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“The Exoplanet Revolution”
9 to 1000 in 20 years!
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Kepler Planets

As of February 27, 2012
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Planet Temperature & Size
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Planets with 2 Suns
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4 ™
“Eccentric planets” HD806006Db,

its orbit is as eccentric as the one of comet Halley

- Today's location of HD B0&0& b

W\

RAL — Space Conference

k Orbit of Earth




4 ™
Outstanding Science Questions

> Solar System is not the'paradigm in our Gala

5 the observed exoplanet di

lanets made of? Hov

lanets host habitable condili
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Mass & radius?

Understanding the exoplanet diversity,
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4 ™
Understanding exoplanet diversity

The atmosphere

Formation
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Thermal emission spectrum of the earth

Ozone

Water vapour

Noise equivalent radiance
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1980 - The outer solar system

Titan’s atmosphere

CH, CN, CH, CH, CH, C.H, Voyager IRIS Spectrum.
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. Pioneering work on Exoplanet Atmospheres\

Transit spectra with Hubble, Spitzer, ground...

Hot- ]uplters Temperatures ~ 1200 K
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Transiting planets

Brightness

HAT-P7b observed by Kepler
(Borucki et al, 2010)
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Stars
F, G, K and M-type stars
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Exoplanet Targets
A sample of transiting exoplanets 4
orbiting nearby stars, from hot gaseous 2
planets to terrestrial planets LZ?
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Wavelength
Visible — thermal infrared
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Exoplanet chemistry
CH,, CO, CO, and H,0O

Exoplanet climate
Thermal structure

Exoplanet formation
Planet Interior

Telescope
1.2 metre class

™

EChO

European Space Agency
M3 mission candidate

(~500MEuros)

Im class telescope in space

Spectroscopy of hundreds of planets
in our Galaxy, fromVIS to IR

Stabilit)/: I part in 10000 over
10 hours
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The EChO consortium

UK-led, with participation from other European countries

Project technical/scientific leadership

MWIR Channel

VNIR Channel

Lazge, but well integrated, consortium with experience and heritage in
space IR instrumentation and exop]anet observations

RAL — Space Conference €CHO:\\

- /




e
UK Key Technology

e UK has leading role in development of
mission concept and instrument design

(Herschel, JWST-MIRI, Solar Orbiter)

® This role requires and nurtures highly
skilled workforce across academia,
government institutes and industry

e UK technology features highly in the
EChO mission:

® |R Sensor tecbnology
® Cryogenic coolers

® Advanced spacecraft controls
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Broad wavelength coverage:
Optimised for molecular detections
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EChO performances:

Simulated spectrum of HD189733b

HD 189733b, emission spectrum

50 eclipses
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EChO performances
Simulated spectrum of super-Earth GJ1214b

5 Earth-masses, temperature of boiling water
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Known Planets observable by EChO today
(>140)
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Exoplanet surveys
Expected to provide additional targets for EChO

* ESA GAIA
® ESA Cheops
* NASATESS

* HARPS North
e HAT-NET

® Super-WASP 4= == |
® Carmenes 8 /7
® M-Earth
* NGTS

* APACHI
® Spirou

* MASCARA
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Pressure (bar)
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Science return

Chemistry and thermal properties
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o ™
Science return

Understanding planet formation/migration processes

wrichment as tracer of formation & evolt
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4 ™
Weather: temporal variability

Understanding the role of dynamics)

Polar View

— Cho et al, 2006

-PVU 0 +PVU
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Climate: orbital phases

Understanding the role of dynamics in 3D

o’ e0T 30T 00 <307 4800 <30
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EGEESS

— Uniformly bright disk
~ \iniformly bright ellipse
— Noo-uniformly bright disk

Knutson et al, 2007; De Wit et al.; 2012
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2D Images of the planet
Spatial variability




Super-Earths around M-dwarfs:
are they habitable?
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Conclusions

The exoplanet field is going through a “Revolution”: 1000
planets in less than 20 years, and the Solar System is no longer

the paradigm!
To understand the Exoplanet diversity and the role of the Solar

System in a broader context, we need to understand how planet

form & evolve in our Galaxy

Our only way to understand these processes, is to study the

atmospheres of exoplanets, using molecules as tracers.

We need a large number of exoplanetary atmospheres, and we

need Very accurate, coherent, measurements

We need a dedicated mission: we need EChO!
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