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The small bodies: witnesses of the primordial solar system 

Which processes have governed the formation and evolution of the primordial solar system? 
What implications for the study of exoplanetary disks? 

The solar system as a model system 
that we can study in detail, 

and even in situ with space missions 

HL Tau (ALMA / VLA) 

The small bodies of the solar system 
represent the last vestiges of 

planetesimals and protoplanets 

Gas + dust 
 
 
 
Sedimentation; formation of 
planetesimals 
 
 

Runaway growth 
 
 

Large collisions; dissipation of 
the gas 



The small bodies: witnesses of the primordial solar system 

HL Tau (ALMA / VLA) 

“Evolved” small bodies 
 

“Primitive” small bodies 



The small bodies: witnesses of the primordial solar system 

What about the origin of Earth’s water and other volatiles? 

(Marty 2012) 
Planetary migrations  planetesimal mixing 

Evolved / Primitive 

(Walsh et al. 2011) 

Semimajor axis (au) 

Carbonaceous chondrites 

 Primitive asteroids 



ExoBio: 
Exogenous contributors of pre-Biotic 
material to the early Earth (6/2017-5/2020) 

• The first-ever spectroscopic survey of the “small” near-Earth asteroids 
 Completed during Year 1 
 Main result: primitive asteroids more abundant among small-sized bodies 
      (Perna et al. 2018, P&SS 157, 82) 

 
• Sample return missions from primitive near-Earth asteroids 

 
 

• A long-term survey of mid/outer solar system small bodies 
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• “Near-Earth Space Trekker” proposal for the 2018 ESA “Fast mission” call 



Sample return missions from primitive near-Earth asteroids 

Terrestrial 
hydrocarbons 

Tagish Lake 
hydrocarbons 

“Why do you need to return samples when you can just land on the surface?” 

Ordinary 

Enstatite 

CI,CM 

CO,CV,CK 

Ureilite 

SNC (Martian) 

Basaltic Ach. 

-150 

-100 

-50 

0 

50 

100 

150 

-40 -30 -20 -10 0 10 20 30 


1
5
N

 (
‰

) 

13C (‰) 

Meteorites 

(Grady 2004) 

Accuracy Ptolemy/Philae/Rosetta 

“Why do you need to return samples when we have meteorites?” 



Hayabusa2@Ryugu JAXA Hayabusa 2 
Ryugu orbit: 2018-2019 

Samples back to Earth: 2020 

• Kitazato et al. 2019, Science 364, 272 
 

• Barucci et al. 2019, A&A 629, A13 



Mid/outer solar system small bodies 

 Long-term ongoing work, but 7 papers already published 
 

 • Ieva et al. 2018, MNRAS 479, 260 
 • Perna et al. 2018, MNRAS 475, 974 
 • Hromakina et al. 2018, MNRAS 474, 2536 
 • Mazzotta Epifani et al. 2018, A&A 620, A93 
 • Fulvio et al. 2018, P&SS 164, 37 
 • Ieva et al. 2019, MNRAS 487, 2335 
 • Hromakina et al. 2019, A&A 625, A46 

 

 Ongoing observations at LBT: 

• “Extreme a,i” TNOs 
    (Oort cloud origin) 
 
 
 
 
 

• 2I/Borisov 
    (first interstellar comet) 



The “Fast” mission call in ESA’s Science Programme 

• Launch to Sun-Earth L2 
Lagrange point as a co-
passenger to the ARIEL M 
mission 
 

• Cap of 150 M€ to the ESA 
Cost at Completion (CaC) 
 

• NEST proposal among the 
6 out of 23 Phase-1 
proposals recommended 
for Phase-2 after the 
technical and scientific 
screening by ESA 

 

 
 



NEST in a nutshell 

• Rendez-vous with multiple NEAs  (operations at each target: a few months) 
 

o Baseline targets: 2012 LA (10-m-sized) and Apophis (350-m-sized) 
o Extended mission target: 2014 QN266 (20-m-sized)  



NEST science goals 

Artist view from CONSERT/Rosetta 

o Smallest asteroids ever visited 
o First radar investigation of asteroid interiors 

 To constrain latest theories 
       about planetary systems formation 





The “Fast” mission call in ESA’s Science Programme 

• NEST proposal didn’t pass 
Phase-2 technical screening: 
evaluated as  “incompatible 
with the boundary conditions 
of the call”  
 
 

• Extremely positive Phase-1 
scientific assessment! 

   
Next larger-class 

mission opportunities 
(more targets, more 

instruments…) 
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