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Structure of the Kuiper Belt
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Structure of the Kuiper Belt

Cold Classicals: Presumably
pristine planetesimals
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Arrokoth (MUgg)

The Formation of 2014 MUG69

About 4.5 billion years ago... = ' ...1 January 2019.

oG

A rotating cloud of small, icy bodies starts to Eventually two larger bodies remain. The two bodies slowly spiral closer
coalesce in the outer solar system. until they touch, forming the bi-lobed
object we see today.

& riew Honzons / NASA / JHUAPL / SwRI / James Tuttle Keane

New Horizons Flyby, Jan 2019

Sketch by J.T. Keane






Arrokoth and Pluto ices are different

Arrokoth : Methanol, H,0, HCN
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equivalent temp (K

Retention of volatiles

Arrokoth formed with volatiles but lost them
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Retention of volatiles

Pluto cannot have been formed by accumulation of bodies like Arrokoth
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The size -density relationship of Kuiper Belt objects
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Porosity removal by gravitational compaction

Problem

A Timing! 26Al would melt if
formed within 4 Myr
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Thermal and photo -desorption

Heating and UV irradiation remove ice
on Myr timescales (Harrison & Schoen 1967).

Photodissociation
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Thermal and photo -desorption

Evidence in disks

Pri dial disk
Debris disks rimordial disks
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Small grains lofted in the atmosphere lose ice

Big grains are shielded and remain icy.
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Y (AU)

t = 0.016 Orbits

-0.1

0.0
X (AU)

Split into icy and silicate pebbles
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Density (g cm™3)

Canas & Lyra + (2024)

The first planetesimals are icy
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Integrate pebble accretion

Bulk Density (g / cm?)
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Pebble Accretion: Pebbles of different size accrete differently

Large OGol dil ocks effecto in the Bondi r e
Medium
Small Bondi Regime Hill Regime
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Accretion Rates
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Differential Accretion Rates
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Accretion Timescales

Accretion Timescale - amax=1.0cm
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Polydisperse (Multi -Species) Pebble Accretion
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Analytical theory of polydisperse (multi

Monodisperse (single species)
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Polydisperse Numerical vs Analytical - 20AU - a,,,,x=1 cm
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Density (g cm™3)

Growing Pluto by silicate pebble accretion

T =5.3513e+02 Years
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Pebble Internal Density

Ice Volume Fraction

Mass Accretion rate

Canas & Lyra + (2024)
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Growing Pluto by silicate pebble accretion

T =5.3513e+02 Years
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Resulting Densities vs Mass relations
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Distance Range
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M (Mpiuto/yr)

The window of silicate accretion
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Where are the missing Kuiper Belt binaries?

Density (g cm™3)
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density (g cnf)

Mass gap

Mass (kg)

Mass (Mpiuto)

Diameter (km)
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Density (g cm™3)

Kuiper belt mass gap

5_— Cold Cla;ssical < Spalcecraft I | Where are the mlSSIng

: zi:?tr;?‘gz Disk 2 ‘?I::::Ir::?;gdiometry KUIper Belt blnarIeS?

= Centaur ¥ No albedo or radius information
A === Hot Classical

=== Satellite i
51 @
2 * . ]

lé l. ¢
. o A Gap between 19 and 13°kg (16 and 16?

Pluto masses)

A Population difference
A Cold Classicals are on lamass side of the

gap

A Likely not small number statistics

A Low mass side is the highass end of the
planetesimal initial mass function.

1020

Mass (kg) Lyra (2025)



Low -mass end: consistent with high -mass end of Streaming Instability
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