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Habitability condition: the 
capacity of water to stay 
in liquid form on the 
planet’s surface 
(Kasting et al. 1993)



www.hzgallery.org
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Why stellar binaries?

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

ii) 85 circumstellar + 22 circumbinary
(http://www.openexoplanetcatalogue.com)
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We shall focus on S-type planets (the planet orbits one of the stars),

although the basic principles also apply on P-type orbits (the planet orbits both stars)



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

i) the extra source of radiation

ii) the gravitational perturbations to the planetary orbit
(especially to the eccentricity)



Hierarchical triple system

Even when an orbit is initially circular, the perturber 
will inject eccentricity into it

(e.g. Mazeh & Shaham 1979, 
Georgakarakos 2002,2003,2004)

da/dt=0
(no secular changes in a, e.g. Harrington 1968)



Spiegel et al. 
(2010)



Eggl et al. (2012)
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We need:

1) An atmospheric model

2) A sufficient description of the planetary orbit

orbital stability                            evolution of the orbit



Assumptions made:

i) The planet is initially circular

ii) The binary-planet system is coplanar

iii) Stellar luminosities are constant on planetary secular
motion timescales

iv) Stellar occultation effects are negligible



Kasting et al. 
(1993)

Kopparapu et al. 
(2013, 2014)

Atmospheric         I=Inner Seff = FIR/Fs    
Model                  O=Outer

Seff,I SI Seff,O SO≡ ≡
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Assuming a non-Keplerian orbit for the planet, offer us the ability to construct different 
types of habitable zones:

1) PHZ (Permanently Habitable zone): planet is always within habitable insolation 

limits (                     )

2) AHZ (Average Habitable Zone): planet is on average within habitable insolation limits

(                              )

3) EHZ (Extended Habitable Zone): planet is almost always within habitable insolation

limits (                                   ),     where        is the effective insolation varianceOttotI SSS ≤±>≤< σ

OtotI SSS ≤≤

OttotI SSS ≤>≤<

2σ





How to construct all those habitable zones?
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Average insolation minimum condition:

Average insolation maximum condition:
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Extended insolation minimum condition:

Extended insolation maximum condition:                                                           ,   where
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Orbital stability:  Holman & Wiegert (1999)

S-type

P-type

where ac is the critical semi-major axis, ab is the binary semi-major axis, e is the binary 
eccentricity and μ=m2/(m1+m2), m1 and m2 being the stellar masses.



Orbital stability:  Holman & Wiegert (1999)

S-type

P-type

where ac is the critical semi-major axis, ab is the binary semi-major axis, e is the binary 
eccentricity and μ=m2/(m1+m2), m1 and m2 being the stellar masses.

+
Fast Lyapunov Indicator (FLI), Froeschlé et al. (1997), Pilat-Lohinger & Dvorak (2002).



Description of orbital evolution:  Georgakarakos (2003,2005)

Secular evolution
da/dt=0

+ short period terms



Description of orbital evolution:  Georgakarakos (2003,2005)

● analytical expression for 
(with the potential of 
estimating ep

max)

● analytical expression for 
<ep

2>

pe
_



Results: S-type (Eggl et al. 2012)

Blue=PHZ
Green=EHZ
Yellow=AHZ
Red=Non Habitable
Magenta=H&W (1999)
Magenta lines=FLI
Vertical white lines=KHZ
Dotted white lines=ep

max

numerical



Results: S-type

Eggl et al. (2012)





Eggl et al. (2013)

Type A

Type B



P-type: Georgakarakos & Eggl (2014) (in preparation) - eccentricity estimates
Eggl & Georgakarakos (2014) (in preparation) – habitable zones

Georgakarakos & Eggl 2014

Numerics

Analytics



More details about our model can be found in:

Eggl et al. 2012, ApJ, 752, 74.
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Other recent relevant papers:



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

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

i) they assume Keplerian orbits of initially circular planets
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SUMMARY AND CONCLUSIONS

● Analytical construction of HZ in stellar binaries

● HZ borders constant up to secular timescales

● Dynamical interactions ARE important

● Useful tool for selecting observation targets

● Easily adaptable model to new climate parameters



THANK YOU
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