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Grande cosa é certamente alla
immensa moltitudine delle stelle
fisse che fino a 0ggi si potevano
scorgere con la facolta naturale,

aggiungerne e far manifeste
all'occhio umano altre

Innumeri, prima non mai vedute

e che il numero delle antiche e
note superano piu di dieci volte.

P~ g "\
— Galileo Galilei, Sidereus Nuncius, 1610 Q\ y




Perché e impossibile ch’un razionale ed
alguanto svegliato ingegno possa imaginarsi,
che sieno privi di simili e megliori abitanti
mondi innumerabili, che si mostrano o cossi o
piu magnifici di questo.

— Giordano Bruno, De I'Infinito, Universo e Mondi, 1584




Iti® mere rubbish, thinking at
present of the origin of life.

— Charles Darwin, lettera a Joseph
Hooker (1863)

D.:8 in some warm little

pond, with all sorts of ammonia
and phosphoric salts, light, heat,
electricity, etc,, [...]

— Charles Darwin, lettera a Joseph
Hooker (1871)
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Sun ~ 6000 K
Earth ~ 300 K

empty space
(CMB) ~ 2.7 K

universe

sub-system

‘branching”
[Reichenbach, 1956]




Cos'’e la vita?

Crescita? Cristalli

Riproduzione ed evoluzione? Virus di computer

Capacita di immagazzinare e Calcolatori elettronici
elaborare informazione?



Un unico caso di
studio




Schroedinger (“What is life”, 1944)

“An organism feeds upon negative entropy
[...] to compensate the entropy it produces
by living and thus to maintain itself on a
stationary and fairly low entropy level”

cfr. dissipative structures (Prigogine et al, 1972)

Open, coherent, ordered structure, kept far
from thermodynamical equilibrium by a flow of
energy
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more examples:

hurricanes galaxies




NASA Astrobiology Institute definition:

“Life is a self-sustaining system
capable of Darwinian evolution”



Ingredienti
minimi

v Molecole organiche complesse *
(CHONPS)

v Un solvente liquido (acqua?)

v'Una sorgente di energia




replaces Thymine in RNA

Nitrogenous
Bases

Ribonucleic acid

9
Phosphate
backbone

Deoxyribonucleic acid

Nitrogenous
Bases
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|
Eletgrodi

(1953)

- energia libera
verso la pompa a vuoto g +

reagenti appropriati
Punto di saggio (CH4’ NH3’ HZ’ HZO’ CO)

Punto di saggio *

Acqua (oceano)

Acqua raffreddata !

i B s  orbeiclicalore produzione di amminoacidi e
altri composti organici

Scarica
elettrica

H,0, CH,, NH;,
H,,CO

gas dell'atmosfera primordiale

Af—

Condensatore

Direzione della circolazione del vapore acqueo

Acqua fredda =

Ansa "trappola”

Ma...

1) Latmosfera della Terra primordiale era diversa (CO,, N,, H,0O)

2) Gli amminoacidi coinvolti nei processi biologici sono solo di tipo
levogiro
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Prima |'/RNA?
Puo svolgere il ruolo di catalizzatore,

decodificatore e comunicatore
dell'informazione

Prima le proteine?

Esistono piccole catene molecolari in
grado di autoreplicarsi




Billion Years Ago







e Moon
6 kilometers

Mars

3880 kilometers 6,792 kilometers

Earth

12,104 kilometers 12,756 kilometers












Curiosity, MRO - NASA/JPL Calte

ch/MSSS






HiRISE image liquid water dry granular

maximum depth
VISCOus

“fingers”

02 05 2 m
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Ganymede Titan Mercury Callisto
5262 km 5150 km 4880 km 4806 km
Moon Europa Triton Pluto Titania

3642 km 3476 km 3138 km 2706 km 2300 km 1580 km






:w‘ The Subglacial Lake Vostok System

AIR

ice flow =———jpm.
from

Vostok Station

Ridge B

ICE SHEET

interng/
iayers

inflow of
subglacial
meltwarer
and
qroundwater?
echo-free
Zone

LAMONT-DOHERTY
EARTH OBSERVATORY

OF COLUMBIA UNIVIERSITY

microblal ife and biogenic

mateniol found in accreted

ice: a) and b) bacrenia,

¢) palien, d) marine digtom,
e) unkown

j y deformation of
internal layers
and accreted ice

from moving
over the side walls
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Solar System to Scale



Radial Velocity Method

‘The star and planet orbit their common center of mass.-

Spectral lines move

towards the red as the star

travels away from us.

As the star moves away from us,
light waves leaving the star are
"stretched” and move towards the

-red end of the spectrum.

Planet
® Center of Mass :

Sta’f

Not to scale

Spectral lines move
towards the blue as the

star travels towards us. =

e
s
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As the star moves towards us,-
- . light waves leaving the star-are
“compressed" and move towards

the blue end of the spectrum.

 Lco&F..
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time

star

light curve



Giove Terra
1/100 dell’area del Sole 1/10 000 dell’area del Sole



Extrasolar planet detected by gravitational microlensing

-

Time

Y

-« When a foreground star

. N (red) passes in front of a

. background star, it brightens

. the light of the background

. star. The gravitational field of
the foreground star warps

| space to create a gravitational

'~ lens that magnifies light.

Deviation

Magnification
due to

by stellar
lens

Brightness

Magnification

»
> i

Time

If a planet is orbiting the

foreground star, it, too,
will gravitationally lens the
background star for a

shorter duration. ( 30 days )

Image: NASA, ESA, A. Feild (STScl)
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NASA Exoplanet Archive 2014 March 12 exoplanetarchive.ipac.caltech.edu

Radial Velocity

Transits
Microlensing
Imaging

Pulsar Timing
Orbital Brightness
Modulation
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Discovery




NASA Exoplanet Archive 2014 March 12 exoplanetarchive.ipac.caltech.edu
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(O NASA Exoplanet Archive 2014 March 12 exoplanetarchive.ipac.caltech.edu
) )

-~ I 1 I I | I 1

. Radial Velocity
Transits
Orbital Brightness

Modulation

8

6

4

7N
n
=
O
O
e
-
-+
-
O
Lol

N
n
=
©
O
o

2

Mass (Earth Masses)
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Potentially Habitable Exoplanets C§

Earth
LR
NS 7
: y —— . " .
Gliese 667Cc Kepler-62 e Tau Cetie Gliese 581 g Gliese 667Cf HD 40307 g

Gliese 163 ¢ Kepler-61 b Kepler-22 b Kepler-62 f Gliese 667C e Gliese 581 d

*planet candidates CREDIT: PHL @ UPR Arecibo (phl.upr.edu) December 5, 2013



Intensity

03 Ozone, produced
by plants, algae

Wavelength

H,0 Liquid water

Methane produced
by living organisms
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Esistono due possibilita: siamo
soli nell’'Universo, oppure no.
Entrambe sono spaventose.

— Isaac Asimov






Frank Drake, 1961
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SEARCHING FOR INTERSTELLAR COMMUNICATIONS

By GIUSEPPE COCCONI*

Carneli Universiry,
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Il grande silenzio
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Enrico Fermi, 1950

dove sonoyy

‘fe esistono



La probabilita di successo e
difficile da stimare: ma se non
cerchiamo mai, la possibilita di
SUCCesso e zero.

— Giuseppe Cocconi e Philip Morrison,
“Searching for intestellar communications”,
Nature, 1959



