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Exoplanets – today

ARIEL – SPIE 2016

3544 planets in our Galaxy, 2696 transiting….and more to come!
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30/11/2016 ARIEL – M4 candidate

Exo‐atmospheres with current telescopes

Danielski et al., 2014



A host of questions for next decade...

Detection of planetary atmospheres, their composition and structure 

• Determine vertical and horizontal temperature structure & their 
diurnal/seasonal variations
• Identify chemical processes at work (thermochemistry, photochemistry, 
transport quenching)
• Constrain planetary interiors (breaking the radius‐mass degeneracy)
• Quantify the energy budget (albedo, temperature)
• Constrain formation and evolution models (evidence for migration)
• Detect secondary atmospheres around terrestrial planets (evolution)
• Investigate the impact of stellar and planetary environment on 
exoplanet properties



Transit & eclipse spectroscopy
aiming at 10‐4 stellar flux at multiple wavelengths
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Spectra as function of orbital phase 
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Spectral region
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 Thermal properties
Key molecules



Visible                                      Infrared          

Albedo, clouds, 
Atoms, a few molecules,

Escape processes, stellar activity

photometry bands (VIS+NIR)   +   spectroscopy 2-8 micron



Planetary energy balance
as provided by ARIEL
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• Giant planets in the Solar System
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ARIEL Telescope and 
Payload Design

From Paul Eccleston (Ariel project manager, STFC – RAL 
Space

Goran Pilbratt, Ariel study manager (ESTEC)



~500 Exoplanet atmospheres

1m class telescope in space (L2)

Highly stable over a few hours, 
high visibility of sky

Spectral range:
~0.5-8 micron
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ARIEL
ATMOSPHERIC REMOTE-SENSING INFRARED EXOPLANET LARGE-

SURVEY

ARIEL – M4 candidate



Payload Module Functions

• Telescope (~1 meter class), passively cooled to <80K, 
diffraction limit at ~3 m

• Single spectrometer module with dual optical chains 
providing R ~ 200 coverage from 1.95 – 7.8 microns on 
single detector

• FGS system (redundant) which doubles as a NIR 
photometer for stellar variability monitoring

• Common optical bench and structure to support both 
the instrument boxes and the telescope primary mirror

• Thermal isolation from SVM via V‐grooves and GFRP / 
CFRP struts and isolating cryo‐harnesses.
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Telescope Parameters
Parameter Ch0 (1.95‐3.9m) Ch1(3.9‐7.8um)

Telescope f/number f/13.4 (for 0.9 diameter circular aperture)

Entrance pupil diameter Elliptical, 1.1 m x 0.7 m (equivalent to 0.9 m circular)

Plate scale at prime focus 58 um / arc sec

Collimated beam diameter
after M3 Elliptical, 22.2 mm x 14.5 mm

f/no at spectrometer input 20.5 10.3

Space envelope (optics
only) 1400 mm (z) x 950 mm (y) x 1200 mm (x)
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Key molecules absorbing in IR

30/11/2016 ARIEL – M4 candidate
ExoMol



FGS & Cloud deck
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Very hot‐Jupiter – ARIEL spectrum
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Very hot‐Jupiter – ARIEL spectrum
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Hot‐Jupiter – ARIEL spectrum
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Warm Neptune – ARIEL spectrum
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Hot super‐Earth – ARIEL spectrum
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Taking Stellar variability into account



Conclusions
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• Thousands of exoplanets discovered and more to come.

• We now need to understand how planets form & evolve

• The way forward is to study the atmospheric chemistry of exoplanets

• We need to study a large population of objects to draw conclusions

• Ariel would deliver transformational science: 

‐ Large survey of planetary atmospheres (~ 500)
‐ Hundreds of hot & warm planets spectroscopically observed
‐ Molecular abundances 3 orders of magnitude lower than currently possible
‐‐Fourfold increase in the number of detected molecules


