Polydisperse Pebble Accretion
Lessons from the Kuiper belt
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W. Lyra

The size-density relationship of Kuiper Belt objects
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Cold Classicals Kuiper Belt Objects

Presumably pristine planetesimals
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W. Lyra

The size-density relationship of Kuiper Belt objects
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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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W. Lyra

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

“Goldilocks effect”
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Polydisperse (Multi-Species) Pebble Accretion
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Analytical theory of polydisperse (multi-species) pebble accretion
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M3D = lim M = ’ITRfccde(SV,
— 0

lim M = 2R,..X;6v,

Mo =
2D £ oo

Lambrechts & Johansen (2012)

Polydisperse (multiple species)

6(1—p) (Stmax)z/3QR2 .
H g

Mo i =
DM 4503k

0.1
b+l . s b+l . 5
M ~C 8L (%*-}lamax) +C n (%’Jzamax)
3D,Bondi =~ 1 (b1 +1)/s 2 (ba+1)/s
5] §J2
bi+l by+l
C 'TE( 3: :J3a‘:nax) C ’Tf( 4: s]4airnax)
3 Bri)fs T (bat1)/s
S5 5Jy

Lyra & Johansen + (2023)

1

W. Lyra

Polydisperse Numerical vs Analytical - 20AU - a,,,x=1 cm

1071 —
— Actual
-=-=- Hill (numerical) o
103 Hill 2D Analytical ' -
—— Bondi (numerical) - —
1051 =~ Bondi 3D Analytical o
-
2
@ -7 |
s 10
=
10—9-
107H-
10-° 10~> 1074 1073 1072 1071 10° 10?
Mp/MEarth

Lyra & Johansen + (2023)



W. Lyra

M (Mg /yr)
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Differential Accretion Rates

St

St

nvs e [(**“e)w®"le / (e)w*°"e] bol

0 _- __ 1 1
[ —

™
o
—

10°!

D
L ]
—
T
5
—
i
o
—
T
o
—
2 3 T © 3
— o o o
—~ —~ r—~
Yue3 /9y
NvG e (;_A®w) we'le
(@) N < O o0
n
(o]
o
°)
.ﬂ =]
O ] B
- 5
O
) i
T 0
5
Q
i ,L
/ o
/ O
' |
7
L
i
7
o
i
i
o
i
)
(@)
q_, i
(@)
i
7
o
i
o
i

a (mm)

a (mm)

11

Lyra & Johansen + (2023)

W. Lyra



W. Lyra

Accretion Timescales

Myr accretion timescales possible on top of planetesimals produces by Streaming Instability

Accretion Timescale - apgx=1.0cm
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W. Lyra

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

Problem

« Timing! 2°Al would melt if
formed within 4 Myr
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Thermal and photo-desorption

Ice Removal Proof-of-concept model
Heating and UV irradiation remove ice Small grains lofted in the atmosphere lose ice
on Myr timescales (Harrison & Schoen 1967). Big grains are shielded and remain icy.
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Growing Pluto by silicate pebble accretion
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Conclusions

Polydisperse Bondi accretion 1-2 orders of magnitude more efficient than
monodisperse

+ Best accreted pebbles are those of drag time ~ Bondi time, not the largest ones
+ The largest ones dominate the mass budget, but accrete poorly

Onset of Bondi accretion 1-2 orders of magnitude lower in mass compared to
monodisperse

* Bondi accretion possible on top of Streaming Instability planetary embryos
within disk lifetime
* Reaches 100-350km objects within Myr timescales

Analytical solution to

* Monodisperse general case
» Polydisperse 2D Hill and 3D Bondi

KBO density problem:

+ Two different pebble populations, maintained by ice desorption off small grains
«  Streaming instability: icy-rich small objects; nearly uniform composition
* Polydisperse pebble accretion: silicate-rich larger objects; varied composition
* Melting avoided by

* ice-rich formation

* 26/l incorporated mostly in long (>Myr) phase of silicate accretion
« KBOs best reproduced between 15-25 AU
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