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keep it rollin’ …

• 1848 Jacques Babinet      m ~ 13Mearth  a ~ 47AU 

• 1880 George Forbes         m ~ ?Mearth   a ~ 300AU 

• 1901 William Pickering      m > 1Mearth   a ~ 47AU 

• 1916 Percival Lowell          m ~ 7Mearth   a ~ 43AU 

… 

• 1999 Matese, Whitman, Whitmire   m ~ 4Mjupiter   a ~ 15,000 AU 

• 2012 Gomes                                   m ~ 20Mearth   a ~ 1,500 AU 

• 2014 Trujillo, Sheppard                   m ~ 5Mearth      a ~ 250 AU

Planet X



Clyde Tombaugh (1906-1997)
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Sedna 
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Strange things are happening beyond ~250 AU
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a key challenge: characterize P9-KBO dynamics



dynamics: a 2D toy model

P9 Sun+J2KBOs (2D) 
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Topology of the 2:1 MMR
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Resonant Dynamics
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Batygin & Brown ApJL 2016
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Planet Nine Planet Nine 

Period ~ 20,000 years 

Mass ~ 10 x Earth 

Radius ~ 2 - 4 x Earth 

Eccentricity ~ 0.6 

Inclination ~ 30 deg 

Magnitude ~ 24 



Planet Nine Planet Nine 

Clustering of long orbits 

Sedna-type orbits 

Highly inclined centaurs 

Niku-type orbits 

Solar obliquity 








