hy-
drodynamic escape on its internal structure.

Model

We refer the reader to [2,3] for a full description of
the interior model used in this work. Following [1],
we assume that the atmosphere of GJ 1132 b is dom-
inated by Ho, with a limited amount of HoO. We also
postulate that hydrodynamic escape is favored by the
high equilibrium temperature of the planet (~644 K
[1]) and that the escaping hydrogen atoms drive off
heavier atoms (here oxygen) through drag effects. Un-
der those circumstances, we assume that the gas-loss is
energy-limited, meaning that the different species are
fully dissociated in atoms in the atmosphere. The en-
ergy input received by the planet is given by the prod-
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luminosity, I2,, and a are the planet’s radius and semi-
major axis, respectively. The mass-loss rate m (kg
s~ 1), determined from the balance between the energy
input times an efficiency factor € and the gravitational
energy of escaping atoms, can be expressed as:
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where M, is the planet’s mass. The total mass loss is
then computed by integrating 7in over time. The effi-
ciency coefficient € is assumed to be 0.1, based on the
work of [4] who computed its value as a function of a
planet’s mass and radius. The total mass loss flux F}
(kg s~ m~2) can be expressed as the sum of the mass
loss fluxes of all atoms:

Fy = Fg+Fo+...
= mgfg+mofo+...

where mx is the mass and fyx is the atomic flux
(atoms s~! m~2) of the atom X. The total mass
loss flux is related to the mass loss rate by m =
Fr (47 R?2). Because hydrogen is the dominant escap-
ing atom that drags away all the other heavier species
[5], its mass loss rate is then [5,6]:
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where zx is the fraction of atom X in the atmosphere
(xo = 1/3 for water), k is the Boltzmann constant, T
is the exosphere temperature, g is the surface gravity
and by is the collision parameter between hydrogen
and the atom X [7]. All the other mass loss fluxes can
be easily determined from F and some parameters.
With this toy model, one can compute the loss of any
species present in the planet’s atmosphere, provided
that hydrodynamic escape was effective.
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Figure 1: Ternary diagrams displaying the investigated
compositional parameter space of GJ 1132 b for three
values of the planet’s mass: the minimum, central, and
maximum values inferred by [1], using 1o uncertain-
ties. Also shown are the isoradius curves denoting the
planet’s surface radius measured by [1] with the 1o ex-
treme values. Two areas of the diagrams are excluded
from the study, based on assumptions on the solar sys-
tem formation (darkened zones; see [3] for details).

Results

Figure 1 shows the possible interiors of GJ 1132 b,
assuming its mass and surface radius are 1.63 + 0.54
Mg and 1.375 + 0.16 Rg, respectively [1]. The un-
certainties on the determination of the planet’s physi-
cal parameters are too large to allow disentangling be-
tween fully rocky interiors and interiors containing a
substantial portion of water. Figure 2 represents the
amount of hydrogen atoms that could escape via blow-
off from GJ 1132 b. It shows that 100 EOH of hydro-
gen can be lost by GJ 1132 b in less than ~100 Myr at
its current orbit.

Discussion

The important loss of oxygen atoms via hydrodynamic
escape suggests that the planet’s atmosphere could be
fed by a substantial hydrosphere. If hydrodynamic es-
cape is an effective mechanism, then GJ 1132 b would
more likely belong to the family of ocean planets than
any other type of solid planets.
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Figure 2: Mass of hydrogen lost by escape expressed
in unit of Earth Ocean equivalent content of Hydrogen
(EOH) as a function of time and distance from the host
star (IEOH = 1.53 x 10?3 g).
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