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Chapter 6 • Photoionized gas and H II regions

ASTR 670: Interstellar medium and gas dynamics



§6.1 • Ionization equilibrium around a star



Star types

Draine 15.1§



§6.2 • Strömgren spheres 



Ionization balance

Deharveng et al. 2010



Strömgren 1939



Strömgen radii

Osterbrock & Ferland 2.3§



§6.3 • The radial evolution of ionization



Strömgen radii

10°2 10°1 100 101

r/RS

10°5

10°3

10°1

101

103

105

ø
(r

)

nH = 10/cm3, T = 8000 K

nH = 1000/cm3, T = 8000 K

nH = 10/cm3, T = 12000 K

10°2 10°1 100 101

r/RS

10°7

10°5

10°3

10°1

ª(
r)



H II regions

• Additional complications: 

• Non-uniform density 

• Dust causes radiation pressure 

• Radially varying temperature 

• Helium and metals 

• Multiple stars at center 

• …



§6.4 • Thermal balance



Heating and cooling rates

Draine 27§



Heating and cooling rates

Draine 27§



§6.5 • Observational diagnostics



Energy level diagram of hydrogen

Trypsteen & Walker 2017

Ionizing 912 Å 13.6 eV

Hα 6563 Å 1.9 eV

Ly-α 1216 Å 10.2 eV



Emission from hydrogen

Image: Karen Sandstrom

H  is the dominant tracer of ionized hydrogen!α

Ly-  is quickly 
reabsorbed by 
neutral H

α

H-α



Orion nebula

Draine



Trifid nebula

Draine



Temperature diagnostics

Draine 18§
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Density diagnostics

Draine 18§
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§6.6 • Diffuse ionized gas



Hα

Draine



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



Transformation between phases

Hot Ionized Medium

Warm Ionized Medium

Warm Neutral Medium

Diffuse H2

Giant molecular clouds

Stars

Radiative cooling

Radiative recombination

H2 formation on dust

Cloud collapse

Star formation

Supernovae

Photo-ionization

Photo-dissociation

Cool winds, 
planetary nebulae

Fast winds,  
SN ejecta

(SNe convert 
WNM to HIM)



Diffuse ionized gas

Zurita et al. 2000 • Haffner et al. 2009 

a)Continuum-subtracted H  
image of NGC 157 

b)H II region catalog 

c)Diffuse H  map after 
subtracting H II regions 

d)Upper limit on diffuse 
ionized gas brightness
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Draine 
• §15.1-3 

• §18.1-2 

• §27.4 

O&F 
• §2.3 

• §3.1-3

Reading


