Influence of the Secondary Star
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Habitable Zones in Bing

Combined gravitational and radiative perturbations

-> eccentricity motion of planets - additional insolation

2>different HZs
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Mutual gravitational interaction is important!
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Eccentric Planetary Motion:

mass-rand

Figure 2.7 Stability of eccentric S-type motion in binary stars for different eccentricities
of the binary.



y Cephel System:

dbinary [AU]
vy Cephei  ~20

Planet:
msini=1.6 MJ
a=2.15AU
e=0.11-0.2

mass-ratio =0.2

[AU]

stable zone
o o o

€binary
0.44

mai [MSun] ma2 [MSun]

1.6

0.4

e_plan RTBP 1M;j
0.0 4.0 4.0
0.1 4.0 4.0
0.3 34 3.6
0.5 3.0 2.4




stable zone [au]

Stability of massive planets




2 Planets in circumstellar motion:

chaotic

a_gp=2au




Mean Motion Resonances duertoratGiamieizimet

like in the gamma Cephei system we consider:
a giant planet at 2 au in an eccentric orbit (e=0.2)

A study of test-planets in the area between 0.5 and 1.9 au
Shows the following orbital behaviour : VU

chaotic

Stable area fora< 1.2 au
Mean Motion Resonances (MMRs)
— chaotic and stable ones
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FLI (Fast Lyapunov Indicator) maps



VEERR Rl N e eEnces due to a Giant Planet

like in the gamma Cephei system we consider:

a giant planet at 2 au in an eccentric orbit (e=0.2)
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We have to distinguish two different cases:

(1) Tfln’/n < 1[then it follows that are < a’ and this is an|internal
resonance. The body m orbits closer to the central body than m'.
(2) Iffn'/n > 1]then it follows that a,. = a’ and it is an [externall
resonance. In this case m moves outside the orbit of m'.

In order to quickly visualise these cases one can write n’/n = p/(p + q) for

internal resomances, and n'/n = (p + q)/p for external ones. Here, p, g are
integers, and g is called the order of the resonance.



2 Planets in circumstellar motion in a binary:




2 Planets in circumstellar motion in a binary:

chaotic
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Influence of a secondary star at 20 au:
giant planet (a=2 au) + test-planet in circumstellar motion
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Tight binary star systems:

binary Abinary [AU] Ehinary m: m:
Gliese86 ~22 ? 0.7 0.5
v Cephei  ~20 0.4 1.6 0.4

HD41004 ~23 ? 0.7 04
HD 41004A:

m sini = 2.3 M]
a=13 AU (16 or 1.7)
e=039+/-0.17 ?
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Differences of the
two planetary systems:

* semi-major axis of the planet
* eccentricity of the binary

* mass-ratio of the binary

* mass of the giant planet
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* Planet is close to the host-star: The region is
mainly influenced by the mean motion
resonances

* If the planet is closer to the secondary -> an arc-
like structure of chaos appears which depends
on: a_planet, e_binary, masses,



Influence of the seconek

gamma Cephei: giant planet (a=2 au) + test-planet in circumstellar motion

without secondary with secondary at ~ 20 AU
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gravitational perturbations lead to ...

¢ mean motion resonances (MMR)
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gravitational perturbations lead to ...

e mean motion resonances (MMR) -

* secular resonances (SR)
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gravitational perturbations lead to ...

e mean motion resonances (MMR) -

* secular resonances (SR)
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gravitational perturbations lead to ...

e mean motion resonances (MMR) -

* secular resonances (SR)
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HD41004 AB

a_bin=23 au m_sec = 0.4, a_bin = 20
e_bin="7 red: e=0
planet: a =1.64 au orange: e=0.2
e=0.39 +/- 0.17 yellow: e=0.2
m=2.54 MJ green: e=0.4
blue: e=0.8

Secular perturbation:
area where the eccentricity of a test-planet
Increases rapidly = escape

Location of this perturbation depends on
masses
semi-major axes
eccentrcitites 2> asr (i, ai,ei

Semi-analytic Method
Pilat-Lohinger, Bazso, Funk (in prep.)



Secular perturbation theok

(see e.g. Murray & Dermott )

Mean motion of TP mass of secondary
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Variation of the eccentricity of:
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Figure 5.2 Time evolution of the barycentric y-coordinate of the two stars (red and
green lines) and of the giant planet’s eccentricity (yellow line). The latter indicates
jumps at every pericenter passage of the stars which can be seen at multiples of the

orbital period of 80 years



Influence on the HZ
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P-type motion:
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Figure 5.8 Main features of wind-wind interactions in a binary system with two identical
winds. The wind-wind collision region (WWC) takes the form of two shock waves (red
lines) and has a spiral geometry due to the orbital motion of the stars. The blue ring
indicates the HZ which is obviously influenced by the WWC region.



