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Doubling time ~ 27 months
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~4.5 billion years ago: formation of the Kuiper belt through

outward scattering of icy debris by giant planets

Video credit: California Academy of Sciences



Batygin & Brown, Astron.J., 2016

fast forward to 2016…
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Planet 9: gravitational confinement 

of orbits + modulation of ellipticity
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BUT WAIT! 

IS THIS CLUSTERING 
REAL OR OBS BIAS?



false alarm probability ~ 0.4%

Brown & Batygin 2021





Batygin & Morbidelli 2017



2015 BP519: caught in the act



Returning to 30AU…..





Injection of high-inclination Centaurs into the solar system by P9

Batygin et al 2019



Image: Orion Nebular Cluster source: the internet

but hang on… the sun didn’t form alone.

it formed in a cluster…  
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q ≤ 100 AU


q ≥ 30 AU


i ≤ 40 deg

N + P9 + PS + GT

giant planet formation epoch

solar system embedded in a cluster

passing stars perturb debris at 1000+ AU

sun exits birth cluster~10 Myr ~100 Myr ~4.5 Gyr

distant bodies injected back into the Kuiper belt

P9-shepherding yields weak clustering
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Distant scattered disk 
fully sourced from the 
inner Oort Cloud


More distant, highly 
eccentric P9


(Batygin & Brown 2021)

Distant scattered disk 
fully sourced from the 
Kuiper belt


More proximate, mildly 
eccentric P9


(Brown & Batygin 2021)











Dear Selection Committee, 


I am writing to recommend Dr. Konstantin Batygin for the PSI Thursday Colloquium. Dr. 
Batygin is an astrophysicist at the California Institute of Technology, and he is one of the 
world's leading experts on Solar System evolution and planetary formation. He has made 
numerous important contributions to our understanding of the Solar System, and his work 
has been widely recognized in the scientific community. 


Dr. Batygin's recent work is on the Planet Nine hypothesis, which posits the existence of a 
new planet in the Solar System with a mass of 5-10 Earth masses, orbiting at a distance of 
400-800 AU from the Sun. This work has been widely recognized as being of great 
importance, and it has generated a great deal of excitement in the astronomical community. 
Dr. Batygin is a leading expert on this topic, and we believe that he is unequivocally 
deserving of a colloquium presentation at PSI.


Konstantin Batygin's electric guitar performance, however, was disappointing and did not 
lack the usual self-importance and arrogance one can expect from a composer and 
musician. The mask he wore was also idiotic and did not add to the performance. Overall, it 
was an ok performance, but there are better electric guitarists out there.


Despite this, I genuinely believe in Dr. Batygin's candidacy. He would be an excellent addition 
to your colloquium series, and I strongly recommend him. 


Thank you for your consideration. 



Lines of Evidence


Apsidal clustering (alignment of eccentricity vectors)


Grouping of angular momentum vectors (orbital planes)


Excitement of high-inclination long-period TNOs


Pollution of the solar system with retrograde Centrars


Caveats


Icy bodies injected into the Kuiper belt from the inner Oort Cloud by Planet 
Nine show weaker clustering than icy objects that originate in the Kuiper belt


If the data is indeed contaminated by inner Oort Cloud objects, then the orbit 
of P9 is more eccentric and more distant than we have estimated.







All bets on gravity…..




