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HUGE DIVERSITY: WHY<¢

FORMATION & EVOLUTION PROCESSES e MIRATION? INTERACTION WITH STAR?
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STAR & PLANET FORMATION/EVOLUTION

WHAT WE KNOW: CONSTRAINTS FROM OBSERVATIONS — HERSCHEL, ALMA, SOLAR SYSTEM
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KEY EXOPLANET QUESTIONS

How diverse are exoplanets chemicallye

Does chemical diversity correlate with other

parameterse
How do planets forme

How do planets evolvee




THE SUN'S PLANETS ARE COLD

SOME KEY O, C, N, S MOLECULES ARE NOT IN GAS FORM
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WARM/HOT EXOPLANETS

O, C, N, S (Ti, VO, SI) MOLECULES ARE IN GAS FORM

Atmospheric
pressure

0.01Bar

HCN gas TiO gas

Condensates VO gas H,S gas
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DATA ARE SPARSE, NOT ENOUGH WAVELENGTH COVERAGE

BROAD WAVELENGTH COVERAGE IS NOT SIMULTANEOUS

ABSOLUTE CALIBRATION AT THE LEVEL OF 104 1S NOT GUARANTEED!
INSTRUMENT SYSTEMATICS ARE DIFFICULT TO DISENTANGLE FROM THE SIGNAL
STELLAR ACTIVITY IS THE LARGEST SOURCE OF ASTROPHYSICAL NOISE

WE NEED OBSERVATIONS ON A POPULATION OF OBJECTS TO DRAW CONCLUSIONS

INAF - Sept. 2018



ARIEL — ESA M4 mission :

1-m telescope, spectroscopy from VIS to IR

Satellite in orbit around L2

~1000 exoplanets observed (rocky + gaseous)

Simultaneous coverage 0.5-7.8 micron

Payload consorfium: 16 ESA countries + NASA under study i

INAF - Sept.2018



A CHEMICAL SURVEY OF A LARGE POPULATION

SCIENCE REQUIREMENTS: EXOPLANET RADIATION, MOLECULAR & CLOUD SIGNATURES, STAR ACTIVITY
H,O
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A CHEMICAL SURVEY OF A LARGE POPULATION @

SCIENCE REQUIREMENTS: EXOPLANET RADIATION, MOLECULAR & CLOUD SIGNATURES, STAR ACTIVITY
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Simultaneous observations in the VIS and IR are needed
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Relative Flux

Through stable instrument, external calibration & proven postprocessing analysis
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S

Main atmospheric component

« Trace gases

SURVEY

«  Thermal sfructure

What fraction of planets have «  Cloud characterization

clouds?

- Elemental compositign

Have small planets still retained
H/He?

Colour-colour diagrams

Refinement of orbital/planet
parameters in IR

Atmospheric circulation

«  Spatial & temporal
~ 1000 PLANETS variability

Tinetti et al, 2018 INAF - Sept.2018 .
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ARIEL phase-curve spectra, chemical composition & thermal profile
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20 CHEMICAL DIVERSITY :

CORRELATION WITH ANY OTHER KEY PARAMETERS ¢

Is this plot tfrue? Where are the transitions? ARIEL observations x 1000 planets
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P88 CHEMICAL DIVERSITY C

ARIEL WILL CLARIFY CORRELATION WITH THE DENSITY

Density observations Atmospheric composition through ARIEL
3.0 e, 100 e (PO will clarify the degeneracy
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€8 TERRESTRIAL-SUBNEPTUNES TRANSITION :

ARE SUPER-EARTHS BIG TERRESTRIAL PLANETS, SMALL NEPTUNES?C IS H/HE STILL THERE?

Formation scenarios for small planets ARIEL observations for small planets

10~*H,0, H2/He 1 mbar clouds
10~* H,0, H2/He, no clouds
30% H»O, 70% H2/He, no clouds
100% H»O, no clouds

I 2 3 4 5 6 780910
Wavelength (ym)
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IS ELEMENTAL COMPOSITION CORRELATED ... :

...TO EXOPLANET PROVENANCE OR STELLAR METALLICITY?
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LARGE POPULATION OF WARM/HOT PLANETS

TODAY AND IN THE NEXT DECADE
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DIVERSITY PROBED IN ARIEL CORE SAMPLE

PLANET SIZE, DENSITY, TEMPERATURE, STAR TYPE, METALLICITY
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Number of planets

Zingales et al., 2018
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ARIEL mission scenario in spring 2017: 1000 planets
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DIVERSITY PROBED IN ARIEL CORE SAMPLE

PLANET SIZE, DENSITY, TEMPERATURE, STAR TYPE, METALLICITY
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ARIEL mission scenario in spring 2017: 1000 planets

IN000000InN

Planetary Temperature (K)

Star temp.

T. (K)

3000 - 3300
3300 - 3600
3600 - 3900
3900 - 4200
4200 - 4500
4500 - 4800
4800 - 5100
5100 - 5400
5400 - 5700
5700 - 6000
6000 - 6300
6300 - 6600

INAF - Sept.2018

25



3000 -

2500 1

Planetary Temperature [K]

500 -

Edwards et al, in prep.

Mission Reference Sample (4 Year Mission Life)

2000 1

1500 1

1000 -

s . o .o . .o'o N L. .
« * o® 0. e® .:. ° - m LR o
% oo e e ® oo ‘e = ° .. ° °
. « " :' * "" . :'# ®o o ol ]
. * . o e . ° « & o0 : Rele ". me
‘s $ees '.s' .': Sgateons > e s ° °o %
% o '.' '. 4 ". o .' . ..." mn®, .‘..'. Cogn o "’.‘ ‘..~. ....‘.
« ° -.. N e o * S * 2ee etae’ .z. ‘%. ..bi :!i sTec %
*
¢ :'.1: % 0' ." * ' o. . '. Pe® ® ."'ﬁ " " ."“ .' 'l.. 'fh
- ~. Y k'. e o0 PS .'~ .' : ~‘$ &" .."." ®» *0
I TC P S P S 1 et L U R o
° ® o X A 4 % ot ® o oo " 08
. . o L0l 0 . . e @ x e’ e L oe? Qe ®
% e e, " " *e ,® . ¥ @ e gt eee " 9 . °
HES * .'0 g, 9* ." o . ® A . ., . (]
¢ '.' ¢ !:l' . ¢ o B B e ¢ ¢ ®
:.o. o -“..: ), e “ , o ‘e ( | )
& . . e« Tier 1 (1000 planets
.‘o i. é‘,' ’ o Tier 2 (400 planets)

P L3
ARIEL mission scenario in summer 2018: 1000 planets =  Tier 3 (50 planets)

2 4 6 8 10 12 14 16 18 20
Planetary Radius [Re]

INAF - Sept.2018 .



SYNERGIES/COMPLEMENTARITIES WITH JWST :

JWST CANNOT OBSERVE 1000 PLANETS

JWST TRANSITING PLANET OBSERVING PORTFOLIOS 0

Assuming 25% of the time for exoplanets =

Portfolio Name Number of Targets = Duration per Target = Total Time %

—— Atmospheric Structure 150 2 days 300 days %
s\x‘_ Atmospheric Mapping 25 12 days 300 days %
S "‘"§ Temperate Terrestrials 3 100 days 300 days O

INAF - Sept.2018
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ARIEL OPTIMAL DESIGN & PERFORMANCES g
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—ﬂu log(CO)  ARIEL has similar performances to JWST for warm/hot planets around bright stars
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SYNERGIES/COMPLEMENTARITIES WITH ELT .

HIGHLY COMPLEMENTARY TO LARGE, GROUND-BASED FACILITIES

E—-ELT Simulations

0.0008 0.0218 - )
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% 0,0002:— 1
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Atmospheric chemistry (gaseous planets) |______ 130

Atmospheric chemistry (super-Earths) _':

32
Atmospheric dynamics (gaseous planets) —

18
Atmospheric dynamics (super-Earths) E—— 18
Planet interior (gaseous) N 10
Planet interior (solid) | 13
Planet formation|____ = 30
Upper atmosphere/escape processes | 15

Stellar variabllity (modelling) | R
Stellar variabllity (observations) |_____________________
Spectral retrieval simulations |_______—
Cloud modelling [
Tier 1 simulations |_____ 13
Data analysis techniques
Preparatory/follow-up observations from the ground (refin...

Exoplanet ephemerldes _——
Moleculardata|__________]10
Phase-curves (gaseous) |
Phase-curves (super-Earths) |_____
Target listselection |_____

Scheduling optimisation |__ 12
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CONCLUSIONS

Exoplanets appear to be ubiquitous in our Galaxy

Current sample of discovered exoplanets is very diverse in terms of basic planetary/orbital
parameters.

Molecular & elemental composition can help to understand the nature and history of exoplanets

Hubble, Spitzer, ground-based instruments have delivered pioneering observations of exoplanet
atmospheres

We need more accurate observations over a broader wavelength range (JWST) for a statistically
large sample of planets (ARIEL) to understand the chemical diversity.

ARIEL has been conceived to deliver the first chemical survey of ~ 1000 exoplanets, probing

uniformly the gamut of planet and stellar parameters
INAF - Sept.2018
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