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Rocky Exoplanet Atmospheric Characterisation
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Pushing Down to Terrestrial Exoplanet Atmospheres
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Transmission Spectroscopy



The Cosmic Shoreline: Lessons from the Solar System
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Zahnle & Catling (2017)

Solar System objects with and 
without atmospheres are 

divided by an empirical  ! ∝
#$%&' relation

This cosmic shoreline can 
serve as a first prediction for 
which rocky exoplanets can 

retain substantial 
atmospheres

Does the cosmic shoreline 
differ for other solar systems, 

especially for M-dwarfs?



JWST GO 1981: A Search for Rocky Exoplanet Atmospheres
“Tell Me How I’m Supposed To Breath With No Air”
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We are conducting a Large Cycle 1 GO program (76 hours) to survey 5 rocky exoplanets around the ‘cosmic shoreline’.

(PIs: K. Stevenson & J. Lustig-Yaeger)
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Three Terrestrial Exoplanets Observed by JWST

GJ 486b

Moran & Stevenson + 2023 

1.3 RE 700 K

GJ 1132b

May & MacDonald + 2023 

1.1 RE 580 K 1.7 RE

LHS 1140b

230 K

Cadieux+2024 
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Rocky Super-Earth 
GJ 486b

Moran & Stevenson + 2023 
(ApJL, 948, L11) Illustration Credit 

NASA, ESA, CSA, Joseph Olmsted (STScI), Leah 
Hustak (STScI)
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GJ 486b
JWST Observations

Figure by 
K. Stevenson

Moran & Stevenson + 2023

1.3 REarth 700 K
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GJ 486b
Transmission Spectrum

Moran & Stevenson + 2023

Figure by J. Lustig-
Yaeger



Ryan MacDonald – NHFP Symposium – Sep 2024

GJ 486b
Transmission 
Retrievals

Moran & Stevenson + 2023

Meme also by 
R. MacDonald

Figure by 
R. MacDonald



The Transit Light Source Effect

Adapted from Rackham+2018

Stellar Contamination of Transmission Spectra
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GJ 486b
Atmospheric / Stellar 
Constraints

Figure by 
R. MacDonald

NIRISS observations are crucial to distinguish 
rocky planet atmospheres from star spots

Moran & Stevenson + 2023
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Rocky Super-Earth 
GJ 1132b

May & MacDonald + 2023 
(ApJL, 959, L9)

Illustration Credit 
NASA, ESA, Robert L. Hurt

(IPAC)
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GJ 1132b
A Contentious History

Atmospheric 
Detections
Southworth + 
2017 Swain + 

2021

Non-detection of      
an atmosphere
Diamond-Lowe + 

2018 Mugnai + 2021
Libby-Roberts + 2022

Existing ground-based and 
HST WFC3 data conclusions 

conflict
Different instruments do not 

agree. Different reductions of the 
same data yield different 
atmospheric conclusions



Ryan MacDonald – NHFP Symposium – Sep 2024

GJ 1132b
JWST Observations

May & MacDonald + 2023

Figure by 
E. May

Visit 1 – Feb. 25, 2023
Visit 2 – Mar. 5, 2023

1.13 REarth 580 K
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GJ 1132b
Transmission Spectrum

Figure by E. May

May & MacDonald + 2023

Visit 1 – Feb. 25, 2023
Visit 2 – Mar. 5, 2023
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GJ 1132b
Atmospheric / Stellar 
Constraints

May & MacDonald + 2023

Figure by 
R. 
MacDonald

GJ 1132b has inconsistent 
spectra between two JWST 

transits

The first transit marginally 
favours an atmosphere over 

stellar contamination 

Multi-transit repeatability is key 
before claiming a detection of a 

rocky planet atmosphere

The second transit has 
a featureless spectrum
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Habitable Zone Super-
Earth 

LHS 1140b

Cadieux + 2024 
(ApJL, 970, L2)

Illustration 
Credit 

B. Bougeon / 
UdeM
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LHS 1140b
JWST Observations

Cadieux + 2024
Figures by 
C. Cadieux

Visit 1 – Dec. 1, 2023
Visit 2 – Dec. 26, 2023

1.7 REarth 5.6 MEarth 228 
K
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LHS 1140b
Transmission Spectrum

Cadieux + 2024

Figure by 
R. MacDonald
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LHS 1140b
Atmospheric / Stellar 
Constraints

Cadieux + 2024

LHS 1140b has weaker stellar 
contamination than other 

systems

The stellar contamination 
is consistent between 2 

visits spaced 25 days 
apart

The fit is improved by 2.3!
by adding a N2-rich 

atmosphere
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LHS 1140b
An Atmosphere on a Habitable Zone Super-Earth?

Cadieux + 2024

The potential N2-rich 
atmosphere needs to be 

confirmed with more JWST 
observations



Illustration 
Credit 

B. Bougeon / 
UdeM

LHS 1140b
Potential Interpretations 
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1. JWST can detect atmospheres 
on rocky worlds orbiting M-
dwarfs.

2. GJ 486b and GJ 1132b have 
non-flat transmission spectra 
(3!), consistent with either a 
H2O-rich atmosphere or 
unocculted starspots.

3. LHS 1140b shows tantalising 
evidence of a N2-rich 
atmosphere (2!), which, if 
confirmed, would be the first 
atmosphere on a habitable zone 
super-Earth.

KEY TAKEAWAYS

We need to be ambitious. 
It is time to go deep, across several 
JWST cycles, to conclusively detect 
M-dwarf rocky planet atmospheres

JWST spectra are now offering 
tantalising glimpses into rocky 

exoplanet atmospheres 
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GJ 486b
Breaking News: JWST
Emission 

Mansfield+202
4
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GJ 1132b
Breaking News: JWST 
Emission 

Xue+2024



Robustness Tests for Rocky Planet Atmosphere Detections
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“Our results demonstrate the unequivocal need for two or 
more transit observations analyzed with multiple reduction 
pipelines, alongside rigorous statistical tests, to determine the 
robustness of molecular detections for small exoplanet 
atmospheres.” - Kirk + 2024

Proposed questions before claiming a rocky exoplanet atmosphere

“Our results highlight the importance of multi-visit 
repeatability with JWST prior to claiming atmospheric 
detections for these small, enigmatic planets” – May & 
MacDonald + 2023

1. Is a flat line rejected?

2. Is the signal confirmed by multiple data reductions?

3. Is the signal repeatable across multiple transits?

4. Can the signal be uniquely attributed to an 
atmosphere?


