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Origin of stars, planets and our solar system has 
long fascinated mankind

Raven stealing Sun
Pacific Northwest art

Starry night
Van Gogh

Stars
Kandinsky

Milky Way dreaming
Australia aboriginal art



Discovery of exo-planets leads to 
fundamental questions

• Where do stars and planets come from?
• How unique is our solar system?
• Which planets could be habitable?
• What are the chemical building blocks of 

planets?



Our Milky Way

This talk: solar neighborhood
(<1000 light years from Sun)

Sun

Center
50,000 lyr



Interstellar Clouds

• Space between stars not empty, but 
filled with a very dilute gas

• Stars are born inside clouds

Birthplaces of stars:





Christiaan Huygens (1694)

Orion Nebula



Orion nebula:
Nursery of thousands of new stars

‘The chaotic material of future Suns’
W.Herschel (1789)

ESO-VLT 
ISAAC image
McCaughrean
et al. 2001



Orion nebula as seen by Hubble



RCW 49

Spitzer infrared
Churchwell & Glimpse team

Massive star-forming region



Horsehead nebula



Dark clouds: sites of star formation

1 lyr

Mass of cloud can be as large as 104 – 106 MSun

NGC 281



Dark clouds: ‘coal sacks’

• 99% gas (H2)           
1% dust (0.1 mmmmm 
silicates ‘sand’)

• Temperature:   ~10 K 
(-263o C)

• Density:   ~10000 
particles per cubic cm 
(million times less than 
in lab)

Unique chemical laboratory!



Optical Infrared

Alves et al. 2001

How do we study what is happening inside clouds?

Long wavelengths!



From visible to infrared light

Spitzer

HH 46 star-forming region

Young star only visible at IR



Infrared telescopes

Very Large Telescope, ESO, Paranal



Millimeter telescopes
James Clerk Maxwell Telescope

Mauna Kea, Hawaii

15m
UK-NL-
Canada



Space observatories

ISO

SWAS
Large part of infrared and submm blocked
by atmosphere  (i.p. H2O, O2 and CO2)

Spitzer



The Astronomers’ Periodic Table

1.0

0.1

by number

Dust grains: 10-12 by number B. McCall 2001

4   1    8 10-4

4          1 10-54 10-5

4 10-5



More than 130 interstellar molecules



Molecules between the stars

• More than 130 different molecules found
• Ordinary molecules

NH3, H2O, H2CO, CH3CH2OH, OHCH2CH2OH,….



<1%



Molecules between the stars

• More than 130 different molecules found
• Ordinary molecules

NH3, H2O, H2CO, CH3CH2OH, ….
• Exotic molecules

HCO+, N2H+, HCCCCCCCN, ….

� Unusual molecules
(rare on Earth but not in space)



Chemical factory in the sky!

Signposts of earliest stages of star formation



Some complex organic molecules

Detected Not (yet) detected

Acetic acid Di-methyl ether

Ethanol Sugar

Methyl formate CaffeinePyrimidine

PurineGlycine

Methyl cyanide

Benzene Ethyl cyanide
Based on Ehrenfreund 2003



Polycyclic Aromatic Hydrocarbons

PAHN: N-containing PAHs



Buckminsterfullerene

C60
+ detected in space?



The interstellar ice cocktail

Molecules freeze-out onto cold dust grains      => 
hydrogenation, e.g. O ---->>>> H2O

`Alcohol on the rocks’



Inventory of ices

Gibb et al. 2000



Gas versus Ice



Sackler laboratory for astrophysics

- Spectroscopy of ices
- Sticking, desorption of ices
- Processes induced by UV
- Surface chemistry
- Gas-phase spectroscopy of unstable species
- ….

Linnartz, Bisschop, Cuppen,
Öberg, Bouwman, Romanzin
Wehres, Ioppolo, van der Marel



Importance of molecules

• Exotic chemistry
• Astrochemical evolution
• Molecules as diagnostics of 

temperature, density, velocity, …

• Molecules as coolants

CO (J=0) CO(J=1) CO(J=0)
Collisions Radiation



Scenario for star- and planet formation

Cloud collapse Rotating disk

infall

outflow

Formation planets Solar system

Factor 1000 
smaller

t=0 t=105 yr

t=107 yr t>108 yr



Time scales

Time scale for star formation is comparable with 
first 10 m of descent into the Grand Canyon

10 million yr

2 billion yr

2 km



Star formation in Orion

C.R. O’Dell

AMNH/SDSC



Protoplanetary disks

Size disks 
~1010 km = 
2xSun-Pluto

O’Dell et al. 1995



Young disk in Taurus

Padgett et al. 1999



Protoplanetary Disks

• More than 70% of young stars 
surrounded by disks

• Sizes of disks comparable to that of our 
own solar system

• Masses of disks usually enough to form 
solar system (1% of mass Sun, 10x mass 
of Jupiter)

=> Ingredients for planet formation are common



Hot organic molecules in planet-forming zone

- Large abundances of hot  (300-700 K) C2H2, HCN, CO2

found in inner few AU of protoplanetary disk; 1000x higher than in cloud



First steps of planet formation:
Dust in disk coagulates to larger bodies



Diversity of Planetary Systems

Collection EvD+TdZ

English engraving
1798



Exo-planets vs. our Solar system

Star

Sun

JupiterEarth

Ups And

Solar system



First images of exoplanets

Triple system
Marois et al. 2008

Kalas et al. 2008

Young planets at much larger distances than predicted



Origin of planetary diversity?

Simulation G. Bryden

Answer lies in past, when planets were
formed from circumstellar disks



Older ‘debris’ disks

- Origin of gaps, rings and holes in debris disks => planets?
Augereau 2005



Comet Hale-Bopp

Chemical composition comets comparable with interstellar ices



Delivering material to young planet



Collisions in which fragile organic material 
does not survive…

Young planet hot => little original organics + water survive



Can comets bring organic matter on new planets?



Origin of life

• Extraterrestrial organic matter
• Intrinsic on Earth
• Panspermia



Astrobiology

What are building blocks for life elsewhere in the Universe?
Based on Ehrenfreund & Charnley 2000



Future space missions: infrared

Launch 2013 6 m

(successor of Hubble  Space Telescope)

James Webb Space Telescope Herschel Space Observatory

Launch 2009 3.5 m

H2O!



Atacama Large 
Millimeter/Submillimeter Array

- Llano de Chajnantor



Llano de Chajnantor

A breathtaking experience!

5000m



Atacama Large Millimeter Array



Artist impression exo-planetary system

Planet

Moon

Star


