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

High-temperature emission spectra
and updated calculated spectroscopic

database of methane
Badr AMYAY1, Aline GARDEZ2, Robert GEORGES2 , Ludovic BIENNIER2, Jean VANDER AUWERA3,

Cyril RICHARD1, Vincent BOUDON1

1Laboratoire Interdisciplinaire Carnot de Bourgogne, UMR 6303, Univ. Bourgogne Franche-Comté / CNRS
2Institut de Physique de Rennes, UMR 6251, Université de Rennes 1 / CNRS

3Service de Chimie Quantique et Photophysique, Université Libre de Bruxelles



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

Context and method
• Methane (CH4) at high 

temperature (up to 3000 K)
in the atmosphere of giant 
exoplanets (« hot Jupiters ») 
and brown dwarfs

• Study of « hot bands »

• Very high complexity of the 
spectrum of CH4 in highly 
excited states

• Emission spectra using a 
high-enthalpy heating 
source, coupled to a FTIR 
spectrometer

• Stretching pentad region in 
the 2600–3300 cm–1 region
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I. Experiment
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Hot emission spectra
(Experiment: Institut de Physique de Rennes)
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Hot emission spectra
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(The 1404 K spectrum is scaled by a factor 0.7)

CO is used as a thermometer
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Hot emission spectra
(Detail in the Pentad’s R branch)
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II. Theory & model
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Tensorial formalism for line-by-line approach

Systematic expansion of effective Hamiltonian and transition moment up to any
order and for any polyad scheme, thanks to group theory and tensorial methods

è All interactions are automatically included

è Vibrational extrapolation

è Global analyses

 
H Pk{ } = t s{ } s '{ }
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The polyads of methane
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Level population & hot band contributions



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

III. Global fit

J
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Line position fit details
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Fit residuals for line positions (Pentad)
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P2-P0: 5876 data, St. Dev. = 4.176, dRMS = 3.946 x 10-3  cm-1

Raman (137 data):
St. Dev. = 1.221
dRMS = 1.164 x 10-3 cm-1

Emission (1309 data):
St. Dev. = 7.564
dRMS = 8.148 x 10-3 cm-1

Absorption (4430 data):
St. Dev. = 2.487
dRMS = 1.000 x 10-3 cm-1
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Fit residuals for line positions (Octad–Dyad)
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P3-P1: 4932 data, St. Dev. = 2.476, dRMS = 8.392 x 10-3  cm-1

Emission (3233 data):
St. Dev. = 2.148
dRMS = 9.522 x 10-3 cm-1

Absorption (1699 data):
St. Dev. = 3.003
dRMS = 5.651 x 10-3 cm-1
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P2-P0: 2534 data, Standard deviation = 1.782, dRMS = 5.167 %
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1, 18 data
dRMS = 8.033 %

3, 886 data
dRMS = 4.25 %
2 2, 358 data
dRMS = 5.279 %

2+ 4, 806 data
dRMS = 5.17 %
2 4, 466 data
dRMS = 6.38 %

Fit residuals for line intensities (Pentad)
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Example of simulation with “all” hot bands
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Example of simulation with “all” hot bands (detail)
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J

Assigned energy levels in the Pentad region
(59 % of levels observed up to J = 30)
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Pentad: assigned absorption & emission lines
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IV. Summary & CH4 database



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

Status of Dijon line-by-line assignments (12CH4)
July 2018, including new assigments form emission spectra:

39,614 assigned positions, 9,396 assigned intensities

Polyad / Spectral region Positions Intensities

1 – Ground state
0–200 cm-1 (> 5.0 µm)

J ≤ 24
2 hot bands

J ≤ 18
1 hot band

2 – Dyad
1000–1800 cm-1 (5.6–10.0 µm)

J ≤ 30
3 hot bands

J ≤ 22
1 hot band

3 – Pentad
2200–3300 cm-1 (3.0–4.6 µm)

J ≤ 30
2 hot bands

J ≤ 21

4 – Octad
3700–4800 cm-1 (2.0–2.7 µm)

J ≤ 28 J ≤ 20

5 – Tetradecad
5400–6300 cm-1 (1.6–1.9 µm)

J ≤ 21 J ≤ 14

6 – Icosad
6600–7700 cm-1 (1.3 – 1.5 µm)

Very partial analysis
(3 band among 20) No assignment

Upper polyads
> 7800 cm-1 (< 1.28 µm)

No assignement No assignement

Windows
(polyad far wings, all regions)

No assignement No assignement
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The VAMDC/MeCaSDa database
http://vamdc.icb.cnrs.fr/PHP/methane.php
http://portal.vamdc.org
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Comparison with first-principles calculations
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V. Conclusion and perspectives
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Conclusions

• High temperature emission spectra: many hot band lines

• 4,803 new assignments: total up to 39 614!

• 1,525 new transitions (Tetradecad–Pentad) identified

• Global fit of all assigned methane transitions

• Improved line list that corrects previous problems from HITRAN 2012 and MeCASDa

• Update of MeCaSDa (Virtual Atomic and Molecular Data Centre)

Perspectives for CH4

• Line-by-line analyses still have some role to play !
Hot bands at lower wavenumbers and high-J’s are assignable

• CRDS + hypersonic jet out-of-equilibrium spectroscopy

http://e-pytheas.cnrs.fr
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