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The e-PYTHEAS Project & Consortium
• Multidisciplinary between molecular physics, theoretical chemistry and astrophysics. 
• Comprehend and model the radiative properties of hot gases.
• Allow for the analysis and interepretation of data pertaining to the atmospheres of 

exoplanets (like « hot Jupiters ») from the ground and space.

Spectral domains

High-Resolution LTE Emission Spectroscopy
B. Amyay et al JCP 2016 ; B. Amyay et al JCP 2018

Collaboration: IPR, ICB, ULB

Non-LTE absorption spectroscopy
Eszter Dudas et al. (first results)
Low translational temperature: reduced Doppler broadening
Low rotational temperature ( 10 < Trot < 100 K) : spectral simplification
High vibrational temperature (Tvib > 1000 K) : hot band contribution

No hot bands (molecular 
population mainly on the 
ground state)

CRD Spectrum of Methane

- Vibration highly excited
(hot bands are dominating) 
- Rotation fully relaxed (~80 
K in this case)

Static gas 81 K

Hypersonic jet

Static gas 1000 K Ultra congested 
spectrum

“lower” triangle “upper” triangle

Methane: wavenumber / temperature ranges for new line lists:

Completeness: 150 billion lines (T=3000K) 

Few million strong lines 
+ quasi-continuum è

data compression via 
“super-lines”approach: 
Rey et al , JMS,327,138(2016)

3 million empirically corrected line positions 

Reims & Tomsk Universities:  Theoretical line lists for astrophysical applications

Aim:  Global ab initio predictions of IR high-temperature spectra PH3, CH4, C2H4 – available 

C2H2, GeH4, SiH4, CH3X, C2H6 … – in progress

Rey, Nikitin, 
Tyuterev,
APJ 847, 105 
(2017)

http://theorets.univ-reims.fr
High-T methane absorbance simulations Reims-Tomsk TheoReTS database

Complete ethylene (C2H4) line lists up to 700K
Rey, Nikitin, Delahaye,Tyuterev, A&A, 594 (2016) → TheoReTS database

Jmax=71 @700K

60 million lines

Extension up to 1000K
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Laboratory experiment 
Hargreaves, Bernath et al. 
APJ 2015

Reims-Tomsk 2017

Reims-Tomsk 2014

NEW LISTS

High-T validations:   comparisons theory – experiment ( methane )

Complete lists up to 3000 K ( all hot band included) for high-resolution astrophysical applications:

Designed for resolving power: R = 105–106 in the range up to 3500 cm−1,  R= 105 up to 
6200 cm−1,  R= 104 up to 7800 cm−1 , R = 103 around 10000 cm−1. 

Rey, Nikitin, Tyuterev APJ 847, 105 (2017)

Rey, Nikitin, Tyuterev, APJ , 789,1 (2014)

http://theorets.univ-reims.fr

Spectroscopy of Exoplanets, Cumberland Lodge, Windsor Great Park, UK, 8-11 July 2018

Simulated and observed transit depth for the 
atmosphere of HD189733b including 
photochemical aerosols.

Average size and density of 
photochemical aerosols in the 
atmosphere of HD 189733 b. Lines and 
colors present sensitivity on aerosol 
mass flux and atmospheric mixing

Lavvas & Koskinen 2017.

Examples of modeling in progress, GSMA
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Comparison to the CH4 calculated databasesHigh temperature (1000 K) Direct Absorption Spectroscopy

Pentad region: simulation with “all” hot bands
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The VAMDC/MeCaSDa database
http://vamdc.icb.cnrs.fr/PHP/methane.php
http://portal.vamdc.org

Comparison with other databases
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– MeCaSDa
– TheoReTS (from 500 K line list)
– ExoMol

http://e-pytheas.cnrs.fr

Goals of the project

• 12CH4, 13CH4, CH3D, C2H2, C2H4, C2H6

• Spectral region 0.8–17 μm and up to T=2500 K

• Update incomplete current databases

• Emission spectroscopy, CRDS technique 

• High-level calculations and theoretical models

• Improve on current modeling with new parameters and

input data to enhance exoplanetary spectral analyses (ARIEL) 

Perspectives / Expected impact
For exoplanets and other research fields

• ARIEL selected as ESA’s M4

(medium class) mission to fly in 2028!

• Produce experimental and theoretical data directly applicable to 

the observations.

• Study and understand in detail the characteristics of exoplanets.

• Understand their origin and evolution processes.

• Impact on other fields: combustions, …

The Tetradecad region
Derivation of the lower state energy level
by the 2-Temperature method


