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- most orbits are eccentric
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- multi-planet systems are common
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The Nice model of the Solar System

N
A e s A A WA I YA, M AN “. na
a5 e A DI o A AN 0 WS ! A ooh g U.04
3.65 billion years ago
The outer solar system settles into its
i current configuration. The impacts left
- an l ~ behind on the moon are now providing
2 clues to the history of the solar system.
;\.:
o
o 15 | Kring / NASA adapted from Gomez et al. Nature
r"
: -
5 T — 0.05
J '
0 2x107 4x107 6x107 8x10
Time (yr)
STFC summer school




Measuring exoplanets : radial velocity & transits
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The Light Path of the High-Resolution Echelle Spectrograph
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-> size, mass, period

7. Field Flattener
8. CCD (hidden behind field flattener in this view)
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Locations of Kepler Planet Candidates
By Catalog Release Date
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Statistics of exoplanets :

The occurence rate of giant planets rises sharply with the heavy-elements content
of the parent star

1% of Sun-like stars have a close-in giant planet
The planet occurence rate keeps rising with orbital distance at least to 1 UA
The planet occurence rate also rises for smaller masses at least to 2 Re

With a slight extrapolation: Earth-like planets are very common

With a bit more extrapolation: Solar Systems analogues are also common, but “messier”
systems are more common
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How did close-in exoplanets get there!?

Migration of planets by tidal interaction with disc

annualreviews.org/doi/abs/10.1146/annurev-astro-081811-125523.
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How did close-in exoplanets get there!?

The RM effect (Rossier, McLaughlin 1924 for
eclipsing binaries) allows a measurement of
the spin-orbit angle
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Fig. 5.— Illustration of the Rossiter-McLaughlin (RM) effect. The three columns show three successive phases of a trans
first row shows the visible disk of the star. The second row shows the projected stellar rotation speed. The third row shows ¢
absorption line profile, assuming rotation is the dominant broadening mechanism; the “bump” occurs because the planet hides
the velocity components that contribute to line broadening. The fourth row shows the case for which other line-broadening mechy
are important; here the RM effect is manifested only as an “anomalous Doppler shift.” From Gaudi & Winn (2007).
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Three

different possible trajectories of a transiting planet are shown, along with the corresponding RM signal. The trajectories all h

ve the

same impact parameter and produce the same light curve, but they differ in A and produce different RM curves. The dotted lines
the case of no limb darkening, and the solid lines include limb darkening. From Gaudi & Winn (2007).
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radial velocity (km/s)

Spin-orbit misalignement from spectroscopic transits
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Fig. 4. Geometry of the HD 80606 system according to our best-fit

solution, (a) from above the orbit, (b) seen from Earth.

Hebrard et al. (2008),
Pont et al. (2009)




Tidal evolution :alignement, circularisation, synchronisation
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Inflated gas giants

Flow dissipation

Ohmic dissipation
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Observing planetary atmosphere

Secondary eclipse
TpI/T* (RpI/R*)Z 103

Phase curve
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Transit
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Temperature maps from eclipse and phase curve
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Global Temperature Map for Exoplanet HD189733b
NASA / JPL-Caltech / H. Knutson [Harvard-Smithsonian CfA)

Spitzer Space Telescope * IRAC
s5c2007-09a

Knudson et al. 2008
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Transit spectroscopy

Exoplanet Transit Event = =
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(HSTIACS, Pont et al. 2008)

Deriving Ryue:(A) by measuring
the transit depth at many A
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Transmission spectrum of exoplanets

Two favourable cases measured with HST
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Circulation models:
like Earth climate models

g Temperature rise relative to pre-industrial levels (°C)
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Atmospheric circulation on hot gas giants

Stellar flux

| —

advection

Teq <100 K

Teq 1000 - 3000 K

First-order understanding

Tavd : timescale of heat transport

— Tadv / Trad
T T3 Trd : timescale of heat loss




Direct images of the HR8799 system
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Clouds on hot Jupiters, young Jupiters, brown dwarfs
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EXOCIIMES
ExoClime

The Diversity of Exoplanet Atmosplferes

ﬁ Home @ News E Paper Outlines Topics - Literature Overview E About »

Here are the #NAMZ2012 topics relevant to #exoplanet atmospheres: http.//t.co/b9qI87L0 1 ¢

1 in the Solar System

Excolimes 2012 Blog

res in the Solar System

Amap of HD 189733 b using eclipse mapping

= om T o A
The conference blog is available here. Titan

UK-Germany National Astronomy Meeting

NAM2012 -

From Tuesday 27th until Friday 30th March the 2012 National Astronomy
Meeting of the Royal Astronomical Society will take place in Manchester. The

full schedule is... atmospheric Venus
eadmoe @ composition bloated hot
Exocli _ : .

#exoclimes albedo atmospheres

www.exoclimes.org

The Atmosphere of Mars
Peter Read




