The quest for extraterrestrial life: why does it matter? C[Prs
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On the challenge of detecting
extraterrestrial life
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can define as living system any entity capable of
self—rephcatlon and Darwmlan evolt ir ion

Credit: Shutterstock



Requirements for life to appear an develop

Ingredients and conditions

Credit: https://www.wallpaperflare.com



We think that:
- All life is probably based on organic chemlstry and on the elements
C,H,N,O,PandS.

Credit: Yuri Beletsky, ESO



Logarithmic SAD Abundances: Log(H) = 12.0

Why these elements?
1- Nucleosynthesis

In the universe, the most abundant elements
capable of bonding with other elements are:

H, O, Cand N
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2- Carbon chemistry

Tetravalence Orbital hybridisation
Polymerisation, high

aftinity with H, O
and N, wide range of

sp3 single bond sp? double bond sp triple bond bonding energy...
(ex. Methane) (ex. Ethylene) (ex. Acetylene)



n deep p space

| detected in the interstellar medium
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Detection 1n comets

SPACE SCIENCES

Prebiotic chemicals—amino acid and phosphorus—
in the coma of comet 67P/Churyumov-Gerasimenko
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Complex molecules in meteorites

Murchison meteorite

Contains several thousands of different organic
molecules, in particular 70 amino acids of
which 8 of them are proteinogenic (/20)

+ purines and pyrimidines (nucleobases).
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Art Bromage, NASA, metoritesaustralia,



We thmk that

_ - All lifeis probably based on orgamc chemlstry and on the elements ol
C H, N O, .P.and S.- ' |

- Life n"eeds‘ liquid water to appear ancv.l'develop.l

™

Credit: Yuri Beletsky, ESO



Why liquid water?
Liquid water has unique physicochemical properties:
Due to its molecular weight, it should be gaseous under standard terrestrial

conditions (such as CO2, SO2, H2S...) but it remains liquid up to 100°C due to
hydrogen bonds.

[t forms hydrogen bonds with organic molecules containing ~-OH, -NH, -SH

groups => many organic molecules (CHNOS) are soluble in water
(hydrophilic).

On the other hand, hydrocarbons (C_H, ) are hydrophobic.



Organics in water

Micelle
If C.H,: Hydrophilic head
=> hydrophobic
If both in
a same
H20 molecule

If -OH, -COOH, -NH2, ...:

After Brack A. (1993) OLEB.




Water ice density

- Water ice density is lower than those of liquid water

=> water ice floats => organisms can survive during winter!

< 0°C

4°C

Credit: https://vertexaquaticsolutions.com/ Credit: https://www.nsta.org/



We thmk that

- All life is probably based on orgamc chemlstry and on the elements i
C, H, N O, .P.and S.-

Life rieeds_ liquid W'ater to appear ancﬁl'develop.l

The chemical reactlons leadlng to the emergence of hfe requlre
- mineral surfaces e

Credit: Yuri Beletsky, ESO






We thmk that

o All life is probably based on orgamc chemlstry and on the elements ol
',“CHNOPandS '

Life ﬁeeds liquid Water to appear and d‘ev‘elop.‘

The chemical reactlons leadmg to the emergence of hfe requ1re
 mineral surfaces L G

_ Life needs a source of ene'rgy (UV, heat...) to appear and develop.

Credit: Yuri Beletsky, ESO



Starlight

A

Credit: wallpapercave.com
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We think that:

- All life is probably based on organic chemlstry and on the elements ) A
C,H,N, OQ,PandS. | :
: e | e ; - 1
Life needs liquid water to appear and develop. T
| o A
, > e

The chemical reactlons leadmg to the emergence of life require
mineral surfaces. ' ]{
_ ; ; I
Life needs a source of energy (UV, heat...) to appear and develop. T

i

Y

Credit: Yuri Beletsky, ESO



We thmk that

All hfe is robabl based on organic chemlstr and on- the elements _

. Life needs a source of 'energy Uy, heat..‘.:)' to appear and develop. . | iy
Y

Credit: Yuri Beletsky, ESO




((:) wst don't lick the 5?'20’0*1')

Proportions, conditions and durations are key parameters and different
steps (mostly still unknown for the appearance of life) are required.

Habitable does not mean inhabited!

Credits: teepublic.com and hitek.fr
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Level of evolution

4- Extraterrestrial .
-~ civilisation
7 1
~

-ues  3- Macroscopic
multicellular life

To reach a higher level of evolution

>- Microbial life must first have evolved to the
life DO previous stage. Obviously, the
S converse is wrong and evolution
1- Molecules may stop at any level. As a
7\ consequence, more evolved life is

'. y less probable!



Likelyhood

e e As more evolved life forms are less
- likely, they are also less numerous

( in the universe and therefore

LN >- Microbial statistically more distant.

life
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3- Macroscopic @

multicellular life .
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4- Extraterrestrial - -
civilisation

Distance from the Earth



Different levels of evolution
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Extraterrestrial Macroscopic life Microbial life
civilisation

Different biosignatures



Extraterrestrial intelligence

Signature and detection
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' Resultof thecalculation

L Minimum-‘-;o o'o-ooogs »
g —the most pessmnstlc 1 (us)

: —the most OptlIIllSth 10000

| Number of galax1es in the unlversef_‘f;f“:r‘
- ~350 billions ' e

Minimum =1 000 000 !!!
Credit: Yuri Beletsky, ESO



RS 10,507
s '.‘; .. Credits: NASA



Voyager 2, 1977 g The « Golden Record »

Credits: NASA



[f the sun was the size of a tennis ball
(65 mm in diameter) then:

Dia. in mm if the sun was the Distance from the Earth in Distance from the Earth if the sun

Dia. in km ) . ) )
size of a tennis ball : km: was the size of a tennis ball :

The Earth 12800 0,60 o

The Moon 6800 0,32 384467
The Sun 1395200 65 150000000
Neptune 50000 2,33 4347000000
Proxima Centauri 200000 9,32 42430000000000

Approximately the distance between Angra do Heroismo and Madrid!

About 60 000 years for a spacecraft

travelling at 20 km/s! Detection limited to radio signals.



SETI Search for Extra-Terrestrial Intelligence, created in 1960
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SETI INSTITUTE
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Arecibo radio telescope'in Puerto Rico
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| g 3 g (unfortunately destroyed in\November 2020)
- 857 y Yy

http://sg?iqthome.s#.berkelg}{fe‘dy{c_‘}-5 ::9',‘ X" S ! ‘%\\\\\\\ %

P v
4



Probl_e'm

' = If other civilisations exist, they are
v_probablhty. | » probably very far away.
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- Macroscopic life

- -

~ Signature and detection




Exoplanets),

+ than 4800 exoplanets
other than the Sun) ha



light curve
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Mass of star relative to Sun

ez ] jayid water
~on the surface-

- - Mars

Yenus

Radius of orbit relative to Earth's : i



Detection of planets in ghe habitable zone

Over the 4847 exoplanets discovered,
72 are in the habitable zone and
current estimates suggest there are at
least 500 million planets in the
habitable zone in the Milky Way.
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habitable does not mean inh:
Artist view of Kepler 186f

(Quintana et al., Science, 2014)



= Search for*ﬁlbgases in the atmosphere such as
methane (prb‘ﬁuced by methanogenic organisms) or
' oxygen (produced by photosynthetlc orgamsms)

tight

planet spectrum

_Search for b10$1gnatures on exoplanets

Credits: NASA/JPL-Caltech.
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Habitability at microbial scale

Microbial life may have appeared in habitable niches.

An entire planet doesn't have to be habitable to
be inhabited.

Microbial life is very likely in the universe.



Direct evidence:

e - Observation of microbial colonies.




Some interesting places

Enceladus



\Y BN

After the Moon and Venus, the
closest body to Earth.

The « easiest » to
explorer in situ.

Crédits: ESA
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: Microfossils at
| y _ ~surface? [
Microbial life at BT et SSETRRY by _
suré:f -
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Microbial life in thé
sub-surface?
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Will search ch

putative biological
organic molecules
and microfossils.
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2022

Crédits:ESA



Microfossils

~ Signature and detection




What can we expect to find?

Fossils resembling terrestrial fossils
dating from the same period.

Fossils close to the fossils of the first
living organisms on Earth.






*ﬁ How to detect b1111ons years old m1crofoss1ls7 ;
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A multimodal and multiscale approach

Cameras
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In Situ INstrumentation

ANALYTICAL LABORATORY DRAWER

MicrOmega (VIS + IR Imaging Spectrometer)
MOMA (Organic Molecule Analyser)
RLS (Raman Spectrometer)

Limited payload

ExoMars = ~17 kg of instrumentation!
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Mars 2020 Rover

Mastcam-Z MEDA Electronics & .
Calibration Target Pressure Sensor :\El:gittf:l:'i‘csz

SuperCam A RIMEAX Electronics
Calibration Target N\
VIS

SuperCam Mast Unit .

2 x Mastcam-Z

PIXL Electronics Unit 1

PIXL Sensor
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The real challenge = detectability

Number of available
detection techniques

A

The Earth

Solar system

-\Available detection techniques

Detectability

Distance from the Earth

Probability of life/
level of evolution

A

Foucher et al., Life, 2017
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