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Finding the Ingredients of Other Worlds
How Spectra Tell Us what Extrasolar Planets are 

Made Of
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How I got interested in Astronomy

Image credit: arnholm.org
Image from Oberlin College Observatory



Journey of the James Webb Space Telescope





The James Webb Space Telescope 
Deployment



L2 Orbit – Stable and Uninterrupted

From: John Mather, JWST Science & Progress 2012 

(Image not to scale)



Infrared Light Senses Heat

From: 
spitzer.caltech.edu





JWST Science Themes

• First Light and the End of the Dark Ages

• Assembly of Galaxies

• Birth of Stars and Protoplanetary Systems

• Planetary Systems and the Origins of Life

From: John Mather, JWST Science & Progress 2012 



NASAʼs Kepler Mission

• Determine the frequency of Earth-size and larger planets in 

the habitable zone of sun-like stars

• Determine the size and orbital period distribution of 

planets





Transiting Planets Reveal Their 
Atmospheres

Secondary Eclipse
See planet thermal radiation 
disappear and reappear

Primary Eclipse
Measure size of planet 
See star’s radiation 
transmitted through the 
planet atmosphere

Learn about atmospheric 
circulation from thermal 
phase curves



Spectra Are Made by Splitting Light 
into its Component Colors

Image Credit: Pink Floydʼs The Dark Side of the Moon Album Cover, npr.org



Three types of Spectra

Image Credit:  Penn State Astronomy & Astrophysics

2. Absorption 
Spectrum

1. Continuum 
Spectrum

3. Emission 
spectrum
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Spectrum Library
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Spectra Are Usually Represented as a Plot 
for Analysis

Wavelength

Brightness





We can learn about how planets form 
by studying their spectra

https://astrobites.org/2014/10/13/planet-formation-on-a-budget/
http://www.spacetelescope.org/images/heic1410a/
http://clipartix.com/thought-bubble-clipart-image-31740/



Planet Spectra Can Tell Us How/Where 
They Form

Solid -> Core
Gas -> Envelope



Transiting Planets Reveal Their 
Atmospheres

Secondary Eclipse
See planet thermal radiation 
disappear and reappear

Primary Eclipse
Measure size of planet See 
starʼs radiation transmitted 
through the planet 
atmosphere

Learn about atmospheric 
circulation from thermal phase 
curves



Secondary eclipses tell you about 
temperature

T decreases with height Temperature Inversion

T

Height

T

Height



Where would aliens spend the 
summers?

• T decreases with height • Temperature Inversion

T T
Energy input on bottom
Less stable

27
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Where would aliens spend the 
summers?

• T decreases with height • Temperature Inversion

T T
Energy input on bottom
Less stable

Energy input on top
More stable
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The Solar Spectrum



T Profiles are measured from Emission Spectra

T decreases with z T inversion

T

Height

T

Solar Optical 
Spectrum 
(Photosphere)

Neon Emission Lamp

Height



Transiting Planets Reveal Their 
Atmospheres

Secondary Eclipse
See planet thermal radiation 
disappear and reappear

Primary Eclipse
Measure size of planet See 
starʼs radiation transmitted 
through the planet 
atmosphere

Learn about atmospheric 
circulation from thermal phase 
curves



Thermal Phase Curves- Whereʼs the Heat?

www.esa.int









You can download these posters!
https://exoplanets.nasa.gov/alien-worlds/exoplanet-travel-bureau/





Does a Planet Have An Atmosphere?

vs



We can look for life like the Earthʼs

http://earthsky.org/

https://www.arborday.org

https://microbewiki.kenyon.edu/index.php/

(in the future)

Methanogens -> Methane
Photosynthesis -> Oxygen



We can look for life like the Earthʼs
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(in the future)



Webb Will be A Stepping Stone for 
Life-Detection!

2. Which rocky planets 
have atmospheres?

4. The Future:
Look for Earth-like life!

1. Learn What Planets Are Made Of & how they form

3. Learn How Atmospheres 
Distribute Heat



The Webb Telescope 
Lagrangian Points 




