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Che cosa sono gli
esopianeti, e dove
si trovano?
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Esopianeti: pianeti orbitanti intorno alle
stelle nell’'Universo




Perche’ sono
importanti?



Siamo soli?



Paradosso
di Fermi

MUSINGS ON THE PROBABILITY OF ALIEN LIFE
EXISTING SOMEWHERE IN THE UNIVERSE:

THERE ARE TRILLIONS OF GALAXIES . EACH WITH IILLIONS OF STARS
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Image Credit: NASA (Top Left), Steve Mandel/John Gleason(Milky Way), Shutterstock (Center Right), Jon Lomberg (Bottom Left), NASA/JPL (Bottom Right)



Possibili soluzioni
al paradosso di Fermi

l; E ; E / \X
& I' E i There are 400 billion stars in our galaxy, astronomers estimate that each has 1.6
-l_ AL plL\V g A\ planets on average, bringing the total number of planets within the range of 660

billion; The number of potentially habitable worlds differs according to the source,
but most say the Milky Way may have over 60 billion habitable planets. As such,
based on those numbers alone, it seems rather improbable that we are alor

Therein lies Fermi's paradox: If other forms of intelligent life exist, why haven't we
found any evidence yet? Here are ten possible solutions to the Fermi Paradox:

DOWN THE RABBIT HOLE

We haven't found evidence of extraterrestrials because

our reality is an elaborate illusion. As in, we are living in a

computer simulation created by our alien overlords, who
make all the rules.

OUR WIRES ARE CROSSED

It's very possible that other intelligent life forms are actively
'sending transmissions into space, we simply don't use the
same range of frequencies (radio waves, for instance), or
perhaps everyone is listening and no one's talking.

EARTH IS A FISHBOWL
wi h)

lhich makes us the fis

In this scenario, alien civilizations know we exist, they
simply watch our development from afar to let us evolve
without influence, ultimately forging our own path

DESTROY OR BE DESTROYED

In Darwin's theory of evolution, a tenet says the strongest
species survives. A'similar tactic may be employed by alien
beings; perhaps they stay silent, hoping that hostile species
oren teaterted, or they st before others destroy thern Arst

SPACE IS TOO VAS

(& Signals take too long)

Space, simply put, is incredibly large. So large, if we beamed a
transmission ta the cl ar, it would take 4 years to reach
the system, Say intelligent life did pick up one of our signals, it
might take years, if not decades, to get a response.

THEY ARE ALREADY HERE

(A perk of being a wallflower)

It would be silly to presume that all life is similar to Earth's,
Perhaps alien beings are so different, they would not register to
us even if they were under our noses. Conversely, they may be
so giilar, they are indistinguishable from humans, and can easily
avoid detection :

THEY LIVE IN UNLIKELY PLACES

(We don't know where to look)

The search for life is hrsvk conducted on other kvhm‘l\, hﬁ“
what if we ar,‘lnumnguw vwmnﬁp!muﬂmﬁvr er? A truly
advanced civilization fay not need to be anchared to a rocky

ct, some astronomers suggest that, because of energy
aliens might lurk on the edge of the galaxy, maybe even
assive black holes themselves.

THEY USE TECH TO SPY

Regardless of how technologically advanced a civilization
becomes, space exploration will always be long and fraught.
Instead of sending manned ships to explore the galaxy, aliens
might dispatch salf replicating nanobots, like ven Nemann
probes, to do the work for them

WE ARE THE ALIENS

Perhaps aeons ago, some alien race visited Earth. After
seeing n\ﬁ the earmarks of a habitable world, the creatures
'sowed the seeds of life with their own genetic material, before
ing along their merry way. We, in a sense, are their experiment.

LIFE IS EXTREMELY RARE

Perhaps, in the search for extraterrestral intelligence, the
simpliest solution is the correct one. We haven't ericountered
sns of life either because it doesn't exist, or it's exceedingly

rare. The prerequisites for complex life are nearly impossible to
replicate in their entirety elsewhere.

Infographic by From Quarks to Quasars (Jaime Trosper.



Equazione di Drake

N=R.-fp-ne-fi-fi-fo L

N = number of civilizations with which humans could
communicate

R, = mean rate of star formation

fP = fraction of stars that have planets

n. - mean number of planets that could support life per star with
planets

fi = fraction of life-supporting planets that develop life

Ji = fraction of planets with life where life develops intelligence

fw fraction of intelligent civilizations that develop
communication

L = mean length of time that civilizations can communicate



Equazione di Drake

N=R.-fp-ne-fi-fi-fo L

Sconosciuto N = number of civilizations with which humans could
communicate
Misurato R, = mean rate of star formation
Misurato fP = fraction of stars that have planets
Misura in atto n, - mean number of planets that could support life per star with
planets
conosciuto = fraction of life-supporting planets that develop life
S t fi = fraction of li rting planets that develop lif
Sconosciuto Ji = fraction of planets with life where life develops intelligence

fw fraction of intelligent civilizations that develop

Sconosciuto €~ communication

Sconosciuto L = mean length of time that civilizations can communicate



Astrobiologia: il mistero della formazione
della vita nell’Universo
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X Most radiation from Venus
escapes into space. We can
detect this using telescopes

like JCMT & ALMA

ﬂL Some radiation is

”ﬂﬂ’{t L JJ”JHM/ absorbed by molecules in
the atmosphere of Venus;

in this case phosphine.

Vita su Venere?

Brightness

The absorption by phosphine oceurs'ata

particular wavelength - acting like a unique
fingerprint / marker.

Faoma

wavelength

Venus 55km
altitude
temperature

20-37°C

Venus surface 47 Ooc

temperature




1. This overhead illustration of the S
record shows the correct placement
of the stylus. Binary arithmetic
surrounding the record

explains that it should be
played at 3.6 seconds
per rotation.

bols
explain the

record’s
use

\- — 3. This diagram and

the three below
explain the images
on the record. The

2. Aside-view wavelengths
of record and illustrate how
stylus has pictures are
binary constructed of
arithmetic analogue video
below it to signals, with binary
show that the arithmetic showing
record has that each scan lasts
about an hour of eight milliseconds.
play time.

4. picture lines one, two

and three show that they
are drawn vertically with a
staggered interlace.

7. This pulsar map

shows the location of our
Sun and the direction of 14 of
its pulsars. Binary code along each

pulsar gives the frequency. 5. Thisisan image frame showing

that each scan is vertical and each

8. This illustration shows the two lowest states of the hydrogen atom. image contains 512 lines.

The vertical lines and dots show the spin moments of each atom’s
proton and electron. The connecting line and ‘1’ show that the transition
from one state to another is to be used as the timescale for all pictures
on the cover as well as on the record.

6. If the pictures are rendered
correctly, the first image on the
record should match this image.
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Il Primo
Esopianeta



Artist’s impression of the exoplanet 51 Pegasi b

Il primo Esopianeta
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Earth Jupiter
51Pegasi b Credit: ESO/M. Kornmes



https://astrobites.org/wp-content/uploads/2019/10/radial-velocity-exoplanet-obertas.gif

Metodi di Ricerca



Stelle Erranti

WOBBLING STARS HINT

Doppler shift due to
stellar wobble

AT EXOPLANET

PRESENCE



https://youtu.be/u8EW4oPst_I
https://youtu.be/u8EW4oPst_I
https://youtu.be/u8EW4oPst_I

Eclissi Parziale della Luce Stellare

light curve
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TRANSITING PLANET CAUSES DIP IN STELLAR LIGHT



https://youtu.be/xNeRqbw18Jk

Effetto Lente Gravitazionale

Microlensing

GRAVITATIONAL

MICROLENSING - CHANCE ALIGNMENT

REVEALS PLANET



https://youtu.be/yY9w_LQ7WHc
https://youtu.be/yY9w_LQ7WHc
https://youtu.be/yY9w_LQ7WHc

Osservazione Diretta

. Detecting Transiting Exoplanets

Direct Imaging Method

For a handful of nearby stars, planets gy, ceminiWith.A©

have been directly imaged.

Complementary method to the others:
better for more distant planets, can get
orbit and hence true mass (but have to
see it move over time—may take a few
years).

More sensitive for larger planets.

Can image proto-planetary disk, as for

2. o
Fomalhaut. %,m R

Fomalhaut b

Hubble ACS Camera A

2010 Sept10 NWJAATalk



Lo Zoo degli
Esopianeti



Lo Zoo Esoplanetario

EXOPLANET GJ 1214B
FIRST EVAPORATING PLANET

TRAPPIST-1 PLANETS
http://exoplanet.eu/catalog/



https://sci.esa.int/web/hubble/-/50077-exoplanet-gj-1214b-artist-s-impression
https://sci.esa.int/web/hubble/-/31786-european-astronomers-observe-first-evaporating-planet
https://sci.esa.int/web/hubble/-/59454-comparing-the-trappist-1-planets
http://exoplanet.eu/catalog/

Potentially Habitable Exoplanets g P

Ranked by the Earth Similarity Index (ESI)

L 4
[0.85] [0.85] KA [0.84]
ProximaCenb  TRAPPIST-1e 6J667Cc Kepler-442 b 6J 667 C f*

[0.73] [0.68] [0.68] [0.67] [0.67]
Kepler-1229b  TRAPPIST-1 f LHS 1140 b Kapteyn b* Kepler-62 f

g ~ Neptune : ,, upiter
v 4 [0.12]

[0.61] [0.60] [0.58]
Kepler-186 f 6J 667 C e* TRAPPIST-1 g

Artistic representations. Earth, Mars, Jupiter, and Neptune for scale. ESI measures similarity to Earth size and insolation. Planet candidates indicated with asterisks. ~ CREDIT: PHL @ UPR A;cibo (phlupr.edu) Nov 15, 2017



Ricerche Future



Studying terrestrial

A targeted search for First step. planets in orbits up Performing a chemical
Pioneering stellar terrestrial and larger characterisation to the habitable zone census of a large and
seismology and planets in or near the . . of known Earth- of Sun-like stars, diverse sample of
exoplanet hunting habitable zone of a First all-sky transit ‘to-Neptune size and characterising exoplanets by analysing
mission wide variety of stars survey satellite " exoplanets these stars their atmospheres

m‘; Eesa st

T
m 1990 2003 2013 Dedicated exoplanet

based Launch (@ (@) o) missions

; O O, O, O O O R O S e O il S >
2006 2009 2018 2019 Exoplanet-sensitive

missions
First discoveries of

exoplanets in the 1990s
opened up the field of
exoplanet research.
New innovations and
discoveries continue
to this day

Webb
s . Cesa W @esa

Revealing exoplanets

Probing the through its all-sky survey Detailed characterisation
composition of Studying exoplanet of the position, brightness of exoplanet atmospheres
exoplanet signatures in and motion of over one through transit studies

atmospheres infrared light billion stars

and direct imaging



https://www.youtube.com/watch?v=EAUwsXSENA4
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Li raggiungeremo mai?



Interstellar challenges

#— Wait 50 principle: If a mission will e more than 50 years maybe it

77 should not be started, as future dey ments could enable faster
travel and a future ship might be ab’ overtake and older mission
making it obsolete and useless. ;

b— If time is long for astronauts, how can we send them to another star?

E—,
Time Dilation

Suspended animation
Embryo colonization
Generation ship
Extended lifespan

- Mind uploading

-~

* Communications
— Obviouslys2 speed.al




Ma...come Fermi...il dato e’, negli ultimi 120
anni...persone dalla Terra a Marte....
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Ma...come Fermi...il dato e’, negli ultimi 120
anni...persone dalla Terra a Marte...
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https://youtu.be/A0FZIwabctw
https://youtu.be/A0FZIwabctw

Ma...come Fermi...il dato e’, negli ultimi 120
anni...persone dalla Terra a Marte...
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https://youtu.be/zlIt-nsMjwM
https://youtu.be/zlIt-nsMjwM

