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Chapter 7 • Stars and stellar populations

Galaxies



7.1 • Star formation§



7.1.1 • The interstellar medium  
and molecular clouds

§



21 cm / radio / neutral hydrogen atoms

Effelsberg + Parkes surveys



2.6 mm / microwave / carbon monoxide molecules

Planck satellite



300-1000 nm / optical / stars

GAIA satellite



Gas phases (in the Milky Way)

Phase T  
(K)

nH  
(cm-3)

fV 
-

P/kB 
(K/cm3)

Comments

H II 
23%

Hot ionized medium (HIM) 105.7 0.004 0.5 4400 Collisionally ionized, shock-heated by 
supernovae and stellar winds

H II regions 10000 0.1-104 0.01 varies Photo-ionized nebulae around stars; density 
and pressure vary across these bubbles

Warm ionized medium (WIM) 8000 0.2 0.1 4400 Diffuse photo-ionized gas, large scatter in 
temperature and density

H I 
60%

Warm neutral medium (WNM) 8000 0.5 0.4 4400 About 60% of HI by mass; in pressure 
equilibrium witn CNM

Cool neutral medium (CNM) 100 40 0.01 4400
Significant fraction of the mass despite small 
volume filling fraction 

H2 

17%

Diffuse molecular gas 50 150 0.001 4400 Self-shielded against dissociation, but not 
dense enough to form stars

Molecular clouds 10-50 103-106 0.0001 >10000 The site of star formation; more or less 
gravitationally bound



7.1.2 • The (in)efficiency of star formation§



Star-forming regionsright now. One of the best-studied stellar nurseries is in the constellation of Orion, The Hunter, about 1500 light-
years away (Figure 21.3). The pattern of the hunter is easy to recognize by the conspicuous “belt” of three stars
that mark his waist. The Orion molecular cloud is much larger than the star pattern and is truly an impressive
structure. In its long dimension, it stretches over a distance of about 100 light-years. The total quantity of
molecular gas is about 200,000 times the mass of the Sun. Most of the cloud does not glow with visible light but
betrays its presence by the radiation that the dusty gas gives off at infrared and radio wavelengths.

Figure 21.3 Orion in Visible and Infrared. (a) The Orion star group was named after the legendary hunter in Greek mythology. Three stars
close together in a link mark Orion’s belt. The ancients imagined a sword hanging from the belt; the object at the end of the blue line in this
sword is the Orion Nebula. (b) This wide-angle, infrared view of the same area was taken with the Infrared Astronomical Satellite. Heated dust
clouds dominate in this false-color image, and many of the stars that stood out on part (a) are now invisible. An exception is the cool, red-giant
star Betelgeuse, which can be seen as a yellowish point at the left vertex of the blue triangle (at Orion’s left armpit). The large, yellow ring to the
right of Betelgeuse is the remnant of an exploded star. The infrared image lets us see how large and full of cooler material the Orion molecular
cloud really is. On the visible-light image at left, you see only two colorful regions of interstellar matter—the two, bright yellow splotches at the
left end of and below Orion’s belt. The lower one is the Orion Nebula and the higher one is the region of the Horsehead Nebula. (credit:
modification of work by NASA, visible light: Akira Fujii; infrared: Infrared Astronomical Satellite)

The stars in Orion’s belt are typically about 5 million years old, whereas the stars near the middle of the “sword”
hanging from Orion’s belt are only 300,000 to 1 million years old. The region about halfway down the sword
where star formation is still taking place is called the Orion Nebula. About 2200 young stars are found in this
region, which is only slightly larger than a dozen light-years in diameter. The Orion Nebula also contains a tight
cluster of stars called the Trapezium (Figure 21.5). The brightest Trapezium stars can be seen easily with a small
telescope.

730 Chapter 21 The Birth of Stars and the Discovery of Planets outside the Solar System

This OpenStax book is available for free at http://cnx.org/content/col11992/1.13



The Milky Way from our position (gas)

Spitzer Space Telescope



The Milky Way from our position (gas)

Spitzer Space Telescope



Eagle nebula (M16)

MPG/ESO JWST



JWST



Zhang et al. 2019
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California GMC
≈ 60pc
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https://www.mso.anu.edu.au/~chfeder/pubs/ineff_sf/ineff_sf.html


The Kennicutt-Schmidt relation of stars

Kennicutt 1998
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7.1.3 • The initial mass function§



The abundance of stars

• Big stars are rare for two reasons: 

• The star formation process makes fewer of them 

• They exhaust their fuel and die more quickly



Stellar masses

• The largest stars have about 150 solar masses 

• For standard Hydrogen fusion like in the Sun, 

stars need at least 0.08 solar masses 

• The smallest stars (“brown dwarfs”) are 

powered by nuclear fusion (of deuterium), for 

which they need at least 0.012 solar masses 

(or 13 Jupiter masses)



Stellar initial mass function (IMF)

Bastian et al. 2010



Pipe Nebula • Yuri Beletsky/Las Campanas • Alves et al. 2007 • Slide inspired by Karen Sandstrom

Dense core 
mass function

Stellar initial 
mass function ≈ 1/4



7.2 • Stellar feedback§



7.2.1 • Supernovae§
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• High-mass stars ( )  

Lifetime <100 million years 

• Intermediate mass stars (2-8 ) 

Lifetime 100 million to 1 billion yrs 

• Low-mass stars (<2 ) 

Lifetime of 1 to 1000 billion yrs

> 8 M⊙

M⊙

M⊙

Stellar lifetimes on the main sequence



Post-main sequence life (low-mass stars)



The life of massive stars on the HR diagram
The Life of a Massive Star

35



Galactic supernova remnants

SN 1054 / Crab nebula

Vela SNR (~12000 yr old) Abell 85 / Cannonball pulsar SN 1006 (Type Ia)

SN 1752 (Tycho’s SN, Type Ia) Cassiopeia A (~1690?)



Created with ART (Kravtsov et al. 1997)





FIRE Collaboration (movie page)

https://fire.northwestern.edu/visualizations/
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https://www.illustris-project.org/media/


7.2.2 • Stellar winds§



Stellar winds

NGC 602



Star formation simulation

STARFORGE Collaboration (movie page)

https://www.starforge.space/movies.html


7.3 • Galactic spectra from  
stellar population synthesis 
§



Spectral types

• Stellar spectra have absorption lines due to material above the photosphere 

• Both the overall color and the spectral lines change with temperature 

• Color changes are caused by different blackbody temperature 

• Line changes are due to which atoms are ionized, excited, and so on



Spectrum of the Sun



AA51CH10-Conroy ARI 15 July 2013 18:16
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7.4 • Observable indicators of stellar mass and SFR§



Galaxies in different wavelengths

Image by Markus Pössel



SFR indicators

Kennicutt & Evans 2012



Spectral fitting

CFN 11.1.2§



Observed galaxy spectra

CFN 3.4.1§



7.5 • Observed correlations§



Global star formation rate density (SFRD)

Madau & Dickinson 2014



• CFN 

• 7.1: 4.2.9, 8.3 

• 7.2: 8.7.1-8.7.2 

• 7.3: 8.6 

• 7.4: 3.4.0, 11.1.2-11.1.3 

• 7.5: 3.4.1, 4.4.4, 11.3.4-11.3.5 

• MvdBW 

• 7.1: 9 

• 7.2: 8.6, 10.5 

• 7.3: 10.3
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