News and Reminders

Homework 5 - due Monday, Nov. 18

Wednesday - guest lecture by Dominic Oddo

End of semester proposal due dates:

- Abstract due: today
-  Proposal due: Monday, Dec. 2



Minimum-Mass Solar Nebula (MMSN)

-

Surface density (g cm™?)

~Minimum Mass Solar Nebula

1

Y =3000 g cm~(r/AU)"%2
msn

Observed KBO L




\

birthline

IMyr

Class 0/1 Iit. alt.
Class Il Lup.

FUors this work birth
FUors this work 1Myr

o0 @

wheww v v e ——

10-2 101 100




a) Massive flared disk b) Settled disk

d) Debris disk
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Planetesimal Formation
It all starts with dust...

Dust grains (<1 micron) are present in atmospheres of
giant stars

-> but their formation is still debated



Planetesimal Formation

Krus & Wurm (2018)
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The Drift Barrier

As particles grow in mass, they decouple from the gas and begin to settle toward
the mid-plane of disk

Consider: gas is partially supported against stellar gravity by pressure in radial
direction, so gas moves slower than Keplerian rate.
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Smaller grains are coupled to the gas, but:

= Larger particles (mm - cm) move at speeds
closer to Keplerian and thus feel a
headwind from the slower gas.
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Gas disk
temperature

Cooler - Hotter

Cosmic rays
Interstellar radiation

Pebble disk H>O snow line  CO snow line Gas disk
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How are dust and chemical
sub-structures linked?
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Nascent Stellar radiation Turbulence-
planet UV and X-ray driven diffusion

What are the organic reservoirs, C/N/O/S and Where do molecules
D/H ratios in the planet-forming disk regions? reside vertically?

How can we probe ionization and
dynamical disk processes?



Planetesimal Formation

Gravitational instability planetesimal formation:

* if dust settles in very thin disk that is also nearly perfectly free of
turbulence, then dust disk may fragment into clumps that collapse
under own gravity;

« problem: turbulence prohibits these circumstances from being

reached.

treaming instability:
* bodies drift in (from loss of angular momentum), encounter another
one and accumulate into a cluster
* Jlocal gas is sped up a little by cluster and rotates closer to
Keplerian speed
* headwind on cluster is reduced, and drifts more slowly toward
the star
 slower drifting clusters are overtaken and joined by isolated particles
from further away, increasing the local density and further reducing
dial drift
« -> experential growth of the clusters




From Planetesimals to Planetary Embryos

Lots of planetesimals floating around.
These O(1 km)-sized bodies feel much less headwind from the gas.

Collisions abound:
- can be mostly inelastic -> accretion
- elastic -> fragmentation
- elastic -> rebound
- “semi’-Keplerian orbits are changed to random motions
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Gravitational Focusing

\ Geometrical cross section
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With gravitational focusing:

[ =1 b2 =1 (R? + 4RcGm/Vv?2)
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Without gravitational focusing:

Cross section augmented by

of gravitational focusing
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