D’autres planetes habitées dans
I'univers, £

Florence Raulin Cerceau
Centre Alexandre Koyré
(UMR 8560 CNRS/EHESS/MNHN)
Muséum national d’Histoire naturelle
Site de Brunoy
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atomes, leurr asard, forment des
mondes mnombrables

Epicure adopte I'« univers infini » de Démocrite qu’il peuple
comme lui de mondes innombrables, naissant et périssant.

Lucrece dans De Rerum Natura parle de la « Pluralité des Mondes

habités ».

D’une maniere générale, ceux qui admettent I'idée de mondes
innombrables soutiennent également le fait qu'ils naissent et
périssent a l'infini.
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Terre, et en
conséquence celle de
dans l'univers,
remises en cause

J \ H
I’astronome polonais

Nicolas Copernic\

(1473-1543).

Sa théorie est développée
dans De revolutionibus
orbium coelestium (1543)
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De I infinito vniuerflo

et M ondi.

AR iluitrifiime Signor i
Mauuilsiesa,

Johannes Kepler(157m—1630) V¢ . .

Les trajectoires des planétes sont des Giordano Bruno (1548-1600)
ellipses et leur vitesse n’est pas
constante

L’infinité de I'univers peuplé d’une
multitude de mondes
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Giordano Bruno

Giordano Bruno

(dit le Nolain)

(1548-1600)

Dominicain dissident
soupconné d’hérésie,

il défend la théorie de
Copernic.
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* Le Pape

I’accusé, ay s dejproces

* |l déclare I' t, tenace et
obstiné", le r 4600. | 8

* Bruno est néatibicher ¢ trentaine de
chefs d’acc
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ENTRETIENS

SUR

. ) _ '. LA PLURALITE
Les En.trfzi'lens sur la ¥ DES MONDES
p/urallte o e 3 et § 2o Monfiesr bt FONTENELEY,
e [ ; 5 de I academie Framgoifs.
des mondes (1686), ~— o

NOUVELLE EDITION,

premier ouvrage de
« vulgarisation » sur
la vie dans le systeme

® A PARIS,
SOIaIre- (her Mrenxr Baowrr, grandSalle
du Palais, as Metcure Galase.

M DCCXXIV.

AYEC FRIVILEGRE PU ROX



representent un

,
ol B o - S (el Qfe % b I R SN
dialogue fictit entre

une Marquise
cherchant l'instruction
et son interlocuteur
initié aux derniéres
connaissances

astronomiques.




PLURALITE DES MONDES HABITES
(1862)

Camille Flammarion (1842-1925)

” Nous sommes tous des , + |
Crtoyensdu Crel”  °

Cimille Flammaron
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climatologique,

une grande varieté des
habitants des autres mondes,

voila le concept sur lequel
S’appUie Flammarion. ; : LIBRAIRIE AC/;VD!:EMIG‘*UE DIDIER & Cf
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LE MYTHE DES
CANAUX MARTIENS
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= MARS vue par ..
Percival LOWELL, 1895




Mars sillonné de canauyx, selon Lowell
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Emmanuel Liais, William Pickering, Percival Lowe |









: DE L’ EXOBIOLOGIE

Naissance, dans les années 1960, de |’ Exobiologie avec
| Joshua Lederberg et Carl Sagan : essor de |’ exploration

spatiale, problemes de contamination biologique, développement
§ de la biologie moléculaire.

Ses aspects pluridisciplinaires : astrophysique, planétologie,
géologie, paléontologie, biologie de |’ évolution, biologie
moleculaire, biochimie, chimie organique, modélisation etc...



L’EXPLORATION SPATIALE
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Fine couche de brume

Epaisse brume photochimique

Méthane
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Pole Sud avec "rayures de tigre"
et "volcans" d'eau

Eau liquide

Mouvement

de la crolte

fragile, avec

extension au
niveau du

Pole Sud et
compression
au niveau des

montagnes
circum-
polaires G|ace
ductile,
. avec .
rOCheux convection ™

Schéma: Pierre Thomas
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http://exoplanet.eu/



blanches, isques de
débris...

 Par des methodes indirectes, dans 98% des
cas, car on ne peut observer que :

- |la lumiere réfléchie de la lumiere de I'étoile
- ’émission thermique de la planete



ESO VLT NACO June

2MASSWIJ1207334[B93254

778 mas
55 AU at 70 pc

E




la légere
perturbation qu’elle
provoque sur I’ étoile

mesure est nécesse
mouvement de |’ étoile
étant trés ténu —

Technique destinée a des
étoiles proches.

Mesure des mouvements par

|” étoile s’ éloigne de
|” observateur, les raies de son spectre
son décalées vers le rouge - elle se
rapproche, le décalage s’ effectue vers le
bleu.



La méthode des transits

Limites : efficace pour ¢
planetes en orbite rapprochee
— probabilite faible qu'une

planete passe entre son éetoile
et nous

— impossible depuis la Terre de
détecter des baisses de
luminosité < 1%




Objectif : dé

Mission Kepler (NASA) : Le télescope spatial Kepler (1 m de
diametre) est un photometre spatial développé par la NASA pour
détecter des exoplanetes par la méthode des transits.

Il a été lancé le 7 mars 2009 et placé en orbite héliocentrique.

Précision de détection : baisse de luminosité d” une étoile de
0,002 %

Objectif : détecter des planetes telluriques de la taille de la
Terre . La mission est etendue jusqu’en 2016.




Zone habitable

Terre

4
‘Mars‘ ‘,/.

1
1

Demi-grand axe (UA)







DECOUVERTE DE LA
PREMIERE EXOPLANETE

TELLURIQUE HABITABLE 2007

Gravité de surfa
terrestre

Type: Tellurique ou Océane

Température moyenne de surface:
entre 0 et 40°C




Gliese 581

3
1]
7]
(1]
&
S
©
O
w
£
p .
g
(]
o
O
()]
[}
(1)
=

L L lllll]

0.1 1.0 10
Distance from star (AU)

R ——————

La zone dite "habitable" pour I’étoile Gliese 581 et le
positionnement des différentes exoplanetes



Gliese 581 Planetary System

Gliese 581 is a red dwarf star located 20.3 light years

Gliese 581b from Earth in the constellation Libra. It has a mass of
one third of the Sun and at |east six planets. The
fourth planet from the star, Gliese 581g, is the first
Earth-like planet detected around a star.

Gliese 581f
Gliese 581c Gliese 581d

Gliese 581g Gliese 581e E Earth

CHECKY At Mivaier, VPR Aeats |00, 3008
A’



CREDIT: PHL @ UPF

Tau Ceti e

The planet candidate Tau Ceti e, which was detected in December 2012, is
found just 11.9 light-years from Earth. This world is a "super-Earth" at least 4.3
times as massive as Earth. Depending on its atmosphere, Tau Ceti e could be a
mildly hot planet suitable for simple life, or a scorching world like Venus.



Kepler-61 b
Vue d’artiste



Three Potentlally Habltable Werlds
Around Gllese 667C | .

: = _ S ~ Earth -
 Gliese667Cc - Gliese 667Cf  Gliese 667Ce .

" CREDIT: PHL @.UPR Arecibo, NASA









Current Potentially Habitable Exoplanets

Ranked in Order of Similarity to Earth
#1 #2 #3 H#4 #5 H6

Kepler-62 e  Gliese 667Cc  Gliese 581 g* Tau Cetie*  Gliese 667Cf  Kepler-22 b
0.83 0.82 0.82 0.77 0.76 0.75

#7 #8 #9 #10 #11 #12

Gliese 163 ¢  HD 40307 g* Kepler-61 b Kepler-62f  Gliese 667Ce  Gliese 581 d
0.74 0.72 0.72 0.67 0.60 0.53

*planet candidates Number below the names is the Earth Similarity Index (ESI) CREDIT: PHL @ UPR Arecibo (phl.upr.edu) June 26, 2013



Alpha CentauriB b ,

Jype. | 'Ho'tTekra'n

Habltablllty - non habjta'ble"* '

~ Mass =1 13‘I\/I
= Radiusii s n IR

% ,Perlod TES 80 days
'__’.Dlst to Star . 0.04 AU

Temperature ~‘87A0‘-’C_

- Earth Si,milarity.-lndex; 027 i

CREDIT: PHL @ UPR Arecibo



systeme elle des
expériences futures pourront rechercher de
possibles signhatures spectroscopiques de la vie
dans des atmospheres d'exoplanetes.
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1959 : Cocconi et
Morrison
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Comment communlquer sur des dlstances
iInterplanetaires ?

L CREDIT: NASA/HSTI ¥ .



COMMUNIQUER AVEC LES HABITANTS DE LA
LUNE
OU DE MARS

Stag qath




CANWE RADID O
THE PLANETS? )

Journal international

mensuel de I’Association Mondialiste Interplanétaire

. 1C.

FIG. S rows

FIG. & s
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CHARLES CROS
(1842-1888)

et les faisceaux
lumineux

Charles Cros
(1842-1888) a inventé
le paléophone,

premier procédeé de
reproduction des sons
en avril 1877.




LA GEOMETRIE UN!VERSELLE DE.
“FLAMMARION

TRRERLEIEY
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CAMILLE FLAMMARION
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Le dernier Portrait de CAMILLE FLAMMARION
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de n’importe
d’ici a dix années, de communlquer avec un astre

(planéte ou autre) et d’en recevoir réponse.

La testatrice designe spécialement la planete
Mars, sur laquelle se portent déja |’ attention et les
investigations de tous les savants. »
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SEARCHING FOR INTERSTELLAR COMMUNICATIONS

By GIUSEPPE COCCONI* and PHILIP MORR'SCNT
Carneli University, Ithaca, New York

TO thoorios yot oxisl: which onablo & rolinbio
1. ostimunte of the probabilities of (1) planoct
foemntion ; (2) ovigin of )il ; {3) ovolution of societios
possessing advanced sciontific cepabilities, In the
ubsénen of sueh thoories, our sénvironment sugpests
that stars of the main seguonco with a Jifetims of
many billions of yoars ¢can possoss plancts, that of o
senall sot of sueh planote twe (Earth and vory prol-
alily Mags) anppact lite, that iife on ono such plonet
includos a society recontly capeble of eonsidorabloe
seientifie mvostigntion. The lifotime of such rociotiox
is not known;  bug it sooms wawarranted to dony
that amorg such sovioties somo might maintain
theraselves for times very long comparod 16 tho timo
of human history, porhaps for times comparable with
geological time. It follows, then, thaet near somo atar
rathar like the Sun thote aro civilizations with
seientilic imterests and with tochnieal possibilitios
much greaier than those now availeble to us. -

* Naw an lpave at CERN, igneva,

+ Now ontbeave at tho Linperia] College of Belenco and Tecluelogy,
Lounlon, S.W.7,

To the boings of such a socioty, our Sun must
apponr as & likely site for tho ovolution of 2 now
socioty. It is highly probable that for & long time
they will have boon oxpecting tho developmont of
sciongo near the Sun. Wo shall aasume that long nzo
they ocstablishod o channel of communication that
would ona Jday bocomo known to vs, and that thoy

look forward paticntly to the answoring signuls from
tho Sun which would make known to thomn that o now

socioty hns ontored the community of intelligonce.
What sort of a channal would it bo ?

The Optimum Channel

Inderstollar  communication across tho galaciic
plasma without dispersion in direction and flight-iimo
19 practical, so far ns we know, only with slectro-
nagnotic wovoes.

Sineo the objoet of those who oporate the source
is to find » nowly evolvod socioty, wo may prosumes
that tho channol usod will Do one that plates a
minimum beedon of frogueney and engular diserimi-







civilisations
la galaxie

(Green Bank
1961)

Carl Sagan
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* SETI LEAGUE
* SETI@HOME




# SETIGhome
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The Seamgh for Extratedp@strial Intelligence




SETI PASSIF « ECOUTER » LES
ETOILES %
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S. Jocelyn Bell Burnell was born in northern Ireland in
1943. After receiving a B.S. degree in physics from Glasgow
University, Scotland, she went to Cambridge University,
England, where she eamed her doctorate in radio astron-
omy in 1969. Since then she has doneé research in the new-
est branches of astronomy involving gamma-rays and x-
rays. In 1978 she received the American Tentative So-
ciety Award for her pulsar research. Currently she is a
research scientist at the Mullard Space Science Labora-
tory of the University College London.
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« La plague des sondes Pioneer (1972, 1973)
* Le message d’ Arecibo (1974)
disque de Voyager (1977)

HYPERFINE TRANSITION OF

NEUTRAL HYDROGEN

SILHOUETTE OF
SPACECRAFT

BINARY EQUIVALENT
OF DECIMAL 8

Ve

~

POSITION OF SUN

RELATIVE TO 12

PULSARS AND THE
CENTER OF THE GALAXY

PLANETS OF SOLAR
SYSTEM AND BINARY

RELATIVE

DISTANCES

How to decypher the message
Original 1974 message

10 9 8 7654321

ato o

Showing decimal numbers 1-10

Atomic for

H

B

ca

u

Cl

r

C Cr

u -

u (1]

r (R

Cl WECCC

r I

: Il‘l"l:f'-

. Rnarad

r (m_|

Cl [
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u [ 1]

Ll

o o e
20700
“WE
[ mimhinn
90: ]
[
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117

)
(.
=

CErc
I'FI'T'
CCCC T

=

(| Crl
rmRCERCTT

1 =Hydrogen 8=0Oxygen
6 = Carbon 15 = Phosphorus
7 = Nitrogen

Formulas for Sugars and
Bases in Nucleotides of DNA

T Number of Nucleotides

in DNA

DNA Double Helix

Human

Height of Human
= 14"12.6cm = 176.4cm = approx 5'9"

Population of Earth

crermrrrer
CECCCECEC
Crrrrrrerl

The Solar System
(hightighting the third planet)

The Arecibo Telescope

Diameter of telescope
(2.430 wavelength units)




LA PLAOUE PIONEER

HYPERFINE TRANSITION OF SILHOUETTE OF BINARY EQUIVALENT
NEUTRAL HYDROGEN SPACECRAFT OF DECIMAL 8

/

a

e A D =
ety

POSITION OF SUN PLANETS OF SOLAR
RELATIVE TO 14 SYSTEM AND BINARY

PULSARS AND THE RELATIVE DISTANCES
CENTER OF THE GALAXY




How to decypher the message
Original 1974 message

10 9 8 7654321

% E;igﬁ;ﬁiﬁg?; Showing decimal numbers 1-10 L E M E SSAG E DiA R E g ! B g

rrrrrrrrr rrrrrrerrn
s =|. } i Atomic Numbers log
4 ! ! 1 =Hydrogen 8= 0Oxygen
e =:=r!t| r 6 = Carbon 15 = Phosphorus
! e 7 = Nitrogen
158,761
i_lllli_i_i_ll.llll.llli_i_i_l-l-
rrrr-rrFFr‘rrrrrrrrr‘rrrl )
CECEECT Crt l.'l'l'-'l=
EEEENCmEMENT mES
I'Fr T T T I
Crr I T T rcerer
A A aaaniany Aeas
[ rroerreren ) Formulas for Sugars and
FrrmarTCmBmCCCONBCCCTRE (| asos in Nucleotides of DNA
CECEECTEEECCTERCCCOE l.
mRES wmEEn munanC """
rmr N | = rErrm
Crl CCHE rcererr
[ ) e | . mrrrr )
| || r CCEEC [ [ 1]
rrrrrr T L1 3 T e
BN EEEEEEEN (REEE RN (W
Crrmr mS | smeasan Sm Number of Nucleotides
CCCT CCENCCCCEECCET T DNA
(| () _IFJ
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1 1 I 1
I Crrrmme { | U
;:-'I [ r Tl IFT'
T - rmar- DNADouble Helix
ams_ae (] CEC
R
CrmmrmCmEEC man
r T Er T mrT
- JH.Z. T -p—" Height of Human
EEEECC (.
= -=F —r.'n—= —%p—- = 14"12.6cm = 176.4¢cm = approx 59"
R [asans s Sassaian
I I i1 1
# |1 CCECECT CCECT Population of Earth !
g esresrrrs T
i‘i"r‘i’i‘i‘i‘i‘ ......... i
Ir‘rl l‘-':-g The Solar System 11
H:F'r-- s ,' ,' .' I %ﬂ‘ (hightighting the third pianet) uss o U = =
11
T NS | | | (e ! !
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] 1
I Fl T CCEErTT The Arecibo Telescope
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(2.430 wavelength units)
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Along with the relative
sizes and ordering of the
planets in our solar system,
this image also shows the
mass and radius of both our
sun and Jupiter.

HEREE 3
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The world’s population

and the average mass and
body temperature of a
human being are all listed
here. The image also reveals
the limitations of our
perceptions, defining our
range of sensitivity to light
and sound.

S| pea e gt

This image represents our
biosphere, and includes the
basic chemical compositions
of the continents, oceans, and
atmosphere. The highest

and lowest points on Earth
and the surface strength of
gravity are also listed.

T éddy

The building blocks of life
on Earth are the four nucleic
acdids that make up our
DNA: adenine, thymine,
guanine, and cytosine.

This image illustrates their
molecular structures.
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A man and awoman are the
subjects of this image, which
includes information about
average height and dimension-
al indicators showing our

“up / down” orientation in a
gravitational field.
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This image shows a

typical cell from a human
body, focusing on the

DNA contained in the cell’s
nucleus. The size of a cell
and the average number of
cells in a human body are
also listed.
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