
Tools for measuring galaxy space densities  
from HI surveys

Martin Zwaan - ESO




HI stacking at z=1.3



The GMRT

30	45-m	dishes	
Longest	baseline	=	25	km

610	MHz	corresponds	to	HI	at	a	redshift	of	≈1.3	
Angular	resolution	=	4-5”	

Primary	beam	=	44’

Biggs,	Ivison,	Zwaan	(BIZ)	
HI	stacking	at	z=1.3					



Compare stacked HI spectrum of Kanekar and BIZ

Kanekar et al BIZ



HI mass density

Kanekar et al. 2016

BIZ

Nissim

Lagos et al 2014:  
‘The HI density is predicted to 

be always dominated by 
galaxies with SFR< 1M⊙ yr−1’



Latest DLA results… (Neeleman et al. 2016) 
Four new DLAs at z<1.6

Nissim

BIZ

Neeleman
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Top-cited papers 
present methods, 
not scientific results

source: van Noorden et al, 
Nature, 2014





The problem…

• Complications: 

• Complicated 
completeness limit (Speak, 
W, profile shape, freq) 

• Large scale structure
⨂



Isn’t this a solved problem?

• Yes, it is for surveys with a well-defined and uni-dimensional 
selection function



HI mass function in the late 2010s…

• Faint end 



HI mass function in the late 2010s…

• Faint end 

Yaryura et al. 2016: 
cosmological dark matter 
simulations coupled to the 

semi–analytic model, 
compared with measured 

HI mass function (and 
velocity function)



HI mass function in the late 2010s…

• Faint end 

• Environment

Jones et al. 2016: 
HI mass function ‘knee’ is 

dependent on 
environment



HI mass function in the late 2010s…

• Faint end 

• Environment 

• Evolution



The 1/Vmax method

• The ‘classical’ Schmidt (1968) method 

• Calculate maximum distance Dmax out 
to which the galaxies can be detected 

• Convert Dmax into a Vmax 

• Used for early Arecibo surveys 

• Advantages: simple and automatically 
normalised 

• Disadvantage: sensitive to large scale 
structure

Zwaan et al 1997

✗

✔



Maximum likelihood methods

• Defined by Efstathiou et al 1988, Sandage et al 1979 

• Find θ that yields maximal joint probability of detecting all 
sources in sample

minimal detectable HI 
mass at distance Di

generally not defined for HI 
selected samples



2D Stepwise Maximum likelihood method

• Solution: multi-dimensional stepwise maximum 
likelihood methods 

• Find θ(MHI,W) 

• Collapse to find HIMF 

• Used for HIPASS and ALFALFA 

• Advantage: robust against LSS 

• Disadvantage: slow

✔

✗



The Turner or 𝜑/𝛷-method

• Introduced by Turner (1979) for 3C and 4C quasar catalogues 
• Calculate the ratio of number of galaxies in interval dMHI and number 

of galaxies brighter than MHI 

• Advantage: fast and robust against LSS 
• Disadvantage: correlated errors ✗

✔



The C- method

• Developed by Lynden-Bell (1971) for quasars. 

• Does not require any binning.  

• Does not require any assumptions about the distribution of objects 
within the data-set. 

• Estimates the cumulative luminosity function (CLF).



The C- method

• Then differentiate to obtain  

• Variation of C- is the C+ method (Zucca et al. 1998) 

• Advantage: independent of clustering effects      and fast✔ ✔



Dealing with gradual drop off in completeness 
(as opposed to sharp flux limits…)

• All these methods are designed for optical galaxy samples with sharp 
magnitude limits (mlim) 

• The 2DSWML, Turner, and C- method are easily adaptable to work for 
complicated completeness limits



Effective volumes

• We always calculate          per individual galaxy  

• These need to be summed per HI mass bin to get the HIMF 

• These values can be binned as a function of local density, 
morphological type, etc.



Simulations to test HIMF recovery

• Millennium Simulation (Springel et al 2005) 

• Assume a HIPASS HI mass function 

• Low mass (log MHI<8.5) cluster around larger 
ones 

• Realistic scatter on all parameters 

• Select galaxies from simulated boxes, 
assuming ‘optimal smoothing’



Simulated HI skies

“Wallaby”
all sky shallow

“Dingo”
30deg2 deep



Testing the methods - 10 ASKAP pointings

Simulate 10 times



10 ASKAP pointings - No large scale structure



10 ASKAP pointings, with LSS - widely spaced



10 ASKAP pointings, with LSS- contiguous



Results of testing methods on shallow HI survey

As expected. 
Sensitive to 

 LSS

Not better 
than 1/Vmax

Performs well. 
Robust 

against LSS

As good as 
2DSWML. 

Faster!



Results of testing methods on shallow HI survey

As expected. 
Sensitive to 

 LSS

Not better 
than 1/Vmax

Performs well. 
Robust 

against LSS

As good as 
2DSWML. 

Faster!

But…



A full Wallaby-type survey, no large scale structure 



C- method underestimating space densities at high 
mass end



Normalising the space densities

• Most methods (apart from 1/Vmax) lose the normalisation of the 
HIMF 

• See Davis & Huchra (1982), Willmer (1997) and Johnston (2011) 

• First need selection function: 

• Then normalise:



Normalising the HIMF

• Various methods for recovering the normalisation 

• n3: integral over selection function 

• n1: calculating number of galaxies in redshift shells  

• n: “minimum-variance” - weighting by selection 
function and second moment of correlation 
function 

• counts: compare real and expected number of 
galaxies

_



Normalising the HIMF

• Uncertainty of normalisation: 

• For example, for HIPASS, the relative 
uncertainty on normalisation is at least ~5%.



Testing normalisations

• Normalising 
using ‘counts’ 
is very reliable



HIMFs from next generation HI surveys

• (Probably) use the C- method 

• Robust against LSS 

• Works with ‘soft’ completeness limits 

• Fast 

• Can be used for HIMF evolution, and environment 

• But it has problem at high HI masses… 

• Normalisation: use counts




