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in the Habitable Zone
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Why Binary Stars?

almost  50 % of  field stars in the solar neighbourhood   
(Raghavan et al. 2010)

Stellar types as host-stars:
Red – Binary star
Blue – Single star
Black – Secondary star

Normalized distribution for field stars 
derived by Raghavan et al. 2010



          
             
            Planetary motion

   
    39                            853
    P-type Planets             S-type Planets   

           according to „Planets in Binary Systems“
           https://exoplanet.eu/planets_binary/
              

https://exoplanet.eu/planets_binary/


          
               Stability of  
            Planetary motion

   
    

Harrington (1977)
Graziani & Black (1981)
Black (1982)
Pendleton & Black (1983)
Dvorak (1984, 1986)
Rabl & Dvorak (1988)
Dvorak , Froeschlé (1989)

Holman & Wiegert (1999)
Pilat-Lohinger & Dvorak (2002)
…...
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Holman & Wiegert (1999) 



Bazsó, Pilat-Lohinger et al., MNRS, 2017
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Systems:
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Application to real 
Systems:

  Truncated  Disk ! 



Habitable Zone (HZ)

Zone around a star where liquid water 
can exist on the surface of a terrestial-like planet

HZ depends on:
– Host-star: Spectral type, mass, age, …. of the star
– Planet in the HZ: Orbit, mass, composition, atmosphere
– Orbits of other planets in the system 

Kasting et al. 1993
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                       restricts the region for
                       stable planetary motion 
 
                                                                 
            

Pilat-Lohinger+, 2019                           

HZ  must be in the stable zone





Can we apply HZ limits of Kasting, ….?

since 2011:  numerous studies on HZs in Binary Star Systems

              Cuntz M., Eggl S., Funk B., Georgakarakos N.,Haghighipour N., Jaime L.,
                  Kaltenegger L., Mason P., Müller T., Pilat-Lohinger E., Quarles B., Schwarz R.
                  ….
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      Perturbations: Single vs Binary Star

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

                          without secondary                                        secondary at ~ 20 AU  

(Pilat-Lohinger, 2004, IAU Coll. Belgrade)

Stable 

chaotic

chaotic

Stable 

FLI (Fast Lyapunov Indicator) maps



HZ Secondary Star at 100 au

ebinary = 0.5

ebinary = 0.3

Bancelin, Pilat-Lohinger+, 2016
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Semi-analytical Method to detect Secular Resonance in HZ in Binary Stars

Pilat-Lohinger E, Baszó A., Funk B., 2016, AJ 152                                         Laplace – Lagrange Perturbation Theory

 



Which Binary configurations could host a habitable 
planet?



S H a D o S (online tool)

https://adg.univie.ac.at/shados/

https://adg.univie.ac.at/shados/


S H a D o S (online tool)
Combined Analytical Model -- CAM

= a combination of two analytical models

1. Laplace Lagrange Theory for g_TP  

2. Andradea-Ines &  Eggl model (2017) for g_GP

https://adg.univie.ac.at/shados/

Baszó A. & P-L E.

https://adg.univie.ac.at/shados/


S H a D o S (online tool) Combined Analytical Model -- CAM

= a combination of two analytical models

1. Laplace Lagrange Theory for g_TP  

2. Andradea-Ines &  Eggl model (2017) for g_GP

https://adg.univie.ac.at/shados/

https://adg.univie.ac.at/shados/








Secular resonance in 
HZ



Bazsó & Pilat-Lohinger (2020)  

 Far away secondary stars may perturb planets in habitable zones

Orbit varies from circular to highly eccentric

                  affects the habitability   



Summary I 

Proto-planetary Disks (S-types) are truncated                                                        

The size of stable region depends on the Binary star configuration

HZ must be in the stable area and for the HZ borders the secondary star
must be considered 

Secular perturbations in HZ can occur even in wide binary star configuration 

 



N-body simulation using our GPU-N-body code ‘GANBISS’  
(Zimmermann M. & PL E, 2023, CeMDA 135)

Study Terrestrial planet formation via Collisions

         Apply Collision Analysis of Leinhardt & Stewart (2012) 

            

   Which binary star system could harbour 
            
                Earth-like planets in the HZ ?



Study  Terrestrial planet formation applying the 

                                Collision model of Leinhardt & Stewart (2012)

   



N-body computations
GANBISS
10 Myrs



Collisions during the N-body simulation  (M. Zimmermann) 

Based on the study by  
Leinhardt & Stewart, 2012, ApJ 745

Different collision outcomes

Impact velocity [v
esc

]

&  Impact angle



Collisions during the N-body simulation  (M. Zimmermann) 

Based on the study by  
Leinhardt & Stewart, 2012, ApJ 745

E-E

E-P

P-P



Summary II 

Application of the collision analysis by Leinhardt & Stewart (2012) 
esp. in case of Planetesimal Collisions seems to be promising              
                                                  
Application to larger masses has to be tested 

As the number of remaining Protoplanets and larger Embryos in the 
HZ is quite small after 10 million years, the collisions can be 
investigated in the REBOUND calculations using SPH simulations
(Burger et al. 2020, A&A 634)

 



Evolution in semi-major axis 

25 Embryos

2000 Planetesimals

7 Protoplanets/Embryos

120 Planetesimals



REBOUND  Computations

Protoplanets + Embryos

Masses
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