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§5.1 • Photoionization



Ionization cross-section
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Ionization cross-section
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§5.2 • Recombination 



Radiative recombination coefficients

Draine 14.1§



Radiative recombination coefficients

Draine 14.1§

Case A: optically thin, 
recombination photons 
escape

Case B: optically thick 
above ionization energy, 
recombination photons to 
ground state ionize again



§5.3 • Ionization balance and the Milne equation 



Deriving the Milne relation

Detailed balance:

Electron energy:

Ratio between 
ionization and 
recombination 
cross-sections:



Derivation of ionized fraction

Local thermodynamic 
equilibrium (LTE)

Single-electron atom

QM expression for cross-
section for ionization σpi(ν)

All ionizations happen 
 from ground state

Integral over  
photon energies

Radiation field Jν

Neutral fraction ξ

Detailed balance 
(equilibrium at each energy)

Milne rel. between ’s for 
ionization and recombination

σ

Saha equation (balance 
between densities of states)

Recombination cross-section 
to level n,l σnl(u)

Integral over  
electron velocities

Maxwell-Boltzmann  
velocity distribution

Temperature

Total ionization rate Gpi

Balance between 
ionization and recomb.

Assumptions Equations

ResultsInputs

Recombination coefficient 
to level n,l αnl

Total Case A/B recomb. 
coefficient /αA αB

Density
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