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&, Astrobiology News
New Discovery Changes Views On Star And Planet
Formation

The combination of theoretical models and empirical data provides a new perspective
for understanding the complex interactions between young...

2 days ago

B Rice University
‘New era in planet hunting’: Rice astronomers help capture
striking images of planet formation

International astronomers, including Rice University's Andrea Isella and Charlie
Gardner, have unveiled highly detailed images of planets...

4 days ago

& SciTechDaily
Vesta Isn’t What We Thought — Could It Be a Chunk of a Lost
Planet?

Surprising new research reveals Vesta lacks a core, suggesting it may be planetary
debris rather than a proto-planet, rewriting its origin...

1 day ago

@ Earth.com
Each star's neighborhood affects the type of planets that form

Stars have long inspired curiosity among observers, but our understanding of their birth
and the creation of planets around them is...

20 hours ago

ExtremeTech
Astronomers Capture Planetary Formation With
Unprecedented Clarity

Astronomers have unlocked the sharpest visual yet of planets beginning to form within
young solar systems.

21 hours ago

Planet Formation
IS an active and evolving field of research
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National Radio Astronomy Observatory
exoALMA Gives Astronomers A New Look At How Planets
Are Formed

An artist's impression of new data collected by the exocALMA large program, which
studied young star systems to map the motions of gas to...

4 days ago

B space
These are the sharpest images yet of planets being born
around distant stars

ALMA observations of carbon monoxide emission from 15 protoplanetary disks reveal a
stunning variety of gas structures, including gaps,...

2 days ago

o Universe Today
Scientists Gain a New Understanding of How Stars and
Planets Form

As young stars form, they exert a powerful influence on their surroundings and create
complex interactions between them and their...

1 day ago

ﬂ Center for Astrophysics | Harvard & Smithsonian
exoALMA and CfA Provide a New Look at How Planets Are
Formed

Beyond planet hunting, this survey with significant CfA contributions will reveal the
mechanics behind planet forming discs.

4 days ago

f® MSUToday
New research shatters long-held beliefs about asteroid Vesta

Why this matters: - New findings change how Vesta is defined as not quite an asteroid
or a planet. - This research challenges previous...

4 days ago




Protoplanetary

Theo . .
i Disk Observations
Given initial conditions,
putting pen to paper Planet formation in action
(plus computer simulations)
goes a long way

Planet Formation

Very detailed, Comprehensive statistics,
but only one system but limited scope of information

Solar System Constraints Exoplanet Constraints







Voyager 10 approach sequence



Evidence from the Solar System

The Solar Nebula

Nebular hypothesis i planets form in disks of gas and dust
(Kant 1755, Laplace 1794)




Matthew Bate
University of Exeter






Betelgeuse .
. Bellatrix
L.
4 . Orion's Belt
. .
' .

Saiph

. Rigel












100 Earth masses

10 Earth masses

1 Earth mass

€D
_”%?GM




—
P 3
2 N

N
S

12+ log (M/H)
N W N 0 e N & S

Chemical Composition of the Sun

Present-DPay Solar Photospheric Abundances
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Atomic Number, Z

Most abundant elements, in order:
H (71%) He (27%)
O (1.04%) C (0.46%)

Ne (0.13%) Fe (0.11%) N (0.1%)
Si (0.06%), Mg (0.05%), S (0.04%)

Bergemanret al. 2025



Refractories in meteorites:  Solar Composition
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Hydrogen
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Li

Lithium
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4
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Beryllium
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Magnesi...

20
Ca

Calcium

38
Sr

Strontium
56
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Barium
B8

Ra

Radium

21

Sc
Scandium
39

Y

Yttrium
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O Alkali metals
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Titanium
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Uranium

Periodic Table
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Iridium
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Platinum
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69
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101
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S
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Nearly everything
In the Universe\
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Solar composition:

H~0.71
He ~ 0.27
Metals ~ 0.02

Beatty et al. (1999)fhe New Solar System



Classes of planets

| Gas Giants
Rocky Planets Ice Glants i

Uranus/Neptune Jupiter Saturn

Earth

Rock Ice Gas

Beatty et al. (1999)fhe New Solar System



Snowline




Inward of showline

Rocks only
(small)

The idea, roughly

“Frost line”

Hydrogen-helium
W 25 nebula

2=

Protosun

IR Accreting rocky Accreting rock-ice
planetesimals planetesimals

Outward of snowline

Ice comes to aid!
Growing big
icy/rocky cores.

These two never did.
They are simply the
icy/rocky cores.



iCore Accretionbo Rocky planets

Dust overdensities . .
Planetesimal accretion
collapse
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ABot tUpm: Dust Growth and Core Acc

’




Grain collision outcomes

. Destruction
Bouncing Sticking

*

Guttleret al. (2010)Zsomet al. (2010)



Dust Growth and Drift

Dust particle
coagulation
and radial drift

F.Brauer, C.P. Dullemond
Th. Henning




AStreamingo Instability

The dust drift is not orderly, but turbulent

Johansen &oudin(2007); Video credit: Anders Johansen



Gravitational collapse into km  -s |

Video credit: Anders Johansen

Zz ed

obj

Johansen etal. (2007)




Core Accreton (€30 yrs ago) Rocky planets

Dust overdensities Planet(é:,ll_mal ?;CCfethn
collapse igarchs

: Isolation mass
—_— Planetesimals > G
gravity
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aerodynamics
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Core Accretion

Dust grains
Core |
) coagulation
Accretion > .
Streaming
Instability
0.17 1em
Protoplanets Pebb_le
Rocky Planets Accretion \4
Planetary Cores Planetesimals
( A 4

1-100km



How can we verify the
streaming instability hypothesis?

Fingerprints of
streaming instability







EVENT

PARTNERS

MERCURY SPONSOR:

UbiQD

UBIQUITOUS QUANTUM DOTS

MARS SPONSOR:

; (<
& REGIONAL (X
X DEVELOPMENT

W CORPORATION

URANUS SPONSOR:

JUPITER SPONSOR:

VENUS SPONSOR:

ROM

O

Los Alamos

NATIONAL LABORATORY

TRIAD

National Security, LLC

EARTH SPONSORS:

New Mexico
NSORTIUM [y o

............................

SATURN SPONSOR:

NEPTUNE SPONSOR:

o\

Center for

Nonlinear Studies

Pluto sponsor?

»-.~ ~
0 of
-~

%

=4






Evolution of the orbits of the giant planets
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Tsigani®t al. (2005); Gomes et al. (2008)orbidelli et al. (2005); Video credit: Alessandvtorbidelli
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Structure of the Kuiper Belt
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Eccentricity

Structure of the Kuiper Belt
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Classicals:
Objects between 40 and 50 au
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Hot Classicals>&°

A dynamically cold population: low inclination and

low eccentricity orbits, like the planets.

Presumably pristine planetesimals

H

Dawson & MurrayClay (2012)



New Horizons Trajectory

MU69 Flyby - 1/1/2019

50AU fromSun____»
4/17/2021 ..

ons
TCM26 - 10/3/2018 . 711412015
TCM24 - 12/9/2017 g Pluto Fiyby
TOM22- 21112017 Puie—7 >
Change course to MUG9
(TCM20-A,-B,-C,-D) —
10/22/2015-11/4/26
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Arrokoth : Discovery

Discovery: Marc Buie. Video credit: Bruce Murray



Occultation data suggests binary

Occultation by KBO 2014 MU69 on July 17, 2017

Occultation by KBO 2014 MUG9 on July 17, 2017

3 miles

Credit: NASA/Johns Hopkins University Applied Physics Laboratory/Southwest Research Institute



Approach sequence: Contact Binary

Credit: NASA/Johns Hopkins University Applied Physics Laboratory/Southwest Research Institute



“The Snowman”

21 miles
(33 km)

Credit: NASA/Johns Hopkins University Applied Physics Laboratory/Southwest Research Institute



Departure sequence: Shape

Old view

spin axis

New view

Credit: NASA/Johns Hopkins University Applied Physics Laboratory/Southwest Research Institute



“The Snowman”

21 miles
(33 km)

Credit: NASA/Johns Hopkins University Applied Physics Laboratory/Southwest Research Institute






Preference for Prograde
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Nesvornyet al. (2019)
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Prograde vs Retrograde

Protractor Plot
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Grundy et al. (2019)



Finding binaries

log(Zp/(Zp))
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Video creditRixinLi



Preference for Prograde (~80%)

Streaming Instability
Model (solid)

Kuiper Belt
objects (dashed)

Nesvornyet al. (2019)



