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The Solar System: our home In the universe
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EXoplanet diversity

Cold H2/He
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Planet composition

Cold H2/He
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Planet COmposition

Cold Ho/He
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Planet composition

Cold Ho/He
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Planet omposition

Cold Ho/He
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Volatile ‘oversaturation’?

Cold Ho/He
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Star—-planet composition relation”
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Star—planet composition relation?

Atmosphere;
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Composition determines climatic setting
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Composition determines climatic setting
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Composition determines climatic setting

Atm. Ejection

I
Magma Ocean Late Venee# Hydrodynamic Volcanic
Atmosphere < ey &  [Escape Atmosphere
i l k&
.‘.. l
c6, H0 ! + H,0
| o,
I
; I
|
: 4.52.432 I
4.568 . . 52-43 . é H > | P
. ' Y 4
(‘f:——;’;///—f/ co :
| | | | Hydrodynamic
i ‘ i ; ] \ o,
ASTROPHYSIGAL CONSTRAINT|S ' | | | | BIOLOGICAL SIGNATURES PR N : Escape
Ga 46 4.4 4.2 4.0 3.8 3.6 3.4 3.2 3.0 2.8 2.6 2.4
| Q—Habitat)ilit\'/ Bodnda‘ry—»l ' }4— Biosidnatdre B:ouncliary‘ | ' | é . ;
L RN o R
3.7 ‘.
- . * . 24 — COZ H
......... , |_|2 Mineral
or
... Planetesimals and Gas...
Nebular \ N2' O2 Biological
Atmosphere .. Dust and Gas Atmosphere

Pearce, Tupper, Pudritz, Higgs 18 Galllard & Scaillet 14



Geophysical evolution during accretion
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Geophysical evolution during early accretion
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Radiogenic heating, logio [W/kg]

Radiogenic heating drives thermal evolution
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Radiogenic heating, logio [W/kg]

Planetesimal interior evolution
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Estimates for planetesimal birth function

Relative surface density
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Radiogenic heating, logio [W/kg]

Planetesimal interior evolution
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Volatile retention/loss & differentiation
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Early accretion in the Solar System: distinct reservoirs,
rapid core formation, compositional trend with orbit
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Early accretion in the Solar System: distinct reservoirs,
rapid core formation, compositional trend with orbit
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Early accretion in the Solar System: distinct reservoirs,
rapid core formation, compositional trend with orbit
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Planetesimal formation in =wind-driven disk
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Midplane turbulence

Raplid accretion In midplane-quiescent disks
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Compositional bifurcation of reservoirs
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Compositional bifurcation of reservoirs
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Compositional bifurcation of reservoirs
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Solar System: earliest bifurcation of planetary
pbuilding blocks®

Reservolr separation induced by protoplanet seeding

» Not dependent on the presence of Jupiter, but causing its

1015 . nucleation and growth
i esS

- 3 ’ e Rocky planets seeded before giant planets
= | &
= .o | |
“éh 1 e \Water accretion sequence to inner Solar System:
= 0ald water-depleted = dry = water-rich

0 1 . atersnowlne » Qualitatively reproduces latest geochemical constraints < 4

| 1 > r [au] 10 50 I\/Iyr (Sarafian+17a,b; Peslier+ 17; Piani+ 17,18; McCubbin & Barnes 19)

® Suggests cause for absence of super-Earths in Solar System

e (Connects accretion sequence to observable disk parameters

Lichtenberg, Drazkowska, Schonbachler, Golabek, Hands, in prep.



“OAl variapllity across planetary systems

Enrichment with short-lived radionuclides (26Al + 60Fe)

- £ 26Al-heated icy planetesimals forming planets
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Getting rid of the water: radiogenic heating

Dehydration from 2°Al heating

1 1
: 26Al-heated icy planetesimals forming planets
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Rapid dehydration of water-rich planetesimals
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SAl controls bulk water content

Final planetesimal H,O abundance /1, ;. Synthetic exoplanet populations
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SAl controls bulk water content

Final planetesimal H,O abundance /1, ;. Synthetic exoplanet populations
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SAl controls bulk water content

Final planetesimal H,O abundance 7,/
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SAl controls bulk water content
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SAl controls bulk water content
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shapes exoplanet structure

Liquid water

Leger+ 04, Sotin+ 07, Alibert 14, Noack+ 16/17

Liquid water
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“OA1 shapes exoplanet structure

Solar 26Al versus no 26A| heating
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Geophysical evolution during late accretion
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Hadean earth: from accretion to water oceans
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Hamano+ 13

Magma ocean desiccation”

Final size of water reservoir (M)

Earth-like

Venus-like?
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Equiliorium partitioning + some evolution
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INntegrated magma ocean—atmosphere model

l o

Atmospheric radiative-convective-chemical model
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Lichtenberg, Hammond, Bower, Tsai, Sanan, Pierrehumbert, in prep.



Vlagma oceans from the core-mantle bounaary to
the top of the atmosphere o B—
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(a) Heat flux to space

(d) Atmospheric volatile partial pressure
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MO-detectabllity with direct imaging?

Probability of detecting magma ocean planet
with future direct imaging facilities
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Geophysical evolution shapes young rocky planets

e Systemic 26Al dichotomy across planetary systems:

= Not-enriched systems tend to form ocean worlds

= |n Solar System traced by inner/outer chemical and isotopic
bifurcation”?

e Magma ocean-atmosphere coupling shapes earliest atmospheric and
upper mantle (geo-)chemistry:

= Barrier from planet formation to early planetary evolution
e |nterconnect w/ future space missions and laboratory studies”?

= Observational constraints from both solar system- (formation) and
exoplanet-focused missions (evolution, atmospheric signatures)

Lichtenberg+ 20164, lcarus Lichtenberg+ 2016b, MNRAS = [ aboratory studies that help to constrain (or depend on)
Lichtenberg+ 2018, Icarus Hunt+ 2018, E&PSL ' ' ' ' )
ohtonborcs 20195 EAPEL  Bonatis 2019, AGA environmental variables, e.g., UV flux, subaerial volatile abundances”:

Lichtenberg+ 2019b, NatAstron W @tim_lichtenberg « timlichtenberg.net



