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Artist's impression of HD189733b, showing the planet's 
atmosphere being stripped by the radiation from its parent 
star. Credit: Ron Miller



THE PALE BLUE DOT

 from 3.7 billion miles (circa 6 miliardi di km)  
 taken by Voyager on Valentine's Day 1990 
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SOLAR SYSTEM

before 1995
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before 1995
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What we know now

Planets form with Stars, no special requirements 

image credits: NASA

Implications: when we look at stars we expect to find planets!

But how?Fondazione Occhialini May 19 2021



Beyond 466 Million 
Miles From the Sun

Giant planets (light, gaseous, 
H, He, density 0.7-2 g/cm3)

Disk of dust and 
gas
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Protoplanetary Disc
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Radiation hydrodynamics simulation of a protoplanetary disk with four embedded Jupiter-mass planets, computed for a 
wavelength of 10 micrometer (background image).   The insets show the gap that is opened by one of the planets (top-
right) and the circumplanetary accretion disk (bottom-right).   Image credits: Kraus et al. 2014, simulations from Ayliffe, 
Bate, Dong, Whitney & Zhu

Protoplanetary Disc

Fondazione Occhialini May 19 2021

http://arxiv.org/abs/1407.7033


Terrestrial planets (rocks, 
density ~4-5 g/cm3)

Beyond 466 Million 
Miles From the Sun

Giant planets (light, gaseous, 
H, He, density 0.7-2 g/cm3)

Disk of dust and 
gas

Challenge for the 
theorists:  
Explaining how to go 
from this to a planetary 
system in 100 Millions 
years

Bonne chance …!

Images: Lunar and Planetary Laboratory:  
http://solarsystem.nasa.gov/multimedia/display.cfm?IM_ID=178
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Beyond 466 Million 
Miles From the Sun

Giant planets (light, gaseous, 
H, He, density 0.7-2 g/cm3)

Disk of dust and 
gas
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Beyond 466 Million 
Miles From the Sun

Giant planets (light, gaseous, 
H, He, density 0.7-2 g/cm3)

Disk of dust and 
gas

Video disk 

HL Tau Observations with ALMA

The dust (left) and gas (right) emission from HL Tau show that the gaps in its 
disk match up. [Yen et al. 2016]
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https://www.youtube.com/watch?v=3YmeajE-TT8


51 Peg b - The first known 
exoplanet to orbit a star similar 

to the Sun 

Hot Jupiter!!! 

Mayor & Queloz 1995, Nature 378, 355!

Then the First ExoPlanet!!

Nobel Prize for Physics 2019

at todays date (May 19, 2021) we know 
4728 exoplanets in 3497 planetary systems 
of which 774 are multiple planet systems
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HOT JUPITERS

• Orbital Period < 10d  
• Planet Mass ~ Jupiter/ Saturn 
• Planet size up to 2x RJup 
• Teq > 1000 K

WASP-12b
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Challenges:
Models developed for the Solar 
System clearly fail to explain the 

observed diversity 

Bottleneck of theory
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Exoplanets are challenging 

Stars are 10 billion times brighter than planets at visible light!!

We can not see planets directly (unless they are far away from 
their star) because they are outshone by their hosts stars

We use indirect inferences to detect planets 

So the first ever exoplanets detected were giant Jupiter like 
planets
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The EYE of SAURON 
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How Do we discover planets?

•   Radial velocity
• Transit photometry

• Gravitational microlensing
• Direct imaging
• Astrometry (GAIA)
• Timing variations

• Pulsar timing
• Transit timing variation method
• Transit duration variation method

  •  Polarimetry
 …….. etc

97% of planets

mass and radius 

density 

bulk composition 
+ 

atmosphere
• Different sensitivity to planets of different mass 
regimes and orbital separation 

• A complete census of the planet population 
requires the use of several different techniques Fondazione Occhialini May 19 2021



Planetary Transit
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Planetary Transit

rJup ∼ 0.1RSun

Depth :
Δf
f

∼ 1 % ( rPl

rJup )
2

( Rstar

R⊙ )
Duration : Δt ∼ 3h ( Mstar

M⊙ )
2/3

( P
4d )

Probability : Ptr ∼ 10 % ( Rstar

R⊙ ) ( Mstar

M⊙ )
1/3

( P
4d )

−2/3

Reminder mostly geometry - get: radius of planet/star, inclination of orbit. Advantage of little 
physics needed.
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Radial Velocity: Doppler shift

Planet minimum massHot Jupiters 

Earth-like

K = 203.255ms−1 ( 1d
P )

1/3

(
Mpl sini

MJup )
2/3

( 1

1 − e2 )
K = 28.435ms−1 ( 1yr

P )
1/3

(
Mpl sini

MJup )
2/3

( 1

1 − e2 )

K = 0.639ms−1 ( 1d
P )

1/3

(
Mpl sini
MEarth )

2/3

( 1

1 − e2 )
K = 0.089ms−1 ( 1yr

P )
1/3

(
Mpl sini
MEarth )

2/3

( 1

1 − e2 )
< 10cm!!
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Radial Velocity: Doppler shift
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Transits + RVs
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Transits + RVs
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What have we learned …
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What have we learned …
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A striking result: Kepler Planet distribution

Cloutier & Menu 2019 


Francesca Faedi Soroptimist 17/2/2021Fondazione Occhialini May 19 2021



Habitable Zone
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Exoplanet Atmospheres
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Exoplanet Characterisation
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WASP-39b … one of my discoveries
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WASP-39b
Transmission Spectroscopy —> Composition of planetary 

atmospheres
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Exoplanet Characterisation
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Another gift from Transits!
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Sun

Mercury

Limb-Darkening 
The shape of the transit tells us about stellar 

limb-darkening
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Exoplanet Characterisation
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Exoplanet Characterisation

Fondazione Occhialini May 19 2021



Star-Planet Interaction
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evaporating Planets

Image credits: NASA

Rappaport et al., 2014

22h orbit!!
Disperse Matter Planet Project

Fondazione Occhialini May 19 2021



Disperse Matter Planet Project

Image credits: Mark Garlick
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Mass-Radius Plot and Planetary composition 

Santern et al., 2018
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My contribution

circa 60

Kepler/K2

SuperWASP

NGTS

The NGTS 20cm telescopes on their mounts in the 
enclosure at ESO Paranal (Credit:ESO/R. West)
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Observing Sites
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Telescopio 
Nazionale 

Galileo

Observing Sites
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La Silla - Chile
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Transit method
+

Radial velocity 

mass and radius 

density 

bulk composition + 
atmosphere

K2-229b un cugino stretto di 
Mercurio
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K2-229b Super Mercury
Origin of our Solar System
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Il Futuro e’ LO SPAZIO 

JWS
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The Earth!! 

Thanks …
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