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I TiO, VO
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Earth-like ExoPlanets

I CO2

I H2O

I O2, N2

I O3

I HNO
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Astronomers Methodology

Transit spectrum of a planet 
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What next?

Which Molecule?

What frequencies of light?

How much light is absorbed?
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A note on O2

O2 is a weak absorber of infrared and visible light (this is
why it is not a greenhouse gas)!
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Finding the frequency and intensity of the transitions of
small hot molecules in astrophysical environments using:

I Lots of PhD
students

I Some
Masters
students

I Post-docs

I Supervisors
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The Core of All Spectroscopy

I Initial Energy Level

I Final Energy Level

I Transitions Between
Them

Energy levels: Need Potential Energy Curves.

Transitions: Need Dipole Moment Curves.
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Two sources of information

Theory Experiment

Neither is good enough by themselves, so we use both!



@exomol

Molecules in
Space

Observations

ExoMol Theory

Result!

Problems?

Vanadium
Monoxide

ExoMol Methodology



@exomol

Molecules in
Space

Observations

ExoMol Theory

Result!

Problems?

Vanadium
Monoxide

The Result: Line Lists



@exomol

Molecules in
Space

Observations

ExoMol Theory

Result!

Problems?

Vanadium
Monoxide

ExoMol Output: Line Lists



@exomol

Molecules in
Space

Observations

ExoMol Theory

Result!

Problems?

Vanadium
Monoxide

The Result: Line Lists

*.states file contains all energy levels, with quantum
numbers.
There are often millions of energy levels!
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ExoMol Output: Line Lists

*.trans file

Three columns

I Initial energy level (ID)

I Final energy level (ID)

I Strength of transition
(Einstein coefficient)

Billions of transitions are common!
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Simpler ExoMol Output

Sometimes (often?) billions of lines is too much. We aim
to help here too.

I Cross-sections of absorption at different
temperatures - Available now on ExoMol website!

I Currently developing k coefficient tables

I We can ’trim’ the line list for particular applications
quite easily; just tell us what temperature, what
frequency range etc.

I Ask us for anything else that will be useful
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Simpler ExoMol Output

Take home message:

I These line lists often take PhDs.

I They are useless if they are not used.

I So anything we can do to maximise their usefulness
to you - let us know!

laura.mckemmish@gmail.com
www.exomol.com/
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Astronomy Modellers Methodology

Input Data: Line Lists, Physics

Input Observation: Spectrum from star/ exoplanet
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Astronomy Modellers Methodology

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

Method: Computational Models of Atmosphere

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



@exomol

Molecules in
Space

Observations

ExoMol Theory

Result!

Problems?

Vanadium
Monoxide

Astronomy Modellers Methodology

Some Output So Far
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If there are problems

Are they caused by the ExoMol Line Lists?

Questions to ask:

1. Is it a big molecule?

2. Is there little experimental data?

3. Does the molecule contain a transition metal?

4. Is it an electronic transition?

5. Is it a high energy transition?

6. Is your error at high resolution?

7. Is 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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Umm... No!
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Current Spectra

0.5 1 1.5 2 2.5 3 3.5
Wavelength (µm)

1e-25

1e-24

1e-23

1e-22

1e-21

1e-20

1e-19

1e-18

1e-17

1e-16

1e-15

In
te

ns
ity

X-X
A-X
B-X
C-X
B-A



@exomol

Molecules in
Space

Observations

ExoMol Theory

Result!

Problems?

Vanadium
Monoxide

Compared to Previous Spectra
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