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Specific Problems in Binary Stars:

Disk is truncated 

shorter lifetime of the disk

Secondary star causes a periodic perturbation 

influence on planet formation















Habitable terrestrial planet formation

 Aim of simulations: parameter study to reveal in which systems can 

form habitable terrestrial planets

 Effects of the disk and a giant planet are also considered

 Initial conditions for the binary system: 

binary [M
Sol

] a
bin

[AU] e
bin

i
bin

G-G [1.0-1.0] 25 0 0o

G-K [1.0-0.7] 50 0.2 5o

G-M [1.0-0.4] 75 0.4 15o

G-F[1.0-1.3] 100 0.6

G-A[1.0-1.5]

 And all combinations when the disks are around stars with masses 

0.7, 0.4, and 1.3 M
Sol



Habitable terrestrial planet formation

 Initial conditions for disk: based on the Minimum Mass Solar Nebula 

standard values  

 For the gas component 

Ʃ(r) = 1.7 x 103 (r/AU)-p gcm-2, p = 1, 0.5, 1.5

 For the solid component:

Ʃ(r) = 7.1 x (r/AU)-p gcm-2, p = 1, 0.5, 1.5

 Initial conditions for N-body: two stars, a giant planet and a swarm of 

isolated embryos up to the snowline meaning  ~50 gravitationally 

interacting bodies



Results:

 Simulations without giant planet

a
bin

= 25AU, e
bin

= 0.2                   a
bin

= 50AU                                a
bin

= 100AU    

 Simulations with a non-migrating giant planet

ap = 2.5 AU, ep = 0.05           ap = 5 AU

0.95mEarth

1.18mEarth

~1.6mEarth
2.4mEarth

1.52mEarth 1.7mEarth



Results
 Simulations with a migrating giant planet

 Migration lasted 105 years and was gradually switched off mimicking 

the disk's dispersal

~0.33mEart

h

1.1mEarth

Ejected !

1.1mEarth 2.05mEarth

 Terrestrial planet formation happened within 10 million years!

 Migration of the giant planet helps terrestrial planet formation

a
bin

= 25AU, e
bin

= 0.2                            a
bin

= 50AU                                a
bin

= 100AU

astart = 3.5AU, astop = 1.6AU                               astart = 5AU, astop = 2AU 



 Terrestrial planets were formed in all N-body simulations, the planetary 

masses are in the range 0.4–2.4 mEarth

→ it is a robust phenomenon

 In the absence of a giant planet, more massive planets can be formed

 The giant planet scatters gravitationally the initial embryo population 

resulting in faster formation of terrestrial planets

 Migration of the already formed giant planet makes terrestrial formation

faster





We do not know whether planets form wet

If they form dry 

then the water has to transported to the planet 


