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Outline for HII Regions !
•  Thermal Equilibrium!
•  Stromgren Sphere!
•  Recombination Line Spectrum!
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Resources!

•  Draine ch 27, 15, 14 !
•  Osterbrock !

– Astrophysics of Gaseous Nebulae and AGN !
– Ch 2, 3, 4 !

•  Dopita & Sutherland !
– Ch 9, 10 !
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HII Region !
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30 
Doradus!
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Nestled in the center of M42 is a group of stars, 
known as the Trapezium, which have formed from the 
gas in the nebula.The stars of the Trapezium are 
young blue stars. It is their energy which makes the 
nebula glow. !
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Thermal Equilibrium!
•  Mean energy of a photoelectron is  kT* !
•  Depends only on the shape of the Spectral 

Energy Distribution (SED) !
•  The rate of photoelectron production 

depends on the strength of the radiation 
field.!

•  Mean energy of a recombining e- is kTe !

•  αRec ~ σRec v ~ v-1 ~ T-1/2 !

•  σ Phot ~ ν-3 !

•  SED hardens with increasing distance from a 
star !
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Thermal Equilibrium of HII Regions !

•  Plot heating rate and cooling rate vs. 
temperature !

•  The intersection of these functions gives 
the equilbrium temperature !

•  The rapid increase in cooling rate with T, 
and the decrease in heating rate with T, 
acts as a ‘thermostat’ to regulate the HII 
region T to a narrow range (roughly 8000 K 
to 20,000 K) over a very wide range of 
heating rates (MS stars, PNe, AGN, etc.) !
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Photoionization Equilibrium !

•  Lyman continuum photon luminosity !
•  Pure H Nebula !
•  Nebulae with H and He !
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Lyman Continuum Luminosity !
•  Q or N(H0) photons/s !
•  O and B Stars !
•  AGN !
•  Central stars of Pne !
•  Table from Panagia 

1973 AJ, 78, 929 !
•  Q = 1.08 x 1053 s-1 

for SFR = 1 Msun/yr 
(Kennicutt 1998 
ARA&A 36, 189) !
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Pure H Nebula !

•  Use Ionization Equilibrium and Radiative 
Transfer to describe physical conditions !

•  What simplications can we make? !
•  Optically thin!
•  Optically thick!

– On-the-spot approximation [BB] !
–  Ionizations caused by stellar photons are 

balanced by recombinations to excited levels of 
H [BB] !

–  Stromgren Radius (or Depth) [BB] !



Winter 2014 ! Diffuse Universe -- C. L. Martin !

Nebulae with H and He !

•  T* < 40,000 K !
•  40,000 K < T* < 100,000 K !
•  T* > 1e5 K !

–  Central stars of PNe and WR stars !
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Spectra of Ionized Hydrogen 
(HII) Regions !

Really just these 3 parameters: !
•  Metallicity!
•  Spectral Energy Distribution !
•  Ionization Parameter !
!

Calculate spectrum with radiative 
transfer codes like CLOUDY or 
MAPPINGS3 !
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Ionization Parameter !

•  Let Q = emission rate of Lyman 
Continuum photons !

•  U = Q / (4πRs
2cn), the local ratio of 

the density of photons to the density 
of atoms/ions !

•  Or, q = Q / (4πRs
2n) = U * c !

•  What is this velocity “q” physically?!






































