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Impacts in the Solar System: Disruptive s

‘ ~=CSd
Formation of planetary embryos . . K\f

Broke the planetesimals creating the asteroid families

, *
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Cratering & regolith production
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Proper semimajor axis (AU) 3.97!
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Water delivery on Earth

N ,
JJiIalLy .

Z AsjuueH 4/€01
dWH dSv =

Jupiter family

As|leH _H .

aeInyeAy zg 9661/D
ppeues 14/6002

NN] 48
Jeaun /1 zZooz/HD
123N $0 1002

QOort cloud

dueyz eAay)| 4/€ST
ddog 3|eH S661/D

snpejaju3l O

o

SaJIpuUoY)

onel H/a@

Protosolar nebula

aunidanN
snueJin

uinies

joydng @

C.Avdellidou - 51 ESLAB 04-12-2017

— n ]
—_— @ = rahe

o=

Z= oW g g W

Il b




Ejecta curtain

Rarefaction (release wave)

/' F—Shock wave
Material flow
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Impact Event



A ‘Canterbury tale’: 1st flash (?) 1178 AD

First witnessing of an impact on another body?
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Impactors: Asteroids Q‘“‘ es a

Different spectral types

Bus-Delvieo Taxonomy Key indicate different composition
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Spectral variations with phase
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Asteroid Surfaces: Vesta WS
£-esa

Undifferentiated

asteroid mixed metal

rock  and rock

\ oA _Fe-Ni metal

Heating Differentiated

asteroid
Impacts

o

Broken
differentiated a Meteorites
asteroid

stony-iron

G Impactor
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There was a debate about the

origin of the dark regions (olivine). The impacts related to this craters could not
1.endogongus e excavate so deep to reach the olivine mantle.
2.exogenous
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Asteroid Surfaces: Vesta WS
£-esa

Signatures of Hydration on Vesta (Dawn)

Prettyman+2012, De Sanctis+2012, Is the contamination effective?
Denevi +2012

Some more modeling:
« 1-2 km impactors on vesta
« Several scenarios for flux and SF

Possibilities:
« Water delivery and incorpog
into eucritic magma.
. Water delivery directl
molten interior

Turrini&Svetsovy

Supported by meteorite studies.
Need for big impactors or high speeds.
What is the influence of the T?




Asteroid Surfaces: Psyche

¢-esa

What we know:

M-type (Xk-type, )

no sign of family around

high radar albedo

« Deff = 226 km

« 3.5<p<4.5 g/cc

Scenarios:

. stony/Fe with 0% macroporosity
« Fe/Ni with 55% macroporosity

*

*

*

Normalized Reflectance




Asteroid Surfaces: Psychef§

Assume Fe/Ni core of a
differentiated asteroid.

Exogenous hydration.

Modeling indicates as source the nearby
asteroid families (Themis & Hygiea).

Spectral sighature matches with the
hydration found in both families.
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Hydrocode Simulations:

« stony/icy projectile
« Fe/Ni target
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Asteroid Surfaces: C s
eres &\g e S a

DAWN reveals the bright spots (Uccator crater).

0 fium cark onate (Na2003), Iow-albedo materlal
illite or montmorillonite, small quantity of

ammonium-bearing species

Organic material sensitive in T. And orgamc materlal (Ernqtet crater)!
Aliphatic C-H bond is lost in: e e

=200 yr and T=370 K or
=90 s and T=770 K

ed at2 um

-
Reflectance normaliz

C.Av

) 5 3
Wavelength (pum)
- Fi -

— 0 e z= W = ] ™=



Impacts & Temperatures:
an observational example

_—=

o

>esa

3730 K
n
60 Q
Qv | S Lunar monitoring
T 40 i~  campaigns work towards
3 | e the understanding of
= 20 & Q impact physics.
' Q.
S o 2
— . .‘.-\" @
g -20 4 & -
D -40 L
— v .
-60 LU o
L

-100 ~75 =50 =25 0 25 50 75 100 1770 K

Lunar Longitude

C.Avdellidou - 51 ESLAB 04-12-2017

_— 0 e zc= ™ 4= ] W =




Impacts & Temperatures: \\\\w&
an experimental example \K\'— esa

Small-scale work is needed to

Campaign: understand the observations.
o lunar simulant (maria regolith)

. basalt, still impactor
« V representative of the belt
« photodetectors and spectrum of the ejecta

Expectations:

« T variability with impact properties
(speed, materials)

« Towards the understanding of
energy partitioning.

« Ejecta cooling phase
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litho-Panspermia...
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Y It must
“ .
survive
impact onto
a new world.

It must survive the freezing

temperatures and be shielded
from radiation in space.

Life must be able to survive the initial
impact event that launches it into space.




Survivability & Synthesis in Lab A
d>esa

Organics
(anthracene, Quink, stearic acid)

Nannochloropsis

. Targets: sand, water, ice

o V=2-4.2 km/s

o 45&90 deg angle

. Pmax= 16 GPa

. anthracene does not
survive

Bacteria

(Rhodococcus erythropolis,
Bacillis subtilis)

. Targets: agar, ice
. V=0.35-5.4 km/s
. Pmax=78 GPa
. P=104—-10"

Yeast
e V=1-7.4 km/s
« Pmax=45 GPa
° P=50%—0.1%
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Tardigrades
Phytoplancton . Target: water
. Target: water . V=0.3—5.5 km/c

« V=1.3—6.3 km/c
« Pmax=3—-23 GPa
o Survival up to 4 km/s
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Critical threshold
(organism dependent)

Peak Shock pressure (GPa)

Shock Synthesis

still projectile on icy target (NHOH, CO.and CH.OH)
V=7 km/s

. Pmax= 50 GPa « glycine, D- and L- alanine etc
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Conclusions \\\&&&_ cSa

Small bodies are essential in the concept: Impacts&Habitability.

Thorough examination of their physical properties is needed.
(e.g. carbonaceous, hydrated, water rich etc.)

Small bodies as carriers of life/organics.

Impacts destroy life/organics: temperature—pressure.
Impacts can create organics or generally a habitable environment.

Survivability at 10s of GPa. Planetary impacts need higher speeds.
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