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The Euclid Satellite
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Euclid

Turin, November 2019
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Euclid’s specs

 

 

3

Euclid Mission Summary 
 

Main Scientific Objectives
Understand the nature of Dark Energy and Dark Matter by: 

x Reach a dark energy FoM > 400 using only weak lensing and galaxy clustering; this roughly corresponds to 
1 sigma errors on wp and wa of 0.02 and 0.1, respectively. 

x Measure γ, the exponent of the growth factor, with a 1 sigma precision of < 0.02, sufficient to distinguish 
General Relativity and a wide range of modified-gravity theories 

x Test the Cold Dark Matter paradigm for hierarchical structure formation, and measure the sum of the 
neutrino masses with a 1 sigma precision better than 0.03eV. 

x Constrain ns, the spectral index of primordial power spectrum, to percent accuracy when combined with 
Planck, and to probe inflation models by measuring the non-Gaussianity of initial conditions parameterised 
by fNL to a 1 sigma precision of ~2. 

SURVEYS
 Area (deg2) Description 
Wide Survey 15,000 (required) 

20,000 (goal) 
Step and stare with 4 dither pointings per step. 

 
Deep Survey 40 In at least 2 patches of > 10 deg2 

2 magnitudes deeper than wide survey 
PAYLOAD

Telescope 1.2 m Korsch, 3 mirror anastigmat, f=24.5 m 
Instrument VIS NISP 
Field-of-View 0.787×0.709 deg2 0.763×0.722 deg2 
Capability Visual Imaging NIR Imaging Photometry 

 
NIR Spectroscopy 

Wavelength range 550– 900 nm Y (920-
1146nm), 

J (1146-1372 
nm)  

H (1372-
2000nm) 

1100-2000 nm 

Sensitivity 24.5 mag  
10σ extended source 

24 mag 
5σ point 
source 

24 mag 
5σ point 
source 

24 mag 
5σ point 
source 

3 10-16 erg cm-2 s-1 
3.5σ unresolved line 
flux 

Detector 
Technology 

36 arrays 
4k×4k CCD 

16 arrays 
2k×2k NIR sensitive HgCdTe detectors 

Pixel Size 
Spectral resolution 

0.1 arcsec 0.3 arcsec 0.3 arcsec 
R=250 

SPACECRAFT
Launcher Soyuz ST-2.1 B from Kourou 
Orbit Large Sun-Earth Lagrange point 2 (SEL2), free insertion orbit 
Pointing 25 mas relative pointing error over one dither duration 

30 arcsec absolute pointing error 
Observation mode Step and stare, 4 dither frames per field, VIS and NISP common FoV = 0.54 deg2 
Lifetime 7 years 
Operations 4 hours per day contact, more than one ground station to cope with seasonal visibility 

variations;  
Communications maximum science data rate of 850 Gbit/day downlink in K band (26GHz), steerable HGA 

Budgets and Performance 
 Mass (kg) Nominal Power (W) 
industry TAS Astrium TAS Astrium 
Payload Module 897 696 410 496 
Service Module 786 835 647 692 
Propellant 148 232   
Adapter mass/ Harness and PDCU losses power 70 90 65 108 
Total (including margin)  2160 1368 1690 

[Euclid ‘Red Book’, 2011]
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[Credits: I. Harrison][Euclid Collaboration: Hoekstra et al. (In prep.)] 

Euclid’s specs
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Euclid’s science

• Euclid’s main scientific objectives: 

• Reach a precision on dark energy parameters  

• Measure the growth factor exponent  better than  

• Measure the sum of neutrino mass better than  

• Constrain primordial non-Gaussianity amplitude  with precision 

(w0, wa) < (2 % ,10%)

γ 2 %

0.03 eV

fNL ∼ 2
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Euclid’s science

• Euclid’s main probes: 

• Spectroscopic galaxy clustering survey 

• Photometric weak lensing survey 

• Euclid’s ancillary probes: 

• Clustering of the photometric galaxy sample (in fact, “  pt” as main probe) 

• Galaxy clusters (number counts and clustering) 

• Cross-correlation with cosmic microwave background 

• Hubble rate measurements with strong lensing

3 × 2
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Launch: 1st July 2023
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Euclid in a few milestones

[Courtesy of G. Guzzo] St
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Euclid facts
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Credit: Yuzheng Kang



The SKA Observatory
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The SKA Project
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SKAO Science

Cosmic Dawn & Reionisation Cosmology & Galaxy Evolution Pulsars Cosmic Magnetism Cradle of Life

50-350 MHz

0.35-1.05 GHz

Band 1

0.95-1.76 GHz

Band 2

1.65-3.05 GHz

Band 3

SKAO’s Mid telescope

SKAO’s Low telescope

4.6-24 GHz

Band 5
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Cosmology at radio wavelengths

• Surveys carried out at radio wavelengths: 

• HI-line galaxy surveys 

• Continuum galaxy surveys 

• Radio weak lensing surveys 

• HI intensity mapping surveys 

• Multi-wavelength synergies
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Towards the SKAO
[Credits: R. Braun]
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Towards the SKAO
[Courtesy of A. Bonaldi]
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LOFAR

• The LOFAR Two-metre Sky Survey (LoTSS) 
• LoTSS-Deep DR1: 

• Boötes, Lockman & Elias N1 fields w/ 
~80 µJy/beam rms 

• Multi-frequency coverage leading to 
~80k radio sources (~0.9/arcmin2) 

• LoTSS DR2: 
• Core and remote station HBA obs: 

@ 144 MHz, 841 pointings, 5600 sq. deg. 

• Direction dependent calibration: 
6” resolution, ~80 µJy/beam rms  

• 4.4M radio sources (~0.2/arcmin2)

   LoTSS -  
DR2
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Angular clustering in LoTSS-DR2 6543 

MNRAS 527, 6540–6568 (2024) 

Figure 1. Sky density distribution of all sources in the LoTSS-DR2 survey (upper panel) from Shimwell et al. ( 2022 ) and for the random catalogues generated 
for this work (lower; prior to any flux density, SNR or spatial cuts). This shows the two large regions covered by the survey, centred on right ascensions of 
1 h (15 ◦) and 13 h (195 ◦). The figure is plotted in the Mollweide projection using HealPix (G ́orski et al. 2005 ; Zonca et al. 2020 ) with an N side = 256. The 
colour-scale indicates the source density per sq. deg across the field of view. 
catalogues from PYBDSF were cross-matched to host galaxies 
(Kondapally et al. 2021 ) using a wealth of ancillary data. This 
cross-matched area constituted a total area of 8 . 6 deg 2 in the Bo ̈otes 
field, 6 . 7 deg 2 in ELAIS-N1 and 10 . 3 deg 2 in the Lockman Hole 
field, totalling 25 . 6 deg 2 across the three fields. For the cross- 
matched sources, a redshift was also associated to the source using a 
combination of template fitting to the multiwavelength data as well 
as machine-learning methods in order to obtain probability density 
functions (PDFs) for the redshift distributions, denoted p ( z). A ‘best 
redshift’ was then assigned to each source based on the PDF, or a 
spectroscopic redshift if such was available for the sources. More 
detail on this can be found in Duncan et al. ( 2021 ). We use these 
redshift distributions to estimate the redshift distribution, p ( z), for 
sources in the wider LoTSS-DR2 surv e y. This will be discussed 
further in Section 5.1 . 
3  A N G U L A R  C L U S T E R I N G  A N D  R A N D O M S  
G E N E R AT I O N  
3.1 Angular clustering 
As discussed in Section 1 , one way to investigate the clustering of 
sources within a galaxy catalogue is through measuring the angular 
two-point correlation function (TPCF), denoted by ω( θ ). The TPCF 
quantifies the excess clustering observed at a given angular separation 
in the catalogue data, compared to what would be observed over the 
field of view if there was no large-scale structure within the data. 
Naiv ely, such e xcess probability to detect galaxies in the data at a 
given angular separation compared to the distribution from random 
sources is given by : 
ω( θ ) = DD ( θ ) 

RR ( θ ) − 1 . (4) 

In this estimator, DD ( θ ) is the counts of pairs of galaxies within the 
data catalogue at a given angular separation θ (normalised such 
that # θDD ( θ ) = 1) and RR ( θ ) is the corresponding normalised 
pair counts within a random catalogue. This random catalogue is 
generated to mimic observational effects across the field of view. If 
the data were indeed randomly distributed and exhibited no large- 
scale structure behaviour, ω( θ ) would fluctuate around a value of 
0. Any deviation from this suggests intrinsic large-scale structure. 
A number of predictions for galaxies as well as observations have 
suggested that this angular clustering behaves as a power law 
for galaxies and specifically radio sources (see e.g. Peebles 1980 ; 
Blake & Wall 2002 ; Lindsay et al. 2014a ; Magliocchetti et al. 2017 , 
but see Section 4 ). Whilst Equation 4 could be used to estimate ω( θ ), 
work by Landy & Szalay ( 1993 ) has shown that a more accurate 
estimator of ω( θ ) is given by: 
ω( θ ) = DD ( θ ) − 2 DR ( θ ) + RR ( θ ) 

RR ( θ ) . (5) 
In this estimator, DR ( θ ) is the corresponding normalised pair counts 
between the data and random catalogues within a given angular 
separation. This estimator has been shown to have minimal variance 
and be less biased than other estimators such as Equation 4 (see 
Landy & Szalay 1993 ). As such, we use Equation 5 to calculate ω( θ ) 
in this work. 

To calculate ω( θ ), a random catalogue must first be generated 
to compare to the data. If source detection across the field of 
view were uniform, such a random catalogue could be generated 
through sampling random positions across the observed field of 
vie w. Ho we ver, the detection of sources is not uniform (see Fig. 
1 ) and will be affected by a number of observ ational ef fects across 
the sky. Thus, the generation of randoms which accurately mimic the 
detection of sources across the sky is crucial to a v oid observational 
effects being mistaken for intrinsic large-scale structure. We therefore 

D
ow

nloaded from
 https://academ

ic.oup.com
/m

nras/article/527/3/6540/7313622 by guest on 09 January 2024

[Hale et al.  SC 2024]⊃

LOFAR

• LOFAR cosmology publications: 
• Redshift distribution 
• Counts-in-cell 
• Radio dipole 

• Radio-radio correlation 
• Radio-CMB correlation 
• Radio-optical correlation 
• Cosmological parameters

[Bhardwaj et al.  SC 2024]⊃

[Pashamourahmadabadi et al. 2024 (TBS)]

[Böhme et al. 2023]

[Hale et al.  SC 2024]⊃

[Nakoneczny et al. 2024]

[Zheng et al.  SC (in prep.)]⊃

[Heneka et al. (in prep.)]
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ASKAP

• The Rapid ASKAP Continuum Survey (RACS) 

• Deepest radio survey of the Southern sky to date (central frequency 887.5 MHz) 

• Large instantaneous field of view ~31 deg2 (~900 pointings with 15 min observations) 

• About 2.1M galaxies (cutting Galactic plane at ±5º)
Publications of the Astronomical Society of Australia (2021), 38, e058, 25 pages
doi:10.1017/pasa.2021.47

Research Paper

The Rapid ASKAP Continuum Survey Paper II: First Stokes I Source
Catalogue Data Release
Catherine L. Hale1,2 , D. McConnell3 , A. J. M. Thomson1 , E. Lenc3 ,G. H. Heald1 , A. W. Hotan1 ,
J. K. Leung3,4 , V. A. Moss3 , T. Murphy4 , J. Pritchard4,3 , E. M. Sadler3,4 , A. J. Stewart4 and M. T. Whiting3
1CSIRO Space and Astronomy, PO Box 1130, Bentley WA 6102, Australia,2School of Physics and Astronomy, University of Edinburgh, Institute for Astronomy, Royal
Observatory Edinburgh, Blackford Hill, Edinburgh EH9 3HJ, UK,3CSIRO Space and Astronomy, PO Box 76, Epping, NSW, 1710, Australia and 4Sydney Institute for
Astronomy, School of Physics, University of Sydney, NSW 2006, Australia

Abstract
The Rapid ASKAP Continuum Survey (RACS) is the first large sky survey using the Australian Square Kilometre Array Pathfinder (ASKAP),
covering the sky south of +41◦ declination. With ASKAP’s large, instantaneous field of view, ∼31 deg2, RACS observed the entire sky at a
central frequency of 887.5 MHz using 903 individual pointings with 15 minute observations. This has resulted in the deepest radio survey
of the full Southern sky to date at these frequencies. In this paper, we present the first Stokes I catalogue derived from the RACS survey.
This catalogue was assembled from 799 tiles that could be convolved to a common resolution of 25′′, covering a large contiguous region in
the declination range δ = −80◦ to +30◦. The catalogue provides an important tool for both the preparation of future ASKAP surveys and
for scientific research. It consists of ∼2.1 million sources and excludes the |b| < 5◦ region around the Galactic plane. This provides a first
extragalactic catalogue with ASKAP covering the majority of the sky (δ < +30◦). We describe the methods to obtain this catalogue from the
initial RACS observations and discuss the verification of the data, to highlight its quality. Using simulations, we find this catalogue detects
95% of point sources at an integrated flux density of ∼5 mJy. Assuming a typical sky source distribution model, this suggests an overall 95%
point source completeness at an integrated flux density ∼3 mJy. The catalogue will be available through the CSIRO ASKAP Science Data
Archive (CASDA).
Keywords:Catalogues – Radio continuum: galaxies, general – Surveys

(Received 1 April 2021; revised 1 September 2021; accepted 2 September 2021)

1. Introduction

Radio surveys provide unique views into the Galactic and extra-
galactic skies. At the frequency of the Rapid ASKAP Continuum
Survey (RACS, at 887.5 MHz; McConnell et al. 2020), and more
generally below a few GHz, radio emission is dominated by syn-
chrotron radiation; the emission from relativistic electrons spi-
ralling within magnetic fields (Condon 1992). This traces two
main extragalactic populations: Active Galactic Nuclei (AGN) and
Star Forming Galaxies (SFGs). For SFGs, it provides a method of
obtaining unbiased star formation rates (SFR; e.g. Bell 2003; Garn
et al. 2009; Davies et al. 2017; Gürkan et al. 2018), as radio emission
is un-attenuated by dust. Observing synchrotron emission from
AGN is important for understanding galaxy evolution, as their
feedback is thought to limit the size to which galaxies can grow
(see e.g. Bower et al. 2006; Fabian 2012; Harrison 2017). Within
the Galaxy, radio emission is often observed from supernova rem-
nants (see e.g. Whiteoak & Green 1996; Anderson et al. 2017), as
Galactic synchrotron emission within the Galactic plane (see e.g.
Haslam et al. 1982; Green et al. 1999; Murphy et al. 2007; Wang

Corresponding author: Catherine L. Hale, email: Catherine.Hale@ed.ac.uk
Cite this article: Hale CL, McConnell D, Thomson AJM, Lenc E, Heald GH,

Hotan AW, Leung JK, Moss VA, Murphy T, Pritchard J, Sadler EM, Stewart AJ and
Whiting MT. (2021) The Rapid ASKAP Continuum Survey Paper II: First Stokes I Source
Catalogue Data Release. Publications of the Astronomical Society of Australia 38, e058,
1–25. https://doi.org/10.1017/pasa.2021.47

et al. 2018) as well as from transient and variable sources (see
e.g. Thyagarajan et al. 2011; Bhandari et al. 2018). This variety of
objects motivates radio surveys for advancing our understanding
of the Universe.

For catalogues of extragalactic radio sources, it is important to
have both large area as well as deep observations. Deeper, smaller
area surveys provide observations of fainter radio populations
(e.g. radio quiet quasars and SFGs, see e.g. Wilman et al. 2008;
Padovani et al. 2015; Smolčić et al. 2017b) and allow galaxy evo-
lution to be investigated to earlier times in the age of the Universe.
Large area surveys, on the other hand, allow extreme and rare
AGN to be observed as well as large samples of resolved nearby
SFGs. They are also crucial in providing information for radio sky
models. Moreover, observations at multiple epochs of large sky
areas are useful for detecting transient or variable sources (see e.g.
Thyagarajan et al. 2011; Mooley et al. 2016; Nyland et al. 2020).

At∼1 GHz, radio surveys which have observed large regions of
the southern skies (δ < 0◦) have been dominated by the combina-
tion of Sydney University Molonglo Sky Survey (SUMSS; Mauch
et al. 2003), the Molongolo Galactic Plane Survey (MGPS; Green
et al. 1999), and the updated MGPS-2 survey (Murphy et al. 2007)
as well as the NRAO VLA Sky Survey (NVSS; Condon et al. 1998),
complemented in the smaller overlap regions by Faint Images of
the Radio Sky at Twenty-Centimeters (FIRST; Becker et al. 1995;
Helfand et al. 2015). SUMSS surveyed the southern sky up to a
northern-most δ = −30◦ (excluding the Galactic plane |b| < 10◦)

c⃝ The Author(s), 2021. Published by CambridgeUniversity Press on behalf of the Astronomical Society of Australia.

/���7	  �40�4�. ������� �7������������107/���4�10������
2��0�.����0:��70������77

[Hale et al. 2021]
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e-MERLIN

• The Super Cluster Assisted Shear Survey (SuperCLASS) 

• Paving the road to detecting cosmic shear in the radio band 

• 0.06 gal/arcmin2 (detected, resolved, and at high redshift) 

• ~0.26 deg2

MNRAS 495, 1706–1723 (2020) doi:10.1093/mnras/staa709
Advance Access publication 2020 April 2

SuperCLASS – I. The super cluster assisted shear survey: Project
overview and data release 1

Richard A. Battye,1‹ Michael L. Brown,1 Caitlin M. Casey,2 Ian Harrison ,1,3

Neal J. Jackson,1 Ian Smail ,4 Robert A. Watson,1 Christopher A. Hales,5,6

Sinclaire M. Manning ,2 Chao-Ling Hung ,2 Christopher J. Riseley,7,8,9

Filipe B. Abdalla,10 Mark Birkinshaw,11 Constantinos Demetroullas,1,12

Scott Chapman,13 Robert J. Beswick,1 Tom W. B. Muxlow,1 Anna Bonaldi ,1,14

Stefano Camera ,1,15,16 Tom Hillier,1 Scott T. Kay ,1 Aaron Peters,1

David B. Sanders,17 Daniel B. Thomas,1 A. P. Thomson,1 Ben Tunbridge,1

and Lee Whittaker1,10 (SuperCLASS Collaboration)
Affiliations are listed at the end of the paper

Accepted 2020 February 25. Received 2020 February 18; in original form 2019 November 15

ABSTRACT
The SuperCLuster Assisted Shear Survey (SuperCLASS) is a legacy programme using the
e-MERLIN interferometric array. The aim is to observe the sky at L-band (1.4 GHz) to a
r.m.s. of 7 µJy beam−1 over an area of ∼ 1 deg2 centred on the Abell 981 supercluster. The
main scientific objectives of the project are: (i) to detect the effects of weak lensing in the
radio in preparation for similar measurements with the Square Kilometre Array (SKA); (ii)
an extinction free census of star formation and AGN activity out to z ∼ 1. In this paper we
give an overview of the project including the science goals and multiwavelength coverage
before presenting the first data release. We have analysed around 400 h of e-MERLIN data
allowing us to create a Data Release 1 (DR1) mosaic of ∼ 0.26 deg2 to the full depth. These
observations have been supplemented with complementary radio observations from the Karl
G. Jansky Very Large Array (VLA) and optical/near infrared observations taken with the
Subaru, Canada-France-Hawaii, and Spitzer Telescopes. The main data product is a catalogue
of 887 sources detected by the VLA, of which 395 are detected by e-MERLIN and 197 of
these are resolved. We have investigated the size, flux, and spectral index properties of these
sources finding them compatible with previous studies. Preliminary photometric redshifts, and
an assessment of galaxy shapes measured in the radio data, combined with a radio-optical
cross-correlation technique probing cosmic shear in a supercluster environment, are presented
in companion papers.

Key words: galaxies: evolution – large-scale structure of Universe – cosmology: observa-
tions – radio continuum: galaxies.

1 IN T RO D U C T I O N

The extragalactic radio source population is a powerful tool to
probe a range of astrophysical processes and a number of large
scale surveys have been performed covering a wide range of radio
frequencies. The two largest (in terms of area) radio source surveys
performed at L-band (around 1.4 GHz) are the Faint Images of

⋆ E-mail: richard.battye@manchester.ac.uk

the Radio Sky at Twenty centimeters (FIRST) (Becker, White &
Helfand 1995) and the NRAO-VLA Sky Survey (NVSS) (Condon
et al. 1998) which have each detected ∼106 sources and probed the
source population to ∼ 1 mJy over significant (> 104 deg2) areas of
the sky. A significant fraction of these sources are AGN/jet-driven
sources, but as one goes lower in flux density it is expected that the
radio source population will become dominated by lower luminosity
star-forming galaxies (SFGs). This has been confirmed by a number
of deeper but much smaller area surveys that have been used to probe
the source counts down to flux densities ∼ 20 µJy, for example,

C⃝ 2020 The Author(s)
Published by Oxford University Press on behalf of the Royal Astronomical Society

D
ow

nloaded from
 https://academ

ic.oup.com
/m

nras/article-abstract/495/2/1706/5815094 by U
niversity of Torino user on 15 June 2020

[Battye, SC et al. (2020)]
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e-MERLIN

• Fully multi-wavelength!

[Courtesy of C. Casey]

SuperCLASS – I. Project overview 1709

Figure 1. An illustration of the complementarity of VLA baselines up
to 36 km and e-MERLIN baselines up to 217 km. The bars represent the
square root of the number of baselines of a given length, whilst the dashed
line is the shear signal expected on these Fourier scales when observing
at 1.4 GHz. The shear signal is constructed as the difference between sky
models of T-RECS sources (see Bonaldi et al. 2019) with and without shape
changes due to the simulated effect of weak gravitational lensing expected
for a typical supercluster of galaxies.

necessitating significant amounts of integration time. Based on
these considerations, and also intending to complement other legacy
programs, it was decided to aim for an r.m.s. sensitivity of ∼ 6 µJy
over an area of ∼ 1 deg2 which it was calculated would require 832 h
of e-MERLIN time including that needed for calibration and using
the Lovell Telescope (LT) whose 76 m diameter collecting area
enables this high level of sensitivity. This should allow high signal-
to-noise for detection of sources with flux densities S > 40 µJy
where we can expect a source density ∼ 1 arcmin−2. Unfortunately,
the inclusion of the LT brings with it an extra complication in that
the primary beam of baselines including the LT is much smaller
(∼10 arcmin) than the primary beams of baselines formed from
correlating the other 25 m diameter telescopes within e-MERLIN,
which are typically ∼30 arcmin.

As with the survey of the HDF-N presented in Muxlow et al.
(2005) it is necessary to complement the e-MERLIN data with data
from the VLA which covers a wider-range of short baselines, but
does not have sufficient long baselines to measure ellipticities in
relatively small sources. This point is illustrated in Fig. 1 where
we have compared the lensing signal, computed by differencing a
typical source simulated with and without a shear signal added, to
the baseline distribution. Note that the primary beam of the VLA
telescopes is similar to the non-LT telescopes of e-MERLIN and
hence it is possible to construct an observing strategy compatible
with both arrays.

2.2 Target field selection

In order to search for possible candidate fields, we performed an all
sky search for clusters in the NASA Extragalactic Database (NED)
with declinations >45◦, z > 0.15 and which had previously been
studied in order to focus only on actively studied clusters. This
list was cross-matched against itself using a matching radius of

0.75 deg. This process turned up a list of five fields containing more
than three clusters. We then excluded regions containing strong
sources from NVSS (with flux density > 100 mJy) and where there
is a very strong source > 1 Jy within 5 deg. From those which
were left, we selected a region at RA ∼ 10.5 h and Dec ∼ 68◦ N
containing five clusters (A968, A981, A998, A1005, and A1006,
see Table 1) which have z ≈ 0.2 – we will henceforth call this region
the SuperCLASS field, since this appears to be the largest of the
currently detected clusters in the field. This region has a typical dust
extinction of AV ≈ 0.2 which is within the range that will allow high
fidelity optical observations.

The five clusters in the region have been detected by ROSAT with
luminosities in the range (0.3 − 1.7) × 1044 erg sec−1 over the 0.1 to
2.4 keV energy band as tabulated in Table 1. Under the assumption
of hydrostatic equilibrium, corresponding masses were calculated
in Peters et al. (2016) which suggest that this region of diameter ∼
1.5 deg contains at least 8 × 1014 M⊙ across the five clusters. Using
a flat cosmology with Hubble constant H0 = 70 km sec−1 Mpc−1

and matter density relative to critical !m = 0.3, the angular diameter
distance to the cluster is ≈ 680 Mpc whereas that to typical radio
sources with z ≈ 1 is ≈ 1650 Mpc. Therefore, the region diameter
corresponds to 18 Mpc in the supercluster with resolution elements
(≈ 200 mas) corresponding to 0.6 kpc whereas the resolution at
typical source redshift is ≈ 1.6 kpc.

By choosing a supercluster region it will be possible to study
the environmental influences on SF/AGN galaxies as well as in the
background population as in the STAGES project (Heymans et al.
2008; Gray et al. 2009).

We have already pointed out that the inclusion of the LT
complicates our observations since its primary beam is about a
factor of 3 smaller than the other telescopes in the e-MERLIN
array and those which are part of the VLA. In order to cover the
SuperCLASS field with approximately uniform noise coverage, it is
necessary to use a hexagonally orientated mosaicing strategy whose
pointing centres are separated by 5.7 arcmin. The radio pointings
observed as part of the project are illustrated in the left-hand panel
of Fig. 2 where the coloured circles are indicative of the primary
beam of the LT and the grey circles are the equivalent for the smaller
e-MERLIN telescopes and those in the VLA. The observations of
the DR1 region presented in this paper are coloured in green. The
red circles indicate the additional SuperCLASS pointings for which
the observations are now complete and the data are currently being
analysed. The full field covers ≈ 1 deg2, made up of a total of 112
pointings. This region includes four of the clusters (A968, A981,
A998, and A1005) which comprise most of the known mass in the
region. We have also included in Fig. 2 a proposed extension to the
south which would double the area and include the other cluster
(A1006). It may be possible to observe this region in a fraction of
the time using the phased array feed that will soon be installed on
the LT.

3 O B S E RVAT I O N S

The field we have chosen to observe with e-MERLIN and the
VLA is not one of the commonly observed extragalactic fields and
therefore, in addition to the radio observations, we have embarked
on an extensive programme of optical/NIR observations. These are
necessary to obtain photometric redshifts for the detected radio
sources. Estimated redshifts are absolutely essential for both of
the main science goals of the project: for the lensing observations
they are necessary to separate the background and foreground
galaxies and to estimate the expected signal from theory, while
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MeerKAT

• The MeerKAT Large Area Synoptic Survey (MeerKLASS) 

• Aiming at HI intensity mapping and continuum cosmology (lots of commensality) 

• Focus of sky patches with multi-wavelength data for cross-correlations 

• L-band: 856-1711 MHz (  < 0.65) & UHF-band: 544-1087 MHz ( 0.3<  < 1.6)z z

PoS(MeerKAT2016)032

A Large Sky Survey with MeerKAT
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We discuss the ground-breaking science that will be possible with a wide area survey, using
the MeerKAT telescope, known as MeerKLASS (MeerKAT Large Area Synoptic Survey). The
current specifications of MeerKAT make it a great fit for cosmological applications, which require
large volumes. In particular, a large survey over ⇠ 4,000deg2 for ⇠ 4,000 hours will potentially
provide the first ever measurements of the baryon acoustic oscillations using the 21cm intensity
mapping technique, with enough accuracy to impose constraints on the nature of dark energy. The
combination with multi-wavelength data will give unique additional information, such as the first
constraints on primordial non-Gaussianity using the multi-tracer technique, as well as a better
handle on foregrounds and systematics. The survey will also produce a large continuum galaxy
sample down to a depth of 5 µJy in L-band, unmatched by any other concurrent telescope, which
will allow to study the large-scale structure of the Universe out to high redshifts. Finally, the same
survey will supply unique information for a range of other science applications, including a large
statistical investigation of galaxy clusters, and the discovery of rare high-redshift AGN that can be
used to probe the epoch of reionization as well as produce a rotation measure map across a huge
swathe of the sky. The MeerKLASS survey will be a crucial step on the road to using SKA1-MID
for cosmological applications, as described in the top priority SKA key science projects.

MeerKAT Science: On the Pathway to the SKA,
25-27 May, 2016,
Stellenbosch, South Africa

⇤Speaker.

c� Copyright owned by the author(s) under the terms of the Creative Commons
Attribution-NonCommercial-NoDerivatives 4.0 International License (CC BY-NC-ND 4.0). http://pos.sissa.it/

[Santos et al.  SC 2016]⊃
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MeerKAT

[Wang et al. 2021]
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MeerKAT

[MeerKLASS Collaboration, 2024]

12 MeerKLASS Collaboration

Figure 10 shows the resulting cleaned maps by removing #fg = 10
PCA modes. We show the maps split into six frequency sub-bands
(given in the bottom-left of each panel) to illustrate the changing
intensity structures. Each panel is the frequency average of the 42
channels in each sub-band showing a reasonably consistent amplitude
of temperature fluctuations across the sub-bands. The amplitudes in
the maps are still likely driven by non-cosmological contributions,
mostly thermal noise, but they are not far from the 0.1 mK fluctuations
we expect from H�. As we will show statistically in Section 5, over
large-scale fluctuations, the predominant contribution comes from
the cosmological H�.

4.4 Foreground cleaning tests using mocks

In order to validate our foreground removal and estimate the signal
loss it induces, we run the same PCA cleaning technique on mock
intensity maps. As discussed in Section 3.2, simulating foreground
contamination that emulates the systematics and complex observa-
tional effects is beyond current capabilities. We therefore use the
real observations themselves and inject mock H� intensity maps into
these. We then apply the foreground removal pipeline on the mock-
injected data and estimate the signal loss from the injected mock
whose original signal is known.

We follow the formalism outlined in (Cunnington, Li et al. 2022),
beginning with a H� mock, whose matrices we notify by M to distin-
guish from the real observation X. The mock is injected into the real
observations i.e. Xobs + MH�. This is then cleaned by projecting out
a subset of modes defined by the mixing matrix, as in the previous
sections, such that

Mclean = (Xobs + MH�) � AAT (Xobs + MH�) , (32)

The data in Mclean will now contain signal loss emulating that of the
real data clean, along with residual systematics and noise from the
real data.

We show the results of mocks contaminated by the real data in
Figure 11. We show measured power spectra averaged over all 500
mocks under different scenarios (details of power spectrum estima-
tion are provided in the following Section 5). Firstly, the grey dotted
line shows the H�-only mocks, MH�, with no foreground cleaning ef-
fects, representing the true power. The red solid line shows the result
of adding the real observations to the mock, then PCA cleaning as
in Equation 32. The power is higher than the grey line, despite the
inevitable signal loss the clean will have caused. This is evidence
that the Mclean maps contain residual systematics and thermal noise,
which are additively biasing the power9. We can demonstrate this by
considering the orange solid line which is the cross-correlation of
the cleaned mocks Mclean with the H�-only mocks MH�, a test only
possible with simulations. Since the residual systematics and noise
will be uncorrelated with the H�-only mocks, the distortion in power
comes purely from signal loss, hence why it is lower than the H�-only
power at all scales.

To isolate the contribution from unknown systematics, we need to
account for thermal noise and signal loss from foreground cleaning.
The thermal noise contribution can be approximated using Equa-
tion 20 to generate 500 noise maps and add these to the H�-only
mocks. The black-dashed line shows this and demonstrates the boost
in power relative to the grey-dotted line, more so at small scales

9 There will also be a small contribution from the true H� signal in the
observed data.

Figure 10. Foreground cleaned intensity maps for the MeerKLASS L-band
deep field in frequency sub-bands (stated in bottom left). Maps have been
cleaned by removing #fg = 10 PCA modes.
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Figure 10. Foreground cleaned intensity maps for the MeerKLASS L-band
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cleaned by removing #fg = 10 PCA modes.
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Synergies

• Synergies for systematics: 

• Most obvious case, to cross-validate results, remove foregrounds, … 

• Synergies for sources: 

• In some cases the same sources must be matched—very much true in non-
cosmological science but also for providing e.g. redshifts for cosmological cases 

• Synergies in volume: 

• In some cases the main gain is in increased volume probed (IM+Euclid might be 
such a case in the simplest sense)
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Synergies dos and don’ts

• Public Euclid data + external public/non-public data 

• Joint analyses can in principle be done without an EC project—but EC members 
should not be competing with Euclid internal projects  

• Non-public Euclid data + external public data 

• EC members can work on these in EC projects; if people external to the EC are to 
be involved, an MoU should be written (external collaborators can also be 
defined) 

• Non-public Euclid + external non-public data 

• MoU is needed
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An MoU

1. Makes things clear and open 
2. Allows for science to be done before data releases 
3. Could be broader than just cosmology

1. A bit of effort to write 
2. Two rule sets so could be less agile 
3. Will allow non-SKA members in Euclid to join the joint projects

Positive

Could potentially be negative

[Courtesy of J. Brinchmann]



Synergy ideas

• Synergies for systematics: 

• Radio-optical shear 

• Galaxy number counts  HI intensity mapping 

• Synergies for sources: 

• Morphological analysis (for photo-  calibration, multi-tracer, …) 

• Cross-identifications 

• Synergies in volume: 

• Fundamental physics on extremely large scales!!

×

z
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