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The Extragalactic Continuum SWG 

Slide courtesy: M. Sargent  

The Extragalactic Continuum SWG
• ~110 scientists (15 core group) from 20+ countries (SWG chairs: N. Hurley-

Walker, M. Sargent) !
       Full list: https://astronomers.skatelescope.org/science-working-groups/galaxy-evolution-continuum 
!
• 5 scientific focus groups: 

A. Star formation history of the Universe (coordinators: M. Jarvis, M. 
Sargent) 

B. Active Galactic Nuclei and Their Role in Galaxy Evolution 
(coordinators: I. Prandoni, D. V. Lal) 

C. Galaxy Clusters and Large Scale Structure (coordinators: R. 
Cassano, C. Ferrari) 

D. Detailed Astrophysics of Star Formation and Accretion in 
Local Galaxies (coordinators: A. Alberdi, R. Beswick) 

E. Strong Lensing (coordinator: J. McKean) 
!

• 3 technical focus groups: 
F. Simulations (coordinator: A. Bonaldi) 
G. Source Extraction & Characterisation 
H. SKA1-LOW Data Analysis & Calibration (coordinator: H. Intema)

Vacancies/potential new roles

• SDP contact 
!

• Commensality champion? 
!

• SRC champion?
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An exquisite instrument for surveying the sky 
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Continuum Surveys: Galaxies and Galaxy Clusters Isabella Prandoni

Figure 1: Top Panels: SKA1 reference surveys in comparison with existing > 2p steradian surveys and/or
surveys planned for the next future with SKA pathfinders and precursors. LOFAR, VLASS and SKA1
reference surveys are highlighted in blue, orange and red respectively. Different symbols refer to different
a survey coverage: all-sky (filled circles); wide tiers (filled triangles); deep tiers (asterisks); ultra deep tiers
(starred symbols). Left: Depth (5s flux limit) vs. frequency. Band 1 and/or 2 SKA surveys are all shown at
a reference frequency of 1.4 GHz. The red and blue dashed lines indicate a slope of ⇠ n�1 for different 1.4
GHz flux normalizations. Right: Depth (5s flux limit) vs. angular resolution. The black and brown lines
represent approximate estimates of the confusion limit at 120 MHz and 1 GHz respectively (see Appendix
for more details). Bottom panel: SKA1 reference surveys in comparison with existing or planned surveys.
Only surveys with observing frequencies in the range 1-3 GHz are shown. Area coverage vs depth (5s flux
limit); for 3 GHz VLA surveys the flux limit has been rescaled to 1.4 GHz.
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Prandoni & Seymour 2015 
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Continuum Surveys within SKA HPSO 
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Table 4. Key parameters of the High Priority Science Objectives and their computing requirements. 
Under the “HPC” heading are columns that place each experiment into the current context of BMax, 
sub-band coverage and depth category, together with the associated instantaneous and time 
averaged computing needs assuming fractional allocations proportional to the time requested. 
  

“Anticipated SKA1 HPC Requirement”   
May 2018 
SKA-TEL-SKO-0000941  
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Three Tier Surveys 

Sargent & Hurley-Walker - For the Continuum SWG 

Band 2 - Tier 1 (B2 T1)

area ~1000 sq-deg; target rms = 1 uJy


Band 2 – Tier 2 (B2 T2)

area ~10 sq-deg


target rms = 0.2 uJy


Band 2 – Tier 3 (B2 T3)

area ~ 1 sq-deg


target rms = 0.05 uJy


Measuring the 
star formation 
history of the 

Universe - non- 
thermal 

processes (HPSO 
#37) 


Active Galactic 
Nuclei and their 
role in galaxy 

evolution 
(commensally 

with HPSO #37) 


SFR>10 M⊙/yr 
galaxies up to 

z~3-4, and 
SFR>50 M⊙/yr 
galaxies up to 

z~6


RQ and low-
power RL 

AGNs down to 
L~1. E+22 W/
Hz at z~3-4 


SFR>10 M⊙/yr 
galaxies at 

z~1-2 


RQ and low-
power RL 

AGNs down to 
L~1.E+22 W/
Hz at z~1-2 


Bulk of the SFG 
population 
(down to 

SFR~0.5 M⊙/yr 
at z~0.1; and 

to SFR~5 M⊙/
yr at z~0.5)


Bulk of the 
AGN 

population (RQ 
and low-power 
RL AGNs down 

to L~1.E+21 
W/Hz at z~0.1 
and to L~1.E
+22 W/Hz at 

z~0.5) 
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B2 T1


B2 T2


B2 T3


B5 T1


B5 T2


Sargent & Hurley-Walker - For the Continuum SWG 

Three Tier Surveys Measuring the 
star formation 
history of the 

Universe - non- 
thermal 

processes (HPSO 
#37) 


Active Galactic 
Nuclei and their 
role in galaxy 

evolution 
(commensally 

with HPSO #37) 


SFR ~50 M⊙/
yr galaxies out 

to z~6!
Will resolve 

SFR>100 M⊙/
yr galaxies on 

sub-kpc 
scales out to 

z~1; SFR>100 
M⊙/yr galaxies 

on kpc z~2 !



Will resolve 
sub-kpc 

scales up to 
z~1 !



SFR ~100 M⊙/
yr galaxies out 

to z≾3 !
Will resolve 

SFR>100 M⊙/
yr galaxies on 

sub- kpc 
(≾0.1") scales 
out to z~0.5!

Will resolve 
sub-kpc 

scales out to 
z~0.5 !

!
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B2 T1


B2 T2


B2 T3


B5 T1


B5 T2


Sargent & Hurley-Walker - For the Continuum SWG 

Three Tier Surveys 

~ 17 200 hours


~12 900 hours


~6560 hours


~ 1520 hours


~3300 hours
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B2 T1


B2 T2


B2 T3


B5 T1


B5 T2


Three Tier Surveys 

~ 149 PFlops


~496 PFlops


~1438 PFlops


~ 18 Pflops


~42 PFlops


Baseline Design SDP HPC 
deployment: ~ 260 PFlops


“Anticipated SKA1 HPC Requirement” – May 2018 
SKA-TEL-SKO-0000941  
  

1.  for deep surveys, build up deep image over time by continuously adding the 
output of new scheduling blocks do the coadded deep image via image plane 
(or gridded uv-plane) stacking  

2.  build up an improved sky model over time by regularly running cataloguing 
algorithms over the co-adds from #1 above  
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Largest fractional bandwidth request 

“Anticipated SKA1 HPC Requirement” – May 2018 
SKA-TEL-SKO-0000941  
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3.2 Parametric Models of Celestial Source Populations  

Attributes of the celestial source population are discussed at some length in [RD2]. The depth 
within the source population that must be modelled within the self-calibration process, so as 
not to unduly degrade the data product quality in deep integrations, where TPoint = 1000 
hours, is documented in RD3.  
 
It is vital to acknowledge from the outset that all relevant parameters for performance 
calculations will vary significantly with the observing frequency. As discussed in detail within 
RD4, the largest fractional bandwidth, (QMax - QMin)/QC, that can be usefully combined within a 
single image should in most cases be constrained to be less than about 0.3. From this 
perspective, the entire frequency coverage of SKA1 has been organised into a sequence of 
sub-bands defined in Tables 1 and 2 of RD4. We will refer to these as Low sb1 – sb6 and Mid 
sb1 – sb5 and sb9 – sb12 as shown in Table 1 below. In the case of SKA1-Low, the six sub-
bands together cover the full accessible frequency range of 50 – 350 MHz. In the case of SKA1-
Mid, sb1 – sb3 are covered with Band 1, sb4 – sb5 with Band 2, sb9 – sb10 with Band 5a and 
sb11 – sb12 with Band 5b as shown in Table 1. 
 

Qmin 
(GHz) 

Qc 
(GHz) 

Qmax 

(GHz) Sub-band Band VC 

(PJy/Bm) 
T'min 
(“) 

Tmin 
(“) 

Tmax 
(“) 

T'max 
(“) 

0.050 0.060 0.069 Low sb1  163 16.4 23.5 1175 3290 
0.069 0.082 0.096 Low sb2  47 11.9 17.0 850 2379 
0.096 0.114 0.132 Low sb3  26 8.6 12.3 614 1719 
0.132 0.158 0.183 Low sb4  18 6.2 8.9 444 1244 
0.183 0.218 0.253 Low sb5  14 4.5 6.4 321 899 
0.253 0.302 0.350 Low sb6  11 3.3 4.6 232 650 
0.35 0.41 0.48 Mid sb1 B1 16.8 1.015 2.031 270.8 541.6 
0.48 0.56 0.65 Mid sb2 B1 8.1 0.745 1.489 198.6 397.2 
0.65 0.77 0.89 Mid sb3 B1 4.4 0.546 1.092 145.6 291.2 
0.89 1.05 1.21 Mid sb4 B2 2.7 0.400 0.801 106.8 213.5 
1.21 1.43 1.65 Mid sb5 B2 2.0 0.294 0.587 78.3 156.6 
1.65 1.95 2.25 Mid sb6  1.6 0.215 0.431 57.4 114.9 
2.25 2.66 3.07 Mid sb7  1.4 0.158 0.316 42.1 84.2 
3.07 3.63 4.18 Mid sb8  1.6 0.116 0.232 30.9 61.8 
4.18 4.94 5.70 Mid sb9 B5a 1.4 0.085 0.170 22.7 45.3 
5.70 6.74 7.78 Mid sb10 B5a 1.3 0.062 0.125 16.6 33.2 
7.78 9.19 10.61 Mid sb11 B5b 1.2 0.046 0.091 12.2 24.4 
10.61 12.53 14.46 Mid sb12 B5b 1.2 0.034 0.067 8.9 17.9 

 
Table 1. Sub-band definitions and correspondence with Bands for SKA1-Low and SKA1-Mid. Image 
sensitivity within the indicated frequency bands for continuum observations (VC for 'Q/Qc | 0.3) for 
an observation of 'W = 1 hour (as explained in RD4). The range of Gaussian FWHM beam sizes for 
which the approximate sensitivity value applies is given by Tmin to Tmax. The Gaussian FWHM beam 
sizes at which a doubling of the image noise from this base level is realised are given by T’min and 
T’max.  

Largest fractional bandwidth (νMax - νMin)/νC

less than about 0.3


This means that to construct an image using the full design bandwidth of band 2 (as we would like to, in order to 
maximise sensitivity) we will have to stack a posteriori in the image plane images of individual sub-bands  

Note that these sub-bands can still be observed simultaneously, but the final broad-band image will apparently not be 
delivered by SDP 

This will have implications for the creation of deep, high-resolution mosaics reaching the required dynamic range and 
sensitivity which we will have to explore going forward 

For the time being however, on the purely operational level, it is clear that an important role of the SRCs will be to 
carry out the final steps in producing wide-band, deep images 
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Direction Dependent Effects 

“Anticipated SKA1 HPC Requirement” – May 2018 
SKA-TEL-SKO-0000941  

  

Although only limited support for Direction Dependent (DD) rather than Direction Independent (DI) calibration methods is 
currently implemented within the SDP parametric model


Courtesy: C. Tasse (Paris Observatory) 

“Although only limited support for Direction Dependent (DD) rather than Direction 
Independent (DI) calibration methods is currently implemented within the SDP 
parametric model, there is the ability to specify the number of Ionospheric patches 
for which gain solutions will be determined as well as the associated timescale”
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Diffuse sources & Cosmic Web 

Best possible DD calibration and imaging scheme, not necessarily the same as for point/compact sources 

Need of point source subtraction and, at least, tapering 

Need of spectral maps 

Govoni et al. 2019, Science 
  

Van Weeren et al. 2016, ApJ 
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Nearby galaxies & Supernovae 

Beswick et al. 2015 
  

Nearby galaxies with the SKA R. J. Beswick

Table 1: Selection of molecular line tracers between 1-10 GHz and within the bands of SKA-1. Lines of the
OH radical and various other species are also of key importance but for brevity not included below.

Line Rest freq (MHz) SKA-1 MID band SKA-1-SUR band
HCN v2 = 1,DJ = 0,J = 2 1346.765 2 2
HCN v2 = 1,DJ = 0,J = 4 4488.4718 4 -
H2CO 4829 4/5 -
N2H+ 5009.8278 4/5 -
H2CNH 110 �111,DF = 0,±1 5289.813 5 -
HCO+ 6350.908 5 -
HNC 6484.497 5 -
CH3OH 51 �60A+ 6668.5192 5 -
HCN v2 = 1,DJ = 0,J = 5 6731.9098 5 -
HCO+ 8890.452 5 -
HCN v2 = 1,DJ = 0,J = 6 9423.3338 5 -
HNC 9724.644 5 -

transformational science across a wide range of astrophysics for many decades to come. For studies
of the galaxy population within the local Universe these broad, general user capabilities, will enable
an extremely wide range of science covering many areas of astrophysics, and will form the bridge
between the detailed studies of objects in our own Galaxy and the distant high-redshift Universe.
Deep and moderate-resolution (few arcsec) continuum and spectral line surveys of large numbers
of nearby galaxies will be provided by projected SKA1 “all-sky” surveys at frequencies of ⇠1-
2 GHz. Such large area surveys will essentially provide a full radio atlas of the local Universe
and allow detailed studies of the non-thermal radio component of galaxies. However, multiple,
pointed observations covering a wide range of frequency bands, in particular higher band SKA1–
MID (band 5), will be required to characterise the non-thermal components of local galaxies. Even
with modest capability reductions, SKA1 will make significant advances in this field. This will,
for the first time, allow the determination of SF within galaxies covering the full range of type
and environments which will be critical to our understanding of galaxy evolution and SF through
cosmic time.

Via higher frequency bands in SKA1 and later baseline extensions during the full SKA high
angular resolution (> 0.005 to mas) continuum and spectral line (maser and absorption studies) of
nearby galaxies will allow the physical composition of these galaxies to be decomposed. Even with
the modest resolution of SKA1, this will result in the detection and study of many thousands of
individual SF and accretion-related components such as SNe, SNR, HII and their like. Via such
observations the SKA will not only be able to study the physics of SF and extreme physics in
accretion dominated sources on an individual basis in nearby galaxies, but also allow statistical
properties of these sources to be investigated, how they interact with the ISM and how they affect
galaxy evolution.
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Graphics: Milde Science Communication, HST 
Image: /NASA, ESA, and The Hubble Heritage Team 
(STScI/AURA); Radio Images: A. Brunthaler, MPIfR.  


