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Mapping the Universe

• 3D mapping of the Universe is a powerful tool to 
study large-scale structures.  

• Galaxy redshift surveys at optical wavelength.  
(e.g. CfA redshift survey , 2dFGRS, SDSS, WiggleZ, GAMA) 
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Springel et al. 2006
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Mapping the Universe in 21 cm

• Neutral hydrogen is a good tracer of matter distribution 
• HI 21 cm line can be directly translated into redshift.  
• Measuring the collective HI 21 cm emission from many 

galaxies without individual detection. 
• Cosmological probe for measuring the baryon acoustic 

oscillation (BAO) feature and Redshift Space Distortion 

(RSD). 
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• Constraining cosmic HI density (𝛀HI ) evolution at 

intermediate redshift (0.5 < z < 2.0).  
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HI gas evolution over cosmic time
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HI gas evolution over cosmic time
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HI gas evolution over cosmic time
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HI gas evolution over cosmic time

7

CHILES & DINGO LADUMA SKA
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HI gas evolution over cosmic time
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Intensity 
mapping
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Parkes Intensity Mapping
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Figure 1. The sky distribution of the seven WiggleZ Survey regions compared to the coverage of the SDSS, RCS2 and GALEX data sets at the end of 2008.

Table 2. Survey regions: full extent.

Name RAmin RAmax Dec.min Dec.max Area
(deg) (deg) (deg) (deg) (deg2)

0 h 350.1 359.1 −13.4 +1.8 135.7
1 h 7.5 20.6 −3.7 +5.3 117.8
3 h 43.0 52.2 −18.6 −5.7 115.8
9 h 133.7 148.8 −1.0 +8.0 137.0

11 h 153.0 172.0 −1.0 +8.0 170.5
15 h 210.0 230.0 −3.0 +7.0 199.6
22 h 320.4 330.2 −5.0 +4.8 95.9

Table 3. Survey regions: priority areas.

Name RAmin RAmax Dec.min Dec.max
(deg) (deg) (deg) (deg)

0 h 350.1 359.1 −13.4 −4.4
1 h 7.5 16.5 −3.7 +5.3
3 h 43.0 52.2 −18.6 −9.6
9 h 135.0 144.0 −1.0 +8.0

11 h 159.0 168.0 −1.0 +8.0
15 h 215.0 224.0 −2.0 +7.0
22 h 320.4 330.2 −5.0 +4.8

Note. The high-priority region of the 22-h field is the full field.

(CFHT) Second Red-Sequence Cluster Survey (RCS2; Yee et al.
2007) in the South Galactic Pole (SGP) region.

The WiggleZ Survey area, illustrated in Fig. 1, is split into seven
equatorial regions that sum to an area of 1000 deg2, to facilitate
year-round observing. We require that each region should possess a
minimum angular dimension of ∼10 deg, corresponding to a spatial
comoving scale that exceeds by at least a factor of 2 the standard
ruler-preferred scale [which projects to (8.◦5, 4.◦6, 3.◦2, 2.◦6) at z =
(0.25, 0.5, 0.75, 1.0)]. The boundaries of the regions are listed in
Table 2. We have also defined high-priority sub-regions in each area
(see Table 3) which will be observed first to ensure that we have the

maximum contiguous area surveyed should we be unable to observe
the complete sample.

3 TA R G E T G A L A X Y S A M P L E

In this section, we describe how we select our target galaxies from
the GALEX UV data combined with additional optical imaging
data. We stress that the target selection is motivated by our main
science objective of measuring the BAO scale. For this, we need to
measure the redshifts of as many high redshift galaxies as possible
per hour of AAT observing without necessarily obtaining a sample
with simple selection criteria in all the observing parameters. We
nevertheless discuss the selection process in detail in this section
to facilitate the use of the WiggleZ data for other projects that may
need well-defined (sub) samples.

3.1 GALEX ultraviolet imaging data

Our target galaxies are primarily selected using UV photometry
from the GALEX satellite (Martin et al. 2005). This satellite is
carrying out multiple imaging surveys in two UV bands: far-UV
(FUV) from 135 to 175 nm and near-UV (NUV) from 175 to 275 nm.
Specifically, the WiggleZ Survey uses the photometry of the GALEX
MIS, which is an imaging survey of 1000 deg2 of sky to a depth
of 23 mag in both bands. The MIS consists of observations of 1.◦2
diameter circular tiles, with a nominal minimum exposure time of
1500 s. Several hundred extra GALEX observations will be dedi-
cated to the WiggleZ project. These are in addition to the original
MIS survey plan, but they are all taken with the standard MIS-depth
exposures and cover more contiguous sky areas due to improved
bright-star avoidance algorithms. Furthermore, GALEX observa-
tions in the original MIS plan that overlap the WiggleZ Survey
regions are being observed at a higher priority to maximize the
fields available for the WiggleZ Survey.

The MIS data we use for WiggleZ have a range of exposure times,
as illustrated by the distribution shown in Fig. 2. The sharp peak at
1700 s arises because this is the maximum possible observing time
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• Parkes telescope used to map the WiggleZ fields. 
• Single beam 50cm receiver at frequency:  

700 - 764 MHz (0.86 < z < 1.03, <z> ~ 0.94),  
2048 channels (31.25 kHz) 

• Scan rate: 0.25 or 2 deg/min, FWHM: 30’ 
• WiggleZ contains 15,713 redshifts in the redshift.
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WiggleZ survey fields
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Challenges: RFI
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• RFI contamination. 
- Broad-band RFI @ 720, 740, 760MHz (UHF TV chan) 
- 4G transmitter @ 763 MHz  

• RFI flagging:  threshold-clipping 

band for Intensity mapping
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Active scan vs. Drift scan
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Drift scan patternactive scan pattern

• Active scan: basket-weaving pattern, 2°min-1 scan rate 
• Drift scan: only ra direction scan, 0.25°min-1 scan rate
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Drift scan vs. active scan

12



PHISCC2017 in Pune, Feb 8, 2017

Drift scan vs. active scan
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Challenges: Foregrounds
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• Foreground emissions from Galactic and extragalactic 
sources (~104 stronger than HI signal). 

• Synchrotron emission and free-free electron emission 

1.2. Radio Astronomy 25

Figure 1.4: The amplitude of the frequency spectrum of M82 in flux is shown as the black
dots. The components of the modeled galactic radio spectrum are dust emission (dotted
line), synchrotron emission (dashed-dotted line) and free-free electron emission (dashed
line). The combined spectrum (solid line) fits the measurements within the error bars.
Image credit: Condon (1992)

spectral line emission or absorption makes it di�cult to access the redshift information of

unknown objects via the radio continuum spectrum.

The hyperfine splitting of the neutral hydrogen (HI) caused by the spin-flip of the

electron emits a spectral atomic line with � = 0.21m. This spectral feature is small

compared to the amplitude of the whole emission but still detectable. Most recent radio

surveys focused on measuring the HI spectral emission considering that HI is the most

abundant species and traces the baryonic matter distribution very well. Examples for these

surveys are THINGS, a highly resolved study of nearby galaxies (Walter et al. 2008), and

HIPASS, a catalogue of HI selected radio galaxies (Meyer et al. 2004).

The radio emission of an object is measured in terms of flux density per frequency

S⌫ = I⌫ �⌦ (1.18)

where I⌫ is the brightness and �⌦ is the area subtended by the object. Flux density

is measured in units of Jansky with Jy = 10�26W m�2Hz�1. For extended sources it is

convenient to convert fluxes into brightness temperatures T for each resolution element.

The Rayleigh-Jeans law for low frequencies gives the relation between flux and temperature

Condon (1992)Haslam map at 408MHz

Synchrotron

Free-free
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Independent Component Analysis (ICA)

• Decomposing the observed data into statistically 
independent components. 

• Scientific application in Astronomy: used as a 
promising foreground removal technique for CMB, 
EoR, intensity mapping (e.g. Bottino et al. 2008, 
Chapman et al 2012, Wolz et al. 2013)
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2.4. Foreground Removal 57

` = 50. It can be seen in the left panel that the original power spectra has negligible

correlations between di↵erent redshift slices. After the foreground removal on the right

hand side, the correlations are still very small. This shows that if the cosmological signal

has no significant redshift correlations between the bins, the foreground removal will not

introduce any.

In this study, we have not considered the fact that the point spread function (psf)

of the beam will change as a function of frequency. For a frequency-dependent psf, it is

possible that larger correlations as a function of redshift could be found after foreground

subtraction as shown in Liu & Tegmark (2011). A possible solution of this e↵ect is to

degrade the psf of all the frequency bands to the largest psf. This could be done by

suitable weighting of the data in the uv-plane for interferometric data or as an additional

convolution in the map-making process for single-dish experiments. A full simulation of

this e↵ect is beyond the scope of this study and will be left for future work.

2.4 Foreground Removal

In this section, the foreground removal technique and its applications to the data are

shown. We introduce a masking technique to improve the performance and show the

e↵ects on the residuals of the reconstructed cosmological signal.

2.4.1 fastica Technique

In the following subsection, the basic principles of the fastica method (Hyvärinen 1999)

are outlined. For a comprehensive tutorial, we recommend this online tutorial2 and for

scientific applications refer for example to Maino et al. (2002); Bottino et al. (2010);

Chapman et al. (2012).

The measurement x is considered to be a linear combination of independent compo-

nents s. The basic equation of the independent component analysis (ICA) is

x = As =
NICX

i=1

aisi (2.18)

where A is the mixing matrix which contains the weights of the single ICs of which

the measured signal is expressed. The columns of the mixing matrix are referred to
2 http://cis.legacy.ics.tkk.fi/aapo/papers/IJCNN99 tutorialweb/

Mixing matrix

Independent component

Observed data
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Foreground removal using ICA
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Foreground removal using ICA
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Foreground removal using ICA
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Cross power spectrum 
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Fast Intensity Mapping using PAFs

• Phased-array feed (PAF) 
installed on the Parkes 

• Same Mk-II PAF as ASKAP 
but modified for a single 
dish 

• Larger field of view  
0.2 deg2 => 1.4 deg2  

• Wider bandwidth 384 MHz 
64 MHz => 384 MHz 

    Band 1: 699.5 - 1083.5 MHz

    Band 2: 1148.5 - 1532.5 MHz
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Single Beam

• 2 WiggleZ fields @ band 1 + 1 GAMA field @ band 2 
completed.
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HI spectra from known galaxies
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Summary

• HI intensity mapping is a promising approach to 
constrain HI gas evolution at intermediate redshifts. 

• Challenges: RFI mitigation and foreground  
• Intensity mapping using PAF: more suitable for fast 

intensity mapping. 
• Next generation PAF cryogenically cooled is being 

planned. 
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