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Giordano Bruno (1548-1600): 
De l’infinito, Universo e Mondi

the universe holds an 
infinite number of 
stars

these are surrounded 
by an infinite number 
of planets

these worlds are 
inhabitated with life



Michel Mayor & Didier Queloz (1995): A 
Jupiter-mass companion to a solar type star





ΔL ≈ (rp/r)2 

ΔLJupiter = 0.01 mag 
 
ΔLNeptune = 0.001 mag 
 
ΔLEarth < 0.0001 mag 

Konacki et al. (2003): An extrasolar plant 
that transits the disk of its parent star





http://exoplanetarchive.ipac.caltech.edu



My God, it’s full of planets! 





Hot worlds … 



.. and cold worlds 



.. and just right ? 



.. and even close to home ! 

Gillon et al. (2016): Temperate Earth-sized planets transiting a nearby ultracool dwarf star 



… even funding travel! 

Yuri Milner and Stephen Hawking announcing “Breakthrough Starshot”, April 12, 2016 



But life? 





SETI and Frank Drake



So, where are they all?



Cosmic history





OF LIFE

REWIND THE TAPE







30 Dec... 

Contingent?



Convergent?



Russell, Dale and Séguin, Ron. 1982. Reconstruction of the small 
Cretaceous theropod Stenonychosaurus inequalis and a hypothetical 
dinosauroid. Syllogeus 37:1-43

?



Hohmann-Marriott, M. F. & Blankenship, R. E. Evolution of Photosynthesis. Annu. Rev. Plant Biol. 62, 515–548 (2011).
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Figure 2
Evolution of life and photosynthesis in geological context, highlighting the emergence of groups of
photosynthetic organisms. Minimum and maximum estimates for oxygen concentration are indicated by
dark blue and light blue areas, respectively. Oxygen concentration data from Reference 80; banded iron
formations data from Reference 87.

Fossil Record
The mineralized imprints of organisms provide
another measure for the occurrence of life.
The fossil record covers the diversification
of vascular plants (418–407 Mya) (58) and
the earlier eukaryotic land colonizers that
left characteristic spores (∼470 Mya) (62).
Fossils of photosynthetic eukaryotes occur at
1.2 Gya (27). The fossil record of cyanobac-
teria, however, has recently been a major
source of controversy. Fossils occurring in
rocks from 3.5 Gya have been grouped into
clades, some of which are thought to resemble
modern cyanobacterial forms (161). However,
recent doubts have been voiced concerning
the undisturbed geology of the location (20),
the suitability of environmental conditions for
bacterial life, and the fossils themselves (143).
Although the existence of layered microbial
associations as early as 3.50 Gya has been
reported (reviewed in Reference 162), uncer-
tainties about the biotic origin of some of the
earliest fossils have arisen (67, 162). Recently,
layered structures that carry organic globule
structures similar to modern stromatolites dat-
ing back to 2.72 Gya have been described (101).

Chemical Indicators
A number of different organic molecules de-
rived from distinctive cellular components have
been used as biomarkers for specific organism
groups. Oxygen-producing photosynthesis
enabled the synthesis of biological molecules
whose biogenesis is oxygen-dependent.
Methyl-substituted hopanoids (168) were
thought to provide a first biological marker for
an emerging oxygen-dependent biosynthetic
pathway 2.7 Gya. However, these molecules
have also been recently identified in anaerobic
purple bacteria (146, 177), thereby removing
them as a reliable biomarker for oxygenic
photosynthesis. Molecules thought to indi-
cate the presence of green sulfur bacteria
(chlorobactene and isorenieratene) and of pur-
ple bacteria (okenone) (22) have been reported
to have existed as far back as 1.64 Gya.

Genetic Evidence
The presence of oxygen triggered a revolution
in cellular metabolism (21, 152). The recent
finding that oxygen can be generated from ni-
tric oxide (45) indicates that oxygen-dependent
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Emergence of Photosynthesis: 
early and profound impact



Stromatolites



Cyanobacteria



Earth in Time



http://michaelsterzik.wordpress.com

Earth in Time



Many Earths in Time



Which World holds Life?

The Solar System from Voyager I @ 40A.U. 



The pale blue dot.

Carl Sagan (1994) 



Suche Biosignaturen in der Atmosphäre 

Spectral Signatures



Spectral Signatures



Ozon
Oxygen  
Methan
(Water)

CO2

Biosignatures
in the 
atmosphere 



…on the surface 



Vegetation: Red Edge



Chlorophyll: Vegetation Red Edge



http://www.eso.org/public/news/eso1210/

Earth Observations



Galileo (1610): Earthshine





Observing Date 25-Apr-2011:UT09 10-Jun-2011:UT01

View of Earth as 
seen from the 
Moon

12 

Sun-Earth-Moon 
phase

87 deg 102 deg

ocean fraction in 
Earthshine

18% 46%

vegetation fraction in 
Earthshine

7% 3%

tundra, shrub, ice and 
desert fraction in 
Earthshine

3% 1%

total cloud fraction in 
Earthshine

72% 50%

cloud fraction t > 6 42% 27%



The Earth in Time:
One Month on the Moon



Life is Chiral

90% dextral shells

Life on Earth 
uses exclusively

L- aminoacids
D- sugars



Induced Homochirality: 
CP in star forming regions

Circular polarization image of the OMC-1 star-formation region in Orion at 2.2 μm (Kn band). 
Bailey et al. (1998)



Sub-surface Ice on Mars

Ice on the surface 
of Europa

Methanol/Ethanol on Io

Search for Biosignatures 
in our Solar System



Towards a second Earth



Bruno is right (probably)!

•  100B stars, and 10B suns in the Milky Way 

•  10B planets in orbit  

•  1B earth-like

• Darwinian evolution may yield similar “solutions” – provided 
similar initial conditions

• “Simple” e.t. life may imprint long-lasting signatures into their 
atmospheres, far from chemical equilibrium

• One of the most exquisite goals in modern astronomy: find 
and characterize these biosignatures

• Implications far beyond astronomy 


