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There are MANY other solar systems out there!
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Exoplanet: a planet 
orbiting a star other than 
the Sun

https://exoplanets.nasa.gov
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Are there 
exoplanets that 
are like Earth? 
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With JWST, we are at the 
precipice of a new frontier. 

We can (try to) look at the 
atmospheres of rocky 
exoplanets for the first 
time! 



Why do we care about 
planet atmospheres?
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The size of the planet AND star matter!
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Easier to detect 
BIGGER planets

The size of the planet AND star matter!
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Easier to detect 
BIGGER planets 
around SMALLER 
stars

The size of the planet AND star matter!
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Starlight filters through 
the planet’s atmosphere. 
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Light is a wave, with different colors representing 
different wavelengths  



Gamma Scientific

This applies across the entire electromagnetic spectrum
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Atoms and molecules 
absorb light at very specific 
wavelengths, leaving a 
“chemical signature” 

An observer sees light 
being blocked at very 
specific wavelengths

Credit: Project on the Bohr Model
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Spectrum: the 
measurement of 
the amount of 
light at different 
wavelengths 

Hydrogen blocks light 
at very specific 
wavelengths
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We can look at the transit 
depths at different 
wavelengths to tell us what 
molecules are in the planet’s 
atmosphere We use this information to 

tell us what the planet 
might be like
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Transmission Spectroscopy
Transit depth is actually a function of wavelength
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different wavelengths – 
this changes the transit 
depth



NASA Scientific Visualization Studio

Molecules in a planet’s 
atmosphere cause the 
planet to look BIGGER at 
different wavelengths – 
this changes the transit 
depth



NASA Scientific Visualization Studio

Transit 
Depth
2
1
4

Molecules in a planet’s 
atmosphere cause the 
planet to look BIGGER at 
different wavelengths – 
this changes the transit 
depth



NASA Scientific Visualization Studio

Transit 
Depth
2
1
4

1.4 1.6 1.8 2.0 2.2 2.4 

Wavelength (microns)

Tr
an

sit
 D

ep
th

1

2

3

5

4



NASA Scientific Visualization Studio

Transit 
Depth
2
1
4

1.4 1.6 1.8 2.0 2.2 2.4 

Wavelength (microns)

Tr
an

sit
 D

ep
th

1

2

3

5

4



NASA Scientific Visualization Studio

Transit 
Depth
2
1
4

1.4 1.6 1.8 2.0 2.2 2.4 

Wavelength (microns)

Tr
an

sit
 D

ep
th

1

2

3

5

4



NASA Scientific Visualization Studio

Transit 
Depth
2
1
4

1.4 1.6 1.8 2.0 2.2 2.4 

Wavelength (microns)

Tr
an

sit
 D

ep
th

1

2

3

5

4



NASA Scientific Visualization Studio

Transit 
Depth
2
1
4

1.4 1.6 1.8 2.0 2.2 2.4 

Wavelength (microns)

Tr
an

sit
 D

ep
th

1

2

3

5

4



NASA Scientific Visualization Studio

Transit 
Depth
2
1
4

1.4 1.6 1.8 2.0 2.2 2.4 

Wavelength (microns)

Tr
an

sit
 D

ep
th

1

2

3

5

4

Transmission Spectrum



NASA Scientific Visualization Studio

Transit 
Depth
2
1
4

1.4 1.6 1.8 2.0 2.2 2.4 

Wavelength (microns)

Tr
an

sit
 D

ep
th

1

2

3

5

4

The fact that these points 
are NOT at the same 
transit depth means this 
planet HAS an 
atmosphere

Transmission Spectrum
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If the spectrum is “flat”, 
this suggests the planet 
has NO atmosphere

Transmission Spectrum
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Transmission spectrum
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Transmission spectrum
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Transit 
Depth

FLAT LINE for rocky planets means NO 
ATMOSPHERE (most likely)
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Madhusudhan et al. 2023
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