
CENTRE FOR SPACE 
EXOCHEMISTRY DATAEXOPLANETARY SCIENCE

A GLOBAL ENDEAVOUR

04/11/2021 Baracchi III 1

GIOVANNA TINETTI



Planets are ubiquitous!
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There are at least as many planets as stars…

4800+ Confirmed planets

3500+ Planetary systems

1 Moon candidates
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Planets are very diverse
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The solar system is not the paradigm of planetary system in our galaxy. Why?



Galactic statistics
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Small planets are the most common planets

Fulton et al., 2017; 2018

NASA Kepler mission, 2009-20194



☆ Structure and chemistry of discs from
ALMA + direct imaging instruments in NIR

☆ Isotopic ratios from meteorites + in-situ
measurements in solar system

Constraints on planet formation
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Kruijer$et$al.$(2017)$

Hints$from$Isotopes$
Solar$nebula$split$into$two$reservoirs$
between$0.4$and$0.9$Myr$

Credit ALMA
Kruijer et al. (2017); Desch et al. (2018) 

Giant planets need to form fast, in < 1Myear



☆ SKA in the future will help identifying
cm-size objects.

☆ Constraints to pebble accretion

Constraints on planet formation
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Credit ALMA



What do we know?
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Zeng et al., 2019
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Very little so far…



Measuring the mass
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Toowoomba’s eye on the sky: Minerva Australis INAF Telescopio Nazionale Galileo: HARPS-N



New questions
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« Why the Solar System is as it is?

« What are exoplanets made of?

« What’s the weather like there?

« Why are they so diverse?

« How did they form?

« Are they habitable?
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Atmospheric composition
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Sources
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A tracer of the nature and history of planets in our galaxy 

Image credit: Jérémy Leconte



Atmospheric composition
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Many different techniques…
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Transit                                                   Direct imaging                                     High-dispersion
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Exo-atmospheres observed… so far
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Changeat et al. 2021

Water vapour & other molecules observed 
in ~60 Jupiter-type, hot exoplanets

NASA Spitzer, NASA-ESA Hubble
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Population studies
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Tsiaras et al. 201814
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Fig. 6.— Correlation between retrieved planet temperature and ADI. Colours show the UV

radiation the planet receives in W/m2. A cluster of outliers at high temperature and high

ADI is apparent. These planets are also the highest irradiated.

Fig. 7.— Planetary mass as a function of ADI. While the two groups of planets are clearly

separated (with or without detectable atmospheres) there is no evident correlation between

the planetary mass and the ADI index.

Beyond individual planets….



The signature of water on K2-18 b
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Tsiaras et al., Nature Astron., 2019

NASA-ESA Hubble
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Temperate transitional planet (ocean world? sub-Neptune?)



LHS1140b
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Edwards et al. 2021

NASA-ESA Hubble
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Temperate super-Earth: atmospheric signal or stellar activity?

Picture credit Lea Changeat



Machine learning
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To correct for instrument systematics

Raw observed data Corrected data

Fl
ux

Time
Machine Learning Noise model

Waldmann, 2012, 2013, 2014, 2015;  Morello +, 2014, 2015a, b, 2016; Tsiaras+ 2016; 2018; Damiano +2017; Morvan+2020; Yip+2020

https://github.com/ucl-exoplanets

https://github.com/ucl-exoplanets


TauREx
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An open source platform to interpret 
exoplanetary spectra

Al-Refaie+2020,2021; Waldmann+2015a,b;  

Article: https://arxiv.org/abs/2110.01271
PyPi: https://pypi.org/project/taurex/
Github: https://github.com/ucl-exoplanets/TauREx3_public

https://arxiv.org/abs/2110.01271
https://pypi.org/project/taurex/
https://github.com/ucl-exoplanets/TauREx3_public


James Webb Space Telescope
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6.5 m telescope in L2
Very broad infrared coverage

Launch 2021

19

Ideal for cold rocky planets around M-dwarfs



A mission to unravel 
the story of planets 

in our galaxy

http://www.twinkle-spacemission.co.uk/
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http://www.twinkle-spacemission.co.uk/
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Ariel
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https://www.youtube.com/watch?v=38YfVgAVUVs

• Adopted as ESA M4 in Nov. 2020 

• Launch 2029 in L2 with CI

• 1m-class telescope

• Simultaneous coverage 0.5-7.8 µm

• ~1000 exoplanets observed 

• Rocky + gaseous; 300-3000K; stars A-M

https://www.youtube.com/watch?v=38YfVgAVUVs


Ariel payload consortium
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~500 SCIENTISTS AND ENGINEERS FROM 16 ESA COUNTRIES + NASA, JAXA PARTICIPATION



Chemical trends?

Baracchi III
Changeat et al. 2020
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SEARCHING FOR CHEMICAL AND CLOUD TRANSITIONS



Link with planet formation
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KEY MOLECULAR SPECIES/ELEMENTAL RATIOS CONNECTING ATMOSPHERES AND FORMATION

Turrini et al. 2020; Min et al., 2020;

Ariel Formation WG
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Ions in the Thermosphere of Exoplanets 23

Figure 6. Retrieved spectra and volume mixing ratios for our JWST (top) and ARIEL (bottom) simulations

of a GJ1214b-like planet with H3O+ and H+
3 ions. For the abundances the solid line is the true value, the

dashed line the mean retrieved value and the shaded area represents the 1� retrieved value.

4. CONCLUSION

Laboratory experiments simulating thermospheric chemistry in simplified atmospheres of super-

Earth and mini-Neptunes exoplanets were performed. A photochemical reactor containing gas mix-

H/He
Atmosphere Rocky

Interior Icy
Interior

H2O
Atmosphere

SiC interior

H/He interior

Small planets: what is their nature?
IS H2 STILL THERE? IS THERE A SECONDARY ATMOSPHERE? HOW THICK IS THE ATMOSPHERE? WHAT ARE THE TRACE GASES? 

Bourgalais et al. 2020
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Ariel Retrieval, Chemistry WGs



HIGHLY COMPLEMENTARY TO LARGE, GROUND-BASED FACILITIES

Synergies ground

Baracchi III

Ariel spectra give the continuum
at broad wavelength range

04/11/2021 27
Ariel  ELT synergy WG



The Ariel Data Challenges 
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• The ML Data Challenge in 2019 & 2021 had
100+ international teams of professionals
and amateurs participating

• Organised with European Conference of
Machine Learning

https://arxiv.org/pdf/2010.15996.pdf

Baracchi III

ariel-datachallenge.space

https://arxiv.org/pdf/2010.15996.pdf


Citizen-science programs
exoclock.space

Kokori, et al. 2020, 2021; Edwards et al 2020a,b
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• Open platform to monitor the ephemerides of Ariel 
targets with contributions from the public. 

• Huge global success, hundreds of active participants!

• Used to engage school students in scientific research.

Baracchi III



CONCLUSIONS
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• Exoplanets appear to be ubiquitous in our Galaxy

• The number of discovered exoplanets is increasing exponentially, but we still know very little
about them

• We will have a suite of dedicated space missions in the next decade to discover more and more
interesting targets (TESS, Cheops, PLATO)

• ALMA and SKA (will) give important contributions to our understanding of planet formation

• We have large facilities from the ground (ELT, TMT) and satellites in space (JWST, Twinkle) +
dedicated missions (Ariel) to observe the atmospheric composition and structure of a large
number of exoplanets

• Exoplanetary science is and will continue to be a global endeavour!
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…we can’t go there yet!
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We need to take care 
of this one!
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