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Premises and aims

Observations show that 60% of the main sequence stars are members of binary or
many-body systems (1). However, it is not only among stars where we can find gravita-
tionally bounded binary systems, many of the asteroids and planets of our Solar System
form binaries. For example, our home, the Earth and Moon or the Pluto–Charon sys-
tem can be regarded as binary systems. Nowdays, more and more binary asteroids are
being discovered between the orbit of Jupiter and Mars, and in the Kuiper Belt, beyond
Neptune.

In the traditional celestial mechanical configuration a planet revolves around a star
and a distant body disturbs the orbit of the planet. In the case of binary stars this case
suits the configuration when the planet orbits around one of the stars and other star
disturbs the motion of the planet. This is the so-called S (or satellite) type orbit. Until
today (2009 spring) the known planets of the main sequence binary stars have S type
orbits. These systems were studied for example in (2; 3), (4) (5). Theoretically other
type of orbits can also exist, which are the so-called P (or planet) type orbits. A planet
on such an orbit rounds both stars. The stability of the P type orbits were studied in
(6; 17; 19).

A third type of orbit is the so-called trojan type orbit. In this case the body moves on
librational orbit around L4 or L5 Lagrange point of the two massive bodies, in 1:1 mean
motion resonance with the primaries. Widely known examples are the Trojan asteroids
of Jupiter. One of the most interesting question of celestial mechanics whether trojan
planets do exist in exoplanetary systems. In the last years a number of authors studied
this problem. One of these works (7) studied the non-linear stability of the L4, L5 points
in the three-body problem depending on eccentricity and mass parameter. The results
show that trojan planets can exist in wide planet mass and eccentricity range.

Beside the question of stability, another question is whether this configuration of
the two planets can come into existence around a star or not. Currently some possible
processes are studied. One possibility is the direct accretion from the protoplanetary disk
(8), (9). According to an other theory a 1:1 resonance can be set up by growing fast the
mass of the giant planet (9), or through convergent migration of planets (10), (11). Also
the conception that the Earth-like trojan planets are forming from captured planetesimals
around the Lagrangian points has been studied recently (12).

In my thesis I have studied the stability of the P type orbits around some known binary
systems in the Solar System. These were the Pluto–Charon system, and the 1997 CQ29,
1998 SM165, 1998 WW31, 1999 RZ253, 1999 TC36, 2000 CF105, 2001 QT297 binary
Kuiper Belt objects. In the case of the Pluto–Charon system I investigated the stability
of the newly discovered moons Nix and Hydra. I gave restrictions for the formation of
the two satellites and the non precisely known orbital elements. Studying the trojan
type motion my aim was to map the size distribution of the stable region around L4 as a
function of the mass parameter and eccentricity. Using these investigations I could draw
conclusions for the possibility of different types of orbits of exoplanets.



Methods

In my thesis I have studied the stability of the orbits around binaries and the size of the
stable region around L4 for the elliptic restricted three-body problem. I used numerical
methods to solve the differential equations of the problem. In the case of P type orbits of
the Pluto–Charon system and the binary Kuiper Belt objects I calculated three motion
indicators to characterize their stability. One of them was the relative Lyapunov indicator
(RLI) (13). It is known that the finite-time Lyapunov indicators converge to the highest
Lyapunov exponent. The RLI method measures the difference between the convergence of
two initially close orbits. By using the RLI it can be decided whether the orbit is chaotic
or regular. The method was applied in (14; 15; 16; 17; 19).

The maximum eccentricity (ME) was also calculated. ME is the highest eccentricity
in the investigated time interval. Orbits with higher eccentricity may become unstable
more likely, due to close encounters between planets in a planetary system. The method
was applied in (18; 17; 19).

The third method is based on maximum difference of the eccentricities (MDE). I
developed this method for the present study. Similarly to the RLI this method compares
the evolution of two initially very close orbits. It is based on the notice that in chaotic
region the eccentricities of two initially close orbits develop quite differently and their
momentary differences can be very large even if the average value of the eccentricity of
each orbit remains small (17; 19).

Studying the Trojan type motion I searched for the border of the stable region changing
the initial position of the test particle using numerical integration. I moved outward the
initial position from L4 until the motion became unstable. The largest initial distance
when the motion was still stable I used that distance to characterize the size of the stable
region around L4. I also used the before mentioned distance to map the size distribution
of the stable region on the mass parameter–eccentricity plane.



Theses of the PhD dissertation

1. I concluded that orbital elements of the orbits of Nix and Hydra, satellites of the
Pluto–Charon system, are in the stable region in the orbital element space, conse-
quently their orbits are stable (17).

2. On the basis of the investigation of the orbital element space it can be concluded
that the orbital eccentricity of the moons Nix and Hydra can be in a relatively
small range. This is in agreement with the conception that the moons were not
captured, because after capturing the primary orbit has usually a high eccentricity
and it would decrease to the supposed value on a timescale longer than the age of
Solar System (17).

3. I pointed out that according to the size of the stable regions in the orbital element
space, the following binary Kuiper objects can have undiscovered moons: 1998
SM165, 1999 RZ253 and 1999 TC36. In the case of other investigated systems
(1997 CQ29, 1998 WW31, 2000 CF105 and 2001 QT297), most probably no moons
can exist on stable orbits, since the stable region of the orbital element space is
small. On the other hand, if moons were discovered in the latter systems, then we
should reconsider the theories describing the formation of the binary Kuiper objects
(19).

4. I have mapped the size distribution of the stable region around L4 in the case of
the elliptic restricted three-body problem depending on the mass parameter and
the eccentricity. The size distribution has a fine structure, maxima and minima
alternate each other. The minimum zones are in connection with the resonances
between the frequencies of the librational motion (20).

5. There is a large minimum zone in the size distribution of the stable regions around
L4 at the A 2:1 resonance which is located at μR = 0.015. Assuming a Sun-like star
it means a 15 Jupiter-mass companion. It is not likely that a brown dwarf with such
a large mass has a trojan counterpart because of the small stable region. In the case
of a more massive brown dwarf it is also improbable that, the dwarf has a trojan
counterpart even if the stable region is more spacious in this case, since the system
should have gone through the wide minimum zone during its formation. The higher
order A 5:1, A 4:1 and A 3:1 resonances mark mass parameter and eccentricity
values, for which the existance of trojan exoplanets is unlikely. A system with small
mass parameter and small eccentricity is the most ideal for trojan planets, although
these parameter ranges can be affected by influences of higher order resonances (20).
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