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What are the Kuiper Belt objects

telling us about planet formation?

The Planet Formation in the Southwes t Collaboration (PFITS+): Manuel Cañas (New 

Mexico State University), Daniel Carrera (New Mexico State University), Anders 

Johansen (University of Copenhagen), Leonardo Krapp  (University of Arizona), 

Debanjan  Sengupta (New Mexico State University), Jake Simon (Iowa State University), 

Orkan Umurhan  (NASA Ames),  Chao-Chin Yang (University of Alabama), Andrew 

Youdin  (University of Arizona).





The size -density relationship of Kuiper Belt objects

Cañas+Lyra et al. (2024)

Data; Thomas (2000), Stansberry et al. (2006), Grundy 

et al. (2007), Brown et al. (2011), Stansberry et al. 

(2012), Brown (2013), Fornasier et al. (2013), Vilenius, 

et al. (2014), Nimmo et al. (2016), Ortiz et al. (2017), 

Brown and Butler (2017), Grundy et al. (2019), 
Morgado et al. (2023), Pereira et al. (2023).



Bierson & Nimmo (2019)

Fully compact

Assumptions
Å Constant composition at 

birth and growth

Å Growth by planetesimal 
accretion

Previous best bet: 
Porosity removal by gravitational compaction

Fm = rock mass fraction

Problem

Å Timing! 26Al would melt if 

formed within 4 Myr



Streaming Instability

The dust drift is hydrodynamically unstable

Lesur et al. (2022)

Youdin & Goodman ó05, Johansen & Youdin ó07, Youdin & Johansen+ ó07, Kowalik+ ô13, Lyra & Kuchner ó13, 
Schreiber+ ó18, Klahr & Schreiber ô20, Simon+ ó16, ó17, Carrera+ ó15, ó17, ó20, Gole+ ô20, Li+ ó18, ó19, Abod+ ô19, Nesvorny+ ô19



Abandoning Constant Composition

Powell et al. 2022

Ice coated grains

Ice-free grains

Heating and UV irradiation remove ice on Myr 

timescales (Harrison & Schoen 1967)

Å Small grains lofted in the atmosphere lose ice

Å Big grains are shielded and remain icy. 



Split into icy and silicate pebbles

Canas+Lyra et al. 2024



The first planetesimals are icy

Canas+Lyra et al. 2024
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Pebble Accretion

Lyra+ ó08, ô09, ô23, Ormel & Klahr ó10, Lambrechts & Johansen ô12

See Johansen & Lambrechts ó17 for a review
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Pebble Accretion: Geometric, Bondi, and Hill regime

Pebble 

scale 

height

Mass Accretion rates

Bondi radius

Hill radius

Bondi accretion - Bound against headwind
Hill accretion - Bound against stellar tide

Johansen & Lambrechts (2017); Lyra et al (2023)
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Integrate pebble accretion



Pebble Accretion: Pebbles of different size accrete differently

òGoldilocks effectò in the Bondi regime

Bondi Regime

Best accreted pebble

Drag time ~ Bondi Time

Hill Regime

Best accreted pebble

Drag time ~ Orbital Time

Johansen & Lambrechts (2017); Lyra et al (2023)
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Medium

Small



Lyra et al. 2023

Accretion Rates at 40 AU



Accretion Rates

Lyra et al. 2023



Growing Pluto by silicate pebble accretion

Canas+Lyra et al. 2024



Resulting Densities vs Mass relations
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Canas+Lyra et al. 2024



Growing Pluto by silicate pebble accretion

Canas+Lyra et al. 2024



Distance Range

15 - 25AU

Canas+Lyra et al. 2024



The window of silicate accretion

Canas+Lyra et al. 2024



A mass gap

Lyra (2025)
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Kavelaars et al (2021)

Schafer et al. (2017)

Low -mass end: consistent with high -mass end of Streaming Instability
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Lyra (2025)

High -mass side. Observational bias?
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Different system architecture

Bernstein et al (2023)

Small satellites, tight orbits

Equal mass, wide binaries
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Did the high -mass objects lose their primordial satellites?

UWBs

Lyra (2025)
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Lyra (2025)

Non-Keplerian orbits

Rommel et al.  (2025)
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Satellites

Lyra (2025, but see Denton et al. 2025 for lower mass ratios)


