


Pioneering stellar

A targeted search for
terrestrial and larger

First step,
characterisation
of known Earth-
to-Neptune size

Studying terrestrial

planets in orbits up

to the habitable zone
of Sun-like stars,
and characterising

Performing a chemical
census of a large and
diverse sample of
exoplanets by analysing
their atmospheres

planets in or near the
habitable zone of a
wide variety of stars

First all-sky transit
these stars

survey satellite

seismology and
exoplanet hunting
mission

exoplanets

Dedicated exoplanet
missions

Exoplanet-sensitive

(Ground-| 1990 ,
Launch (@ O

-

missions

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

Detailed characterisation Surveying a complete
of exoplanet atmospheres sample of Milky Way

through transit studies exoplanets, and pioneering
direct imaging of other

and direct imaging worlds.

Revealing exoplanets
through its all-sky survey
of the position, brightness

and motion of over one
billion stars

Probing the
composition of
exoplanet
atmospheres

Studying exoplanet
signatures in
infrared light

Image credit ESA




Ariel science objectives

UNCHANGED FROM ORIGINAL M4 PROPOSAL SUBMITTED TO ESA IN 2015

etary systems form and evolve?

ocesses shaping planet atmospheres?

Ariel Definition Study Report — Tinetti et al. 2021, arXiv:2104.04824 Image credit: Léa Changeat




Ariel

Adopted as ESA M4 in Nov. 2020

PDR passed in May 2023

Launch 2029 in L2 with CI

https://www.youtube.com/watch2v=38YfVgAVUVs

Ariel Definition Study Report — Tinetti et al. 2021, arXiv:2104.04824
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https://www.youtube.com/watch?v=38YfVgAVUVs

Eesa

Ariel — Spectral range/resolution )

SIMULTANEOUS COVERAGE 0.5-7.8 MICRON

5 Ariel observations of GJ1214 b for different cloud hypothesis

GJ1214b (1072 bar)
G)1214b (5.1072 bar)
GJ1214b clear
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Ariel Definition Study Report — Tinetti et al. 2021, arXiv:2104.04824
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Ariel spacecraft & payload W

PAYLOAD INTEGRATED AT RAL IN DIDCOT. SPACECRAFT FROM AIRBUS
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Ariel payload consortium

A VALSSLOW LS MADYE

than {Lgiwg

111 === L =

23 \‘




Ariel 4-Tier approach

Main atmospheric

INDIVIDUAL PLANETS & POPULATION ANALYSIS Trace gases

SURVEY
Thermal structure

What fraction of planets have clouds? Cloud characterization

Have small planets still retained H/He? DEEP SURVEY Elemental compoi

e Colour-colour diagrams

JTER
* Refinement of orbital/planet
parameters in IR '+

~ 50-100

* Atmospheric circulation

~ 500

a

e Spatial & temporal
* Phase-curves

variability

~ 1000 PLANETS

* Tailored observations

-




Ariel Consortium Science WGs
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Ariel Dry Run 2025

GETTING READY FOR 2029!

- Target selection, observational
strategies, scheduling will be done as if
Ariel were launched in 2025

Ariel open
conference 2025



Towards an Ariel catalogue

GETTING READY FOR 2029!

Potential Ariel Targets

® Homogeneous characterisation of the basic
parameters of all* potential Ariel targets and

Refined
Stellar
Parameters

Refined
Orbital
Parameters

Refined Planet
Masses



Ariel target candidates

STELLAR PARAMETERS REFINED BY STELLAR CHARACTERISATION WG; MORE WORK BY STELLAR ACTIVITY WG
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ExoClock: farget ephemerid

9?00+ PARTICIPANTS FROM 50 COUNTRIES (77% AMATEURS) ©
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https://www.exoclock.space/

Ariel target candidates

TARGET UPDATES FROM TESS AND TARGET SELECTION OPTIMISATION
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Ariel target candidates

MORE SMALL PLANETS DISCOVERED BY TESS FOR ARIEL!

4000 Known and TPCs Around All Stars (260 planets)

3500 SIC interior
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Small planets

THEY ARE THE MOST NUMEROUS TARGETS, THEY ARE COMPLEX & INTERESTING

1)

Planet Formation Plan; :Ii; rior

R— Low-g avity F aes

Planet radius (Earth

Semi-major axis (au)
Kimura & MI (2022, Nat. Astron.)

j"

Star-planeticonnec. o
+ Upperatmosphere

#/H?ZMe 7'

AtmosphericiChemistry
Water\Vapo

LRI e "':‘ ’J" |
Strong synergy among many WGs! w Maght a




Mass determination of Ariel ’rcrgeg’rs .

NEW GLOBAL PLAN TO COORDINATE RV MEASUREMENTS

1. Establish mass precision needed for Ariel science @

Mass-characterisation WG
17




Link to planet formation

ARIEL ABILITY TO DETECT ELEMENTAL RATIOS IN GIANT PLANETS' ATMOSPHERES: BEYOND C/O
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Fang et al. 2023 Pacetti et al 2022; Turrini et al. 2021



Chemical trendse

SEARCHING FOR CHEMICAL AND CLOUD TRANSITIONS

Large scale sbmulations progrom
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1.441
1.421
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https://aithub.com/ucl-exoplanets/TauREx3 public Changeat et al. 2020; see also Mugnai et al 2022, Bocchieri et al., Ma et al.
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https://github.com/ucl-exoplanets/TauREx3_public

Phase-resolved spectroscopy

MORE PHASE-RESOLVED OBSERVATIONS!!!

Planets are 2D obj@ctg...

Eclipse

Cowan (2014)

Transit
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Atmospheric variabllity

OBSERVING THE VARIABILITY IN SPACE AND TIME: MORE REPETITIONS

Substellar

Variance (10°)
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Synergies with JWST

UNPARALLELED OPPORTUNITY FOR THE SCIENCE BUT ALSO CALIBRATION STRATEGY, DETECTOR PERFORMANCE

HOT GAS GIANT EXOPLANET WASP-96 b Lessons learned

ATMOSPHERE COMPOSITION N A —

-

million
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Amount of Light Blocked

Best-fit Model

T T
1.75 2.00

Wavelength of Light

microns

WEBB
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Ariel target candidates

CATALOGUE AVAILABLE SOON THROUGH A NEW INTERACTIVE, WELL MAINTAINED WEBSITE

Ariel Target Candidate List

Tier

HAT-P-19p @8
Hot
Jupiter
Qi >
HAT-P-1gp ~ DEE8

Al-Refaie et al. 2023; Edwards et al. 2022;

v Radius v Temperature v

HAT-P-68 b

Hot
Jupiter

Qi >

HAT-P-26 b

0 HAT-P-40p ~ DIBE

Massive Jupiter

Qi >

9 HATS-18 b 0

Sagan 2023 — Ariel
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Ariel target candidates

CATALOGUE AVAILABLE SOON THROUGH A NEW INTERACTIVE, WELL MAINTAINED WEBSITE

HD 209458 b

Steller Properties

Mass (Msun) Radius (Rsun)
1.15 1.16
Distance from Earth (pc)
48.3016
Temperature (K)
{ 6117 I
Planet Properties Queued
Radius (Rjup) Mass (Mjup)
1.38 0.714
Temperature (K) Semi Major Axis (AU)
1459 0.04747
Albedo Transit Duration (hour)
0.1 3.072
. |

Mugnai et al, 2022
Sagan 2023 — Ariel 24



Ariel Data Challenges

misENs) [ HHL L ENGE
A HUGE GLOBAL SUCCESS. ADCS YEARLY PLANNED TO SUPPORT GROUND SEGMENT ACTIVITIES

°
.‘.‘g ..""‘

" NEURAL INFORMATION
2%1... PROCESSING SYSTEMS

™
DQk

B _ A misston Ls
e SPace mission HNCH more than flying
havdware....

garning Data Challenge

-~

-

/ S5
lIEL ﬁAce_MvSs;om

earning Data Challenge
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Ariel Data Challenges Hr\?el

CHAHLLENGE

ADC 2023: THE RACE IS OVER...

JD'”the‘:'”EEl;E?éaChauenge https://www.ariel-datachallenge.space

Ariel Data Challenge 2023: 30-May-2023

tigergin

\ 2 3 , >

Apr 18, 2023

Qplet https.//www ariel-datachallenge.space/

LOC 0 50 100 150 200 250 300 350 400


https://www.ariel-datachallenge.space/

Data release

A VERY OPEN APPROACH

pipeline @SOC

/Automatic processing\

Level 0 > Level 1

Level 1> Level 1.5

Level 1.5 > Level 2

\

>

Phb et

Science Demonstration Phase

Data will be released immediately dﬁér
processing, consolidation and quality control up
to Level 2 products.

[ soc }={ moC [ Ground Station |e—— :

!

e
=0

Level 0

et

e
e e

Level 1

Level 2
k]_____/

Dedicated data processing

@consortium/10SDC

Level 2> Level 3

Satelte telemetry flow > Nominal Science Operations Phase

@®(0) Raw telemetry files

compressed and time ordered

« Tier 1 data public immediately after quality
confrol is completed;

®(1) Uncalibrated photometric/spectral science frames Rz
unpacked, decompressed, Level 0 data in uncalibrated data cubes

@(1.5) Calibrated photometric / spectral images
calibrated, background subtracted, bad pixel masked ramp fitted,
wavelength calibrated Level 1 data

@(2) Target light curves

spectrally resolved (wavelength binned)

W-* Level 3 1(3) Exoplanet spectra '
) »| ARIEL Science

Archive @SOC
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Conclusions

= Exoplanets appear to be ubiquitous in our Galaxy

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