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Exoplanet and JWST



Planet discovered by years



transit and eclipses

Flux ratio day side of the planet / star 









Mass radius relations and isodensity curves
with first batch of small planets



Completeness-corrected
histogram of planet radii for 
planets with orbital periods
shorter than 100 days. 
Lightly shaded regions
encompass our definitions of 
“super-Earths” (light red) 
and “sub-Neptunes” (light 
cyan). The dashed cyan line 
is a plausible model for the 
underlying occurrence 
distribution after removing
the smearing caused by 
uncertainties on the planet
radii measurements.

Rocky interior ?

Water world?

Histogram of planet radii, 2 peaks, 
super-Earth and Mini-Neptune



Classification 
according to density

A&A proofs: manuscript no. HD219134
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Fig. 13: Mass-radius relation for planets with radii smaller than 2.7 R� and with masses determined to a precision better than 20 %
(updated from Dressing et al. (2015)). The shaded gray region in the lower right indicates planets with iron content exceeding the
maximum value predicted from models of collisional stripping (Marcus et al. 2010) . The solid lines are theoretical mass-radius
curves (Zeng & Sasselov 2013) for planets with compositions of 100 % H2O (blue), 25 % MgSiO3 - 75 % H2O (purple), 50 %
MgSiO3 - 50 % H2O (green), 100 % MgSiO3 (black), 50 % MgSiO3 - 50 % Fe (red), and 100 % Fe (orange). In this diagram, the
position of HD 219134 b is almost overlapping the point for CoRoT-7 b. It belongs to a group of planets including Kepler-36 b,
Kepler-93 b, and Kepler-10 b.
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Rocky interior ?
Water world?

Or ?



A fabulous diversity in the exoplanet zoo
Mass and Radius are not enough

Bennett & Rhie. 1996

9/8/23 14The science of EChO – COSPAR

5 Super Earth / Mini Neptunes in Kepler 11. Very different atmospheres !
(Lissauer et al. 2011, Valencia et al., 2013)



The Sun’s planets are cold
SOME KEY O, C, N, S MOLECULES ARE NOT IN GAS FORM

Paris – April 2018

T ~ 150 K

15



Warm/hot exoplanets
O, C, N, S (TI, VO, SI) MOLECULES ARE IN GAS FORM

H2O gas     CO2 gas

CO gas CH4 gas

HCN gas TiO gas

VO gas H2S gasCondensates

Atmospheric 
pressure

1 Bar

0.01Bar

Paris – April 2018

Gases from interior

T ~ 500-2500 K
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We need good line lists…
Exomol and other groups



Water vapour absorption as a function of 
temperature and wavelength
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Key molecules 
absorbing in IR



Temperature-Pressure profile in hot Jupiters 

Thermal profiles for the hypothetical ‘hot’, 
‘warm’ and ‘cool’ exoplanets (as labelled) 
used in the chemical models
shown in figure. The grey dashed lines
represent the equal-abundance curves for 
CH4−CO and NH3−N2. Profiles to the right
of these curves are within the N2 and/or CO 
stability fields. The dot-dashed lines show 
the condensation curves for MgSiO3,
Mg2SiO4 and Fe (solid, liquid). Moses 2014



Temperature matters !

Temperature varies in the atmosphere
Water absorption depends on temperature too !



Temperature-pressure Profile  

H2O

CO2

CH4

CO
H3+

HCN
NH3

SO2

SiO

TiO

VO
C2H2

C2H4

C2H6

Wavelength (µm)
1 2 3 4 5 6 7 8 9 10(R

p/R
s)2

PH3

Molecules lines list

Chemistry in equilibrium

Which molecules are expected to be abundant ?



Spectral signature of a 
transiting planet

Rp
2/Rs
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Molecule a

Molecule b



Phase curves
u Andromeda

Harrington et al.  2006



Day/Night phase curves, COROT-2b, HD190733b

Snellen et al. 2008 Knutson et al. 2007



Tinetti et al., Nature, 2007; Beaulieu et al. 2008 

Water vapor in the hot Jupiter HD189733b



Swain, Vasisht, Tinetti, Nature, 2008

HD189733b, Water + Methane

Madhu, Seager 2010



Non simultaneous observations…HD189733b, Water + Methane

NICMOS,
Swain et al., 2008

Beaulieu et al., 2008

Desert et al., 2009
Agol et al., 2008

Knutson et al., 2008

H2O, CH4, CO2 /CO?



Water, CO on HD 189733b occultation obs: Spitzer 

Charbonneau et al., ApJ, 2008; Barman, ApJL, 2008

HD 189733b: water & CO in absorption



HD209458b



We

GJ1214, super-Earth, mini-Neptune ?

9/11/23 The science of EChO – COSPAR

?
GJ1214, super Earth ? Mini Neptunes ? With HST clouds are currently hidding molecules
Need to go further to the IR



Analysing exoplanet data, Chef’s cooking recipie

HST Archives IRACLIS code

Tsiaras et al.

TauREX code

Waldmann, Al Refaie
Changeat, Edwards, 
et al 

Computing power

Ariel school 2019



In White light

SOUS-TITRE

𝑛"#$%& = (1−ra1(t −T0)) (1−rb1e−rb2(t−to))

We fit a transit model x systematics model

Models for systematics

Linear ramp Exponential ramp



In white light

𝑛"#$%& = (1−ra1(t −T0)) (1−rb1e−rb2(t−to))



White light versus 1.3 microns

White light
Bin at 1.3 microns



Fitter le  bin à 1.3 microns

Bin at 1.3 microns

𝑛(
#$%& )*+,-.(0123)

56789:(0)
𝐹(𝜆, 𝑡)



Les différentes courbes spectrales

𝑛(
#$%& )*+,-.(0123)

56789:(0)
𝐹(𝜆, 𝑡)



Aujourd’hui, avec  HST
planet WASP-127b, Skaf et al.  2021 
Ariel School)

1.1-1.7 microns 
H20 dominated spectra





Skaf et al.





OBSERVING SUB-NEPTUNES AND SUPER-EARTHS WITH HUBBLE WFC33 -

Analysis of Hubble near-IR observations

©NASA JPL Caltech

M-dwarf
0.11 R⊙
2566K

39 light years

0.7 R⊕ , 0.3 M⊕
173 K

~4000 kg/m3

similar to Mars

Method: HST WFC3 G141 Data analysis 
TRAPPIST-1 h observations as an example (Gressier et al. 2022)

Amélie Gressier - Thesis defense 2109/12/2022



Analysis of Hubble near-IR observations of Trappist-1h

Tau-REX (Waldmann et al.2015a,b, Al-Refaie et al.2021)

Retrieval setup :
• 100 layers 1e-2 -1e5 Pa 
• Isothermal T/P profile
• CIA, Rayleigh, grey clouds
• Active gas: H2O, CO, CO2, CH4, NH3

TRAPPIST-1 h transmission spectrum in the NIR (1.1-1.7 μm) and 
best fit for a light and a heavy atmospheric model 

Gressier et al. 2022

Method: Atmospheric characterisation
TRAPPIST-1 h observations as an example

TRAPPIST-1 h
• No proof of an atmosphere
• No molecular absorption features
• Rule out a clear H- dominated atmosphere

« Plus plat que plat ! », 
Amelie G., private comm.



Population study, 
26 planets < 6 Rearth

Gressier, Changeat, Edwards et al. 
2023 submitted





Population study, 
26 planets < 6 Rearth

Gressier, Changeat, Edwards et al. 
2023 submitted

• Atmosphere detected for 50% of planets
• 9/26 strong H2O detection 
• No hint of CH4 due to bias because of overlapping

H20 line
• No detection below 1.7R⊕
• Flat transmission spectra for Sub-Neptunes







0.6-28 microns
25 m2 

It is the largest and most
complex telescope
ever launched in space





JWST Cycle-2





Hot saturn WASP-39b
• Orbit a G7 star in 4.05 days
• 0.28 Mjup and 1.28 Rjup
• Temperature 1170 K

Panek et al., 2023



Hot saturn WASP-39b
Notice the two Spitzer points 3.6 and 4.5 microns



WASP-39b, first hot-Saturn with JWST 
• Orbit a G7 star in 4.05 days
• 0.28 Mjup and 1.28 Rjup
• Temperature 1170 K

• Observation 10 July 2022

• Nature paper 25 august 2022





Early Release Science of the exoplanet WASP-39b with JWST NIRSpec
PRISM
Z. Rustamkulov et al., 2023, Nature 664 February 2023







WASP-39b WITH NIRSPEC PRISM 
Z. Rustamkulov et al., 2023

• Resolution of 20-300, over 0.5-5.5 microns
• Detection of Na (19σ), H2O (33σ), CO2 (28σ) and CO (7σ). 
• Non-detection of CH4, combined with a strong CO2 feature, favours

atmospheric models with a super-solar atmospheric metallicity.
• 4 μm is best explained by SO2 (2.7σ), atmospheric photochemistry?



Early Release Science of the exoplanet WASP-39b with JWST NIRSpec G395H

Lili, Alderson et al., 2023, Nature 664 February 2023









• Medium resolution specta R=600 3-5 microns, 146 x above photon noise
• CO2 (28.5σ),  H20  (21.5 σ), SO2 (4.1σ) 
• 3-10 time solar solar metallicity, sub-solar C/0

WASP-39b WITH NIRSPEC G395H
Lili, Alderson et al., 2023



Early Release Science of the exoplanet WASP-39b with JWST NIRISS, 
Adina D. Feinstein et al., 2023, Nature, February 2023







• Medium resolution specta R ~ 300 0.6-2.8 microns
• H20  (30 σ), K at 6.8σ and CO at 3.6σ, but no notable detections of Na, 

CH4, CO2, HCN and H2S.
• 10-30 time solar solar metallicity, sub-solar C/0, solar to super solar K/0
• Non-grey clouds with inhomogenous coverage of planet terminator

WASP-39b WITH NIRISS SOS
Lili, Alderson et al., 2023



• Medium resolution specta R ~ 300 
0.6-2.8 microns

• H20  (30 σ), K at 6.8σ and CO at 
3.6σ, but no notable detections of 
Na, CH4, CO2, HCN and H2S.

• 10-30 time solar solar metallicity, 
sub-solar C/0, solar to super solar
K/0

• Non-grey clouds with
inhomogenous coverage of planet
terminator

WASP-39b WITH NIRISS SOS
Lili, Alderson et al., 2023

• Medium resolution specta
R=600 3-5 microns, 1.46 x 
above photon noise

• CO2 (28.5σ),  H20  (21.5 σ), 
SO2 (4.1σ) 

• 3-10 time solar solar
metallicity, sub-solar C/0

WASP-39b WITH NIRSPEC G395H
Lili, Alderson et al., 2023

WASP-39b WITH NIRSPEC PRISM 
Z. Rustamkulov et al., 2023

• Resolution of 20-300, over 0.5-5.5 microns
• Detection of Na (19σ), H2O (33σ), CO2 (28σ) 

and CO (7σ). 
• Non-detection of CH4, combined with a strong

CO2 feature, favours atmospheric models with
a super-solar atmospheric metallicity.

• 4 μm is best explained by SO2 (2.7σ),
atmospheric photochemistry?



Prediction in the MIRI wavelength range

Tsai et al., 2023, Photochemically-produced SO2 in the atmosphere of 
WASP-39b, Nature Mars 2023



exquisite temporal stability of the 
telescope, less than 1 mas
(requirement 4 mas)

SPITZER, jitter



First JWST direct imaging of HIP 65426b, 
NIRCAM+MIRI

T-28 TrojanT-28 Trojan



Tribal Art Show de Bourgogne





Water detection in 
protoplanetary disk PDS 70





First JWST direct imaging of HIP 65426b, 
NIRCAM+MIRI



Back to Trappist system, Trappist-1b and 1c





Atmospheres on Trappist-1b ?

Alice can tell you about it !





Some JWST headlines
• https://www.jameswebbdiscovery.com/exoplanets/james-webb-telescope-exoplanet-discoveries

List of exoplanets : 
https://www.stsci.edu/~nnikolov/TrExoLiSTS/JWST/trexolists.html

August 05, 2023 - Kepler-186f: The Earth-Like Exoplanet in the Habitable Zone Explained - Details here
• March 27, 2023 - James Webb Telescope measures temperature of rocky exoplanet TRAPPIST-1b - Details here
• March 19, 2023 - Swirling, Gritty Clouds on exoplanet VHS 1256 b Spotted by Webb Telescope - Details here
• March 08, 2023 - Webb is observing six exoplanet systems this week including TOI-836, WASP-17 - Details here
• November 22, 2022 - Webb reveals molecular and chemical portrait of Wasp - 39b atmosphere - Details here
• October 20, 2022 - James Webb Telescope observes Jupiter-like extrasolar planet 51 Eridani b - Details here
• September 02, 2022 - James Webb Discovery - First Direct Image of Exoplanet - HIP 65426 b - Details here
• August 25, 2022 - James Webb Discovery - First Evidence of Carbon Dioxide on an Exoplanet - Details here

https://www.jameswebbdiscovery.com/exoplanets/james-webb-telescope-exoplanet-discoveries
https://www.jameswebbdiscovery.com/exoplanets/kepler-186f-the-earth-like-exoplanet-in-the-habitable-zone-explained
https://www.jameswebbdiscovery.com/discoveries/james-webb-telescope-measures-temperature-of-rocky-exoplanet-trappist-1b
https://www.jameswebbdiscovery.com/discoveries/swirling-gritty-clouds-on-exoplanet-vhs-1256-b-spotted-by-webb-telescope
https://www.jameswebbdiscovery.com/astronomy-news/webb-is-observing-six-exoplanet-systems-this-week-including-toi-836wasp-17
https://www.jameswebbdiscovery.com/discoveries/webb-reveals-molecular-and-chemical-portrait-of-wasp-39b-atmosphere
https://www.jameswebbdiscovery.com/astronomy-news/james-webb-telescope-observes-jupiter-like-extrasolar-planet-51-eridani-b
https://www.jameswebbdiscovery.com/discoveries/james-webb-discovery-first-direct-image-of-exoplanet-hip-65426-b
https://www.jameswebbdiscovery.com/discoveries/james-webb-discovery-first-evidence-of-carbon-dioxide-on-an-exoplanet


JWST as of september 1, 2023
check https://www.stsci.edu/~nnikolov/TrExoLiSTS/JWST/trexolists.html

355 observations, including 236 transits, 89 eclipses, 24 phase curves
88 Targets
Instruments, NIRSPEC : 175, MIRI : 89, NIRISS:55, NIRCAM: 36

• NIRISS SOS : 55 
• NIRSPEC BOTS+G395H : 103
• NIRSPEC BOTS+PRISM : 59
• NIRSPEC BOTS+G235H :3
• NIRCAM GRISMR+F444W: 21
• NIRCAM GRISMR+F322W2 : 15
• MIRI LRS : 47
• MIRI F1280W : 6
• MIRI F1500W : 33

https://www.stsci.edu/~nnikolov/TrExoLiSTS/JWST/trexolists.html


Mass histogram of planets observed by JWST



Radius histogram of planets observed by JWST



Radius histogram of planets observed by JWST



Mass radius of known planets, and JWST targets



Temperature of known planets, and JWST targets








