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„There are infinitely many worlds, 

successively and in parallel.“

Anaximander
Thales v. Milet

Aristoteles
Epikur

„There are worlds not limited in number, 
some of them similar, some dissimilar to 

ours..“

„It has to be proven whether are worlds

other than ours.“

„...and hence the universe is endless in extent, 

and the worlds are innumerable..“ Giordano Bruno

Albertus Magnus

„Are there many worlds, or is there only one? 

This is one of the noblest and most elevated questions in 
the studies of nature.“

Galileo Galilei



Galilei’s detection of Jupiter’s moons

2inch telescope



Galilei’s discovery

not everything is orbiting Earth…



Today:

From HST…



…from the 
Cassini 
satellite…



…and from 
the ground.



Eight planets orbiting a star.





Stars are several billion times brighter...



...than their planets.



What to do?

Start with indirect methods:

1. Timing Method
(first clear planet detection)

2. Radial velocity method 
(most important)

3. Transit method
(upcoming surveys)

4. Micro-lensing
(niche)



First detection of an extra-solar planet:



1. The timing method

variations in the pulsar’s period induced 
by the star’s motion due to the planet



2. The radial velocity method

i.e., 100 km/s = 0.22 nm @ 656 nm
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What reflex motion does a planet introduce?

Examples:

velocity period

Earth around Sun: 9 cm/s 1yr

Jupiter around Sun: 11 m/s 11yrs

Jupiter ar. Sun on Earth orbit: 25 m/s 1yr



Mayor & Queloz, 1995, Nature

M sini = 0.45 MJ

P = 4.2 d

d = 0.05 AU

K = 55 m/s



Examples for radial velocity detections



3. Transit method



Transit detections – space-borne science

1st transit detected with CoRoT



Coming soon: Kepler

Stare at the same field for 4yrs – designed to detect an Earth around a Sun

~ 170 000 stars surveyed



Launch: March 6th 2009 03:48:43 UT (subject to change)

Coming soon: Kepler



4. Micro-lensing



4. Micro-lensing



Well, it would be nice to SEE a planet!



Seeing is believing: The first images of exo-planets

Kalas et al., 2008



Marois et al., 2008

Seeing is believing: The first images of exo-planets



Lagrange et al., 2008

Seeing is believing: The first images of exo-planets



Back to the old question:

Could there be life?



1. The planet should have a crust (no gas-giant)

2. Habitable zone: 

Area where liquid water can exist

Life on other planets:



Inventory

Planets have 

“solid” crust

“habitable” zone



A super-Earth inside the habitable zone



A summary of the last 2500 years

• 500 B.C.: white paper: “There must be infinitely many worlds”

• 1611:  Detection of moons around Jupiter

• 1992: First detection of a planet around a star

• 1995: First detection of a planet around a sun-like star

• 2007: First detection of a planet in the habitable zone

• 2008: First image of an extra-solar planet


