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Epicurus (341-270 B.C.)

“There are infinite worlds both like and 
unlike this world of ours.” 



The Exoplanet App is available 
for free on the AppStore.

Demo



Planet/moon false positive

Biosignatures

Spectral resolution



Biosignatures



Biosignature

© 1967 Paramount Pictures



Yellowstone National Park, 2011

Life



Carl Sagan



Biosignature 1: Deficiency in the red colours

IAS, 2011



O2   CH4    /
Biosignature 2: Traces of individual molecules



O2   CH4    +
Biosignature 3: Traces of multiple molecules



Spectral resolution



Collecting photons, sorting them by colour

What is a spectrum?



Sagan et al (1993).

N
um

be
r o

f p
ho

to
ns

   
   

   

Colour         

The spectrum of Earth



Low spectral resolution

High spectral resolution

Spectral resolution



ultimately photon noise limited.
Spectral resolution is

Spectral resolution
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Spectral resolution



Spectral resolution



Directly imaged planets Transiting planets

Image credit: STSCI, Keck Observatory, Ben Zuckerman

Taking spectra of exoplanets
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Transiting planet
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Directly imaged planet



Directly imaged planet

Transiting planet
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Fundamental upper limit on resolution



- Telescope photon efficiency 
- Spectrograph photon efficiency 
- Systematic instrumental error

- Zodiacal light 
- Exozodiacal light 
- Star spots 
- Background sources 
- Upper limit on integration time 
- Transiting planets on average 6 times 

further away

Problems beyond the fundamental limit



Planet/moon false positive
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CH4 + O2

The basic idea



CH4 + O2O2

CH4

Model spectra
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Model spectra
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This is not the end of the story.



Possible ways to break degeneracy

Very close-by planet R ⇠ d�2

Single molecule biosignature

Relax Earth-Sun twin

Time variability 



Enceladus geysers 
NASA/JPL/Space Science Institute



Liquid seas on Saturn’s largest moon Titan 
NASA/JPL



It’s very hard to take a spectrum 
of an Earth-like planet. 

A new false positive: planet + 
moon. Impossible to distinguish 
in low resolution spectra. 

Forget about Earth-Sun 
analogues. Search elsewhere. 

Summary


