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how do planets form?

how do orbits evolve?

how do we find life?

a need to find planets 
a need to study them

Genesis ?



discovering planets



WASP-4b

transiting planets

Gillon et al. 2009b



WASP-4b

transiting planets

Gillon et al. 2009b



finding hot Jupiters

The WASP collaboration30.2 million stars Triaud 2011a



finding hot Jupiters

The WASP collaboration~ 20,000 times each Triaud 2011a
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finding hot Jupiters

The WASP collaboration75+ planets, 1 BD, 150 M dwarfs Triaud 2011a



example of discovery & characterisation

WASP-80b Triaud et al. 2013b



studying planets



exo-atmospheres

WASP-19b

Thermal emission at 3.6–8 µm from WASP-19b 3429

Table 4. Comparing adopted and permuted occultation depths.

Light curve Adopted depth Permuted depth

1.6 µm 0.002 76 ± 0.000 44 0.002 70 + 0.000 95
2.09 µm 0.003 66 ± 0.000 67 0.003 71 + 0.000 35
3.6 µm 0.004 83 ± 0.000 25 0.004 85 + 0.000 18
4.5 µm 0.005 72 ± 0.000 30 0.005 67 + 0.000 71 ! 0.000 30
5.8 µm 0.0065 ± 0.0011 0.006 34 ± 0.000 50
8.0 µm 0.0073 ± 0.0012 0.008 24 ± 0.000 77

quality of the FTS light curve, which was obtained only months
before the occultation data.

3.6 Stellar activity

Hebb et al. (2010) reported a rotational modulation of the WASP
light curves with a period of 10.5 ± 0.2 d and an amplitude of a
few mmag. This indicated that WASP-19 is an active star, with
the sinusoidal modulation being induced by a non-axisymmetric
distribution of starspots.

We determine the log R"
HK activity index of WASP-19 by measur-

ing the weak emission in the cores of the Ca II H+K lines (Noyes,
Weiss & Vaughan 1984; Santos et al. 2000; Boisse et al. 2009). The
36 HARPS spectra presented in Hellier et al. (2011) had signal-to-
noise ratio (SNR) in the range 14–38. We selected the 12 spectra
with SNR>19 per pixel at 550 nm, as the activity level tends to be
systematically under- or overestimated for spectra with low SNR.
By assuming B ! V = 0.570, we infer log R"

HK = !4.50 ± 0.03,
which are the weighted mean and standard deviation of the val-
ues determined from individual spectra; we used the SNR as the
weighting factor. This is similar to the value of log R"

HK = !4.66
measured by Knutson et al. (2010). It is difficult to judge the level at
which the two values agree as Knutson et al. (2010) do not provide
an uncertainty estimate and our uncertainty value is likely to be an
underestimate.

As we know the true stellar rotation period to be 10.5 ± 0.2 d
from rotational modulation, we can use our log R"

HK value to test
the activity–rotation calibration of Mamajek & Hillenbrand (2008).
The calibration suggests a stellar-rotation period of Prot = 12.3 ±
1.5 d, which is consistent within errors.

We considered whether stellar variability could have affected our
measured occultation depths. One potential issue is that the stellar
brightness may have varied significantly during one or more of the
observations. However, with observation durations of #3 h and a
stellar rotation period of 10.5 d, the visible portion of the stellar
surface will have changed little during any one observation. To first
order, the resulting small impact on the occultation light curves
can be modelled as a linear trend, which will be handled by the
trend functions. Another concern is that the stellar brightness may
have changed significantly between the non-simultaneous occulta-
tion observations. For example, the 3.6-µm data were obtained two
months after the 4.5-µm data and it is the relative measurements at
these two wavelengths that are the prime diagnostic for the pres-
ence of an atmospheric temperature inversion. Assuming a constant
planet brightness, the stellar brightness would need to have changed
by #5 per cent to have changed the occultation depth by 1! and
the amplitude of the modulation of the WASP light curves (a few
mmag) shows that this is very unlikely. Thus, our derived eclipse
depths, and the conclusions on which they depend, are insensitive
to the variability of WASP-19.

4 D ISCUSSION

4.1 Atmosphere model

We interpret our observations of the hot Jupiter WASP-19b using
the exoplanetary atmospheric modelling and retrieval method de-
veloped in Madhusudhan & Seager (2009, 2010, 2011). We model a
plane-parallel atmosphere of WASP-19b observed in thermal emis-
sion at secondary eclipse. The dayside spectrum of the planet is
generated using line-by-line radiative transfer, with constraints of
hydrostatic equilibrium and global energy balance, and includes
the dominant sources of infrared (IR) opacity expected in gaseous
atmospheres at high temperature. Our sources of opacity include
molecular absorption due to H2O, CO, CH4, CO2, NH3, TiO and
VO (Rothman et al. 2005; Freedman, Marley & Lodders 2008;
Karkoschka & Tomasko 2010) and H2–H2 collision-induced ab-
sorption (Borysow, Jorgensen & Zheng 1997; Borysow 2002). The
concentrations of the species and the pressure–temperature (P–T)
profile constitute the free parameters in the model (Madhusudhan
& Seager 2009). We explore the parameter space of the model us-
ing an MCMC scheme (see Madhusudhan & Seager 2010, 2011),
and constrain regions of parameter space consistent with the mea-
sured planet-to-star flux density ratios at different levels of fit. Our
goal is to constrain the existence of a possible temperature inver-
sion, the dayside-to-nightside redistribution efficiency, the concen-
trations of the different molecular species and the C/O ratio (e.g.
Madhusudhan et al. 2011a) in the dayside atmosphere of WASP-
19b. In what follows, we discuss model solutions that explain the
data within the 1! observational uncertainties, as shown in Fig. 4.

Figure 4. Observations and model spectra of thermal emission from WASP-
19b. The blue circles with error bars show our observed planet-to-star flux
density ratios reported in this work. The transmission curves for the corre-
sponding photometric bandpasses are shown by the blue curves along the
abscissa. The red, green and grey curves in the main panel show model
spectra of WASP-19b, and the same-coloured curves in the inset show the
temperature profiles of the corresponding models. The red, green and grey
circles in the main panel show the corresponding model spectra integrated in
the observed bandpasses for comparison with data. The data indicate the ab-
sence of a strong temperature inversion. The green and red curves show two
models without thermal inversions but with different chemical composition,
C/O ratios of 0.5 (O-rich) and 1.0 (C-rich), respectively, both of which fit
the data well. On the other hand, the grey model, which has a strong thermal
inversion, provides a poor fit to the data, especially at 1.6, 2.09 and 4.5 µm.
The three dotted lines show model blackbody spectra of WASP-19b with
temperatures of 1800, 2500 and 2900 K, shown for reference.
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signs of orbital evolution

exoplanet.eu
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gas giants migrate, but how?



signs of orbital evolution

exoplanet.eu
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signs of orbital evolution

exoplanet.eu
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signs of orbital evolution

the Rossiter-McLaughlin effect Gaudi & Winn 2007



signs of orbital evolution

Triaud+ ‘09, Gillon+ ‘09a
Queloz+ ’10, Anderson+ ’10

Triaud+ ‘10, Brown+ ‘11
Anderson+ ‘11, Simpson+ ’11

Hellier+ ‘11,Triaud+ ‘11, Brown+ ‘12a 
Brown+ ‘12b, Smith+ ‘13, Triaud+ ‘13a

in prep: Collier Cameron+, Brown+
 Anderson+, Lendl+, Bouchy+, Triaud+the Rossiter-McLaughlin effect
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signs of orbital evolution

the Rossiter-McLaughlin effect Triaud 2011b
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discovering more planets



a planet search around brown dwarfs

proposed Spitzer observations Triaud et al. 2013c
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a planet search around brown dwarfs

proposed Spitzer observations Triaud et al. 2013c



a planet search around brown dwarfs

ground-based observations on Luhman 16AB Gillon et al. 2013



knowing the host



the mass/radius relationship

the EBLM project
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in prep: Hebb+, Gomez Maqueo Chew+, Triaud+



the distinction between planets and brown dwarfs
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Triaud et al. in prep



MIT in all that

work with Josh on the Rossiter-McLaughlin effect

work with Simon on exploring Doppler imaging

TESS would probably fly ( it will!! )

meet new people (MIT & CfA)

exploit the Kepler results

Collier Cameron et al. 2010



the WASP-Genève collaboration
Gillon, Pollacco, Collier Cameron, Queloz, Hellier, Smalley, Maxted, West, Ségransan, Hebb, Anderson, Simpson, Brown, Lendl, Udry, Mayor...

but also: Winn, Narita, Johnson, Bouchy, Hébrard, Moutou, Hirano, Albrecht...

the brown dwarf connection
Selsis, Artigau, Delorme, Helling, Radigan, Doyon, Jehin, King, Laughlin...

this is the work of many people


