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The Kuiper Belt & Its Binaries:

The Kuiper Belt is located in the outer region of our solar system, extending from

the orbit of Neptune (at 30 AU) to ~ 55 AU from the Sun. To date, more
1000 members of the Kuiper Belt have been discovered with radii rangi

few tens of km to about 1000km. Its best known member is Pluto (Radius =

1137km) with its moon Charon.
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L2s mechanism:

Transient binaries get bound with the aid of
dynamical friction from the sea of small bodies:

Sub-Hill velocities, v<<v,=0OR},
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Direction of binary orbits
Only retrograde binaries form.
Exchange reactions can lead
to some prograde binaries but
their overall contribution is
small.

Super-Hill velocities, v>>v, =ORy,

Formation Rate

The L2s mechanism fails in creating tight binaries that
are saved from break up by intruder scattering. The L2s
mechanism is therefore not important for Binary
formation if Kuiper Belt objects have super-Hill velocities.
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ng from of Kuiper Belt Binaries:

10 to 20% of Kuiper Belt Objects are in binaries. 48 such
systems are currently known. We can identify two classes
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Most likely formation scenario:

Possible formation scenarios
proposed by Goldreich et al.
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Face on view of the solar system showing the Sun

(red), the giant planets and Kuiper Belt objects (yellow).
(2002):

Definitions:
R}, = Radius up to which the gravity from the
Kuiper Belt object dominates over the tidal forces
from the sun.

©Q = Angular velocity around the Sun

o = Angular size of the Sun

D = Fractional decrease in non-circular velocity due
to dynamical friction over time Q!

v = velocity dispersion of Kuiper Belt objects
¥ = Surface density of Kuiper Belt objects

R = Radius of Kuiper Belt object

p = Density of Kuiper Belt object

FRL§ >> FRL{

The L%, mechanism dominates
over the L® mechanism for v<<v,.

i o v<<v,, the vast majority of
comparable mass ratio binaries
have retrograde orbits

The L mechanism dominates over
the L2s mechanism for v>>v,,, _
leading to a roughly equal number

of prograde and retrograde
binaries
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L3 mechanism:

Three body gravitational deflection:

Sub-Hill velocities, v<<v,=0ORy,
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FR. = 0.28{51 a*Q~0.063Myr*
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Both prograde and
retrograde binaries form.

65% Retrograde
Super-Hill velocities, v>>v,,=QR,
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Further, for wide binaries, binary formation via the L3
mechanism competes with destruction by passing bodies.
This yields a statistical equilibrium
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The L% and L3 mechanisms leave a
uniqgue signature in the relative
abundance of prograde and
retrograde binaries. It provides an
excellent opportunity to distinguish
between the different binary
formation scenarios observationally.

abundance of binaries per Kuiper
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where v, is the mutual orbital velocity.
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