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ABSTRACT
We present S-PASS/ATCA, the �rst wide-band radio polarimetry survey of compact sources
in the Southern sky. We describe how we selected targets for observations with the Australia
Telescope Compact Array (ATCA) in the 16-cm band (1.3�3.1 GHz), our observing and
calibration strategy, how we analysed the data, and how we tested the quality of the data.
The data are made publicly available. The survey contains on average one source per �ve
square degrees and has an angular resolution at 2.2 GHz of �2�× 1� . Sources with |RM|s
> 150 rad m�2 are seen towards the Galactic plane and bright H II regions, but are rare
elsewhere on the sky. Sightlines that are separated by up to 3� show very similar RMs. Based
on this observation, we argue that the Galactic foreground is the dominant contributor to
RM, con�rming previous results, and that the sources must have very simple distributions
of Faraday-rotating and synchrotron-emitting media. Many sources that emit at a single RM
have a spectral index in linear polarization that is (very) different from the spectral index in
Stokes I. Analysing ratios of �ux densities Q/I and U/I (to correct for spectral index effects)
then leads to erroneous results. About 80 per cent of sightlines in our survey are dominated by
emission at only 1 RM. Therefore, RMs that were determined previously from narrow-band
observations at these frequencies are still safe to use.

Key words: ISM: magnetic �elds � magnetic �elds � polarization � surveys.

1 INTRODUCTION

Understanding the role that magnetic �elds play in galaxies, and how
these magnetic �elds formed in the early universe and developed
over time, are perhaps the two most important questions in magnetic
�eld research. Several techniques are employed to answer these
questions. We focus on the Faraday effect, which is used to study
the properties of magnetic �elds in ionized gas. The magnitude of
the Faraday effect is described by � � �0 = RM�2, with

RM
�
rad m�2�

� 0.81
� observer

source
neB�dl . (1)

Here � and �0 are the observed and emitted position angles,
respectively, of a linearly polarized radio wave (in radians), � the

� E-mail: dschnitzeler@gmail.com

observing wavelength (m), ne the free electron density (cm�3), B�
the length of the magnetic �eld vector projected along the line of
sight (µG), and dl is an in�nitesimal distance interval along the line
of sight (pc). The rotation measure (RM) encapsulates the physical
properties of the intervening medium, and it contains contributions
from the Earth�s ionosphere, our own Milky Way, distant galaxies
and galaxy clusters, and the cosmic web.

The Milky Way is a prime laboratory for studying the physical
effects of magnetic �elds over a wide range of physical scales
that are not accessible in external galaxies (see, e.g. Simonetti,
Cordes & Spangler 1984; Minter & Spangler 1996). Before the
year 2000, RMs had been determined for about a thousand sources
by, e.g. Gardner, Morris & Whiteoak (1969), Vallee & Kronberg
(1975), and Simard-Normandin, Kronberg & Button (1981), who
derived RMs based on measurements at only a few frequencies.
Such measurements have led to the insight that our own Milky
Way could well be the dominant contributor to the RMs that are
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1294 D. H. F. M. Schnitzeler et al.

measured for extragalactic radio sources (see Section 5.3). This
makes it vital to subtract the Galactic foreground in studies of the
intrinsic properties of extragalactic radio sources. The RM in the
rest frame of the source is larger than the RM we observe by a
factor of (1 + z)2, where z is the redshift of the source. Therefore,
when calculating rest-frame RMs for sources at high redshift, any
residual Galactic foreground RM is ampli�ed by the factor (1 + z)2

to a large number.
The RM catalogue of Taylor, Stil & Sunstrum (2009) (�TSS09�),

which includes 37,543 RMs that the authors derived from polariza-
tion measurements in the NRAO VLA Sky Survey (NVSS, Condon
et al. 1998), provides a much �ner grid of RM measurements
on the sky than was previously available, of about 1 source per
square degree. This enabled detailed studies of objects in our Milky
Way, a more reliable estimation of the Galactic contribution of
RMs measured for extragalactic sources, and investigations of RMs
associated with distant radio sources (see Section 5). However,
the RMs in the catalogue by Taylor et al. were derived based
on measurements at only two frequencies, and do not cover the
Southern sky below a declination of �40�. Since the turn of
the century, wide-band receivers have been installed on radio
telescopes, which made it possible to measure all Stokes parameters
for a wide range of frequencies simultaneously. This has led to
new insights on the physical properties of radio sources and their
magnetic �elds, and a better understanding of how Faraday-rotating
and synchrotron-emitting media are distributed in radio sources,
including our own Milky Way (see, e.g. Schnitzeler, Katgert & de
Bruyn 2009; O�Sullivan et al. 2012; Van Eck et al. 2017).

We present S-PASS/ATCA, the �rst wide-band polarimetric
survey of radio sources over a large region on the sky. Each target
�eld in S-PASS/ATCA contains data for Stokes I, Q, and U between
�1.3 and 3.1 GHz, sampled with 8 MHz channels, a major improve-
ment over existing data. Furthermore, S-PASS/ATCA sightlines are
spread over the entire sky south of declination = 0�, �lling in the
gap in the Southern sky that was not covered by RMs from the
catalogue by Taylor et al. S-PASS/ATCA builds on S-PASS, the
S-band Polarization All-Sky Survey, which mapped the sky below
a declination of 0� with the Parkes radio telescope at a frequency of
2.3 GHz (Carretti 2010; Carretti et al. 2013, 2019). However, the
S-PASS survey has a narrow bandwidth of 256 MHz, which, at these
frequencies, makes it less than ideal for measuring Faraday rotation.
We observed suitable candidates that we selected from S-PASS
with the Australia Telescope Compact Array (ATCA), a six-element
radio interferometer close to Narrabri, New South Wales, Australia.
After the Compact Array Broadband Backend (CABB) upgrade
(Wilson et al. 2011), the ATCA nowadays observes routinely in the
1.3�3.1 GHz (�16 cm�) band; this frequency band has been proven to
be excellent for studying Faraday rotation (see, e.g. O�Sullivan et al.
2012). With the increased bandwidth provided by the 16-cm band,
we can not only determine RMs more accurately than was possible
with the original Parkes data, we can also identify sources that emit
at more than one RM. The observations for S-PASS/ATCA attain a
resolution in RM, RMRayleigh = 71 rad m�2 (using equation (14) in
�S18� Schnitzeler 2018, and assuming a contiguous frequency cov-
erage; in practice, radio-frequency interference makes frequencies
between 1.5 and 1.6 GHz unusable, see also Fig. 3). The full width
at half-maximum of the RM spread function is about 1.2 times
larger than RMRayleigh, or 86 rad m�2 for our observations. Re-
observing candidates from the Parkes survey with the ATCA also
improves the angular resolution, from 9� (FWHM) to about 2�× 1�

(Section 3.3). To keep the data volume low, we increased the width
of the frequency channels from 1 MHz (their native resolution) to

8 MHz. This reduces our ability to detect sources with very large
(positive or negative) RMs. Based on the analysis in Schnitzeler &
Lee (2015), we estimate that sources with |RM| � 11,400 rad m�2

are detected with only half the �ux density they emit.
This paper is organized as follows. We explain in Section 2

how we selected candidates for observations with the ATCA, and
we describe our observing strategy. In Section 3, we outline how
we calibrated these data, and how we extract information on the
polarization properties of the radio sources. We test how well our
new results compare with the results that have been published
in the literature previously. In Section 4, we describe these tests.
We analyse what these new results tell us about RMs produced
in the Milky Way and in the sources themselves in Section 5. In
Section 6, we list which data products are made available online,
and where these can be accessed. We summarize our analysis in
Section 7.

Throughout this paper, we will write the linear polarization vector
as L = Q + iU , and we will use the nomenclature introduced in
Appendix A of Schnitzeler & Lee (2017). The sign of the �ux
density spectral index, �, is de�ned such that the spectrum of a
source can be written as S� = S0(�/�ref)� , where � is the observing
frequency.

2 OBSERVATIONS

2.1 Selection of targets in the Parkes survey

We applied a median �lter to S-PASS images of Stokes I, Q, and U to
�lter out diffuse emission on angular scales �20� (see also Lamee
et al. 2016). Then, we identi�ed point sources using the MIRIAD
task SFIND (Sault, Teuben & Wright 1995; Hopkins et al. 2002),
extracted Stokes Q and U frequency spectra for each point source,
and used RM synthesis (Burn 1966; Brentjens & de Bruyn 2005)
to identify polarized emission at RMs between – 1000 rad m�2.
We did not correct for spectral index effects or a variation in the
sensitivity across the frequency band when we ran RM synthesis.
We identi�ed suitable candidates for follow-up observations with
the ATCA based on the following criteria:

(i) polarized �ux density > 5 mJy at 2.3 GHz, which corresponds
to a signal-to-noise ratio of at least �ve at 2.3 GHz,

(ii) a polarization fraction > 1 per cent, to avoid instrumental
polarization artefacts (Carretti et al. 2019),

(iii) each source must have a total intensity counterpart in the
NRAO VLA Sky Survey (NVSS, Condon et al. 1998), the Sydney
University Molonglo Sky Survey (SUMSS, Bock, Large & Sadler
1999; Mauch et al. 2003), or the Molonglo Galactic Plane Survey
(MGPS, Green et al. 1999; Murphy et al. 2007).

The angular resolution of the NVSS, SUMSS, and MGPS (all � 45��)
is much higher than the angular resolution of the S-PASS data
collected with the Parkes telescope, allowing a reliable identi�cation
of counterparts.

This way, we selected 5102 candidates for follow-up observations
with the ATCA. None of these targets lie within �1.5� of the
Galactic plane. However, RMs in the Galactic plane region are
provided by the Southern Galactic Plane Survey (SGPS, Haverkorn
et al. 2006) and by Van Eck et al. (2011).

2.2 Pilot project

On the 10th of March 2011, we observed 118 S-PASS targets with
the ATCA in the 1.5A con�guration (east�west array, baselines
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The S-PASS/ATCA survey 1295

between 153 and 4469 m), as a pilot study for the larger S-
PASS/ATCA survey. We used this pilot to test if we can observe a
large number of sources in a short period of time, and to inspect
the quality of the data. For this purpose, the ATCA did not have
to be in the same con�guration as the one we used for our survey.
The targets lie between 231�< l < 246� and �50�< b < 0�, which
places them in-between the bright H II emission regions of the
Gum nebula and the Orion molecular cloud complex (see Figs. 9�
11). We observed PKS B1934-638 at the start of this run for 5
min. The secondary calibrator, PKS B0614-349, and our target
�elds were observed multiple times during the night, typically �ve
to six times. Most sources were observed for about 90�120 s in
total.

2.3 Survey

We used the ATCA in the hybrid array con�guration H168 to
observe sources from the S-PASS/ATCA survey (baselines between
61 and 192 m, excluding baselines to antenna 6). The hybrid
con�guration of the ATCA has antennas not only on an east�
west track but also on a short north�south track. Using a hybrid
con�guration improves the uv-coverage of the observations, which
is important in particular for those candidates that lie close to
the celestial equator. We targeted 4563 candidates in 77 h of
observing time. Each candidate was observed for 36 s, slewing
between targets took 12 s typically. We observed mostly at night, to
minimize the impact of radio-frequency interference and variations
in the ionospheric RM. To avoid observing targets within �52�

from the Sun, targets were divided into two groups that were
observed between 2012 March 23 to 26 and on July 17. The surface
density of candidates selected from the Parkes survey increases
closer to the Galactic plane. This is noticeable particularly at
Galactic latitudes between – 40�. To make the surface density
more uniform, and to save observing time, we divided this region
into bins that measure 5�× 5� on the sky, and selected at random
8�9 candidates in each bin for follow-up observations with the
ATCA.

To observe so many targets over such a large area, we divided the
sky into narrow strips in Right Ascension that have a width of 15
min in RA (Fig. 1). Because the surface densities of candidates were
slightly different on days three and four, strips on day three are a
bit narrower than 15 min in RA, and on day four a bit wider, so that
the total observing time for each strip is about the same. Slew times
between targets in each strip are minimized by solving the travelling
salesman problem, for which we used the MIRIAD program ATMOS.
In runs 1�4, observations started close to Declination 0�, then moved
in the direction of the south equatorial pole. Observations of the next
strip started close to Dec. �90�, and continued towards the celestial
equator. This way, during each observing run, the array slews up
and down in declination to observe targets in different strips. In
run 5, observations started close to the south equatorial pole and
then moved in the direction of the celestial equator. Completing
the observations of a single strip typically takes a bit over 1 h,
during which the sky rotates towards the west. The RA of the next
strip is 1 h higher than the RA of the previous strip, so that the
array slews back towards the east when it starts observing a new
strip. Because the observing time for each strip is about equal to
the change in RA between strips, the observations are almost able
to keep up with the changing position of each strip on the sky.
This means that the array will progress from observing strips in
the east (at the start of each observing run) to the west (at the
end of each run) only slowly, allowing us to cover a wide range

Figure 1. Target selection for each of the �ve observing dates in 2012. Each
dot represents a single candidate from the S-PASS single-dish survey. The
coordinate system is centred on the south equatorial pole. Right ascension
is expressed in units of degrees.

in RA during each run. We did not re-visit targets, with some
exceptions.

3 CALIBRATION AND POST-PROCESSING

3.1 Calibrating the pilot project

We used PKS B1934-638 for the initial calibration of antenna
delays, gains, and phases at the start of the observations, and also
to calibrate the bandpass, �ux density scale (Reynolds 1994), and
polarization leakages, using the MIRIAD tasks MFCAL and GPCAL.
PKS B1934-638 is a bright, unpolarized point source; furthermore,
a deep image of the �eld surrounding PKS B1934-638 that was
created by E. Lenc from archival ATCA data shows no sources
brighter than �20 mJy. Therefore, a single short observation of this
source is suf�cient to calibrate antenna leakages. We investigated the
stability of the polarization leakage solution using two observations
of PKS B1934-638 that are separated by 24 h. We derived the
calibration parameters from 5 min worth of data in the �rst
observation, then we copied these to the second observation of
this source, and measured the polarized �ux density of the highest
peak in the RM spectrum. The polarization fraction of this peak is
L/I = 10 mJy / 12360 mJy, or less than 0.1 per cent. All candidates
that we selected from the Parkes survey have a higher polarization
fraction than that, therefore the leakage calibration is more than
suf�cient for our purpose. We transferred these calibration solu-
tions to our secondary calibrator PKS B0614-349, (which has a
polarization percentage of 0.08 per cent at 2.1 GHz), and applied
standard MIRIAD procedures to calibrate the complex gains using
this source. Then, we transferred all calibration tables to each of the
target �elds, and used the S-PASS/ATCA pipeline to self-calibrate
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1296 D. H. F. M. Schnitzeler et al.

and �ag each target �eld (we describe this procedure in the next
section).

3.2 Calibrating the survey

At the start of each observing run, we observed PKS B0823-500
(runs 1�4) or PKS B1934-638 (run 5) for the initial calibration
of antenna delays, amplitudes, and phases. We observed PKS
B1934-638 for several minutes during each run to calibrate the
bandpass, �ux density scale, and polarization leakages, identical
to what we described in Section 3.1. ATCA data are normally
calibrated by observing a secondary calibrator interleaved with
observations of the target �eld(s); however, for S-PASS/ATCA,
this is not possible because we do not re-observe most targets.
Furthermore, we cannot use the MIRIAD task GPCAL, since it requires
that a calibrator is observed with good parallactic angle coverage,
to separate instrumental from source-intrinsic polarization effects.
Instead, �rst we self-calibrate all calibrators, then we self-calibrate
all other targets. Appendix A shows the details of this process.
Table 1 lists all sources that we used as calibrators. These sources
were selected because they are unresolved on the baselines used
in our observations, and bright, so that they dominate the �eld
of view and source confusion is mitigated. Throughout the self-
calibration process, data were �agged automatically using the
MIRIAD routines UVFLAG and TVCLIP. Shadowed baselines were
�agged automatically at the start of the calibration process.

3.3 Post-calibration, Extracting polarization information

Since our observations cover a wide range in frequency, the size of
the synthesized beam changes by a large amount across the band.
When analysing sources from the survey, we found that convolving
all channels to the same beam size corrupts the shape of Stokes
I frequency spectra, making them unusable (we did not test how
Stokes Q and U are affected). This might be related to the poor
uv-coverage of our observations. Therefore, we did not modify the
data to make the beams more uniform. Given the large size of the
synthesized beam, �2� × 1� , see Fig. 2, most sources are unresolved,
in which case the change in size of the synthesized beam will not
affect our results.

We used the MIRIAD task SFIND to create a list of sources in a
StokesIimage of each target �eld, and we identi�ed sources by cross-
correlating the brightest two sources in Stokes I in each �eld with
the PKSCAT901 (Wright & Otrupcek 1990) and NVSS catalogues
(if a match was found with a source from PKSCAT90, it was not
also correlated with NVSS). Some target �elds contain more than
two sources in Stokes I; in those cases, we limited our analysis to
the brightest two sources. If no counterpart was found, we named
a source after its sky coordinates: SPASS Jhhmmss–ddmmss.
Seconds and arcseconds are truncated, not abbreviated, following
the naming convention of NVSS sources.

For the two sources that are brightest in Stokes I in each �eld, we
extract Stokes I, Q, and U �ux densities as a function of frequency,
together with the uncertainties in these measurements. We extract
�ux densities directly from the uv-visibilities, using the MIRIAD task
UVSPEC (extracting only the real parts of the visibilities), instead of
creating CLEANed channel maps. This saves time and therefore
greatly increases processing speed, and no additional storage space
is needed when saving the channel maps. In the case of sources

1http://vizier.u-strasbg.fr/viz-bin/VizieR?-source = VIII/15

from the pilot project, we include only baselines with a projected
length larger than 1 k�.

We analyse the data using the FIRESTARTER program, a QU-
�tting based algorithm that we describe in S18. This program can
be downloaded from the following URL.2FIRESTARTER �ts for the
spectral index of each source component (assuming the source
emits a power-law synchrotron spectrum, before this emission
is depolarized), and includes all available information on the
measurement uncertainties. In particular, it does not assume that
the noise variances in Stokes Q and U are equal and constant across
the band. As we discussed in Schnitzeler & Lee (2017) and S18, this
makes the program much more capable at handling real observations
and real sources than competing algorithms like RM synthesis. The
user speci�es a list of model components that FIRESTARTER should
�t to the data, together with the maximum number of allowed model
components. Complex models are �tted iteratively, starting with the
simplest possible model, and subsequently adding new components.
We �t data from the pilot project and from the survey with up to
�ve point sources in RM, without implementing a cut-off in the
reduced �2. Each point source is modelled using equation (3) in
S18. At the heart of FIRESTARTER lies the Levenberg�Marquardt
optimalization algorithm (Levenberg 1944; Marquardt 1963; Mor·e
1978; Markwardt 2009), which, in the case of S-PASS/ATCA, needs
to be initialized with a starting value for the spectral index � of
the source and its RM. As starting values, we use � = 0 and
the RM that shows the highest polarized �ux density in an RM
spectrum calculated between – 2500 rad m�2. FIRESTARTER ranks
models that were �tted to the data automatically, and calculates
the detection signi�cance and signal-to-noise ratio, relying on
concepts from statistics and information theory. We selected the
Bayesian Information Criterion, without applying model averaging,
for ranking model �ts. In S18, we showed that this is the most
selective criterion for observations that cover the frequency range
of S-PASS/ATCA. We discard �ts from the �nal catalogue in three
cases: (1) if a �t has converged on a spectral index that is �6
or + 3, the extreme values allowed by the �tting procedure, (2)
if a �t is �agged during the �tting process, or (3) if the brightest
polarized source (L1, ref) has a polarizationpercentage larger than
100 per cent. Because FIRESTARTER does not �t models to Stokes,
the latter check is carried out after FIRESTARTER has been applied.
For sources that were observed on more than one day, we list
the observation with the highest polarized signal-to-noise ratio for
L1, ref.

As an illustration, we show in Fig. 3 the calibrated data and model
�ts for the radio source PKS B2323-407. The program identi�es
bright polarized emission at two RMs, and faint polarized emission
of about 2 mJy at three additional RMs (bottom panel). The �t
residuals to the Stokes Q, U data have a reduced �2 of 2.4. The
StokesIspectrum can be �tted by a single power law (with a reduced
�2 of 3.2), and it is clear that the spectral index �tted to Stokes I,
�0.82, is very different from the spectral index �tted to the brightest
source component in polarized �ux density, where �L, 1 = 0.12.
We will investigate this for a larger sample of sources in Section
5.3.

Finally, we want to mention two issues that we identi�ed in the
S-PASS/ATCA data. First, if sources are bright, the models �tted
to the polarization data can show large values for the reduced �2,
indicating that we are not �tting the correct models to the data,
that the deviations between the �tted models and the data are not

2https://github.com/dschnitzeler/�restarter
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Table 1. Overview of sources that we used to calibrate gain amplitudes and phases. For each source, we list an alias, whether the source was listed as
a Gigahertz-Peaked Spectrum (GPS) or Compact Steep Spectrum (CSS) source by Edwards & Tingay (2004) or Randall et al. (2011), and its equatorial
coordinates, taken from the ATCA calibrator data base http://www.narrabri.atnf.csiro.au/calibrators/. We also present its S-PASS/ATCA �ux densities at the
reference frequency (2.1 GHz) in Stokes I and in L, its RM, and during which runs the source was observed. Runs 1�4 occurred between 2012 March 23�26,
run 5 on 2012 July 17. L and RM are listed for the brightest source component that we �tted to Stokes Q and U, we used the subscript �1� to indicate this.
If calibrators have been observed on more than one day, we list weighted means for I, L, and RM, using the uncertainties in the measurements as weights.
Measurements for individual runs are presented in Appendix B. RMs were not corrected for ionospheric Faraday rotation.

Name Alias Type
RA

(J2000) Dec. (J2000) Iref L1, ref RM1 Observing run
hh:mm:ss dd:am:as mJy mJy rad m�2 1 2 3 4 5

PKS B0008-421 00:10:52 �41:53:11 3240 10 2 �
PKS B0023-263 OB-238 CSS 00:25:49 �26:02:13 6728 25 4 �
PKS B0237-233 GPS 02:40:08 �23:09:16 5080 116 �3 �
PKS B0403-132 OF-105 CSS 04:05:34 �13:08:14 3339 70 13 �
PKS B0420-014 04:23:16 �01:20:33 3049 59 �44 � � � �
PKS B0440-003 04:42:39 �00:17:43 3579 70 57 �
PKS B0537-441 05:38:50 �44:05:09 7473 225 60 � �
PKS B0607-157 06:09:41 �15:42:41 3048 97 69 � �
PKS B0823-500 08:25:27 �50:10:38 6031 20 231 (3601) � � � � �
PKS B1127-145 11:30:07 �14:49:27 4280 159 42 � � � �
PKS B1215-457 CSS 12:18:06 �46:00:29 3846 17 �117 � �
PKS B1308-2202 3C 283 CSS 13:11:39 �22:16:42 3329 3 (1112) 1 � � � �
PKS B1421-490 CSS 14:24:32 �49:13:50 7306 813 323 � � �
PKS B1613-586 16:17:18 �58:48:08 4620 50 61 � � � �
PKS B1730-130 17:33:03 �13:04:50 4570 221 �60 �
PKS B1827-3604 GPS 18:30:59 �36:02:30 4279 3 �326 � � � �5

PKS B1934-6384 GPS 19:39:25 �63:42:46 12346 5 399 � � � �5 �
PKS B2032-350 20:35:48 �34:54:09 3982 258 2 � � �
PKS B2203-188 OY-106 CSS 22:06:10 �18:35:39 5468 39 5 �
PKS B2223-052 3C 446 22:25:47 �04:57:01 7369 277 �31 �

Notes: 1During run 5, the brightest and second brightest source components of PKS B0823-500 had RMs of �2 rad m�2 and + 353 rad m�2, respectively
(Table B3). The weighted mean RM of the other four runs is 360 rad m�2.
2PKS B1308-220 was detected with a polarization fraction L1, ref/Iref > 0.1 per cent only during run 2 On the other three runs, the polarization percentage of
the signal was so low that it could be produced by the telescope itself. On run 2, we measured a polarized �ux density of 111 mJy, the weighted mean of L1, ref
is calculated from the other three observing runs (Table B2).
3The best �t for run 3 had L > I and was therefore discarded.
4The average polarization percentage of this source is < 0.1 per cent, hence the measured polarized signal could therefore be purely instrumental.
5In run 4, all �tted models converged on � = �6 or + 3, and were therefore discarded.

Figure 2. Size of the restoring Gaussian beam used to create the �nal
CLEANed image for each ATCA �eld, at 2.2 GHz. Note the difference in
scale between the horizontal and vertical axes.

described by Gaussian noise (for example, they are produced by
calibration errors), or a combination of the two. In fainter sources,

these effects can be hidden in the noise. If the second explanation is
responsible for the large values of the reduced �2, then equation (2)
from S18 does not describe the likelihood. Quantities that depend
on the likelihood, like the detection signi�cance and the Bayesian
Information Criterion, then are also not reliable. However, in
Section 4, we show that our results match those from previous
observations in the (vast) majority of cases that we tested. Future
projects can clarify the origin of the large �2 values, for example,
by observing at a higher angular resolution.

Second, our S-PASS/ATCA observations could be affected by
source confusion due to aliasing in the dirty beam, since we extract
Stokes I, Q, and U frequency spectra directly from the visibilities,
instead of making CLEAN-ed channel maps. Source confusion can
manifest itself as oscillations on top of a power-law spectrum in
Stokes, but not necessarily in Stokes Q and U, as Fig. 4 shows (e.g.
because the confusing source may be unpolarized). As a result of
this, the power law that we �t to the StokesIspectrum can have a
large value for the reduced �2, and polarized emission can occur
at more than one RM. However, a large value for the reduced �2

should not be used to identify automatically which �elds are affected
by source confusion. There can be other reasons why this value is
high: for example, the StokesIspectrum of PKS B0823-500 peaks at
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