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Abstract

Due to observational bias, the observed planetary sys-
tems are usually close-in and therefore likely to be
subjected to tides. About 23% of the Kepler mis-
sion’s planetary candidates are found in multiple sys-
tems close to their host stars. In these systems, the in-
nermost planets’ orbits are simultaneously perturbed
by star-planet tidal interactions and by planet-planet
gravitational forces [1].

We developed a code to study the tidal and dy-
namical evolution of multiple planet systems and we
present here a study of the Kepler-62 system [2]. This
recently discovered system hosts 5 planets. As two of
these planets are in the insolation habitable zone, it is
interesting to study their orbital evolution as well as
their spin states. These quantities are important data
for climate modeling.

We find that this system is unstable when the sim-
ulations are run without tides and General Relativ-
ity. However if we assuming a certain dissipation for
the planets, we find it stable for at least ten million
years. In this case, we also find that the obliquities of
the three inner planets are greatly influenced by tides,
while the obliquities of the two outer planets oscillate
around their initial value. We explored the parameter
space of the different planets dissipation and different
initial obliquities.

1. Introduction

Tidal evolution in multiple planet systems has been
studied in many works [1, 3]. However, these studies
are mostly analytical, or they are limited to small ec-
centricities and coplanar systems. Using the example
of the newly discovered Kepler-62 system, we present
here the long-term orbital evolution and spin evolution
of non-coplanar planetary systems perturbed by tides
and planet-planet gravitational forces.

To perform this study, we used a new code which

takes into account the evolution of the radius and spin
of the central object (be it a star or brown dwarf [4]).
It also includes a rigorous treatment of tidal forces
[5] and planet-planet gravitational interactions using
a symplectic N-body algorithm [6].

This code can be used to investigate the case of syn-
thetic planet systems around all kind of evolving bod-
ies, and also known exoplanet system. Here, we use
this code to investigate the tidal and dynamical evolu-
tion of the system Kepler-62. We consider that the host
star does not evolve —i.e., we keep its radius constant.

2. Model description

To compute the tidal interactions we use the tidal force
derived in ref [7], which is a 3D generalization of Hut’s
force [5]. We consider that the star and the planets are
deformable, so we take into account the tidal bulges
raised by the star on each planet, and the tidal bulges
each planet raises on the star. We consider that the
bulges the planets raise on the star are independent and
we neglect the tidal interactions between planets.

The resulting tidal force on each planet is imple-
mented in the Mercury code as well as the General
Relativity force [8]. The code also computes the spin
state evolution of the star and of the planets.

The details of the code and its validation will be
found in Bolmont et al. (2013b) — soon to be submit-
ted. A coplanar version of this code was used for the
study of the 55 Cnc system [9].

3. Tidal evolution of Kepler-62

The system Kepler-62 is a five planet system orbiting a
0.69M  star. We used the characteristics of this plane-
tary system given by Borucki et al. (2013) [2] as initial
conditions for our code. We made several parameters
vary such as the dissipation factor of planets.

We find that the stability of the system depends on
the dissipation factors of the planets. The system is



found unstable when we consider no tides and no Gen-
eral Relativity. Planet c goes through a series of close
encounters with planet d and is ejected from the sys-
tem.

However, with average dissipation factors, the sys-
tem is stable over 107 yr. Some other configurations
lead to destabilization. For example, increasing the
dissipation of the inner planet or the dissipation of the
star lead to the ejection of planet c.
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Figure 1: Tidal evolution of the five planets of the sys-
tem Kepler-62. Top panel: evolution of the planets’
obliquities. Middle panel: evolution of their inclina-
tion. Bottom panel: evolution of their rotation period
(full line). The pseudo-synchronization period is plot-
ted in dashed line.

Figure 1 shows the evolution of the obliquities of
the planet, their inclination and their rotation period.
The initial values of these parameters were chosen
randomly. We can see that planets b, ¢ and d reach
pseudo-synchronization within a few 10° yr.

The obliquity of planets b and d decrease with time
to values below 1°, while the obliquities of f and e
remain to their initial level. Planet ¢ experiences a
small increase of its obliquity during the pre-pseudo-
synchronization period before decreasing. When the
planet has a high rotation rate, the effect of the plane-
tary tide can induce an increase of obliquity.

4. Summary and Conclusions

Tides can influence the stability of multiple planetary
systems. We showed here the dynamical evolution of
the system Kepler-62 and that this system requires the
action of tides to be stable over 107 yr.

We also showed a possible evolution of the oblig-
uities of the different planets. Planets f and e, which
are in the insolation habitable zone are likely to keep
their initial obliquity and experience small oscillations
around this obliquity. This can have some importance
for the climate modeling of those two planets.
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