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New Discovery Space with ASKAP-12 

›  Radio polarimetry: a highly sensitive probe of             
density, magnetic field and turbulence at all redshifts 

  →  Cosmic Magnetism: a fundamental unsolved problem   
 and one of five SKA Key Science Projects 

›  What is the relationship between supermassive                
black holes and their environments? 
-   broadband depolarisation  →  thermal environment    

 of radio galaxies & AGN (e.g. O’Sullivan et al. 2013) 
 

›  How have galaxies evolved over cosmic time? 
-   broadband polarisation  →  physical properties of           

 central engine (e.g. Farnes et al. 2013) 
 

›  What are the physical properties of absorbing systems?  
-  broadband Faraday rotation  →  covering                  

fraction and turbulence (e.g. Bernet et al. 2012) 
 

›  Narrow bandwidth (Δν/ν ~ 0.25)   :  rotation measures 
›  Broad bandwidth   (Δν/ν ~ 1)     :  Faraday tomography 
    

LETTERS

Magnetic support of the optical emission line
filaments in NGC 1275
A. C. Fabian1, R. M. Johnstone1, J. S. Sanders1, C. J. Conselice2, C. S. Crawford1, J. S. Gallagher III3 & E. Zweibel3,4

The giant elliptical galaxy NGC 1275, at the centre of the Perseus
cluster, is surrounded by a well-known giant nebulosity of emission-
line filaments1,2, which are plausibly in excess of 108 years old3. The
filaments are dragged out from the centre of the galaxy by radio-
emitting ‘bubbles’ rising buoyantly in the hot intracluster gas4,
before later falling back. They act as markers of the feedback process
by which energy is transferred from the central massive black hole to
the surrounding gas. The mechanism by which the filaments are
stabilized against tidal shear and dissipation into the surrounding
extremely hot (4 3 107 K) gas has been unclear. Here we report
observations that resolve thread-like structures in the filaments.
Some threads extend over 6 kpc, yet are only 70 pc wide. We con-
clude that magnetic fields in the threads, in pressure balance with
the surrounding gas, stabilize the filaments, so allowing a large mass
of cold gas to accumulate and delay star formation.

The images presented here (Figs 1–4) were taken with the
Advanced Camera for Surveys (ACS) on the NASA Hubble Space
Telescope (HST) using three filters: F625W in the red contains the
Ha line, F550M is mostly continuum and F435W in the blue high-
lights young stars. In Fig. 2a we show part of the northern filament
,27 kpc from the nucleus (we adopt a value for the Hubble constant
of H0 5 71 km s21 Mpc21, which at a redshift of 0.0176 for NGC 1275
gives 352 pc arcsec21). The filaments seen in the image taken with the
ground-based WIYN telescope (Fig. 2b) are just resolved into narrow
threads with the HST ACS (see Supplementary Information). This
also occurs in many other filaments, including the northwestern
‘horseshoe’ filament (Fig. 3), which lies immediately interior to the
outer ‘ghost bubble’ (in which radio emission is absent owing to
synchrotron ageing) in X-ray images5. A fine thread of emission is
seen in the northern filament system that extends about 16 arcsec or
5.8 kpc. Averaged over kpc strips it is about 4 pixels (0.2 arcsec) or
about 70 pc wide. (This is an upper limit, as the point spread function
of the ACS is about one-half this value.) The aspect ratio (length/
thickness) therefore approaches 100. The top of the horseshoe, which
is about 6 kpc across, is similar, as are many other relatively isolated
filaments.

In order to estimate the magnetic field required to stabilize a
filament, we need to know the properties of a filament and its sur-
roundings. We shall concentrate on a thread of radius r 5 35 pc and
length l 5 6 kpc at a distance of 25 kpc from the nucleus of NGC 1275
(Fig. 2) as a basic structural unit typical of what is now resolved in the
filaments. To estimate the mass of such a thread, we scale from the
total gas mass of 108M[ (where M[ is the solar mass) inferred from
CO emission6 observed in a 22 arcsec IRAM beam on the same north-
ern filament complex. Assuming that the mass scales with Ha emis-
sion, which is the case for the H2 emission measured with the Spitzer
telescope7, then our fiducial thread has a mass of about 106M[.
Its mean density is then ,2 cm23 and its perpendicular column

density N < 4 3 1020 cm22 and surface density SH < 7 3 1024 g cm22.
The lengthwise column density, Sjj, is l/2r times larger.

The variation in projected radial velocity along the filaments is
about 100–200 km s21 (ref. 4). If we assume that after correction
for projection the velocity shear is about 300 km s21, then the whole
structure (out to a radius of 50 kpc) must be (1–2) 3 108 yr old.
Individual filaments may be in ballistic motion, falling back in for
example, but to retain their structure over this time means that
something must balance gravity or at least tidal gravitational forces.

1Institute of Astronomy, Madingley Road, Cambridge CB3 0HA, UK. 2University of Nottingham, School of Physics & Astronomy, Nottingham NG7 2RD, UK. 3Department of
Astronomy, 4Department of Physics, University of Wisconsin, Madison, Wisconsin 53706, USA.

Figure 1 | Image of the Ha emission from the core of the cluster. This image
was created by subtracting a scaled green (F550M) image from the red image,
removing the smooth galactic continuum contribution. The image measures
140 3 150 arcsec in size. Multiple exposures using a three-point line dither
pattern were taken at a set of three pointing positions around the centre of
NGC 1275 in filters F550M and F625W, with considerable overlap between
the pointings. Similar data (see Supplementary Information) were obtained
in the F435W filter, but from only two pointing positions because of the
failure of ACS before the completion of this programme. The data from each
filter were registered relative to each other using stars, and then combined
separately into large mosaic images using the latest version of the stsdas task
multidrizzle18.
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: Turbulent foreground absorber : Thermal gas entrained with lobes 
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Broadband Polarimetry: 
A Unique Physical Probe 

Polarimetry of PKS B1610-771 (O’Sullivan et al. 2012) : Simple source 
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›  Frequency coverage: 700-1800 MHz, for large Δν/ν 
-  fallback: 700-1000 MHz, for unique phase space 

›  Correlator / data products: full polarisation at 1 MHz resolution 

-  fallback: I/Q/U only at 10 MHz resolution 
 
›  FoV & Sky Coverage: 30 deg2 x 100 = 3000 deg2, for NVSS-level statistics 

-  fallback: 20 deg2 x 25 = 500 deg2, for useful statistics 

›  Survey Fields : extragalactic, with multi-wavelength coverage for photo-z’s 

›  Observing time: 2 hrs/band/pointing (600 hours), for 10-25 pol src’s per deg2 

→  sensitivity ≈ 40 µJy/beam (ASKAP-12), ≈ 27 µJy/beam (ASKAP-18)  
 

-  fallback: 2 hrs/pointing (50 hours), for 4-6 polarised sources per deg2 

    →  sensitivity ≈ 70 µJy/beam (ASKAP-12), ≈ 50 µJy/beam (ASKAP-18)  

Survey Specifications 
& Fallback Options 



›  Rotation measure grids toward specific objects/fields 
-   Centaurus A (Shane O’Sullivan) 
-   Galactic caps (Takuya Akahori)  
-   Magellanic Clouds / Bridge / Stream 
-   Gum Nebula, Orion, high-velocity clouds … 

 

›  Complete commensality w baby-EMU, baby-FLASH 
-  solid overlap with baby-VAST  
 

Short Science Topics 
& Commensality 

Feain et al. (2009) Gifthunger / babywebsite.us / clipartpal.com 
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Figure 1. Comparison of existing and planned deep 1.4-GHz radio surveys.
The horizontal axis shows the 5σ sensitivity and the vertical axis shows the
sky coverage. The diagonal dashed line shows the approximate envelope of
existing surveys, which is largely determined by the availability of telescope
time. For example, to extend NVSS to the sensitivity of EMU would have
required over 600 years of (pre-upgrade) VLA time, so in practice this
would not have been possible, and this line therefore represents a hard limit
to the sensitivity of traditional surveys. The squares in the top left represent
the new radio surveys discussed in this paper. Surveys at other frequencies
are not shown in this diagram, as their relative sensitivity depends on the
assumed spectral index of the sources, although we do include SUMMS
at 843 MHz, without making any correction for spectral index. A similar
comparison of low-frequency surveys can be found in Tingay et al. (2012).

surveys had their greatest impact in the niche area of
radio-loud AGNs. For example, the numbers of sources in
NVSS (Condon et al. 1998) and FIRST (Becker, White, &
Helfand 1995) are overwhelmingly dominated by AGNs, and
only a small fraction of their sources are SF galaxies. In con-
trast, most sources detected by the next-generation surveys
are SF galaxies, so that these surveys are dominated by the
same galaxies as are studied by optical and infrared (IR) sur-
veys. As a result, these next-generation radio surveys are an
increasingly important component of multiwavelength stud-
ies of galactic evolution.

These surveys, however, will also encounter a new set of
technical and scientific challenges. For example, the new
continuum surveys such as the Evolutionary Map of the Uni-
verse (EMU; see Section 2.3) and the Westerbork Obser-
vations of the Deep APERTIF Northern-Sky (WODAN; see
Section 2.1) should cover the whole sky at sensitivities previ-
ously attained only in small fields (!10 µJy beam−1 rms) by
instantaneously covering wide fields (!30 deg2) with large
bandwidths (!300 MHz) and long integration times (!12
h), and not by virtue of larger collecting areas or lower sys-
tem noise temperatures. To reach the sensitivities predicted
by the radiometer equation, these surveys must have excep-
tionally high dynamic ranges (e.g., about 42 db for EMU)

and low systematic errors. This requires very high quality
hardware, calibration techniques, and imaging algorithms.
In particular, the primary beams must have <1% uncertain-
ties in reconstructed position, size, and shape. The ASKAP
dishes, for example, appear to have good surface and pointing
accuracies, and their three-axis mounts maintain a constant
footprint of the primary beam on the sky. The electronically
formed primary beams of phased-array feeds also have to be
very stable, and the survey astronomers need to work closely
with the engineers to ensure that amplitude and phase cal-
ibration on strong sources in the array field of view (FOV)
can be transferred from one primary beam to another. Finally,
the success of a survey in the astronomical community de-
pends as much on the survey results being made available to
everyone in an easily-accessible fashion (such as through a
web portal, or virtual observatory tools, and with useful and
intuitive query engines) as on whether the survey actually
meets every performance goal, such as sensitivity.

Moreover, some of these projects differ from earlier sur-
veys in that one goal is to cross-identify the detected ra-
dio sources with major surveys at other wavelengths, and
produce public-domain Virtual Observatory (VO) accessible
catalogues as ‘value-added’ data products. This is facilitated
by the growth in the number of major surveys spanning all
wavelengths, discussed below in Section 4.6.

To address these challenges, a new group, the SKA
PAthfinder Radio Continuum Survey (SPARCS) Working
Group has been established, with the following goals:

• To coordinate developments of techniques, to avoid du-
plication of effort and ensure that each project has access
to best practice.

• To hold cross-project discussions of the specific sci-
entific goals, to ensure cross-fertilisation of ideas and
optimum survey strategies.

• To coordinate the surveys in their choice of area, depth,
location on the sky, and other survey parameters, to
maximise the scientific return from the surveys.

• To distil the SKA pathfinder experiences in order to
provide the most relevant and up to date input for SKA
planning.

SPARCS was initially proposed during the SKA meeting
in Manchester in 2010 March, was formed in 2010 May, and
held its first meeting at the Lorentz Center in Leiden, The
Netherlands, in 2011 February. This review paper documents
the outcomes of that workshop, together with related devel-
opments since the workshop. The authors are the speakers
and facilitators of the workshop, together with other domain
experts who were unable to attend the workshop in person.

This paper describes the SKA pathfinder continuum sur-
veys in Section 2, setting out their scientific goals in Sec-
tion 3, and identifying the challenges to achieve these goals
in Section 4. Section 5 concludes by summarising how these
challenges are being addressed, and how SPARCS is help-
ing to coordinate and facilitate this process. We refer to the

PASA, 30, e020 (2013)
doi:10.1017/pas.2012.020

EMU/POSSUM 

Comparison with Other Surveys 

Norris et al. (2013) 

GALFACTS 

ASKAP-12 
polarisation 

Δν/ν > 0.25  



ASKAP-12 vs ASKAP-36 

›  ASKAP-12 survey is distinct & complementary to 1130-1430 MHz surveys on ASKAP-36 
-  ASKAP-12: intrinsic/targeted magnetic fields; ASKAP-36: global/foreground B fields   
-  large band will let us interpret POSSUM & many other upcoming ~300-MHz surveys 
-  a broadband survey is needed to test and commission ASKAP’s full frequency range  

What we propose for ASKAP-12 will not be surpassed until the SKA 
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Risks & Special Requirements 

›  There are requirements beyond those specified for full SSPs 

-  can we get good, thermal-noise-limited images in a      
2-hour observation? 

-  what are the imaging challenges & overheads of           
frequency switching? 

-  what are the calibration challenges & overheads of 
frequency switching? 

›  Polarisation has unique additional specifications 

-  need to establish polarisation capabilities of ASKAP-12     
and of the ADEs 

-  special requirements for off-axis calibration and              
beam-weighting 

-  distinct multi-dimensional data products Cormac Purcell 



Unique & Ground-Breaking Science 

›  A broadband (700-1800 MHz) continuum polarisation survey of 1000-3000 deg2 

-  6 hours per pointing (2 hours per frequency band x 3 bands) 
-  total observing time ≲ 600 hours (≲ 100 nights) 
-  rms sensitivity ≈ 40 µJy/beam (ASKAP-12), ≈ 27 µJy/beam (ASKAP-18)  
-  10 to 25 polarised sources per deg2 

›  Unique questions addressed by unique broadband observations 
-  what is the relationship between SMBHs and their environments? 
-  how have galaxies evolved over cosmic time? 
-  what are the physical properties of absorbing systems? 
 

›  Extremely strong synergy & commensality with other early science programs 
›  Area of phase space never previously explored, will not be surpassed until SKA 
›  Highly complementary to 1130-1430 MHz POSSUM survey on ASKAP-36 
›  Tests ASKAP’s full frequency range; allows us to interpret 300-MHz surveys 


