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Introduction

Recommended literature:
“The Physics & Chemistry of the Interstellar Medium”, Tielens
“Physical Processes in the Interstellar Medium”, Spitzer
“Radiative Processes in Astrophysics”, Rybicki & Lightman
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Reddening of starlight and dust extinction

• Dust to gas ratio of approx. 1:100 by mass

• Reddening of starlight from further-away stars
(depending on the grainsize distribution)

• Dust collisionally coupled to the gas
(can both heat and cool the gas)

• Dust acts as a catalyst for chemical reactions
(e.g., formation of molecular hydrogen)
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Whirlpool Galaxy - M51

Milky Way
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Spitzer

ALMA

Herschel
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Cygnus X: a ”giant molecular cloud”
Age: ~ 10 million years
Mass: ~ 100.000 solar masses

Optical light

Sl
id

e 
co

ur
te

sy
 o

f T
ro

el
s H

au
gb

øl
le



Near infrared makes it possible to see through the dust 
that is obscuring at optical wavelengths.

Ten thousands of stars appear.

Near infrared
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Space-based far-infrared observations
make molecular emmision and dust visible

Spitzer

Supernova
Boble ?
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Baryon cycle and galactic feedback



Stellar evolution of low-mass (left cycle) and high-mass (right 
cycle) stars, with examples in italics. Background derived from 
an image by NASA's Goddard Space Flight Center. ht
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https://www.ias.u-psud.fr/soler/planckhighlights.html

ESA/Planck Collaboration (microwave); 
NASA/DOE/Fermi LAT/D (gamma rays)

Fermi

Effelsberg



The multi-phase ISM



Sl
id

e 
co

ur
te

sy
 o

f J
es

 Jø
rg

en
se

n



 Cooling Mechanisms

 Collisionally-excited
line emission

 Collisional ionization/
excitation of H

 Recombination cooling of H 
Thermal Bremsstrahlung

 Molecular cooling at low 
temperature

 (non-)thermal emission 
from dust grains

 Since these processes 
involve collisions, their 
cooling rates go with n2.

 Heating Mechanisms

UV photoelectric heating
via ejecting e- from grains

 photoionization heating

 X-ray photoelectric
heating via e- from atoms

 cosmic ray heating
(where UV field is shielded)

 heating released in shocks

 chemical heating
(e.g. H2 formation)
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Hot Ionised Medium T ~ 106 K

Milky Way: Filling factor: 20-70% Density: 10-4 – 10-2 cm-3 Temperature: 105-107 K

• Supernovae warm the ISM to million of degrees
• Associations of massive stars create “super bubbles”
• Plasma creates chimneys and the Galactic fountain
• Compressed clumps cool and rain down onto the disk

“Tycho’s SN”
in the X-ray
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Warm Ionised Medium T ~ 8,000 K

Milky Way: Filling factor: 20-50% (?) Masse: > 1.6 109 M Density: 0.2 – 0.5 cm-3 Temperatur: 8,000 K

HII – ionised gas • Heavy O/B stars produce
ultraviolet radiation

• UV creates Strömgren spheres 
around stars and regions of 
ionized hydrogen

• Hydrogen recombines to excited 
states and emits H-α radiation
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Neutral Medium T ~ 80-8,000 K

Milky Way: Filling factor: 10-20% Masse: > 6 109 M Density: 0.2 – 100 cm-3 Temperatur: 50-8,000 K

HI – neutral gas
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Molecular clouds



Thermodynamics of the ISM
• Heating from absorption and dissipation in shocks

• Emission via collisionally excited mol. transitions

• Recombination of hydrogen acts as a thermostat

• Approximate pressure equilibrium between phases

Tielens (2013)
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McKee & Ostriker (1977) later introduced a dynamic third phase representing the hot (T ~ 106 K) gas that 
has been shock heated by supernova explosions and, in fact, constitutes most of the volume of the ISM.
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Support and lifetime of clouds
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Photo-dissociation regions
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• “Photon-dominated regions” or
“photo-dissociation regions”, either one works
• Broadly speaking regions where radiation impinges on molecular 
cloud, but specifically regions where UV radiation impinges
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The physics of shock waves

“Tycho’s SN”
in the X-ray
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Questions…
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