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Figure 4c: Maximum eccentricity plot for fictitious planets outside the giant planet: Semimajor axis of the 'terrestrial" planet versus the
eccentricity of the primary's orbit in the elliptic restricted three body problem. Close to the massive planet all orbits lead to escapes, then
one can see that globally the eccentricities of the fictitious planet achieved during the 1 million year integration increases with large
eccentrities of the primary. Well visible are the outer mean motion resonances 1:2, 1:3 and 1:4 on the left plot (for m,=Jupiter) and
also the high order resonances 1:5 and 1:6 for a 5 times more massive second primary and the same initial conditions.
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Figure 1: Trojanercatalogue (elliptic three body problem): Dependance of the stable region around the Lagrange point L4. For a fine grid in semimajor axis
(0.85 < a < 1.15 with delta a = 0.01 AU) and in the angular distance of the Lagrange point (0 < | < 180 with delta | = 1 degree) with different initial
eccentricities of the primary's orbit (0, 0.05, 0.1, 0.15) the stable area was determined via numerical integrations. The initial diagramm plot'l' versus 'a' shows
the maximum eccentricity achieved during the 1 million year integration of the fictitious Trojan. Instability was defined when -- due to the large eccentricity of
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the Trojan (e > 0.5) -- the area around the Lagrange point was definitely left. Left picture for Jupiter as the primary (m 2=m_Jupiter), right picture for a very 0.46 0.461 | 1
massive primary (m 2 = 7 m_Jupiter). Comparing the different plot one can see how sensitive is the stable region with respect to the primaries' eccentricity - ' N '
. — . T . . . . . . . . G G
AND its mass. Computations for less massive primaries -- down to the mass of Uranus -- did not change the stable area significantly in comparison with the _— . o
one with the mass of Jupiter. ' ' L .
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Name |Spectraltype| M sun s a [AU] ecc. HZ [AU] pHElly in.He 0.42 U.42 i 5 |
= [M_jup] [] ' 1
HD 93083 K3V 0.70 0.37 0.48 0.14 0.4-1.3 100 1 .
HD 134987 G5V 1.05 1.58 0.78 0.24 0.75-1.40 58 - _ s j mMmr | P
HD 17051 GOV 1.03 1.94 0.91 0.24 0.70-1.30 100 ’ ' ! ! )
0.5 : : : : 1.1 1.2 g
HD 28185 G5 0.9 5.70 1.03 0.07 0.70-1.30 100 P B O a R 1 Tl a2 B
HD 108874 5 1.00 1.65 1.07 0.20 0.70-1.30 100 A7 {,ﬁ,U:}
HD 27442 Kz2lVa 1.20 1.28 1.18 0.07 0.93-1.80 100
HD 188015 G5IV 1.08 1.26 1.19 0.15 0.70-1.60 100
HD 114783 KO 0.92 0.99 1.20 0.10 0.65-1.25 50
HD 20367 GO 1.05 1.07 1.25 0.23 0.75-1.40 76 _ -
HD 23079 | (F8)/GOV 1.10 2.61 1.65 0.10 | 0.85.1.60 35 g s - =y 2 o T P (R T A P SR VR A
Tables of ESPs in which Trojan-like planets are stable: The upper table gives a summary eccentricity log(K, )

of all systems with one discoverd planet and the lower table shows all possible Trojan-planet —~se

mean anomaly 0 . . ono ono . o _nono . — — . .
candidates in multiple extrasolar systems. For more examples see Dvorak et al., 2004, Figure 5: Initial condition diagramm for fictitious massless planets in the system Gl 777 (m_star=0.9 m _sun, m planet=1.33 m_jupiter,

semimajor axisa =4.8 AU, eccentricitye=0.48+/-0.2) for a grid of 80 x 80 in semimajor axes of the "terrestrial planet" versus e (of the giant).
Because of the uncertainty in the eccentricity we used different initial eccentricities of the giant planet. The initial orbit of the fictitious planet

Name |Spectraltype| M_sun [mj':::l] a [AU] ecc. HZ [AU] Pamﬁ.ﬁ" "Z] Resonances M Stable region depending on ’rhe.inclino’rions for was always circular, the initial angles were setto 0. The colors indicate the maximum achieved eccentriicty during the integration of 1 million
Gliese 876 c| M4V 0.32 0.56 0.13 012 | 0.10.0.20 100 . the Jupﬁersysfrem as model for E.SPS: l”. this PIOT one can years on the left graph. Using the same data of the numerical integration we determined via reccurence plots the Renyi entropie, a measure of
Gliese 876 b 4 0.32 1.89 0.21 0.27 0 ' tsee.hov.v the size of ‘rhe.sjroble re el s.hrlnks.wﬁrh the initial chaos which is equivalent to the Lyapunov exponents (right graph). As in the left plot blue color means quasiperiodic motion, red color
:g ggg:g; gg :gg ?fgg ?E g_'i': gjgg::?:g EE? 2:1 mclmo’rpn of Tb? f'd”'o“? planet N orbit .or.ound the indicates chaotique motion. We find in both plots a very similar structure of vertical stripes due high order mean motion resonances. The
HD 12661 b G6V 1.07 2.30 0.83 0.35 0.80 - 1.45 60 i Logronglqn equilibrium points. The grid was 5|m|'|or as the entropy plot shows many more resonances and the left plot clearly visualizes that the inner part of the habitable zone (0.75 -- 1.25 AU) --
HD 12661 ¢ GEY 1.07 1.57 256 0.2 0.80-1.45 0 one for Fig.2; here we can also see that the size of the where water may be in liquid form -- allows motions for additional planets on low eccentric orbits.

HD 160691 b | G3IV-V 1.08 1.67 1.48 0.31 0.85 - 1.60 L . stable region around L4 and L5 is the same. In red we
:g ::Eggg:: 3 gg:$$ 1:32 DH_I':L% g:ég SEE g:gg_ :IIES g ' visualize the extension of the stable region for i=35, in Fioure 6 shows the habitable

green for i=40 and in blue for i=45 degrees; for

inclinations up to the 30 degrees the size stays almost the zone (green region) and the
same. planets of some selected Gl614b

extrasolar planetary systems. 489 M
Additional the perihelion of ' a—

S.l.ObI‘I.I.y ZOﬂeS for S_-l-ype mo-l-IOn to their eccentricity is shown 111231323

(red region). For more details
see Asghari et al., 2004, A&A,
426,p.353.
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depending on the eccentricities of
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CMDA 82, p. 143). This study can be |
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applied to the real binary system ' Figure 7: Orbits in the Gamma Cephei system (using the
Gamma Cephei, where e, = 0.44 || orhital parameters given by Cochran et al. 2002).
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