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Accretionin the Early Kuiper Belt

A

Scott Kenyon & Jane Luu 1999, AJ 118, 1101 (mainly)

March 2, 2006 -

Artist rendering of 2003UB3; 3 set against a background of the distant Sun and
inner solar zodiacal disk — Robert Hurt (IPAC) |
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Outline

| Introduction to the Kuiperﬁelt

| Problem: Should Neptune" bt have prevented Pluto (and other
'ming in the outer Solar system?

e key parameters:
coagulation, fragmentati' ensile strength, nebula mass

| Discussion

| Conclusion: PIutg Mot a gment of our imagina'on
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Intr oduction to the Kuiper Belt

n Kuiper Belt (Edgeworth 1948,1949; Kuiper 1951) IS remnant of the
solar nebula (circumsolar disk) |

n Pluto and 2003UBg; e merely largest known KBOs
1r 1475 km. e »
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Intr oduction (cont'd)

n Kuiper Belt is suf ciently %)pulated for collisions to oceur

a both merging and coII|S|‘ aIIy produced dust likely |mportant

n Estimated total mass of Kulger Belt.is 0:1 M

a power-law size distributi@f, withr = 1 1500 km;

Kuiper Belt is closest cowctlon to cir-
iske”around other stars
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Problems?

I Mass Is much smaller than expected from extrapolating the

surface mass density of thelinner solar system

t Mass is far too small to fort

the larger observed KBOs within
the 108 yr imposed by N | |

tune accreting nearby

I Accretion models predﬁ' riginal Kuiper Belt . 100 more

a Collisional ;»* '- of objects withr < 50 kn.

n KBOs: Ia@"erthan 100 km should be orlglnal remnants from
early solar system
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Curr ent stateof models

n Improve upon previous m%dels that:

a follow coagulation of large dust grains into larger grains up
to km-sized planetesimals | |

a follow collission-driven mé&rging into larger bodies

a do manage to pI‘OdUC’
roughly compatible witlk

3 do not include velogi

4 do not include fg@@gmentation due to collisionggof the larger
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Curr ent state of models(cont'd)

t Avallable models have prlems producing one 1000+ km planet

(Pluto) within 100 Myr, let alone several.

I Formation process and ti gscale for production and retention

of KBOs still controversial i
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New simulations — Step 1: velocity evolution

Kenyon & Luu 19&8, AJ 115, 2136 [Paper I]

t Sanity check of new code at 1 AU  (Wetherill & Steward 1993)

n Model annulus at 35 AU with width of 6 AU

observations of other stellar
i‘.: rotosolar nebula

n Starting conditions based al
systems and models of ?

n Initial sizes of bodies of &

n Small eccentricities &
tion to eccentricityg”— hii =hei = 0:6 (Barge & Pellgt 1990,91,'93)

n Fixed mass™ Jsity of each body of 1.5 gcm 3

n Toltall M 4t = 7-15M  (from minimum-mass solar nebula)
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New simulations (Step1): Results

| 1000+ km objects can be
10-100 Myr in a minimumsmass solar nebula, if'small bodies
with initial radil 80 < r < §
orbital eccentricities we? mall (e 0:001)

|  When velocity evolution I
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Kenyon & Luu 1999, AJ 118, 1101 [Paper II]
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Appendices!



Artist impression of a collision, resulting in at least some debris, in the Kuiper
Belt — lllustration credit: Dan Durda



