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Why stellar binaries?
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Why stellar binaries?

1) a significant number of stars
may be members of binaries (e.g.
Duguennoy & Mayor 1991, Raghavan
et al. 2010)

ii) 85 circumstellar + 22 circumbinary
(http://www.openexoplanetcatalogue.com)
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LIFE-S5UPPORTING REGIONS IN THE VICINITY
OF BINARY SYSTEMS

Su-5HU Huawc
Goddard Space Flight Center
Mational Aeronautics and Space Administration

In two previous papers we have discussed the requirements
that a star should fulfill in order to be able to support hife of a
high form in its neighborhood.? We have concluded that in gen-
eral there should be a smaller chance of finding a life-supporting*
planet in binary systems than near single stars. We have further
stated, though qualitatively, that if a life-supporting planet does
exist in a binary system at all, it must be an interior planet in the
case of a distant binary and an exterior planet in the case of a
close binary. In this paper we shall make a quantitative study of
the previous statement.
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AN ANALYTIC METHOD TO DETERMINE HABITABLE ZONES FOR
S-TYPE PLANETARY ORBITS IN BINARY STAR SYSTEMS
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ABSTRACT

With more and more extrasolar planets discovered in and around binary star systems, questions concerning the
determination of the classical habitable zone have arisen. Do the radiative and gravitational perturbations of
the second star influence the extent of the habitable zone significantly, or is it sufficient to consider the host
star only? In this article, we investigate the implications of stellar companions with different spectral types on the
insolation a terrestrial planet receives orbiting a Sun-like primary. We present time-independent analytical estimates
and compare them to insolation statistics gained via high precision numerical orbit calculations. Results suggest a
strong dependence of permanent habitability on the binary’s eccentricity, as well as a possible extension of habitable
zones toward the secondary in close binary systems.
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STAR-PLANET INTERACTIONS

AND THE HABITABLE ZONE

When we deal with a planet in a binary, we must take into
consideration:

1) the extra source of radiation

) the gravitational perturbations to the planetary orbit
(especially to the eccentricity)
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Figure 2. Compressed Milankovitch-like evolution of eccentricity and temperature at 1 ALT and at 0.8 ALl Planets are initialized with warm equator and cold poles.
similar to present-day Earth. In the top row (1 AL the model pla_fu_.ts are the same as in Figure 1. except the eccentricity varnes sinusaoidally between O and OUE3 with a
25 wear period, to simulate a time acceleration (by a factor of ~— 102 o ~ 104) of a Milankovitch-like cycle. When the eccentricity falls below .05, the planet™s albedo
spikes to L8, simulating a catastrophic event that plunges the planet into a snowhball state. with the latent heat prescription of Section 2.2, In the bottom row (OU8 AL,
the eccentnicity varies between O] and 0332, also with a 25 year penod. Lefi: OOz panial pressure 15 held fixed at 001 bars. As in the lefit panel of Figure 1. these
planets do not establish a temperate equilibrinm. Right: C0Os partial pressure varies with temperature. Here, increases in temperature are muted by redoced greenhouse
effect once the ice-cover has melhted somewhere.
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AND THE HABITABLE ZONE

We need:

1) An atmospheric model

2) A sufficient description of the planetary orbit
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We need:

1) An atmospheric model

2) A sufficient description of the planetary orbit

/ \

orbital stabllity evolution of the orbit



STAR-PLANET INTERACTIONS

AND THE HABITABLE ZONE

Assumptions made:

) The planet is initially circular
) The binary-planet system is coplanar

i) Stellar luminosities are constant on planetary secular
motion timescales

IV) Stellar occultation effects are negligible



STAR-PLANET INTERACTIONS

AND THE HABITABLE ZONE

Atmospheric I=Inner
Model O=Outer
Seftl =9, . Seff,O =S,
Kasting et al.
(1993)

Kopparapu et al. _
(2013, 2014) — b
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STAR-PLANET INTERACTIONS

AND THE HABITABLE ZONE

Assuming a non-Keplerian orbit for the planet, offer us the ability to construct different
types of habitable zones:

1) ( ): planet is within habitable insolation

imits (S, < S, <S;)

2) ( ): planet is within habitable insolation limits
(S, <<S,,, >,<S,)

3) ( ). planet is within habitable insolation

limits ( S, << S, > 6 <5,), Where o is the effective insolation variance
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STAR-PLANET INTERACTIONS

AND THE HABITABLE ZONE

How to construct all those habitable zones?
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STAR-PLANET INTERACTIONS

AND THE HABITABLE ZONE

Average insolation minimum condition:

13 Ll : LZ

=< S _ >
So.l’  Sg,(RZ—1r2) -

Average insolation maximum condition:

Ll I L2 Sl

<SS > = |
S, k2 S, ,(RP-12)




STAR-PLANET INTERACTIONS

AND THE HABITABLE ZONE

Extended insolation minimum condition: 1 =< S, >, —oc5

Extended insolation maximum condition:  — S, >, +o, =1, where

2
G>2<=XI_21r4( 1+3<e; >—3<e >%+<e; =>>)+
1*
2 <e’ > <e=>° 22
L214\/1—<ef)> 1— b = — 22I;2r* — —
X[ r 2 2 Xs(re —R2)

2L, L, > -
X X .(r* — r2R2) [1— A+ < eg >)\/1— <e; =1, X e{S,,SO}
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Table 3
Percentages of Planetary Orbits Classified Identically via a Numerical Simulations and Analytical Estimates as Presented in Section 6

[AUJ G2-M0 (%) G2-G2 (%) G2-F0 (%)
ap Total PHZ EHZ AHZ Total PHZ EHZ AHZ  Totai PHZ EHZ  AHZ

10 93.9 974 998 98.3 94.4 974 992 980 936 958 985 98.2
20 98.8 99.3 99.5 99.8 98.5 99.2 996 996 985 995 994 99.6
30 99.0 99.5 99.7 99.9 99.2 99.7 996 998 989 99.8 994 1000
40 99.2 99.5 99.6 99.9 99.3 999 996 1000  99.0 99.8 995 99.8
50 99.2 996 997 99.9 99.4 99.7 997 999 994 99.8 997 99.9

Note, Three binary component configurations have been investigated; the reference classifications were extracted from numerical orbit
integrations and insolation simulations.
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Circumstellar habitable zones of binary-star systems in the solar
neighbourhood

Serres, Terma Mopeesias, Serrex 62124, Greece
oy Institute, 2050 rwa Dirive, Homofula, HT G

Accepied 2012 Ocinber 19, Received 2012 Oceober 19 in ordginal form 2012 September 16

ABSTRACT

Binary and multiple systems constitute more than half of the total stellar population in the
aolar neighbourhood. Their frequent occumencs as well as the fact that more than 70 planets
hawve already been discovered in such configurations — most notably the telluric companion of
o Cen B — make them interesting targeis in the search for habitable worlds. Recent studies have
shown that despite the variations in gravitational and radiative environment, there are indeed
circumstellar regions where planets can stay within habitable insolation limits on secular
dynamical time-scales. In this paper, we provide habitable zones for 19 near S-type binary

tems from the Hipparcos and Washingion Double Star catalogue (WIS catalozues with
semimajor axes betwesn | and 1Y au. Hereby, we accounted for the combined dynamical
and radiative influence of the second star on the Earth-like planet. Out of the 19 systems
presented, 17 offer dvnamically stable habitable zones arcund at least one component. The 17
potentially habitable tems contain 5 F, 3G, 7 K and 1é& M class stars. As their proximity to
the Solar system (d = 31 pc)l makes th ected binary stars exquisite targets for observational
campaigns, we offer estimates on radial velocity, astrometric and transit signatures produced
by habitable Earth-like planeis in eccentric circumstellar orbits.
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STAR-PLANET INTERACTIONS

AND THE HABITABLE ZONE

Although all the above papers followed the publication of
Eggl et al. (2012)

1) they use the same atmospheric model (Kasting et al. 1993)

) they assume Keplerian orbits of initially circular planets
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AND THE HABITABLE ZONE

SUMMARY AND CONCLUSIONS

e Analytical construction of HZ in stellar binaries
e HZ borders constant up to secular timescales
e Dynamical interactions ARE important
e Useful tool for selecting observation targets

e Easily adaptable model to new climate parameters
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