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Abstract

We explore the origin and stability of extrasolar satel-
lites orbiting close-in gas giants, by investigating if the
satellite can survive the migration of the planet in the
protoplanetary disk. To accomplish this objective, we
used Posidonius, a N-Body code with an integrated
tidal model, which we expanded to account for the
migration of the gas giant in a disk. Preliminary re-
sults suggest the survival of the satellite is rare, which
would indicate that if such satellites do exist, capture
is a more likely process.

1. Introduction

Satellites around Hot Jupiters were first thought to be
lost by falling onto their planet over Gyr timescales
(e.g. [1]). This is due to the low tidal dissipation factor
of Jupiter (Qp, ~ 10, [10]), likely to be caused by the
dynamical tide in the fluid enveloppe [14]. However,
in the equilibrium tide regime, the tidal Q can be much
higher (Q, ~ 102 [7]). Using this value shows that
a hot Jupiter could host even an Earth-mass satellite
over Gyr timescales [4].

Today, the only evidence of such a large satellite
appears to be Neptune-sized [17]. Alternatively, ev-
idence of a much smaller satellite (Io-sized) in tran-
sit spectroscopy was recently suggested by Oza et al.
2019. It is unclear whether such a satellite would
be able to form in-situ at such close-in distances due
to the increased radius during gas giant formation
[13]. We therefore consider the dynamical evolution
of such a satellite formed at larger distance, around a
Jupiter which then migrates inwards (see Fig. 1 for a
schematic set up). The simulations we present should
be able to yield the relative likelihood, based on our
assumptions, of formation in a protoplanetary disk or
satellite capture.

2. The model
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Figure 1: Schema of the simulation set up: A Io-like
satellite orbits around a Jupiter-like planet with a solar-
like host star.

2.1. N-body integration

We use the N-body code Posidonius [2] (Blanco-
Cuaresma & Bolmont, in prep), which computes the
tidal evolution of multi-planet system. It includes sev-
eral evolutionary tracks for different objects such as
solar-like stars ([6], with a prescription for the dy-
namical tide in the convective region, see [3]) and for
Jupiter-mass planets ([11] with a specific prescription
for tides in the planet, see next section).

Posidonius provided different integration schemes
and we use here IAS15 [15]. This integrator does not
assume the existence of a massive body (e.g., the host
star) placed in a particular position (e.g., typically the
zero reference coordinate as it is required by symplec-
tic integrators). This allows us to setup the simulation
to ensure that the tides between the star and the planet
and between the planet and the satellite are both con-
sistently computed, without any modification to the al-
ready implemented tidal model.



2.2. Tidal model

For the satellite, we use a simple equilibrium tide for-
malism following [9]. For the star, we use the formal-
ism of [3], in which the frequency-averaged dissipa-
tion from tidal inertial waves in the convective enve-
lope is calculated from stellar evolution models [6].
For the planet, we use the formalism of [8], which
also accounts for the dissipation of inertial waves in
the fluid envelope of Jupiter calculated from the mod-
els of [11].

2.3. Migration of the hot Jupiter

We use the prescription for the planet migration of
[13]; we use the protoplanetary disk density pro-
file from [12] and assume a simple exponential de-
crease to mimmic the lifetime of the disk. We as-
sume an optically thin disk, with a power-law radi-
ally dependent temperature and a standard a viscos-
ity disk. From there, we can get a migration timescale
Tmig for the Jupiter-like planet and we set the eccen-
tricity damping and inclination damping timescales as
0.1 X 7pig. We then infer accelerations from these evo-
lution timescales using the prescriptions of [5] and im-
plement them into Posidonius.

3. An unlikely survival

Preliminary results show that the survival of the satel-
lite is difficult to ensure. If the satellite begins its evo-
lution too far from the planet, its eccentricity increases
until it get destabilized. If the satellite begins its evolu-
tion too close, the tides in the satellite (mainly) make it
migrate inwards and collide with the planet. We plan
to continue exploring if there could be a limited pa-
rameter space region that would allow the survival of
the satellite.

References

[1] Barnes, J. W. and O’Brien, D. P.: Stability of Satel-
lites around Close-in Extrasolar Giant Planets, The As-
trophysical Journal, Vol. 575, pp. 1087, 2002

[2] Blanco-Cuaresma, S. and Bolmont, E.: Studying Tidal
Effects In Planetary Systems With Posidonius. A N-Body
Simulator Written In Rust., EWASS Special Session 4
(2017): Star-planet interactions, 2017

[3] Bolmont, E. and Mathis, S.: Effect of the rotation and
tidal dissipation history of stars on the evolution of close-
in planets, Celestial Mechanics and Dynamical Astron-
omy, Vol. 126, pp. 275, 2016

[4] Cassidy, T. A., Mendez, R., Arras, P., Johnson, R. E.,
and Skrutskie, M. F.: Massive Satellites of Close-In Gas
Giant Exoplanets, The Astrophysical Journal, Vol. 704,
pp- 1341, 2009

[5] Fogg, M. J. and Nelson, R. P.: The effect of type I
migration on the formation of terrestrial planets in hot-
Jupiter systems, Astronomy and Astrophysics, Vol. 472,
pp. 1003, 2007

[6] Gallet, F., Bolmont, E., Mathis, S., Charbonnel, C., and
Amard, L.: Tidal dissipation in rotating low-mass stars
and implications for the orbital evolution of close-in plan-
ets. I. From the PMS to the RGB at solar metallicity, As-
tronomy and Astrophysics, Vol. 604, pp. A112, 2017

[7] Goldreich, P. and Nicholson, P.: Revenge of tiny Mi-
randa, Nature, Vol. 269, pp. 783, 1977

[8] Guenel, M., Mathis, S., and Remus, F.: Unravelling tidal
dissipation in gaseous giant planets, Astronomy and As-
trophysics, Vol. 566, pp. L9, 2014

[9] Hut, P.: Tidal evolution in close binary systems., As-
tronomy and Astrophysics, Vol. 99, pp. 126, 1981

[10] Lainey, V.: Quantification of tidal parameters from So-
lar System data, Celestial Mechanics and Dynamical As-
tronomy, Vol. 126, pp. 145, 2016

[11] Leconte, J. and Chabrier, G.: Layered convection as
the origin of Saturn’s luminosity anomaly, Nature Geo-
science, Vol. 6, pp. 347, 2013

[12] Lynden-Bell, D. and Pringle, J. E.: The evolution of
viscous discs and the origin of the nebular variables.,
Monthly Notices of the Royal Astronomical Society, Vol.
168, pp. 603, 1974

[13] Mordasini, C.: Planetary Population Synthesis, Hand-
book of Exoplanets, Vol. pp. 143, 2018

[14] Ogilvie, G. I. and Lin, D. N. C.: Tidal Dissipation in
Rotating Giant Planets, The Astrophysical Journal, Vol.
610, pp. 477, 2004

[15] Rein, H. and Spiegel, D. S.: IAS15: a fast, adaptive,
high-order integrator for gravitational dynamics, accurate
to machine precision over a billion orbits, Monthly No-
tices of the Royal Astronomical Society, Vol. 446, pp.
1424, 2015

[16] Shakura, N. I. and Sunyaev, R. A.: Reprint
of 1973A&A....24..337S. Black holes in binary sys-
tems. Observational appearance., Astronomy and Astro-
physics, Vol. 500, pp. 33, 1973

[17] Teachey, A. and Kipping, D. M.: Evidence for a large
exomoon orbiting Kepler-1625b, Science Advances, Vol.
4, pp. eaav1784, 2018



