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Transits – photometry  
 

ü  Detec%on	  
ü  Orbital	  parameters	  
ü  Size	  



 

Transits – spectro-photometry  
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The analysis of the transmission and day-side spectra for the transiting 6.5 MEarth super-Earth GJ 1214b 
suggests either a metal-rich or a cloudy atmosphere (Bean et al. 2010; Berta et al., 2012; Kreidberg et al., 
2014, Stevenson et al., 2014). 

Despite these early successes, the data available are still too sparse to provide a consistent interpretation, or 
any meaningful classification of the planets analysed. The degeneracy of solutions embedded in the current 
transit observations (Swain et al., 2009; Madhusudhan and Seager, 2009; Lee et al., 2012; Line et al., 2013; 
Waldmann et al., 2014) inhibits any serious attempt to estimate the elemental abundances. New and better 
quality data are needed for this purpose.  

Although these and other data pertaining to extrasolar planet atmospheres are tantalising, uncertainties 
originating in the narrow-band spectra and sparsity/non simultaneity of the data and, in some cases, low 
signal to noise ratio, mean that definitive conclusions concerning atmospheric abundances cannot be made 
today. Current data do not allow one to discriminate between different formation and evolution scenarios for 
the observed planets. 

 
Figure 2: Key physical processes influencing the composition and structure of a planetary atmosphere. 
While the analysis of a single planet cannot establish the relative impact of all these processes on the 
atmosphere, by expanding observations to a large number of very diverse exoplanets, we can use the 
information obtained to disentangle the various effects. 

 

The Exoplanet Characterisation Observation (EChO) is a dedicated space-borne telescope concept whose 
characteristics are summarised in Table 1.The spectral coverage and stability to be achieved by an EChO-
like mission would be a game changer, allowing atmospheric compositions to be measured with unparalleled 
exactness: statistically speaking, at least a factor 10 more precisely and a factor 10 to 1000 more accurately 
than current observations. This would enable the detection of molecular abundances three orders of 
magnitude smaller than currently possible. We would anticipate at least a fourfold increase from the handful 
of molecules currently detected today. Each of these molecules tells us a story, and having access to a larger 
number means understanding aspects of these exotic planets that are today completely ignored. Combining 
these data with estimates of planetary bulk compositions from accurate measurements of their radii and 
masses will allow degeneracies associated with planetary interior modelling to be broken (Adams et al 2008, 
Valencia et al., 2013), giving unique insight into the interior structure and elemental abundances of these 
alien worlds.  

1.1.1 Major classes of planetary atmospheres: what should we expect?  

EChO would address the fundamental questions “what are exoplanets made of?” and “how do planets form 
and evolve?” through direct measurement of bulk and atmospheric chemical composition. EChO can observe 
super-Earths, Neptune-like and Jupiter-like exoplanets around stars of various masses. These broad classes of 
planets are all expected to have very different formation, migration and evolution histories that will be 
imprinted on their atmospheric and bulk chemical signatures. Many theoretical studies have tried to 
understand and model the various processes controlling the formation and evolution of planetary 
atmospheres, with some success for the Solar System. However, such atmospheric evolution models need 
confirmation and tight calibrations from observations. In Figure 3 we show the predicted bulk atmospheric 
compositions as a function of planetary temperature and mass (Leconte, Forget & Lammer, 2014; Forget & 

 

Why is the atmosphere important? 
 



 

HST – Improving observations 
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Main scope - Planetary “H-R” 
 



 

Iraclis - data analysis  
 

•  Data reduction 
•  Non-linearity, dark current, gain  

 

•  Background correction 
•  Sky background and cosmic rays 

 

•  Position 
•  Horizontal and vertical shifts 

 

•  Calibration 
•   Wavelength and flux (flat-field) calibration  

 

•  Extraction 
•  Aperture calculation and fractional pixels estimation 

 

•  Fitting 
•  MCMC fit for the transit, systematics and planetary spectrum 

Tsiaras et al. 2016



•  Fully Bayesian Retrieval  
•  MCMC  
•  Nested Sampling 
•  Maximum Likelihood 

 
•  Cross-sections  

•  ExoMol project 
 
•  Pattern recognition  

•  Prior composition selection 
 
•  Full parallelisation for  

 cluster computing  
 
> 25k lines of code 

Waldmann et al. 2015a,b
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Tau-REx – spectral retrieval  
 



Waldmann et al. 2016

 

RobERt – spectral recognition AI  
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Population study  – results  
 

0 1 2 3 6 10 17 30 50
ADI

5

10

15

20

25

o.
c.

SN
R

3s 5s

H26

W76
W39

W12

W52
H32

HD209458

W121

W69

H41
HD189733

H11

H1

H18

W80

W43

XO1
H38

W31W29

W63

H17

W67

W74

GJ3470

HD149026

W101

H3

H12

GJ436



 

Population study  – results  
 

0 1 2 3 6 10 17 30 50
ADI

0.4

0.6

0.8

1.0

1.2

1.4

1.6

1.8

Pl
an

et
R

ad
iu

s
[R

J]

H26

W76

W39

W12

W52

H32

HD209458

W121

W69

H41

HD189733

H11

H1

H18
W80W43

XO1

H38

W31

W29

W63

H17

W67

W74

GJ3470

HD149026

W101

H3 H12

GJ436

3s 5s



 

Population study  – results  
 

0 1 2 3 6 10 17 30 50
ADI

500

750

1000

1250

1500

1750

2000

2250

2500

Pl
an

et
Te

m
pe

ra
tu

re
[K

]

H26

W76

W39

W12

W52

H32

HD209458

W121

W69

H41

HD189733

H11

H1

H18W80

W43

XO1
H38

W31

W29

W63

H17

W67

W74

GJ3470

HD149026

W101

H3

H12

GJ436

3s 5s

10

20

30

40

Incidentflux
[W

/m
2]



 

Population study  – TiO/VO  
 

WASP-74 b 
 

First confident detection (>5σ) of TiO and VO in an exoplnaet 



 

Population study  – Limb darkening  
 

WASP-12 b WASP-121 b 

HAT-P-32 b HD 209458 b 
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Next generation  – ARIEL  
 

•  European	  Space	  Agency	  M4	  mission	  
candidate	  

•  Compe%ng	  for	  launch	  2026	  
•  UK-‐led	  consor%um	  of	  12	  EU	  
countries	  

•  Satellite	  1.5	  million	  kilometers	  away	  
from	  Earth	  

•  Hundreds	  of	  exoplanets	  observed	  



 

Next generation  – ARIEL  
 

Zingales et al. 2017


