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On the existence of life in other worlds

Democrito (ca 460 - ca 370 aC)

Rationalistic philosophy

Other worlds similar to ours may exist

Lucrezio (94 aC - 50 aC)

“De Rerum Natura”




Giordano Bruno (1548-1600)

“De I'Infinito, Universo e Mondi”

Galileo Galilel (1564-1642)

On the nature of the Solar System planets

The planets in the sky obey the same laws of
material bodies that we know on Earth




“Planets”
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Planet b

X Star

Example: HR8799b
central star obscured with a coronagraphic technique
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Doppler Method
(Radial Velocity Method)
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Doppler Method
(Radial Velocity Method)

51 Peg b, trend removed
P=42d
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Transit Method




R e
a.-.n.bv |

T

L3

LTI

Can
AN

;

- a

AN,
o

- P

B

A







From the mass (Doppler Method)
and the radius (Transit Method)
we compute the density

We can distinguish rocky planets
from gaseous planets




A few thousands of exoplanets have been discovered so far,
mostly with the indirect methods of detection

Main results
New classes of planets have been discovered

Great diversity of planetary systems



Unexpected discoveries

“Hot Jupiters”
gaseous giants very close to their star

They do not exist in the Solar System
Not suitable for hosting life
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Diversity of extrasolar planetary systems

Different architectures
The Solar System is not a typical case
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Based on the example of the Earth,
the only planet that is known to host life,
the quest for inhabited worlds
is mostly focused on

rocky planets of terrestrial type




Progress in the search for terrestrial planets

Massive exoplanets are easier
to detect than terrestrial ones

The first exoplanets,

discovered in the mid of the
90’s, were quite massive,
more massive than Jupiter

As the observational

techniques become more
efficient we are starting to

detect exoplanets with

INaSSEeSs

as small as that of the |

Harth

exoplanets.org | 9/18/201 3°
[ o

2000 2005
First Publication Date




How numerous are terrestrial-type planets?

In spite of the fact that they are difficult to detect,
the evidence is growing that they are very numerous

exoplanets.org | 11/4/2014
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Water and Life

Water has many special
properties

Many properties of water
are due to the polarity of

the water molecule
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For water to bein liquid phase
the temperature and pressure
must lie in well defined intervals
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Temperature




In the Universe only planets (or satellites) can have
temperature and pressure suitable for liquid water

_—-®

Stars are too hot "

/
The pressure of

the interstellar
medium is too low

Planets (or satellites) can have suitable
conditions if they lie at a proper distance from the star
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Kepler’s Small Habitable Zone Planets

Planets enlarged 25x compared to stars
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Kepler-452b (Earth)
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More difficul |

indirect

Vascular
plants

1 "

Hot stars have ShO
compared to the tirr
life evoluti

BilNions of
years ago

Algal
kingdoms
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Planets around hot stars
suitable to host life for
as evolved as ours

Precambrian
Life
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Phototrophic
bacteria

Microscopic
eukaryotes

Cyanobacteria plus
other phototrophs
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Easier to detect with indirect methods
because the habitable zone lies close to
the central star ~

The vicinity of the habitable zone
poses several challenges:

1) stellar eruptions
&) tidal locking -> “Eyeball planets”
3) dry planets (?)




To assess the habitability via the liquid water criterion
we need to know the surface temperature

We use climate models to estimate the surface temperature

Absorbed
solar radiation

Horizontal
\ transport




Seasonal and latitudinal variations
of surface temperature on the Earth

Data, Climate model

Earth temperature seasonal cycle (ERA int) Temperature seasonal cycle (EBM MT1)
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Insolation

Temperature seasonal cycle (EBM flux090) Temperature seasonal cycle (EBM flux110)
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Surface pressure

Temperature seasonal cycle (EBM press05) Temperature seasonal cycle (EBM press4)
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Tilt of the rotation axis

Temperature seasonal cycle (EBM obl0) Temperature seasonal cycle (EBM obl45)
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Location of the continents

Temperature seasonal cycle (EBM EquatorialContinent) Temperature seasonal cycle (EBM PolarContinent)
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Planetary radius

Temperature seasonal cycle (EBM R05) Temperature seasonal cycle (EBM R2)
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Rotation period

Temperature seasonal cycle (EBM Prot2) Temperature seasonal cycle (EBM Prot025)
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From surface temperature to habitability

Class M

Class hP Class P mesoplanet Class T Class hT

hypopsychroplanet psychroplanet “Earth-like Exoplanet” thermoplanet hyperthermoplanet

| I |
-100°C -50°C 0°C 50°C 100°C 150°C

Exoplanet Mean Global Surface Temperature

Different types of life form may be present
depending on the surface temperature
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The origin of life

The most difficult challenge in science

We must cast light on the origin

of life

in order to understand which planets
could have the right conditions for the emergence of life

otudies on the origin of life

two different approaches based on .

Harth life

Prebiotic chemistry — Proto-cell

Proto-cell <= Phylogenetic studias/minimal cell
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Study of the planetary atmospheres
of transiting planets

Secondary transit

Thermal radiation of the planet
Planetary albedo

Primary transit

Transmission spectrum of

the planetary atmosphere




Search for water and biomarkers
in planetary atmospheres

Terrestrial atmospheric oxygen
is sustained by life



Oxygen as an atmosphericbiomarker

Heinz Decker
Kensal E.van Holde

Oxygen

and the Evolution

of Life |
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Conclusions

We are gradually proving that there are many
planets similar to the Earth

Only a fraction of such planets is habitable

Life could have emerged only in a fraction
of habitable planets

The study of planetary atmospheres could provide
signatures for the presence of life in exoplanets

It is very important to cast light
on the origin of life
by means of laboratory experiments
and space missions in the Solar System




