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Substructure In disks
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Rapid onset of planet accretion

— Extrasolar systems Solar System

>

" 1 Time after CAl (Ma)

8 10 IE— LI L I I I I I | I D | I I | I | I—E' O 1 2 3 4 5 6 7
S f ; s ..

; 100[_ ] : 1IAB B Kruijer et al. (2013)
E : E E o AR o Kr.uqer et al. (2014b)
4 i - ; & Wittig et al. (2013)
= 1071 _=. S ! —— VA A Budde et al. (2015)
@© - : é  —— —l— IVB *IAB (this study)

E' 10-2 i 7 O —l— 1D

S ? ? § —&—  Ureilites AB
N N | - '

- _3 i — = Cores (single exoplanets) ] : '+'
© 10 E Dust mass in disks | :

- - Cores (systems of exoplanets) 3

x —— o 10

(ZU Stellar Mass [M g |

Pascucci+ 16; Ansdell+ 16; Manara+ 18 Hunt, Cook, Lichtenberg+ 18



Geophysical evolution during accretion

Live 26Al (t1/2 ~ 0.7 Ma)

t=0 t=1Ma t=2Ma t=3 Ma t=4 Ma
ICAI formation

Planets

Embryos

Planetesimals

Mars accretion

Protoplanet accretion
Modified from Nittler & Ciesla 16 Elkins-Tanton 12



Asteroid belt substructure
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Dichotomous nucleosynthetic anomalies
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|sotope dichotomy
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Spatial & temporal fragmentation
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Spatial & temporal fragmentation

Time of Snapshots of disk evolution
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Rapid growth of Jupiter's core
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But protracted growth for the inner planets”
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-urther challenges

e Hard to form a 20 Mearn planet in = 1 Myr
» Streaming instabllity (S/) = 10°-108 yrs
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-urther challenges

e Hard to form a 20 Mgarth planet in = 1 Myr
» Streaming instabllity (S/) = 10°-108 yrs
» SI-SFD tapered Rmax = 300 km

e (Optimistic models of pebble accretion rapid
(= 104 yr): migration-constrained
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-urther challenges

e Hard to form a 20 Mgarth planet in = 1 Myr

» Streaming instabllity (S/) = 10°-108 yrs
» SI-SFD tapered Rmax = 300 km

e (Optimistic models of pebble accretion rapid

(= 104 yr): migration-constrained

e Jupiter is a porous ‘filter’
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-urther challenges

Hard to form a 20 Meann planet in = 1 Myr
» Streaming instabllity (S/) = 10°-108 yrs
» SI-SFD tapered Rmax = 300 km

Optimistic models of pebble accretion rapid
(= 104 yr): migration-constrained

Jupiter Is a porous ‘filter’
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» Need Grand Tack; secondary dynamics
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-urther challenges

Hard to form a 20 Meann planet in = 1 Myr
» Streaming instabllity (S/) = 10°-108 yrs
» SI-SFD tapered Rmax = 300 km

Optimistic models of pebble accretion rapid
(= 104 yr): migration-constrained
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-urther challenges

Hard to form a 20 Meann planet in = 1 Myr
» Streaming instabllity (S/) = 10°-108 yrs
» SI-SFD tapered Rmax = 300 km

Optimistic models of pebble accretion rapid
(= 104 yr): migration-constrained

Jupiter Is a porous ‘filter’

—arly-formed Jupiter scatters >> Mast -belt
iNnto inner Solar System

» Need Grand Tack; secondary dynamics
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-urther challenges

Hard to form a 20 Meann planet in = 1 Myr
» Streaming instabllity (S/) = 10°-108 yrs
» SI-SFD tapered Rmax = 300 km

Optimistic models of pebble accretion rapid
(= 104 yr): migration-constrained

Jupiter Is a porous ‘filter’

—arly-formed Jupiter scatters >> Mast -belt
iNnto inner Solar System

» Need Grand Tack; secondary dynamics
Jupiter’s atmospheric composition
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Earliest compositional bifurcation of planetary bullding blocks

Lichtenberg, Drazkowska, Schonbachler, Golabek, Hands, in prep.
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Planetesimal formation in =wind-driven disk
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Water vapour re-/condensation
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Midplane turbulence

Raplid accretion In midplane-quiescent disks
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Pepble suppression
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Pebble flux (Mgartn/Myr)
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Geophysical evolution during early accretion

26 Al dominated Accretion-energy dominated

Live 26Al (t1/2 ~ 0.7 Ma)
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ICAI formation

Mars accretion

Protoplanet accretion
Modified from Nittler & Ciesla 16 Elkins-Tanton 12



Radiogenic heating, logio [W/kg]

Radiogenic heating drives thermal evolution
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Radiogenic heating, logio [W/kg]
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Chemical differentiation of planetesimals
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Chemical differentiation of planetesimals
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Chemical differentiation of planetesimals

Closest to surface:
Least metamorphosed, some breccias: Reduced CV chondrites

Mid-crust: Aqueously altered, more oxidized:
Bali-type oxidized CV chondrites

Allende-type oxidized CV chondrites
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Chemical differentiation of planetesimals
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Planetesimal ‘nhyadrology

Young+ 03, Castillo-Rogez & Young 17,
Fu & Elkins-Tanton 14, Fu+ 15,17

)

Planetesimal

center
100 -
Initial
__10F +
(© I
= :
< :
| @ 'f7 i
= —
Q| S v
O % :
- VO 4 /-4 — — -
1074 . . L/
1073
surtace 100 0 100 200 300
Temperature ("C)
26Al heating

supercritical fluid

P [MPa]
100 200 300 400 500

400 m depth

400 500

0

33

chl+

atg+ ch
amph/  tlc

500 ¢



34

Planetesimal “hydrology’
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Planetesimal “hydrology’
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Getting rid of the water: radiogenic heating

Dehydration from 2°Al heating
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Compositional bifurcation of reservoirs

Maximum temperature, Tmax [K]
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Meteorite group

Reservoir  Atcar £ 20 (Myr)

Compositional chronology:
Water loss & hydrothermal activity
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Carliest compositional bifurcation of planetary
puillding blocks

e Model reproduces temporal, spatial, mass and
compositional constraints of the early Solar System
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