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S-Typ Planetary motion
in  binaries:



General General studiesstudies of of planetaryplanetary motionmotion
in in binarybinary systemssystems

Dvorak R.(1984 and 1986)Dvorak R.(1984 and 1986)
RablRabl & Dvorak R. (1988)& Dvorak R. (1988)
Dvorak R., Dvorak R., FroeschleFroeschle C. & C. & FroeschleFroeschle Ch. (1989)Ch. (1989)

HolmanHolman M. & M. & WiegertWiegert P. (1999)P. (1999)
PilatPilat--LohingerLohinger E. & Dvorak R. (2002)E. & Dvorak R. (2002)



mass-ratio

e_binary 0.1    0.2    0.3    0.4    0.5     0.6     0.7    0.8    0.9

0.0         0.45  0.38  0.37  0.30   0.26   0.23   0.20  0.16 0.13  
0.1         0.37  0.32  0.29  0.27   0.24   0.20   0.18  0.15 0.11 
0.2         0.32  0.27  0.25  0.22   0.19   0.18   0.16  0.13 0.10 
0.3         0.28  0.24  0.21  0.18   0.16   0.15    0.13  0.11 0.09 
0.4         0.21  0.20  0.18  0.16   0.15   0.12    0.11  0.10 0.07 
0.5         0.17  0.16  0.13  0.12   0.12   0.09    0.09  0.07 0.06 
0.6         0.13  0.12  0.11  0.10   0.08   0.08    0.07  0.06 0.045 
0.7         0.09  0.08  0.07  0.07  0.05   0.05    0.05  0.045 0.035 
0.8         0.05  0.05  0.04  0.04  0.03   0.035  0.03  0.025 0.02 

Stable zone (in units of length) of S-type motion for all computed mass-ratios
and eccentricities of the binary. The given size for each (mu,e_binary) pair is
the lower value of the studies by Holman &Wiegert (AJ,1999) and 
Pilat-Lohinger &Dvorak (CMDA, 2002)

S-type motion





TightTight BinaryBinary SystemsSystems

  binarybinary aabinarybinary [AU][AU] eebinarybinary M1 M1 --/M2/M2
Gliese86      ~22                   ?            0.7 Gliese86      ~22                   ?            0.7 -- 0.50.5

γγ CepheiCephei ~20                 0.4          1.6 ~20                 0.4          1.6 -- 0.40.4

HD41004    ~23                   ?            0.7 HD41004    ~23                   ?            0.7 -- 0.40.4

Gliese86                 γ Cephei HD 41004

m sin i = 2.3 MJ

a = 1.3  AU ( 1.6 or 1.7)

e = 0.39 +/- 0.17     ?

m sin i = 1.6 MJ

a = 2.15 AU

e = 0.11 – 0.2

m sin i = 4 MJ

a = 0.11AU

e = 0.045



StabilityStability analysisanalysis

mass-ratio = 0.2



StabilityStability limits limits 

massmass--ratioratio borderborder of of stablestable motionmotion

Gamma Gamma CepheiCephei:         :         0.2               3.6 0.2               3.6 –– 3.8 AU3.8 AU
HD41004 AB:            HD41004 AB:            0.36              ? (e 0.36              ? (e notnot knownknown!)!)
GlieseGliese 86:                   86:                   0.42             0.42             closeclose--inin planetplanet



gammagamma CepheiCephei

(S.Eggl)



gammagamma CepheiCephei

(S. Eggl)



HD41004 AB



HabitableHabitable ZoneZone

ThisThis zonezone dependsdepends on:on:
thethe spectraltypespectraltype ,  ,  thethe massmass , , thethe age, age, ……. of . of thethe starstar
thethe orbitorbit of of thethe planetplanet
thethe massmass,  ,  thethe compositioncomposition, , thethe atmosphereatmosphere , , …………of of thethe
planetplanet
thethe parametersparameters of of otherother planetsplanets in in thisthis systemsystem ((massmass, , orbitorbit, , 
……))

Zone Zone aroundaround a a starstar wherewhere
liquid liquid waterwater cancan existexist on on 
thethe surfacesurface of a of a 
terrestialterrestial--likelike planetplanet



based on the 
definition 
given by 
Kasting et al.
(1993).

The Habitable Zone



HZ of HD41004 A

red:  low ecc.
blue:  high ecc.

4:1 7:2 3:1 8:3



gammaCep
e_b=0.44
e_pl=0.209

HD41004
e_b=0.2
e_pl=0.22



oldold orbital orbital parametersparameters; eb=0.2, ; eb=0.2, ePeP = 0.2 , = 0.2 , 
ap=1.3 AUap=1.3 AU



ComparisonComparison of of oldold and and newnew aaGiantPlanetGiantPlanet



Variation in Variation in a_a_GPGP



Variation of Variation of mmGPGP



ResultsResults: e: eBinaryBinary=0.2     e=0.2     ePlanetPlanet=0 =0 0.3    0.3    
aaPlanetPlanet =1.3=1.3

(B. Funk)



ResultsResults: e: eBinaryBinary=0 =0 0.30.3 eePlanetPlanet=0.2=0.2
aaPlanetPlanet =1.3=1.3

(B.Funk)



(B. Funk)



ConclusionsConclusions
Region of Region of nearlynearly circularcircular
motionmotion existsexists –– sizesize and and 
positionposition dependsdepends onon

a_gianta_giant planetplanet
e_giante_giant planetplanet
m_giantm_giant planetplanet
No No strongstrong dependencedependence on i on i forfor
i<25i<25

StableStable circularcircular motionmotion forfor
closeclose--inin planetsplanets
at  i=35at  i=35°°-- 4040°° stablestable KozaiKozai
regionregion
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