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EARTH-LIKE EXOPLANETS
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ULTIMATE GOAL
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ASTRONOMERS METHODOLOGY
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WHAT NEXTr? QEXOMOI

Which Molecule?

Dioxygen Water Carbon dioxide Methane OO IERe

What frequencies of light?

How much light is absorbed?



GOAL QEXOMOI
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WAVELENGTH (MICRONS)



A NOTE ON O,

O, is a weak absorber of infrared and visible light (this is
why it is not a greenhouse gas)!
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ExoMoL METHODOLOGY
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QEXOMOL

THE CORE OF ALL SPECTROSCOPY

» Initial Energy Level
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QEXOMOL

THE CORE OF ALL SPECTROSCOPY

» Initial Energy Level

ExoMoL THEORY

» Final Energy Level

» Transitions Between
Them

ABSORPTION EMISSION
SPECTROSCOPY SPECTROSCOPY

Energy levels: Need Potential Energy Curves.

Transitions: Need Dipole Moment Curves.



TWO SOURCES OF INFORMATION
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ExoMor METHODOLOGY
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Solve for the motion
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QEXOMOL

THE REsuLT: LINE LISTS

Publications
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Molecule Search

Please select a molecule below or search for a molecule here:
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ExoMor OutpuT: LINE LISTS

Data for °BeH

Yadin: line list ExoMoL THEORY

Rovibrational line lists for BeH, MgH and CaH

9Be-1H_ Yadin.states [48.3 KB]
9Be-1H__Yadin.trans [1.9 KB]
README.txt [1.9 KB]

References

1. B. Yadin, T. Veness, P. Conti, C. Hill, S. N. Yurchenko, J. Tennyson, "ExoMol line lists - L. The rovibrational
spectrum of BeH, MgH and CaH in the X23* state", Monthly Notices of the Royal Astronomical Society 425,

34-43 (2012). [link to article][12YaVeCo.XH]

Yadin: partition function

Rovibrational line lists for BeH, MgH and CaH

9Be-1H__Yadin.pf
References

1. B. Yadin, T. Veness, P. Conti, C. Hill, S. N. Yurchenko, J. Tennyson, "ExoMol line lists - 1. The rovibrational
spectrum of BeH, MgH and CaH in the X25* state", Monthly Notices of the Royal Astronomical Society 425,
34-43 (2012). [link to article][12YaVeCo.XH]




THE RESULT: LINE LISTS
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* states file contains all energy levels, with quantum
numbers.
There are often millions of energy levels!



ExoMoL OutpuT: LINE LISTS

* trans file

Three columns
» Initial energy level (ID)
» Final energy level (ID)

» Strength of transition

12 2.7140e-04
5 1.2468e-03

s L (Einstein coefficient)

28 2.1603e-03

Billions of transitions are common!
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ExoMolL PERrIODIC TABLE
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ASTRONOMY MODELLERS METHODOLOGY

Input Data: Line Lists, Physics
Input Observation: Spectrum from star/ exoplanet

Spectrum of an MO star
RESULT!
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ASTRONOMY MODELLERS METHODOLOGY
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ASTRONOMY MODELLERS METHODOLOGY

Input Data: Line Lists, Physics
Input Observation: Spectrum from star/ exoplanet

Method: Computational Models of Atmosphere

RESULT!

Output: Characteristics of atmosphere; pressure,
temperature, molecular composition and more!

+ Binned model, water + methane

Binned model, water + methane + anmonia
+ Binned model, water + methane + carbon monoxide
A Observations

———— Model, water
——— Model, water + methane
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IF THERE ARE PROBLEMS @EXOMOL
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7. lIs the initial state very high in energy?

8. Is your line list not from the ExoMol project?

If Yes, then it could be the line list.
If No, then it is probably the astrophysical model.
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My MOLECULE
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Umm... Nol!
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