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The size-density relationship of Kuiper Belt objects
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Porosity removal by gravitational compaction

Problem

« Timing! 26Al would melt if
formed within 4 Myr
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Core Accretion (20 yrs ago) Rocky planets
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Streaming Instability

The dust drift is hydrodynamically unstable

Background Keplermn Sflow
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Abandoning Constant Composition

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

« 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

X (AU)

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

Canas+Lyra et al. 2024

The first planetesimals are icy
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Core Accretion (...20yrs ago) Rocky planets
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Core Accretion
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Pebble Accretion
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Pebble Accretion: Geometric, Bondi, and Hill regime

Bondi accretion - Bound against headwind
Hill accretion - Bound against stellar tide
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Pebble Accretion: Pebbles of different size accrete differently

Large »Goldilocks effect” in the Bondi regime
Medium
Small Bondi Regime Hill Regime
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Density (g cm™3)

Growing Pluto by silicate pebble accretion
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Model 1 (Power Law) Model 2 (Bimodal) Model 3 (Constant)
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Density (g cm™3)

Growing Pluto by silicate pebble accretion
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Resulting Densities vs Mass relations
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M (Mpiuto/yr)

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

Where are the missing Kuiper Belt binaries?

Wladimir Lyra®*

“New Mexico State University, Department of Astronomy, PO Box 30001 MSC 4500, Las Cruces, 88001, NM, USA
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ABSTRACT

In this letter, we call attention to a gap in binaries in the Kuiper belt in the mass range between
1073 and 1072 Pluto masses (=10'?-102° kg), with a corresponding dearth in binaries between
4th and Sth absolute magnitude H. The low-mass end of the gap is consistent with the truncation
of the cold classical population at 400 km, as suggested by the OSSOS survey, and predicted by
simulations of planetesimal formation by streaming instability. The distribution of magnitudes
for all KBOs is continuous, which means that many objects exist in the gap, but the binaries in this
range have either been disrupted, or the companions are too close to the primary and/or too dim
to be detected with the current generation of observational instruments. At the high-mass side
of the gap, the objects have small satellites at small separations, and we find a trend that as mass
decreases, the ratio of primary radius to secondary semimajor increases. If this trend continues
into the gap, non-Keplerian effects should make mass determination more challenging.
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Where are the missing Kuiper Belt binaries?
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Density (g cm™3)
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OSSOS Finds an Exponential Cutoff in the Size Distribution of the Cold Classical
Kuiper Belt
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Figure 2. As in Figure 1, the orange region represents the debiased OSSOS++ sample. The green shaded area represents the debiased detections from the Deep
Ecliptic Survey (Adams et al. 2014), with the green dotted line indicating the best-fit double exponential. Also shown are the best fits from Bernstein et al. (2004; cyan
dotted line) and Fraser et al. (2014; magenta dotted line). The curves have been scaled to reflect the difference in survey filters and for differences in selection function
for cold classical KBOs. In particular, we use (r — R) = 0.25 (Jordi et al. 2006) for (V — R) = 0.6 cold classical KBOs, and we scale the apparent magnitude
distribution given in BO4 using a fixed distance of 42 au to transform from r to H,. The A14 total population is slightly low compared to the OSSOS++ sample; this
may be due to tracking losses reported in A14. The F14 fit has been scaled to match the OSSOS++ sample at H, = 8, as we were uncertain of the scaling from the
surface density reported in F14 and the absolute total numbers reported here.
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Different system architecture
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(Rp/a)?

Non-Keplerian orbits?
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Conclusions

KBO density problem:

T =5.3513e+02 Years

« Two different pebble populations, maintained by ice >0
desorption off small grains
« Streaming instability: icy-rich small objects; nearly uniform 2.5 1 *
composition
* Pebble accretion: silicate-rich larger objects; varied S0 “r
composition i *
« Melting avoided by 5 *
* ice-rich formation ‘g 131 o *
« 267\l incorporated mostly in long (>Myr) phase of e *+
silicate accretion B8 a5 x +
« KBOs best reproduced between 15-25 AU i’ H
Missing Binaries ]
« Cold classicals capped at 10-3 Pluto masses
« Gap between 10-3 and 10-2 Pluto masses for non-cold 0.0 e

classicals
* Formation imprint?
* Dynamical loss?
* Observation bias?
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