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Extreme habitable worlds



| | will jump out and check

...look! There are only _ ) _
™~ the intensity of gravity!

rocks and ashes

I'he big questions

(4) Vesta from DAWN  Is any of these small
worlds (extremely)

habitable ?
Or was it in the past ?
And under which
conditions ?

and
Can we make them
The soil (regolith) of habitable ?
(25143) Itokawa from
JAXA's Hayabusa
Or

Did small bodies
contribute to make
other places
habitable?




Water and organics delivery to terrestrial
olanets by planetesimals
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Grand Tack Scenario

Walsh+ 2011.

T=  0.000 ky
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Orbital elements from AstDys and Albedo from WISE
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https://tools.cosmos.esa.int/AstPhys/astphys.html

Water & orgamcs N astermds
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Organics from spectroscopy
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CM2 and CR2 type have the highest abundance of
amino acids —> abundance of amino acids depends on
the degree of agueous alteration Cobb & Pudritz 2014



Structura\ vvater m asteroids
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Agueous Alteration

High temperature phases are replaced by phyllosilicates
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This is believed to be a parent body process, that occurred as
it is thought that planetesimals were heated (by e.g. 2°Al)
during accretion.



NASA OSIRIS-REX




Orbital inclination (deg)
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Asteroid family-forming impact

Credits: Patrick Michel .~ - = . 5



proper eccentricity e,

Ditffusion of orbital elements

* Family fragments diffuse in (e,/) due to secular and mean
motion resonances (MMR).
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The V-shape of asteroid families
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1/D (1/km)

Yarkovsky V-shape
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The entire inner Main Belt makes a V-shape

for the low-albedo asteroids
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The V-shape slope of the primordial family is ~ 0.6 km-lau-! corresponding
to an age t = 4.0+1-71 1 Gyr



Spectra

Physical properties

Homogeneity of the physical properties of its members (albedo and spectra are
expected to be similar for asteroids sharing origin from a common parent body)
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Homogenous albedos and spectra,
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the inner Main Belt (Walsh+2013;
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Eccentricity

Sin inclination

Orbital distribution

Compare the dispersion in orbital elements of our primordial family
with the old but less dispersed Flora tamily.
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A tamily tree for the inner Main Belt

0.2

0.15

0.1

0.05

R I L d 7\;‘;; AN APERER N . % [
o o . ®» Allpy<0.12 asteroids e
(O e @ N Parents of other
B low-py families o
) LN
u . _
[
N . o O
\.\. °
See o ‘ Cof ®
>3 000‘:.."”:.:’:"".5
| ~._® .1..~? °® o ) U)bz-. |
‘. gee 8 27 Qe T o . =
~ e | S & “ 5 = & ©
. S, 0 FIE g\, £ E =
S5 T '8 SHe S =S w5
: o o\ O = o O 8 Y% < 301
Vi, ~. s ¢ 28 D& 0O AN == 7
n Oppry> - C - © Al n °® N w —
Wiz~ ® =W O 0 % O N o
e Xmm '™ Neee FLEK T
“e # T TO TN S a0
~
° . e °.
e S’ X
215 2.2 225 2.3 235 2.4 245 25

Proper semimajor axis (au

N

Some of the parents of known low-albedo families are within the
boundary of the primordial family. They could be members of the
primordial family that suffered further family forming impacts.

Two populations of asteroids: those inside V-shapes and those that
cannot be inside V-shapes. The former are family members; the latter
the original ones.



Interstellar asteroid or dead/
dormant comet oumuamua
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Conclusions

Asteroid precursors impacted the early Earth
Carbonaceous asteroids contains water and water-
bearing minerals and organics, which were thus
delivered to Earth

Most of low-albedo (carbonaceous) of the inner Main
Belt asteroids are genetically related.

* This could be a general teature of the main belt.

ESA should send a mission to the primordial asteroids:
.e the planetesimals.



