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Orbits in the Solar System 

   

   In general, celestial bodies do not follow 
Keplerian orbits. Their current orbital 
states are described by osculating orbits 
or heliocentric (or barycentric) orbits in 
the absence of external perturbations.   

 



Orbits in the Solar System 

  Osculating orbits are characterized by: 

 

• Size ― semi-major axis (a) 

• Shape ― eccentricity (e) 

• Orientation in space ― 

   inclination (i)    0⁰-90⁰, direct ― 90⁰-180⁰, retrograde  

   longitude of the ascending node (Ω) 

   argument of perihelion (ω) 

longitude of perihelion parameter, 

perihelion distance  
q = a (1 – e) 

aphelion distance  
Q = a (1 + e) 
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Perihelion 
Object’s location 

Ascending node 



Orbits in the Solar System 

   
• The value of the semi-major axis defines the 

specific orbital energy and angular momentum 
(with e) of the object. 

• The value of the eccentricity defines the 
specific orbital angular momentum (with a) of 
the object. 

• The value of the inclination defines the angle 
between the orbital plane of the object and 
that of the ecliptic (Earth’s orbit). 

• In absence of external perturbations their 
values remain constant. 



Orbits in the Solar System 
   
• For an unperturbed population of asteroids or 

comets, the values of the angular parameters 
(longitude of the ascending node, argument of 
perihelion and true anomaly, f) must be uniformly 
distributed, i.e. all the values are equally 
probable. 

• External perturbations in the form of close 
encounters, and/or mean motion (and/or secular) 
resonances can transform a uniform distribution 
into any other. 

• In absence of resonances the angular parameters 
circulate (can take any value); however, if 
resonances are at work, they may librate or 
oscillate (e.g. ω can librate about 0º or 180º).  
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•  Observational data accumulated during the last decade do 
not explicitly rule out the presence of one or more super-
Earth-sized planets at hundreds or thousands of AU from the 
Sun (see e.g. Luhman 2014; Batygin & Brown 2016; Brown 
& Batygin 2016; Fienga et al. 2016).  
 
• The study of exo-planetary systems shows that planets 
moving in wide orbits do indeed exist (see e.g. Luhman et 
al. 2012; Bailey et al. 2014; Naud et al. 2014). 
 
• Most exo-planets have masses below those of Uranus and 
Neptune but above that of the Earth (see e.g. Howard et al. 
2010; Malhotra 2015; Silburt et al. 2015).  

There is no compelling reason to believe 
that there are no planets beyond Pluto 































Planet Nine hypothesis 
    Assuming a mass, m,  in terms of the mass of the 

Earth: 
 

• Semi-major axis (200 AU + 30 m, 600 AU + 20 m) 

     if m = 10 Earth masses  (500 AU, 800 AU) 

• Eccentricity = 0.75 – ((250 AU + 20 m)/a)8 

       if m = 10 Earth masses  (0.32, 0.74) 

• Inclination (22⁰, 40⁰) 

 

• Longitude of the ascending node (72⁰, 121⁰) 

 

• Argument of perihelion (120⁰, 160⁰) 

 















































Consistent with the Planet Nine 
hypothesis? 

    Assuming a mass, m,  in terms of the mass of the 

Earth: 
        if m is in the range 10 to 20 Earth masses 

• Semi-major axis (200 AU + 30 m, 600 AU + 20 m) 

     (300 AU, 600 AU) 

• Eccentricity = 0.75 – ((250 AU + 20 m)/a)8 

     (0.1, 0.4) 

• Inclination (22⁰, 40⁰) 

     (20⁰, 50⁰) 

• Longitude of the ascending node (72⁰, 121⁰) 

 

• Argument of perihelion (120⁰, 160⁰) 

 











06 30 00.13 +47 10 47.5 
(nearly 400 years ago they were at minimum separation) 



In brief, the existence of significant anisotropies in the 
distributions of the directions of perihelia and poles of the 
ETNOs is the main observational fact used to argue in favour 
of the presence of trans-Plutonian planets. The very same 
argument, but making use of comet data, has been 
proposed multiple times during the last ten decades or so to 
claim new planetary discoveries. Each and every one of 
these propositions was eventually dismissed as induced by 
strong observational bias. These historical precedents may 
lead us to ask, why is this time going to be any different? 
The answer is in the data. 
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Planets beyond Pluto? 

Neptune was predicted using pen and 
paper; computers are leading the way 

to the trans-Plutonian Planets. 



Updates 
 
 

https://www.researchgate.net/
project/Trans-Plutonian-

Planets 


