
Earliest compositional bifurcation of planetary building blocks
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Extrasolar systems Solar System

Rocky planet diversity shaped during accretion



Volatile inventory altered during accretion

Lichtenberg+ 19b A. Angelich (NRAO/AUI/NSF)/ALMA (ESO/NAOJ/NRAO); ESA/NASA/M.A.Garlick
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Lichtenberg, Drążkowska, Schönbächler, Hands, Golabek, in prep.

Two primordial reservoirs, thermally processed

~MJupiter

~MEarth



Inner Solar System Outer Solar System

Dominant growth mode
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Rapid accretion in midplane-quiescent disks
!7

Drążkowska & Dullemond 18

Angular momentum transport
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But protracted growth for the inner planets?
!10

Kruijer+17Rudge+ 10; Dauphas & Pourmand 11
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Combined
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Both combined is a challenge
!11

Johansen+ 15, Simon+ 16, Abod+ 19

• Hard to form a 20 MEarth planet in ≈ 1 Myr 
‣ Streaming instability (SI) requires favourable 

local conditions ≈ 105-106 yrs 
‣ SI-generated size-frequency distribution 

(Rmax ≈ 250 km) limits efficacy of pebble 
accretion 

• Optimistic models of pebble accretion rapid (≈ 
104 yr); migration-constrained 

• Jupiter is a porous ‘filter’ 
➡ Early-formed Jupiter scatters >> Mast.-belt 

into inner Solar System (need Grand Tack)
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Both combined is a challenge
!13

Haugbølle+ 19; see also Drążkowska+ 19 —> EPSC-DPS2019-762

Midplane turbulence

Grain size threshold to be blocked by Jupiter

Blocked
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‣ SI-generated size-frequency distribution 

(Rmax ≈ 300 km) limits efficacy of pebble 
accretion 

• Optimistic models of pebble accretion rapid (≈ 
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Both combined is a challenge
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• Hard to form a 20 MEarth planet in ≈ 1 Myr 
‣ Streaming instability (SI) requires favourable 

local conditions ≈ 105-106 yrs 
‣ SI-generated size-frequency distribution 

(Rmax ≈ 300 km) limits efficacy of pebble 
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104 yr); migration-constrained 

• Jupiter is a porous ‘filter’ 
➡ Early-formed Jupiter scatters >> Mast.-belt 

into inner Solar System (need Grand Tack)
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Raymond+ 18

No secondary dynamics necessary

Lichtenberg, Drążkowska, Schönbächler, Hands, Golabek, in prep.



Cause for reservoir separation?
!17

Trinquier+ 07, 09; Warren 11 Kruijer+17


