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Extra-solar planetary systems:

BinariesBinaries

Single Star and Single Planet SystemsSingle Star and Single Planet Systems

MultiMulti--planetaryplanetary systemssystems

342 Extra-solar planets:

33 Multi-planet systems
1 system – 5 planets
1 system -- 4 planets
8 systems – 3 planets

23 systems – 2 planets



WhyWhy do do wewe needneed stabilitystability studiesstudies??

(1)To be sure that a detected system is
likely to  exist

(2) Long-term stability of the planetary
system is one of the basic requirements
for the evolution of life on a terrestrial-

like planet  



Numerical Methods

Long-term numerical
integration:

Stability-Criterion:
No close encounters within
the Hill‘ sphere

(i)Escape time
(ii) Study of the eccentricity:

maximum eccentricity

Chaos Indicators:
Fast Lyapunov Indicator
(FLI) 
C. Froeschle, R.Gonczi, E. Lega 
(1996)

( MEGNO – RLI – GALI -- …. )

Lyapunov Exponent



StabilityStability of a of a terrestrialterrestrial Planet in aPlanet in a

SingleSingle--Star Star ---- SingleSingle--GiantGiant PlanetPlanet SystemSystem

Exocatalogue (Sandor et al., 2007)

ExoStab: http://univie.ac.at/adg/exostab



MultiMulti--PlanetaryPlanetary SystemsSystems

Dynamical classification (S.Ferraz-Mello, 2005)

ClassClass IaIa ––>> PlanetsPlanets in in meanmean motionmotion
resonanceresonance

ClassClass IbIb LowLow--eccentricityeccentricity nearnear--
resonantresonant planet   planet   pairspairs

ClassClass IIII NonNon--resonantresonant planetsplanets withwith
significantsignificant secularsecular dynamicsdynamics

ClassClass IIIIII HierarchicalHierarchical planet planet pairspairs



Initial Initial ConditionsConditions and and ComputationsComputations

Jupiter:Jupiter: on on itsits orbitorbit

Saturn: Saturn: aa_sat_sat = 8 ..... 11 AU= 8 ..... 11 AU
mm_sat_sat = 1 ....  30 x = 1 ....  30 x m_m_SatSat

TestplanetsTestplanets in in thethe HZ:HZ:
aa_tp_tp = 0.6 ..... 1.6 AU= 0.6 ..... 1.6 AU

Mercury 6 (J. Chambers)

Integration time:
20 mio years

HZ:  maximum ecc.



Mean Motion Resonances of Jupiter and Saturn 



PerturbationsPerturbations of  of  thethe HZ in HZ in thethe
Sun Sun –– Jupiter Jupiter –– Saturn System:Saturn System:

For details see Pilat-Lohinger et al., 2008, ApJ



HZ im Sonnensystem:HZ im Sonnensystem:

KastingKasting: 0.93 : 0.93 –– 1.3 AU1.3 AU
MischnaMischna: 0.93 : 0.93 –– 1.7 AU1.7 AU
ForgetForget: 0.93 : 0.93 –– 2 AU2 AU

a< 0.93 AUa< 0.93 AU HH22O O becomesbecomes a a majormajor atmosphericatmospheric compound and compound and isis rapidlyrapidly lost lost 
to to spacespace afterafter UV UV photolysisphotolysis

a>1.3 AUa>1.3 AU CO2 CO2 condensatescondensates in in thethe atmosphereatmosphere producingproducing COCO22--clouds, clouds, thatthat
cancan affectaffect significantlysignificantly thethe TT--COCO22 couplingcoupling



)(aJ)( αJ )



HZ HZ perturbedperturbed byby 3 3 GiantGiant PlanetsPlanets
(Jupiter, Saturn and Uranus)(Jupiter, Saturn and Uranus)

Masses like in the Solar System

MMRs Saturn and Uranus:
5:2 at 10.4 AU
8:3 at  9.2 AU

larger Saturn mass:
(3 mSat)



HZ perturbed by
Jupiter and Saturn

masses like in the
Solar System

larger Saturnmass
(3 mSat)



HZ HZ perturbedperturbed byby 3 3 GiantGiant PlanetsPlanets
(Jupiter, Saturn and Uranus)(Jupiter, Saturn and Uranus)

Larger Larger SaturnmassSaturnmass

Larger Saturn- and Uranusmass



g_5
g_7

s_7



Maximum Maximum eccentricityeccentricity of an of an 
EarthEarth--likelike planet at 1 AUplanet at 1 AU

forfor thethe different different startingstarting positionspositions ((xx--axisaxis) and ) and 
massesmasses ((yy--axisaxis) of Saturn ) of Saturn 



InterestingInteresting ResultResult::
TheThe testtest--planetplanet at Venus at Venus positionposition
has a has a maximummaximum eccentricityeccentricity > 0.2 > 0.2 
forfor thethe Solar System Solar System parametersparameters::



Time evolution of the
eccentricity of a  test-planet
(e_tp) at Venus position: 

JSU model = Jupiter-Saturn-Uranus model
JS model = Jupiter-Saturn model
JSUE model= Jupiter-Saturn-Uranus-Earth model

red line: e_tp in JS model (m_tp=0)
blue line: e_tp in JS model (m_tp=mVenus)

green line : e_tp in JSE model (m_tp=0)
black line: e_tp in JSE model (m_tp= mVenus)



Pilat-Lohinger,E., Robutel, P.,
Süli, A., Freistetter, F. ,2008,
CeMDA, 102, p.83

Pilat-Lohinger, E., Süli, A.,
Robutel, P., Freistetter, F., 2008,
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Perturbations of the HZ 
in two different 
dynamical models



Secular Perturbations of  Jupiter, Saturn and Earth 
on the motion in the HZ:

g_6

g_6

g_6

g_5

g_3



SummarySummary

General General stabilitystability studiesstudies areare usefuluseful butbut onlyonly
possiblepossible forfor simple simple systemssystems likelike: : detectiondetection of a of a 
smallsmall terrestrialterrestrial planet in a planet in a singlesingle--starstar singlesingle--planetplanet
–– perturbationsperturbations duedue to to MMRsMMRs

In In multimulti--planetaryplanetary systemssystems: : secularsecular perturbationsperturbations
occuroccur in in additionaddition to to thethe MMRsMMRs; ; bothboth mightmight leadlead to to 
instabilitiesinstabilities
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