
In absorption, the 21-cm transition of neutral hydrogen (HI): 
•  Traces the cool component of the neutral gas. That is, the raw material 

for star formation, which in turn forms planets and all heavy elements. 
•  Unlike the Lyman-α transition of HI (which traces all of the neutral gas), 

can be observed at z = 0 by ground-based telescopes (cf. z > 1.7). 
•  Unlike 21-cm emission, can be readily detected at z > 0.1, since absorption 

strength only dependent upon column density and background flux. 

HI 21-cm absorption 



NHI.f/Tspin = 1.823 x 1018  τdv !

NHI – total hydrogen column density [atoms cm-2] 
 f    – flux intercepted by gas (covering factor) 
Tspin – spin temperature of the gas [K] 

Curran et al., MNRAS 391, 765"

HI 21-cm surveys 



Faint observed-frame blue magnitudes actually 
high rest-frame UV luminosities  
-> non-detections due to a selection effect, 
where high redshifts bias towards most UV 
luminous objects, in which gas is excited to 
beyond detection 

Curran, Whiting et al., MNRAS 391, 765 &  ApJ 759, 117 "

Ionisation of gas at high-z 



Grasha and Darling (2011) see same critical 
luminosity above which 21-cm not detected  



… and Page et al. (2012) find critical X-ray luminosity 
above which star formation surpressed 

Again, a critical luminosity,  
LX ≈ 1019 W Hz-1 at ≈ 1018 Hz, 
above which 250 µm AGN not 

detected in emission 



�
However …�
• Why is there a critical luminosity at all?�
• Why is this ≈ 1056 ionising photons sec-1 (LUV ≈ 1023 W Hz-1)?�
•  Searches are generally limited to column densities of NHI ≈ 1018 (Tspin/f) 
cm-2. So is the neutral hydrogen ionised to just below the sensitivity 
thresholds of current large radio telescopes? �

That is, could the SKA readily detect the reservoir for star currently 
missing in high redshift radio galaxies and quasars? �
�



Photo-ionisation rate Recombination rate 

np, ne – ion densities [cm-3] 
αΑ,Β – radiative recombination rate of HI [cm3 s-1] 
rion – extent of ionisation (Strömgren sphere) 

Equation of photo-ionisation equilibrium: 
LHS - the critical luminosity 



n0 = 10 cm-3, α = 1.27 x 10-12  cm3 s-1  [i.e. T = 2000 K] 
  

	  3 x 1056 photons sec-1 (L912≈ 1023 W Hz-1) 
=> R = 2.9 kpc, cf. ≈ 3 kpc HI in Milky Way 

(A&A 469, 511).  
 

Strömgren sphere is infinite for a finite  
luminosity. For an exponential density 

distribution  there is a critical luminosity, 
above which all of the gas is ionised.   

Distribution of 
HI in Milky Way 
(ARAA 47, 27) �

Equation of photo-ionisation equilibrium: 
RHS – radius of Strömgren sphere 



Gas completely ionised in radio sources with 
known redshifts - need a new approach 

 
Traditional optical selection biases towards object in which gas is completely ionised  
-> target optically faint, radio-loud, sources at high-z. However… 



Optical redshift a hindrance: Spectral scans towards 
radio sources too faint to yield reliable redshift 

21-cm in host at z = 2.64 
Moore et al., ApJ 510, L87 

21-cm in Object X at z =0.38 
Curran et al., MNRAS 413, L86 

21-cm at z =0.53, Tanna 
et al., ApJ 772, L25 

21-cm at z =0.34, Tanna 
et al., ApJ 772, L25 

21-cm in lens at z =0.96 
Curran et al., MNRAS 382, L11 Four intervening HI absorbers (DLAs) 

along single sight-line at z < 1! 
E.g. GBT scan towards a very 
red (V – K = 10.26) quasar  



Conclusions 

For a gas density which decreases with distance from AGN there is always 
a critical λ = 912 Å luminosity above which all of the gas is ionised. �

For a large spiral galaxy critical luminosity is LUV ≈ 1023 W Hz-1 �

(an ionising photon rate of 3 x 1056  sec-1 ).�
�

Non-detection of associated HI 21-cm at high-z explained by critical ultra-violet 
luminosities ionising gas (Curran et al,. 2008). Confirmed by Grasha & Darling 
(2011) and critical X-ray luminosity in case 250 μm emission (Page et al., 2012).�

The non-detection of HI 21-cm in these objects is not a sensitivity issue, 
but a consequence of all of the gas being ionised�
�
•  SKA is unlikely to detect 21-cm absorption in the currently known 

(optically selected) z > 3 radio galaxies and quasars �
 �
•  Blind surveys of radio-loud, optically-faint objects required to detect 

missing star-forming reservoir in high-z source 

Curran and Whiting, 2012, ApJ 759, 117 �


