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Abstract

The main goal of this work was an investigation of
the dynamical stability of potential additional terres-
trial planets in the habitable zone' (HZ) of systems in
the solar neighbourhood (< 30 pc). Therefore we in-
vestigated the long-term evolution of fictitious planets
in the full three-body problem. We performed a para-
metric study, where the gas giant’s eccentricity, semi-
major axis and mass were varied as well as the mass
and the inclination of the fictitious planets. We used
straight forward numerical integrations and checked
the stability with the help of the maximum eccentricty.
Additionally we used the Relative Lyapunov Indica-
tor (RLI) as a chaos indicator. The goal of this work
is to investigate possible target systems of upcoming
space missions in which already one extrasolar planet
has been found. We will be able to exclude all systems
in which no additional terrestrial planet can move on
stable orbits inside the HZ.

1. Introduction

Since the discovery of the first extrasolar planet by
Mayor & Queloz [6] one of the primary goals of as-
tronomers has been the search of further extrasolar
planetary systems (=EPS). Today more than 450 ex-
trasolar planets are known, but most of them are mas-
sive gas giants (=GG) - mostly due to the detection
methods. Thus in a next step scientists try to find ter-
restrial planets (=TP) orbiting other stars. As the de-
tection of TPs is quite easier from space, than from the
Earth, a lot of satellite missions have been or will be
launched within the next years (for details see Fridlund
[2], ESA’s and NASA’s websites).

Since most satellite missions can only observe a re-
stricted sample of stars during a finite time span of
operation, it is quite important to choose these target
systems very carefully. The goal of this work is to in-
vestigate possible target systems for upcoming space
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missions in which already one extrasolar planet has
been found. We will be able to exclude those systems
in which additional TPs are unlikely within the HZ. As
a consequence we want to answer the following ques-
tions:

e Apart from the known planet, is it possible for
additional planets to move inside the borders of
the HZ?

* Which regions for additional planets inside the
HZ are especially stable insofar as their eccen-
tricities are moderate??

e If additional planets (TPs) can move inside the
HZ, how massive can they be to move on a regu-
lar orbit?

One major point of investigation, concerning extraso-
lar systems, is their dynamical stability. In our study
we will concentrate on the dynamical stability of ad-
ditional planets inside the HZ. A general study was
done by Sandor et al. [9] for single planetary systems.
The generated “Exocatalogue” helps to decide, where
Earth-like planets could exist in known and new ex-
trasolar planetary systems. The www-tool “Exostab”
(www.univie.ac.at/adg/exostab) provides a convenient
case of the results of the "Exocatalogue”.

2. Model and Methods

In all cases, the motion of the planets were consid-
ered in the framework of purely Newtonian gravita-
tional forces and all the celestial bodies involved were
regarded as point masses. For all single star single
planet systems the elliptic restricted three-body prob-
lem proves to be a valid model, a fact that was also
found by Sandor et al. [9]. Thus in a first step we used
this catalogue to determine the stable regions within
the HZ. In a next step we integrated all systems also
in the full 3-body problem, for which we used mas-
sive TPs. For the TPs we did numerical computations
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using a fine grid of initial conditions. We varied the
semi-major axis covering the complete HZ, but we
will also conduct computations with a certain range
of initial inclinations (0° < ¢ < 60°) and masses
Cmearth < m < 10mpggren of the TPs. A major
point of our study was the inclusion of uncertainties of
the determined orbits (and masses) of the observed gas
giant (GG):

¢ the masses of the GG will be varied, because ob-
servers can determine just a minimum mass,

* the eccentricities and the semi-major axis of the
known planets will be changed, because there are
uncertainties associated with the observations.

In order to study the dynamical evolution of extrasolar
systems, efficient numerical integration methods are
necessary. For all integrations with massive TPs we
used the Lie-Series Integration Method (Hanslmeier &
Dvorak [3], Lichtenegger [5]) which is also capable of
dealing with large eccentricities and close encounters
between bodies. To analyze the huge amount of data
the maximum eccentricity method is a good tool for
such investigations. It verifies the orbital eccentrici-
ties, which should not be too high to ensure that the
distance to the host star and therefore the radiation on
the TP does not change too much. Such maximum ec-
centricity results were compared with results of differ-
ent chaos indicators in many previous works (see e.g.
Erdi et al. [1], Schwarz et al. [10], Sandor et al. [9]),
where the different results were in good agreement.
For the Exocatalogue Sandor et al. [9] used a Bu-
lirsch Stoer method which is known to be fast and
efficient. To distinguish between chaotic and regular
motion the authors used the RLI (Relative Lyapunov
Indicator (see Sandor et al. [7], Sandor et al. [8])),
which is an efficient and sensitive tool of chaos detec-
tion.

3. Results

The list of all investigated systems can be found under:
http://www.univie.ac.at/adg/hzcat/.

The systems are sorted by their Hipparcos number. In
the 2" and 3" columns the mass and the spectral-type
of the host star are shown. After the name (4*" col-
umn) (like in www.exoplanet.eu) we provide the mass,
semi-major axis and eccentricity of the known planet,
as well as the width of the HZ (for the calculation of
the width of the HZ see Kaltenegger et al. [4]). In
the last column one can find a link, which leads to a

more detailed view of each system, displaying the re-
sult plots for all different initial conditions. Regarding
just the observational given initial conditions we could
find 2 stable, 9 partly stable und 2 completely unstable
systems.
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