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Exoplanets today: huge diversity @

3800+ PLANETS, 2700 PLANETARY SYSTEMS KNOWN IN THE GALAXY
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Huge diversity: why?

Formation & evolution processes?
Migration? Interaction with star?

Gaseous planets form here

Interaction with star '_.

Planet migration

st A




Key exoplanet questions

How diverse are exoplanets chemically?

Does chemical diversity correlate with
other parameters?

How do planets form?

How do planets evolve?




ARIEL - ESA M4 mission D)

1-m telescope, spectroscopy
from VIS to IR

Satellite in orbit around L2

~1000 exoplanets observed
(rocky + gaseous)

Launch in 2028 — 3.5-yr mission

Simultaneous coverage

Channel Name  Wavelength (um) Spectral Resolution
0.5-7.8 micron "~ VisPhot 0.5-0.55 Photometer
. FGS-1 0.6-0.8 Photometer
Payload Consortlum' FGS-2 08-1. Photometer
15 ESA Countries + NIRSpec 1.1-1.95 R~20
NASA under Study AIRS-ChO 1.95-3.9 R=102-180

AIRS-Ch1 3.9-7.8 R =30 - 64



planet mission timeline

Studying terrestrial
planets in orbits up Performing a chemical

A targeted search for
characterisation to the habitable zone census of a large and
of Sun-like stars, diverse sample of

Pioneering steflar terrestrial and larger
of known Earth-
and characterising exoplanets by analysing

seismalogy and planets in or near the
exoplanet hunting habitable zone of a First all-sky transit to-Neptune size
massion wide variety of stars survey satellite exoplanets these stars their atmospheres
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First step
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Dedicated exoplanet
missions

1990
Launch @ (o)
Exoplanet-sensitive
missions

observatories
First discoveries of : m
1

exaplanets in the 1990 D
opened up the field of .
exoplanet research.
New innovations and o)
discoveries continue . (\
to this day | ‘; N \\
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Revealing exeplanets
through its ad-sky survey Detaded charactenisation
of the position, brightness of exoplanet atmospheres

and motion of over one through transit studies

billion stars and direct imaging

Probing the
tomposition of
exoplanet
atmospheres

Studying exoplanet
signatures in
infrared hight
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A chemical survey of a
large population

SCIENCE REQUIREMENTS: EXOPLANET RADIATION, MOLECULAR &

CLOUD SIGNATURES, STELLAR ACTIVITY
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—— HAT-P-7b (T, = 2166 K) HD189733b (T, = 1168K)
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Simultaneous observations in the VIS and IR are needed
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ARIEL 3-tier approach

INDIVIDUAL PLANETS & POPULATION ANALYSIS

( A
Main atmospheric
component
Trace gases

| SLtay Thermal structure
. Cloud characterization
ﬁ\latheT ::rlcgigcs)g of planets DEEP SURVEY Elemental composition

Have small planets still

retained H/He? BENCHMARK

Color-color diagrams

Refinement of ~ 50-100_

orbital/planet )
parameters in IR Atmospheric
~ 500 circulation
Spatial & temporal
~ 1000 PLANETS variability
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Large population of
warm/hot planets

TODAY AND IN THE NEXT DECADE

TESS yields

1.4k

Number of planets

10

<1.25R, 1.25-2R, 2-4R

5] 53]

Sullivan et al. 2015



Cold Payload Units (PLM)
FGS / NIRPhot / NIRSPEC

Telescope Assembly

Optics Cold FEE
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Our role in ARIE

ARIEL Consortium a ~\
Steering Committee N
(MLA Mandated Member r r _f r r r Y
State Representatves) italy Co-PI F,"‘f;,ﬁ:& l Spainco-Pt Belgium Co-Pi Poland Co-P1 UK Co-Pt
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Spanish consortium organization @











































M2 Mirror Mechanism

 Heritage from previous
developments in
— Gaia (5 DoFs): Operating and
doing science
— EUCLID (3 DoFs): Under flight
model test campaign

GAIA M2ZMM EUCLID M2MM ARIEL mechanism
3 3 Required 3
dof X, Y & Z translations Z translation °g“w 5
X & Y rotations X & Y rotations
Linear Capability + 275 pm + 200 pm + 500 pm
Rotational Capability + 2 mrad + 1.5 mrad 4.4 mrad
Linear Resolution <0.066 pm <0.055 pm <0.1 ym
Rotational Resolution <1.8 prad <1.7 prad < 2.4 prad
Maximum operational loads 324N 97N T8D
Actuator Mass 320¢ 335¢ TBD
Turn counting NO YES YES
M2ZMM Mass 4786 g 2955 ¢ < 8000 g
Actuator Volume 84 x 75 x 65 mm’ 84 x 75 x 65 mm’ 2 times actual design
M2WM Volume 110 x 260 X 150 mm’ 212 mm symmetric 120° 210x‘220x160mm3
Flexible structure Motorreducer Microswitches H = 150 mm (Available volume)
. mass 1.9 kg mass 3.1 kg Mass 1.5 kg
M2 Mirror material SiC material SiIC material Al

Operational temperature

From 323 K to 100 K

From 323 K to 100 K

QS Launch loads

30 g in any direction

28 g in any direction

<_Erom303t(t040l( E
40 g in any direction



ICU/TCU

Very strong heritage & TRL
Minimised P-M-V budgets
Minimised complexity

* Only a high-level SW (ASW) running

* Simplified I/Fto S/C
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ARIEL long-term planning

Input

Mission operations

Transit/occultation
Slew to target
Calibrations
Station keeping

Mission constraints

Targets visibility
Time on targets
Slew rate

Calibration/Station keeping
rate

Targets:

Mission Reference Sample
(~1100 planets)

Tier 1 —Survey (1-4 events)

Tier 2 — Deep Survey (1-18
events)

Tier 3 —Benchmark Planets
(1-45 events)

ARIEL survey

Huge amount of
possible combinations

v

~1000 exoplanets
3.5-year mission lifetime

Time-constrained
observations

1 — 45 obs. per target

Based on Artificial
Intelligence
(Genetic Algorithms)

IEEC-CSIC Automatic Planning Tool

(global search optimizing priority
targets):

- Robotic telescopes
- Cherenkov Telescope Array
- CARMENES

~950 targets, ~3300 events

(including high-priority)

Mission plan




Conclusions

ARIEL has been conceived to deliver the first
chemical survey of ~1000 exoplanets, probing
uniformly the gamut of planet and stellar
parameters

The Spanish participation in the ARIEL mission
science consortium and payload development is
very significant

Timeline: Phase B1 (2019-2020), mission adoption
(Nov 2020), phase B2 (2021-2022)




