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(+ Migration / Scattering)

v/ Solar System

v/ Hot Jupiters

v - Super Earths /7 Ice Giants

v/ Big Planetesimals

v/ Single planets on wide orbits

Massive multi-planet systems on wide orbits
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Motivation for
Gl7

x Standard Core Accretion is slow at large
radil

® Disk fragmentation Is more likely far from
the star
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Two Key Questions for Gl

1, Depends on star formation
history (KMCY 2010), rates are typically [ (Offner, Kratter et al
2010), prohibit inner disk fragmentation

2.

Need a to fragment into low mass objects
(KMCY 2010). Need to control
growth (e.g. Lissauer et al 2009). Needs to happen N disk
timescales, but we (Andrews et al 2009),

Inward migration, resonant configuration

Growing spiral modes are
not equivalent to

fragmentation O
Dodson-Robinson et al 2009 Kratter et al 2010
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Fragments like to grow!

Kratter et al, 2008, 2010,
KMCY, 2010
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€] a population of

CURRIE ET AL.

= Brown Dwarf (and
massive planet)

IS real (Nielsen &

Close 2009, Lafreniere et al
2007, Quanz et al 2011)

= ore massive stars
do have
similar (or higher)
Mass companions

elther (Leconte et al 2010,
Hinkley et al 2010)

10.0 100.0 1000.0

Currie et al, 2011,
Kratter, Murray-Clay & Youdin, 2010
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IS core accretion

formation can get a
(Chiang &
Youdin 2010, Youdin 2010)

= (Critical core gets

(not always 10
Me, Rafikov 2011)

rates are possible (Dones
& Tremaine 1993, Goldreich
Lithwick & Sari 2004, Rafikov
2003,2006,2011, Kenyon &
Bromley 2009, 2011, Inaba &
lkoma 2003)

Initial Disk Mass (Mg)

log Disk Viscosity Parameter (o)
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Fvidence for
N HR 8799

= Only strong
‘counter”
observation to
standard planet
formation has a
debris disk

= |\]assive Stars form
more planets at

wider separations
(Johnson 2010, Crepp
& Johnson 2011)

10.0 T66e Moro-Martin et al, 2010 &
Kate Su’s talk

Semi—major Axis (AU)
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Summary

n for-a wide
range of planets

» (Gl is proposed to account for “hard” to form planets,
but suffers from similar; if not more extreme theoretical
difficulties. It predicts a population of more massive
objects
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Summary

n for-a wide
range of planets

» (Gl is proposed to account for “hard” to form planets,
out suffers from similar; if not more extreme theoretical
difficulties. It predicts a population of more massive
objects

Researchers are “trapped in the mindset of the disk-
instability deniers” who believe that the inner part of
a planet-forming disk, because it lies closer to the

parent star, would be too hot to fragment, Boss says.
“This really 1s more of a religious split than a
scientific one,” he adds. (ScienceNews, Dec. 2010)
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Fig. 2.— Similar to Figure 1, but for later in the disk’s evolution after additional fragmen-
tation has occurred. Left: There are three regions of interest that are highlighted by boxes

A, B, and C. Box A shows to clumps that are about to merge and become one object. Box

B shows two clumps that just missed merging. One is becoming disrupted, and releasing its
gas solids back into the disk. In Box C, a three clumps are about to merge. Right: The
boxes represent the same objects 200 yr later. Boxes A and C show that the clumps have
completed their mergers.] The clump in Box C is now 32 M; with 270 Mg of total heavy
elements. In contrast, on€ Of the Clumps 1l BoxX as survived, while the other was tidally
disrupted. The clump is 11 M; with ~ 100 Mg of heavy elements.

Boley et al, 2011



What is the Gl mechanism

criterion for disk unstable to Gl

allow disk to dissipate
energy./ fragments 1o
collapse on free-fall time

fragment mass consistent
with fastest growing mode

criterion for fragment to stop
accreting (gap opening)
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let there be planets!?
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