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Circumstellar configuration

Circumbinary configuration
(or P-type)

(or S-type)



 

Circumbinary planets

We want to find out  where a planet  is allowed to be around the 
binary without its orbit being destabilized  

Important for many processes:

planet formation
planet detection
habitability etc.



 

Past research on planetary stability in binaries: 

Harrington (1977)
Dvorak (1986)

Rabl & Dvorak (1988)
Dvorak (1989)

Holman & Wiegert (1999)
Quarles et al. (2018, 2020)
Hong & van Putten (2021)

Adelbert et al. (2023)

Stability criteria proposed



 

Motivations for this work: 

i) The above circumbinary stability criteria only cover parts of the parameter
space. 

ii) The various definitions of stability used in past works may result in 
misclassification of circumbinary planetary orbits as stable while they are actually 
unstable or vice versa. 

Aims of this work:

i) To extend and homogenize the results of previous studies on the dynamical 
stability of circumbinary planetary orbits

ii) To remedy the limitations and inconsistencies that arise from combining stability 
estimates from different works by carrying out a self-consistent set of numerical 
simulations over long timescales.



 

Numerical Simulations of Circumbinary sysems: 

Masses:

Eccentricities:

Mutual Inclination:

Planetary slowly varying angles:             ϖp,  ωp, Ωp       {0ο,90ο,180ο}                      

Planetary true anomaly:

Binary true anomaly:             fb       {0ο,180ο}        
              

Semi-major axis resolution=0.1Integration time=1000000 planetary orbital periods



 

Criteria for instability

For any initial position of the planet:

Looking for two critical 
borders:

fully unstable        .  mixed behavior               fully stable

   Inner                   Outer



 

Results

Effect of each parameter on the stability borders:

- binary mass ratio: moderate effect

- planetary mass ratio: insignificant effect

- binary eccentricity: moderate effect

- planetary eccentricity: strongest effect

- mutual inclination: moderate effect

- planetary pericenter: small effect

-   node: insignificant effect
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Georgakarakos et al. (2024)



 

Fitting formulae

- For every set of values (Mb, Mp, eb, ep, Im), we had 9 critical distance values for
    different combinations of  ( Ωp , ωp ). We retained the largest value for the outer
    critical border and the smallest value for the inner critical border (better markers 
    for our borders – 2 variables down).

- Planetary mass dropped.

- Binary mass ratio and critical distances were rescaled using log10. Mutual 
inclination in radians.

- Third order polynomial fit selected. Χ2 testing was used to control the quality of the 
fits.

-  Two fits constructed:  one for ep ≤ 0.8 and one for all ep.



 

B coefficient vector, C uncertainties vector, X parameter vector

For ep ≤ 0.8

Inner border                                                   Outer border 
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Fit performance against random simulations

In order to test the quality of our fitting formulae, we carried out a number of 
additional, randomly generated, simulations. We drew parameter values for our 
random systems from a uniform distribution within the ranges used for the 
creation of the simulation dataset.  The planetary semi-major axis was sampled 
using rejection sampling  upon distributions created from our simulation dataset.

50000 systems were created in total.

Application to known circumbinary systems



 

Comparison with other results 

Georgakarakos et al. (2024)



 

Lei & Gong  (2024)



 

We have also trained a Machine Learning model with our simulation 
data (XGBRegressor model – Chen & Guestrin 2016).

The ML model was tested 
against the 50000 randomly 
chosen systems with very 

good results.



 

Online portal and Application Programmng Interface (API)

A software interface designed to facilitate interaction with large 
catalogs of numerical stability simulations such as constructed in this
Work.



 

Summary

● We investigated the dynamical stability of circumbinary planets by 
carrying out a very large number of numerical simulations covering 

almost completely the parameter space

● We derived empirical formulae for the critical planetary distances

● We trained a Machine Learning model as an additional predictive 
tool

● We tested our tools against real and synthetic systems, as well as 
against older stability formulae with excellent results.

● We provide an online portal and application programming 
interface for accessing our simulation dataset.

● More information can be found in 
Georgakarakos et al. (2024), AJ, 168, id.224.
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