Cha ms Moons Have
Been Captured’?

BIake Hartley TERPS 2014
. December |

l X



. How dld PIu 0’s Smallermqons form?

*In the framewo : 'uIar hypothe5|s the Pluto system and
the Kuiper belt objec S (KBO) formed out of colliding i |cy
planete5|mals .

= Pluto’s moons. have very Iew eccentrmty, meanmg that they Itkely =
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formed out of a debris dISk orbiting PIuto e S i
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. The creation.of such a dlsk is diff cuIt to explaln with an object
possessmg as little mass as Pluto. . | ‘ o



.Could Pluto’ 'S moons have been
| 'captured? ™ "

*In the case of"t" _ e'ractlons all orblts are elther elliptical
and permanent or hyperbollc or temporary

R This means that grawtatlonal capture does hot allow for the capture

3 of moons by a. smgle central object
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L e |f C-ﬁa"ron had a|ready.for'medbefore the rest of the moons, -

‘interactions With other Kuiper belt olojects are now three body
. interactions, which are more complicated.” = &
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- Method
* The 'simul'eti'ons' _ n e"ieapfro'g' n-body' code (Hartley, 2014)

i A randomly generated cloud of Kuiper belt objects wuth conditions
expected in the early solar system are |n|t|aI|zed moving towards.
the Pluto Charon system - '

. ’ . -
- »
o~ 9 @ .r -
© 2 i e . C

fa These objects are tracked |nd|V|duaIIy untll they eX|t the hill sphere
-of the Pluto- Charon system : -






.Could Pluto’ 'S moons have been
'captured'? . ®

*In the case of three ir teractlons energy may be exchanged
between the three o) jects allowing for-outside objects to drop to
the negative energy necessary to become gravitationally bound.

& _' R ' This:energy exchange happens 1n both dlrectlons and all objects
which become bound will eventually depart the system . &
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. Objects remain bound for 10s-100s of Earth years on average..






- Bound an"d__. ,ufbound KBO .interactions

+ KBOs whlch"a're e ily bound to PIuto through three body
energy exchange may colllde with free KBOs.

R . These coII|S|ons produce debrls disks which couId collapse to form
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‘ the outer moons of PIuto
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o Hypothetlcal mlgratlon of the gas glants WEVAUEED that the Kulper

belt was thousands of times more populated than itis now, maklng
such coII|S|ons much more likely .- - &



. Bouh'd a.n"'d“_ unbound KBO interactions

¢ A statlst|cal.ana .

possible collisions was done with bound
states dlscovered W|t e o, -

S Evén with generous estimates of the lifetime and density of the

~, early solar system Kuiper:Belt, coII|5|ons of bound and unbound

; objects are exceedingly unllkely i S o i
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+ It appears that this method fails to produce the moons.
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