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Hyperfine splitting 

The spins of  the electron and proton in the 
nucleus of  the hydrogen atom can couple

Ground state energy levels split based on 
whether spins are ‘parallel’ or ‘anti-parallel’

Lower state is that where spins are anti-parallel

Spin of electron = ½
Spin of  proton = ½ 

F = J + I
F = 1 or 0

2S1/2



21 cm transition



Population of  states and emissivity
• Excitation temperature often called ‘spin 

temperature’ for hyperfine splitting of  states

• Upper level excited by CMB photons, thus

Emissivity 
independent of  
spin temperature!



21 cm absorption coefficient
Contributions from pure absorption 
and stimulated emission:

Recall relationships between Einstein coefficients and with the cross section



21 cm absorption coefficient

hν ~ 10-6 eV, hν / k ~ 0.0682
Recall key assumption: Recall Tspin ≪ 0.0682 K 



21 cm optical depth

Assume Gaussian line profile

Column densities 
often exceed 1021 cm-2

- self-absorption important!



The optically thin case

Optically thin column density regime:

This allows us to neglect absorption:

Iν (0) is the intensity measured in an ‘off  pointing: 

Instead of Iν , express in terms of  
‘antenna temperature’ TA: 



Masses of  optically thin clouds

Mass in frequency units:

Mass in velocity units:

DL = luminosity distance, z = redshift of  object; 1 Jansky (Jy) = 10-23 erg s-1 cm-2 Hz-1



Measuring spin temperature

Continuum 
radio source

Blank sky

In general, we detect WNM in emission only
CNM in emission and absorption



Measuring spin temperature

Continuum 
radio source

Blank sky



Measuring spin temperature

Solve two equations with two unknowns: 

In case of  absorption, >

We can then solve for Tspin and τ!



Using spin temperature to measure N(H I)
Recall that for optically thin clouds:

Therefore:
(if  τ < 0.1)

If  τ > 0.1 and we’ve measured Tspin:
Recall, in general:


