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Calculated Spectrum: 
Additional Components !

•  Recombination lines !
•  Nebular Continuum !
•  Radio spectrum !
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Recombination Lines !

•  These bright emission lines can be 
detected from the most distant 
galaxies and AGN. Their spectrum 
reveals the physical conditions (T,n) of 
the gas in those environments. !

•  HI Lines !
•  HeI and HeII Lines !
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HI recombination lines !
•  Case A recombination is rare !

‒  τ(Lya) ~ 10,000 τ(912) !
‒  τ(Lyb) ~ 1,000 τ(912) !

•  Case B recombination !
– Photons emitted in the Lyman series are 

quickly re-absorbed by H(1s)!

•  Statistical equilibrium [BB] !
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HI Recombination Lines 
(cont’d)!

•  Balmer decrement [BB] !
– Case B values !
– Measuring interstellar extinction !

•  What are some physical causes of 
departures from Case B values?!

•  Transition from Case A to Case B, see 
Osterbrock S 4.5 !
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Departure Coefficients !

•  b as a function 
of principle 
quantum number !

•  Sejnowski, T. J., 

& Hjellming, R. 

M. 1969, ApJ, 

156, 915 
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Recombination 
lines of He !

•  What about He+? 
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Nebular Continuum !

•  Free-bound emission from 
recombination !

•  Free-free emission from e- scattering 
off the protons !

•  2 photon HI continuum!
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Radio Emission from HII Regions !
•  Continuum due to free-free emission !

–  hν << kT !
–  Free-free Gaunt factor !

•  gff ~ 1- 1.5 in UV/opt !
•  gff ~ 10 at ν = 1 GHz and T = 1e4 K !

–  Free-free radiation is also absorbed at low radio 
frequencies!
•  Example:  ne ~ np ~ 100 cm-3, T = 1e4 K, and l = 10 pc 

==> tau(ff) ~ 1 at 200 MHz !
•  PNe with ne ~ 3000 cm-3; l = 0.1 pc  ==> tau(ff) = 1 at 

600 MHz !

•  The spectrum rises as ν2 at low frequencies 
(optically thick regime), flattens (tau ~ 1), 
and falls like ν-1 at high frequency [BB] !



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

Turn-Over Frequency !

•  Observation at low frequency where nebular is 
optically thick  ==> TB measures Te directly!

•  Turn-over frequency gives ne !

•  Below:   Goudis 1977 Ap&SS 47, 109 !
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Radio Recombination Lines !
•  What is the frequency of H106α? H106β?!
•  Maximum principle quantum number for H is ~ 740 

for typical nebular conditions (1000 cm-3 and 1e4 
K0. Why?!

•  The level populations in these very high n states 
are usually very small, ~10-5 of the ground state. !

•  Observed in Galactic HII regions; quite faint for 
extragalactic work!

•  In LTE, the ratio of line to continuum strength can 
provide estimates of the electron temperature in 
nebulae. !

•  Name an important advantage over optical 
recombination lines.!
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Spirals Arms of the Milky Way!

•  Traced by radio 
recombination 
lines (squares) 
and Ha (circles)!

•  Georgelin, Y. M., & 

Georgelin, Y. P. 
1976, A&A, 49, 57 
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Radial Temperature/Metallicity 
Gradient in Milky Way 

•  Radio 
recombination line 

observations 

•  Quireza et al. 
2006, ApJ, 653, 

1226 
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 Starburst 
 Galaxy M82 -- 

Template for 
high-redshift 

galaxies 

!

•  Free-free emission shown by horizontal dashed line. !
•  Synchrotron radiation and thermal dust emission 

dominate at low and high frequencies !
•  Free-free absorption from HII regions distributed 

throughout the galaxy absorbs some of the 
synchrotron radiation and flattens the overall spectrum 
at the lowest frequencies. !




























