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Spatial fragmentation of planet formation
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Andrews 20, Segura-Cox 20 Trinquier+ 07; Leya+ 08; Warren 11; Kruijer+ 17; Desch+ 18; Mezger+ 20

Exoplanetary systems Solar System



Shu 77, Ulrich 76, Hueso & Guillot 05, Dullemond+ 06

 — the disk starts small

Slide courtesy J. Drążkowska  

Inside-out rotating infall model



Slide courtesy J. Drążkowska  

Drążkowska & Alibert 17 
see also Schoonenberg & Ormel 17

Inside-out rotating infall model

Enhanced solid density
Hayashi 81



“traffic jam” in the inner disk
τ ~ 105 yr

Slide courtesy J. Drążkowska  

Planetesimal formation at the snowline

Ice-rich grainsDry grains

Drift

Drążkowska & Alibert 17 
see also Schoonenberg & Ormel 17



Stevenson & Lunine 88, Cuzzi & Zahnle 04

“cold finger” effect

Drążkowska & Alibert 17

τ ~ 103 yr

Planetesimal formation at the snowline

Cold finger: faster, less effective  
Traffic jam: slower, more effective

t ≈ 103 yrs
t ≈ 105 yrs



Drążkowska & Dullemond 2018

Cold-finger effect

Traffic-jam

Cold-finger Traffic-jam

Snow line

Planetesimal formation rate
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Compositional evolution from radiogenic heating

Time after Solar system formation [Myr]
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Lichtenberg+ 16a, 18, 19a,b



Compositional evolution from radiogenic heating

Lichtenberg+ 16a, 18, 19a,b
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Radiogenic heating drives thermal evolution

Lichtenberg+ 16a, 18, 19a,b

After 5 Myr of evolution
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Radiogenic heating drives thermal evolution
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Radiogenic heating drives thermal evolution

Inner Solar System 

– high internal processing

Outer Solar System 

– low internal processing



Iron core formation: meteorites vs. model
15

H
yd
ro
th
er
m
al
ac
tiv
ity

C
or
e
fo
rm
at
io
�

�ai��o�tC� C�

�

H�H�

�ercolatio�

Hydro�� roc�
decom�o�itio�

�ater ice
melti��

Tdecom�
Thydr

φrai�

T�erc



Iron core formation: meteorites vs. model
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Aqueous alteration: meteorites vs. model
17
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Aqueous alteration: meteorites vs. model
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2 au 15 au

Dust grain

‘Pebble’

Isotope dichotomy



20

2 au 15 au

Isotope dichotomy

Disk buildup & 
viscous expansion

Inward drift
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Growth mode

Rembryo  =  300 km 
Rplts      =  50   km

Pebble accretion

Planetesimal accretion

Johansen & Lambrechts 17, Ormel 17

Elkins-Tanton 12,  
Morbidelli+ 13
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Reservoir separation initiated by protoplanet seeding 

‣ Inner Solar System starts accreting first, but protracted 

‣ Heterogeneous growth of planets

tim.lichtenberg@physics.ox.ac.uk • @tim_lichtenberg

Compositional dichotomy of Solar System result of: 

‣ Spatially and temporally distinct planetesimal bursts 

‣ Divergent geophysical evolution from 26Al heating
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