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WASP-39b observations with JWST
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WASP-39b observations with JWST

NIRSpec Prism: JWST TEC ERS 2023, Rustamkulov et al. (2023)

NIRSpec G395H: Alderson et al. (2023)

NIRCam WFSS: Ahrer et al. (2023)

NIRISS SOSS: Feinstein et al. (2023)

WASP-39b observations with JWST



Rustamkulov et al. 2023

Detected Species:   Na (19σ), H2O (33σ), CO2 (28σ) & CO (7σ, PRISM only)

+ SO2 (4.8σ) [photochemical product, Tsai et al. 2023]



7σ CO detection
(among others: CO2 , H2O)

CO not detected
(detected CO2 and H2O)

“With regards to CO, H2S and 
OCS, we were unable to 
conclusively confirm their 
presence with these data.”



WASP-39b NIRSpec G395H (NRS2)

Reduced with Tiberius at pixel level 
(Kirk et al. 2018, 2019, 2021)

λ / Δλ ~ 2847-4060



Searched for CO in WASP-39b via cross-correlations in the 
transmission spectrum at pixel-level resolution
CO expected to dominate between 4.6 – 5.0 µm



CO template 
generation

Parallel atmospheric models for 12C16O and CO all-iso

CO linelists

HITEMP 
(Rothman et al. 2010)

Atmospheric 
models

petitRADTRANS 
(Mollière et al. 2019)



CO template generation

petitRADTRANS R=106 
atmospheric model

Resampled with 
spectres (Carnall 2017) to 
match the resolution of 

the observations

Normalized template 
ready for cross-corr



Cross-correlation search

CC details:

★ crosscorr function from PyAstronomy

★ Shifted template over +/- 1000 km/s

★ RV step of 6 km/s

★ Converted CCVs to SNRs

We cross-correlated the normalized transmission spectrum and the CO 
templates between 4.6 and 5.0 µm (where CO contribution is expected to be 
predominant)



➔ Central peak consistent with expected velocity 
(systemic + JWST)

➔ CCF secondary peaks around +/- 600 km/s

CO detected via standard cross-correlations in JWST (R~3600)

Cross-correlation results (CO) Esparza-Borges et al. (2023), ApJL



RVpeak = -79.4 +/- 9.8 km/s
σ: 6.6 +2.0/-1.5

The significance of the detection increases when using all isotopologues

RVpeak = -75.7 +9.2/-9.4 km/s
σ: 7.5 +2.3/-1.7

CO Main isotopologue CO All isotopologue



Searching for other molecules Esparza-Borges et al. (2025), Accepted in MNRAS



Conclusions
★ Detected CO, H2O and CO2 in the atmosphere of WASP-39b using 

JWST NIRSpec/G395H data via cross-correlations 

★ Standard CC analysis can be used to identify the presence of 
molecular features with R~3600

★ Individual isotopologue searches might be possible in the future

Cross-correlation techniques can be a powerful and computationally 
cheap tool for unveiling the chemical composition of exoplanetary 
atmospheres from medium resolution transmission spectra observed 
with JWST, including the detection of isotopologues. 
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