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ABSTRACT

Context. Linear polarization of Galactic synchrotron emission provides valuable information on the Galactic magnetic field and on the
properties of the Galactic magneto-ionic medium. Polarized high-latitude Galactic emission is the major foreground for polarization
studies of the cosmic microwave background.
Aims. We present a new southern-sky λ21 cm linear polarization survey, which complements the recent λ21 cm DRAO northern sky
polarization data.
Methods. We used a 30-m telescope located at Villa Elisa/Argentina to map the southern sky simultaneously in continuum and linear
polarization.
Results. We present a fully sampled map of linearly polarized emission at λ21 cm of the southern sky for declinations between −10◦
and −90◦ . The angular resolution of the survey is 36 and its sensitivity is 15 mK (rms-noise) in Stokes U and Q. The survey’s zerolevel has been adjusted to that of the recent DRAO 1.4 GHz linear polarization survey by comparing data in the region of overlap
between −10◦ and −27◦ .
Conclusions. The polarized southern sky at 1.4 GHz shows large areas with smooth low-level emission almost uncorrelated to
total intensities indicating that Faraday rotation originating in the Galactic interstellar medium along the line of sight is significant
at 1.4 GHz. The southern sky is much less contaminated by local foreground features than is the northern sky. Thus high-frequency
observations of polarized cosmic microwave emission are expected to be less aﬀected. The percentage polarization of the high-latitude
emission is low, which seems to be an intrinsic property of Galactic emission.
Key words. polarization – radiation mechanisms: non-thermal – ISM: magnetic fields

1. Introduction
Linear polarization surveys for large sections of the northern
sky and the southern sky were carried out in the years following the first detection of linear polarization in the early sixties
by Westerhout et al. (1962) and Wielebinski et al. (1962). Most
observations were made at 408 MHz. 1.4 GHz was the highest
frequency used (see Reich 2006, for a recent review). All these
early surveys were incompletely sampled and limited in sensitivity. However, time consuming but essential absolute zerolevel determination was provided (Brouw & Spoelstra 1976).
Although observed in the sixties, these data are still helpful for
present experiments suﬀering from limited telescope time or instrumental limitations. The recent DRAO survey at 1.42 GHz
(Wolleben et al. 2006) marks a revival of large-scale polarization
sky surveys, because it provides a much denser sampling and
higher sensitivity than the early Dwingeloo surveys by Brouw
& Spoelstra (1976), although it adopts their absolute zero-level.
Traditionally, the southern sky, where nearly all observations
come from the Parkes 64-m telescope, is less intensely studied than the northern sky. For the southern sky, polarization data
were collected at 408 MHz in the early sixties (Mathewson et al.
1966a). Also, observations at 620 MHz and a few measurements
at 1.41 GHz were made by Mathewson et al. (1966b). From their
1.41 GHz observations, 37 selected measurements of the diﬀuse
Galactic emission were published, where polarized intensities
exceed 200 mK T B .

During the past decade, the interest in Galactic polarization
surveys increased as they show features with no correspondence in the total intensity data. The observed polarization structures result from Faraday rotation eﬀects along the line of sight,
thereby revealing insights into the properties of the Galactic
magneto-ionic medium. It was also realized that sensitive cosmic microwave background studies aiming to detect polarization signals from the early universe might suﬀer from polarized
Galactic synchrotron radiation as the dominant foreground.
Reich (2006, and references therein) has reviewed the
present status of Galactic polarization surveys. Most recent
projects are limited to observations of the Galactic plane either
using large single-dish telescopes like the Eﬀelsberg 100-m or
the Parkes 64-m telescopes, where arcmin angular resolutions
are obtained at λ21 cm or λ11 cm, or very recently with the
Urumqi 25-m telescope at λ6 cm (Sun et al. 2007a,b). In addition, considerable eﬀorts have been made for 1.4 GHz polarization surveys with an angular resolution of about 1 using
synthesis telescopes e.g. the Canadian Galactic plane survey,
CGPS (Taylor et al. 2003) and the Southern Galactic plane survey, SGPS (Gaensler et al. 2001). Small-scale polarization structures with no total intensity counterpart result from Faraday rotation and depolarization eﬀects in the interstellar medium. Their
interpretation is not possible without adding the missing largescale components and adjusting the maps to the correct absolute
zero-level (see e.g. Reich 2006). The 1.4 GHz DRAO northern
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sky survey carried out with a 26-m telescope (Wolleben et al.
2006) adopted the absolute zero-level from the Dwingeloo polarization survey by Brouw & Spoelstra (1976). Its inclusion is
necessary for the Eﬀelsberg Medium Latitude Survey (EMLS)
(W. Reich et al. 2004), which covers the Galactic plane out to
±20◦ at an angular resolution of 9. 4. The combined result from
the single-dish surveys is used to adjust the CGPS interferometric data. Only a combination of all three surveys gives the complete polarization information on all spatial scales down to one
arcminute for the area covered by the CGPS (Landecker et al.,
in prep.).
We carried out a fully sampled southern sky survey in total
intensity at λ21 cm using a Villa Elisa 30-m telescope (Testori
et al. 2001; Reich et al. 2001). Linear polarization data were
collected simultaneously during these observations. We describe
the reduction of these data, which diﬀers from the reduction of
the total intensity measurements, and present the resulting maps.
The Villa Elisa polarization survey is the southern complement
to the northern DRAO survey. Both surveys match in angular
resolution and sensitivity. A combination of both surveys to an
all-sky map is described in a companion paper by Reich et al. (in
prep.).

2. Observations and data reduction
The southern sky was simultaneously mapped in total intensity
and linear polarization using one of the two 30-m telescopes of
the Instituto Argentino de Radioastronomiá located at Villa Elisa
(Argentina) at λ21 cm. The receiving system has already been
described in some detail by Testori et al. (2001), so we only give
a brief summary of its main features.
The receiver box is located in the prime focus of the 30-m
telescope and consists of a corrugated conical horn followed by
a turnstile providing the left-hand and right-hand circularly polarized components of the received signal. The polarization isolation of this device should be better than 30 dB. The circularly
polarized components are connected to two uncooled low-noise
amplifiers with a noise temperature of 60 K at room temperature. The system noise towards the coldest regions of the sky was
measured to be about 90 K. An internal noise tube provided gain
calibration of the receiving system and was injected for half of
the observing time. At the IF-stage (123.5 MHz), the two signals
were filtered with a phase-matched pair of filters and fed into an
IF-polarimeter. To minimize the phase drift in the polarimeter
that is caused by diﬀerential changes in electrical length of both
receiver channels, low attenuation cables were used for the IF
and LO between the front-end and the control room. This polarimeter is a copy of the standard narrow-band IF-polarimeter
used at the MPIfR Eﬀelsberg 100-m telescope. Another copy of
this polarimeter was used for the DRAO 1.4 GHz polarization
survey by Wolleben et al. (2006). The polarimeter provides output proportional to all Stokes parameters. Both U and Q are obtained from analogue correlation of the left-hand and right-hand
circular antenna signals.
Testori et al. (2001) already described the observational procedure of the λ21 cm southern sky survey and also its calibration
and reduction for the total intensity channels. The results of the
total intensity survey were published by Reich et al. (2001). In
brief, the southern sky was mapped by applying the “Nodding
Scan Technique” (Haslam et al. 1974), where the telescope continuously moves up and down in elevation along the local meridian. Up and down scans were individually recorded, and the
earth’s rotation provides a full coverage in right ascension. Each
day the observations were started about 1 minute later in siderial

time to provide a full sampling after 16 nights. The telescope
moved with 10◦ /min in elevation corresponding to a declination
range between −90◦ and −10◦ . Each up or down scan was observed at least twice. A four-phase switching scheme of 4×60 ms
was used, where the calibration signal was added to the antenna
signal for two phases. During two phases (one of them includes
the calibraton signal), a 180◦ phaseshift was added to remove
second-order terms in the correlated polarization signals. This
front-end switching scheme provides a receiver gain control on
short time scales.
The polarization data used here were exclusively observed
between 1987 and 1989 at 1435 MHz, while observations made
between 1993 and 1994 were also used for the total intensity
survey. The latter has a centre frequency of 1420 MHz and
used a bandstop filter to reject the Galactic HI-line, but the filter aﬀects the polarization data so that they are not included
here.
A number of strong calibration sources were observed every day. The main calibration sources for the survey were
PKS 0518-45 (Pictor A) and PKS 0915-11 (Hydra A). For the
list of secondary calibration sources see Table 3 of Testori et al.
(2001). The phase setting of the polarimeter was controlled over
a highly stable calibration signal, which was injected for 50%
of the observing time into the RHC and the LHC channel before amplification (see Testori et al. 2001, Fig. 1). The calibration signal was then extracted from the two linear polarization
channels of the polarimeter. Its ratio was used to calculate the
appropriate time-dependent polarization angle variations caused
by the receiving system, which is measured relative to the polarization angle as defined by the calibration signal injection.
The data of two polarization channels were corrected accordingly, and the polarization angle reference frame was kept constant over the observing period to high precision. The polarization angle transformation into astronomical coordinates was
provided by a comparison with polarized calibration sources
(Sect. 2.4).
Testori et al. (2004) have already described the principal
steps of data reduction and calibration applied to the polarization
data. The two polarization channels from about 6500 declination scans were edited for all kind of interference or distortions
following the methods applied for the total intensity data after
having sorted out about 300 scans that are too strongly distorted.
The mean intensity for each scan was set to zero. Raw maps
were calculated from the edited scans, where the coordinates are
starting time and elevation. “Scanning eﬀects”, e.g. baseline distortions of individual scans caused by receiver drifts or weather
eﬀects, were suppressed by using the method of “unsharp masking” described by Sofue & Reich (1979). This iterative destriping technique removes individual distortions in a map relative
to its surroundings by fitting first and second order polynomials
to them. This is not always suﬃcient in case that “scanning effects” vary on timescales shorter than the 8-min duration of one
meridian scan. In that case distortions might not be well-fitted by
polynominals of second order and residuals are left, which imply that for the 80◦ long scans local distortions extending up to
several degrees are not fully corrected. These remaining “scanning eﬀects” can be clearly identified in low-emission regions
in the final maps. We avoid any further processing to suppress
these features, as it cannot be ruled out that sky emission is affected by these procedures. The amplitude diﬀerences between
neighbour scans may reach 50 mK T B . Because striping eﬀects
distribute randomly, they almost disappear after smoothing the
maps to angular resolutions of 60 to 90 .
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Polarized ground radiation in CH3

2.1. Ground radiation profiles

2.2. Calibration sources and instrumental polarization

Significant instrumental polarization was observed from known
unpolarized sources, such as the HII-regions RCW 16, 27, 36,
38, and 42 and the radiogalaxy Hydra A, which has 0.1% polarization (Gardner et al. 1975). We identified cross-talk from the
total intensity channels into the two polarization channels as the
main reason. The overall instrumental percentage polarization
was determined to be 8.8%, which splits into 4.9% for Stokes U
and 7.3% for Stokes Q. These values were very stable during
the entire survey observations as controlled by daily calibration
source measurements.
The measured isolation of the turnstile in the lab, which was
quoted by Testori et al. (2001) to be better than 30 db, does not
seem to be the main source of instrumental polarization. The
main additional leakage seems to have happened by a mismatch
of the IF-polarimeter. This type of device is the standard narrowband polarimeter used at the Eﬀelsberg 100-m telescope, where
the overall instrumental polarization is quite low. For instance,
the instrumental polarization of the λ11 cm polarization survey
of the Galactic plane was measured as about 1% (Junkes et al.
1987).
Testori et al. (2004) have shown an example of a large Stokes
U-map both with and without instrumental correction, where a
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Ground radiation is a major contribution to the polarized signals
observed. It is picked up by the telescope’s sidelobes and varies
with position of the telescope. The Villa Elisa scans are all observed at the local meridian, so that ground radiation shows up
only as a function of elevation. The raw maps constructed from
up and down scans of both polarization channels were used to
extract a common elevation-dependent scan. The problem is the
separation of polarized sky emission, whose sky distribution is
largely unknown, from the radiation picked up from the ground.
We assumed that the Stokes parameter U and Q average to zero
over 24 h in right ascension, which we think is a reasonable assumption to start with. In addition we assumed that the ground
radiation is constant in time. Ground radiation is picked up by
weak far-sidelobes and is thus expected to vary smoothly with
elevation. In a first step we separated large-scale from smallscale structures by applying the “BackGround Filtering (BGF)”
method as described by Sofue & Reich (1979). We tested various
filters and finally used a 10◦ × 6◦ wide filter in right ascension
and declination, which seems appropriate to extract the ground
radiation emission component. From the map of the large-scale
components, we averaged all data for each elevation by excluding excessive values believed to be attributed to sky emission
and obtained ground radiation profiles separately for the up and
down scans for the two polarization channels as shown in Fig. 1.
The profiles shown have arbitrary temperature oﬀsets. We obtained very similar profiles for up and down scans for both channels, which deviate by just a few mK. This diﬀerence indicates
the level of uncertainty introduced by this correction step, which
is less than the noise level in the U and Q maps and thus not a
limiting factor for the results obtained.
The total intensity ground radiation curves (Fig. 3 in Testori
et al. 2001) show a rapid increase in the ground radiation picked
up towards −90◦. This ground radiation behaviour is reflected in
the increase in the ground radiation polarization profile as well,
although on a much lower level. The shape and the amplitudes
of the polarized ground radiation profiles were constant during
the period of observations.
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Fig. 1. The derived ground radiation profiles from the backend polarization channels “CH3” and “CH4” are shown separately for the up
(dashed line) and down (solid line) scans. The zero-level is arbitrary.
“CH3” and “CH4” correspond to Stokes −U and Q after rotation by
the instrumental polarization angle oﬀset, which was determined from
Parkes observations of polarized sources as described in Sect. 2.4. The
zenith of the telescope is at −55◦ declination.

section of the Galactic plane clearly shows up in the original polarization data, but vanishes almost completely after applying the
instrumental correction. Very low polarized emission along the
Galactic plane is in fact expected at 1.4 GHz, because the recent
WMAP polarization maps at 22.8 GHz and at higher frequencies
(Page et al. 2007) show a very small amount of polarized emission along the southern Galactic plane. At these high frequencies, Faraday rotation eﬀects can almost be neglected, which
implies little depolarization by the interstellar medium along the
line of sight. Thus the WMAP polarization data show intrinsic
polarized emission. Their fractional polarization is rather low,
and this should be the case at 1.4 GHz. In addition depolarization
is important at 1.4 GHz, and it explains that the Galactic plane is
almost invisible in polarization at 1.4 GHz. These results agree
with the northern-sky survey by Wolleben et al. (2006), where
the Galactic plane is also almost invisible due to depolarization.
2.3. Zero-level adjustment

While the Villa Elisa polarization survey was calibrated on an
intensity scale using observations of extended polarized sources
made with the Parkes telescope as described in Sect. 2.4, another
important issue for the analysis of polarized diﬀuse Galactic
emission is the determination of the correct zero-level (Reich
2006), which needs additional data. The southern sky lacks sensitive polarization data at an absolute level except for a few early
measurements made with the Parkes telescope, and they are discussed in the following section. However, there is a significant
overlap between declinations of −10◦ and −29◦ with the northern sky DRAO survey (Wolleben et al. 2006), which is tied to
the absolute polarization level provided by the Dwingeloo data
published by Brouw & Spoelstra (1976). We calculated the difference map in the region of overlap between both surveys in
Stokes U and Q. The DRAO survey data for declinations between −27◦ and −29◦ are too incomplete and thus excluded for
the present purpose. The diﬀerence data were averaged along
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Fig. 2. 1.435 GHz polarized intensity for the SCP-area shown in Galatic
coordinates. The contours start at 15 mK T B and run in steps of
30 mK T B . Polarization bars are in E-field direction and proportional
to polarized intensities. They are shown above 45 mK T B .

declination, and we adjusted the Villa Elisa maps at −10◦ declination by the oﬀset temperature profile in right ascension.
However, this way small distortions of the DRAO survey introduce some stripe eﬀects along declination since all the Villa
Elisa scans were kept at the same South Celestial Pole (SCP)
temperature at −90◦ . Again the “unsharp masking” method was
applied to remove these stripes.
The SCP polarization temperature at 1.4 GHz has not been
measured so far, so that the accuracy of the oﬀset level of the
survey towards lower declinations is not known precisely. One
constraint we have at present is based on the assumption that
any astronomical structure in the SCP area should not show any
peculiarity reflecting that all survey scans start at the SCP. We
therefore transformed the equatorial U and Q data into Galactic
U and Q data and checked the resulting polarized intensity image for possible weak gradients running towards the SCP. We finally corrected the original Q images for a gradient of 20 mK T B
and show the resulting polarized intensity image in Fig. 2, which
proves that, except for a very small region of about 2◦ in diameter, the SCP region shows no unusual signature. A broad polarization structure runs across the SCP area with very little distortion whether in polarized intensity or in the distribution of the
polarization angles. We are therefore confident that remaining
oﬀset levels and temperature gradients are small. In Sect. 3.1 we
limit any temperature gradient to less than 30 mK T B based on a
comparison with WMAP polarization data.
2.4. Comparision with Parkes 1.4 GHz southern sky
polarization data

Compact and strong polarized sources suitable for polarization
calibration with a small telescope are rare in the southern sky.
We compared our polarization data with strong but extended polarized sources previously observed with the Parkes 64-m telescope, such as the radio galaxies Fornax A and Pictor (Gardner
et al. 1975) and in particular with the strong, very extended, and
highly polarized radio galaxy Centaurus A. From the comparison we found that the observed CH3 and CH4 polarization data

Fig. 3. Comparison of the 1.4 GHz Centaurus A map observed with
the Parkes 64-m telescope smoothed to the Villa Elisa beam of 36 and
the map extracted from the Villa Elisa survey. Total intensity contours
run in steps of 200 mK T B (main beam temperature). Bars follow the
B-field direction (assuming negligible Faraday rotation). Their length
is proportional to polarized intensities and are shown for intensities exceeding 100 mK T B .

relate to Stokes U and Q as CH3 = −U and CH4 = Q with a
polarization angle correction by −23◦.
A new 1.4 GHz Parkes map (Junkes & Haynes, priv. comm.)
including polarization was convolved to the lower angular resolution of 36 of the Villa Elisa map and the resulting maps are
both shown in Fig. 3. Both maps agree closely in total intensity and linear polarization. Small diﬀerences for the most intense parts indicate a diﬀerent amount of residual instrumental
polarization in the Parkes map and the cross-talk corrected Villa
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Fig. 4. Comparison of the Stokes Q intensities (in mK T B ) of the
Centaurus A maps shown in Fig. 3 at an angular resolution of 45 . The
line indicates the one-to-one correspondence of both measurements.

Fig. 5. Comparison of the polarized intensities as measured by
(Mathewson et al. 1966b) with the Parkes telescope at 1.4 GHz with
data extracted from the Villa Elisa survey. The Parkes data are published
in units of 50 mK T B . The line indicates the one-to-one correspondence
of both measurements.

Elisa map. In general the polarization angle diﬀerences to all
Parkes data used for calibration are within ±3◦ , which we adopt
as our polarization angle accuracy for polarized regions where
the signal-to-noise ratio is high. We compare the measured
Q data for Centaurus A from both telescopes in Fig. 4, and they
agree quite well in general. Small pointing diﬀerences between
the two maps and local small distortions in each map result in
deviations of single pixels from a perfect one-to-one correspondence. A fit of the slope gives a coeﬃcient of 1.02 ± 0.04.
Mathewson et al. (1966a) have carried out intensive polarization measurements of the southern sky at 408 MHz with the
Parkes 64-m telescope and also made a few measurements at
1.4 GHz, which may be compared with data from the Villa Elisa
survey. These early 1.4 GHz observations were limited in sensitivity, and the measured polarized intensities are given in units
of 50 mK T B after being multiplied by 0.5 according to the IAU
adopted definition of linear polarization (see Berkhuijsen 1975,
for details).
Mathewson et al. (1966b) list polarization measurements of
diﬀuse emission at 37 positions distributed across the southern
sky. We extracted the corresponding data for polarized intensity and polarization angle from the Villa Elisa survey. We excluded five measurements, which have exceptional large polarization angle diﬀerences between 26◦ and 86◦ . In addition, three
of them have diﬀerences of more than 100 mK to the Villa Elisa
data. Figure 5 shows a comparison between the polarized intensities of the remaining 32 values. Mathewson et al. (1966b) only
published polarized intensities exceeding 200 mK T B with an
accuracy of 50 mK T B . The mean value for the Villa Elisa data
are 209, 238, and 298 mK T B for the corresponding Parkes values of 200, 250, and 300 mK T B . The agreement between the
two sets of data is within a few percent. We also compared the
polarization angles and find an average of the polarization angle
diﬀerences of −0.◦ 5. Twenty of the 32 polarization angles agree
within 10◦ . The centre frequency diﬀerence of both measurements is 25 MHz, which results in an angle diﬀerence of up to
1◦ for typical Galactic rotation measure values in the range of
±10 rad m−2 (Spoelstra 1984). We conclude that, despite the

Table 1. Parameter of the Villa Elisa polarization survey.
Antenna diameter
Geographic location
Coverage in RA
Coverage in Dec
T sys
HPBW
Sampling
Centre frequency
Bandwidth
Observing period
rms-noise U, Q
Polarization angle error
Systematic zero-level error
Pointing accuracy

30 m
58◦ 08 25. 04, −34◦ 51 57. 35
0h to 24h
−10◦ to − 90◦
90 K
36
15
1435 MHz
14 MHz
1987–1989
∼15 mK T B
±3◦
≤30 mK T B
±2

limited sensitivity of the early Parkes data, scaling and angle calibration of the Villa Elisa survey agree.

3. Results
Table 1 lists the basic parameters for the Villa Elisa polarization southern sky survey. Figures 6 and 7 shows greyscale coded
Stokes U and Q maps in the equatorial coordinate system following in principle the presentation of the northern sky DRAO
polarization survey by Wolleben et al. (2006) by considering the
lower level of linear polarization in the southern sky. We measured a rms-noise in the U and Q maps of ∼15 mK T B , which is
at the same level as for the northern sky survey. In Fig. 8 the
greyscale-coded polarized intensities PI are displayed, which
were calculated from the U and Q intensities corrected for the
positive noise bias following Wardle & Kronberg (1974):

PI = (U 2 + Q2 − 1.2σ2 )
(1)
where σ is the rms-noise measured from the U and Q maps.
Figure 9 shows selected polarization E-vectors.
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Fig. 6. Stokes U maps from the Villa Elisa 1.435 GHz polarization survey in equatorial coordinates (J2000).

The Villa Elisa survey data are accessible via the
MPIfR Survey Sampler: http://www.mpifr-bonn.mpg.de/
survey.html. Specified sections in various coordinate systems
can be obtained in FITS- or NOD2-format. Also, GIF-images
can be obtained.

temperature by adding a polarized intensity gradient from −10◦ ,
where the survey is tied to the DRAO survey, to −90◦ . A clear
gradient of the average spectral indices in declination results
when adding 30 mK T B or more at 1.435 GHz. Thirty mK T B
is therefore the maximum zero-level uncertainty of the survey,
as listed in Table 1.

3.1. Global polarization properties

We also calculated the percentage polarization of the
1.435 GHz southern sky survey at 1◦ angular resolution, together with the corresponding total intensity data (Reich et al.
2001), where 2.8 K have been subtracted to account for the
isotropic CMB background emission and unresolved extragalactic sources. The histogram is shown in Fig. 11. It is evident
that the percentage polarization is rather low in general, with a
peak in the distribution around 5%. Only a small fraction of the
pixels have percentage polarizations exceeding 20% and more,
which is significantly below the intrinsic percentage polarization
of synchrotron emission, and that is close to 75%. The polarized intensity spectrum shows that depolarization is not strong
at 1.435 GHz for Galactic high-latitude emission. We conclude
that this low percentage polarization is an intrinsic property of
Galactic high-latitude emission. If depolarization by Faraday rotation is insignificant one possible explanation for a low percentage polarization might be small-scale magnetic field fluctuations
within the beam size of the observations. Another explanantion is the superposition of a number of synchrotron emission

The distribution of spectral indices for polarized intensities calculated from the 1.435 MHz Villa Elisa survey and the 22.8 GHz
WMAP survey (Page et al. 2007) at an angular resolution of 1◦
is shown in Fig. 10. Most frequent spectral indices are between
β = 2.8 and β = 3.0 with T B (PI) ∼ ν−β . Regions along the
Galactic plane with |b| ≤ 30◦ are depolarized at 1.435 GHz and
have flat spectra, while the spectral indices show a large scatter for regions with polarized emission close to the noise level,
which results in very flat and very steep spectra. Outside of depolarized regions close to the plane the spectral distribution resembles the spectral index distribution for the corresponding total intensity emission (P. Reich et al. 2004). This is a strong indication
that, at high Galactic latitudes, where Faraday rotation eﬀects
leading to depolarization are not significant at 1.435 GHz, the
observed polarized intensities show the intrinsic Galactic polarized emission. The spectral index distribution shows no dependence on declination as expected. We checked the adopted SCP
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Fig. 7. Stokes Q maps from the Villa Elisa 1.435 GHz polarization survey in equatorial coordinates (J2000).

components along the line of sight, which have diﬀerent orientations of the regular magnetic field direction.
3.2. The large high-latitude depolarized shell G353-34

Unbiased sky surveys are well-suited to revealing large extended
structures out of the Galactic plane. A remarkable high-latitude
depolarized structure is visible in the polarized intensity map and
has already been mentioned by Testori et al. (2004). The polarized emission in this direction is enhanced for an area of about
40◦ × 20◦ . The shell-like structure is centered approximately at
α, δ(2000) ∼ 20h 25m , −47◦ or l, b ∼ 353◦ , −34◦ and is denoted
according to its Galactic coordinates G353-34. It has a diameter
of about 10◦ . The object can be recognized well in the U, Q, and
PI, maps (Figs. 6−9). Very weak total intensity enhancement is
associated with the depolarized shell, as shown in Fig. 12, which
was extracted from the 1.4 GHz total intensity map (Reich et al.
2001) and smoothed to an angular resolution of 2◦ . Although
the centre of the ring is at a high Galactic latitude, diﬀuse largescale emission increasing towards the Galactic plane dominates,
so it was removed by the application of the “background filtering technique” (Sofue & Reich 1979) using a filter beam size
of 5◦ . We show 1.4 GHz total intensity contours after removal of
the diﬀuse large-scale emission overlaid on polarized intensities
in Fig. 12.

Two bisymmetric, total-intensity ridges follow the almost
circular appearance in polarized intensity. This morphology suggests a possible identification as a supernova remnant (SNR),
which according to its high latitude and large size, is very
likely a local object with a diameter of D = 17.4 d100 pc at
z = 57.4 d100 pc), where the distance d is in units of 100 pc.
This object can also be clearly traced in the 408 MHz all-sky,
total-intensity map of Haslam et al. (1982) when processed in
the same way as the 1.4 GHz map. From a TT-plot analysis of
the filtered total-intensity maps, we find a temperature spectral
index T B ∼ ν−β of the shell that is β = 3.1±0.2 between 408 MHz
and 1420 MHz.
We also checked the WMAP 22.8 GHz total-intensity map
(Hinshaw et al. 2007), but found no correspondence of the shell
structure, which supports a steep non-thermal spectrum, as found
for the lower frequencies, and clearly rules out a thermal origin of the shell. The non-thermal spectrum is steeper than for
SNRs in the adiabatic expansion phase (β ∼ 2.5), and it indicates a SNR in the cooling phase, which means an evolved object. The depolarized shell is not visible in the WMAP 22.8 GHz
linear polarization data (Page et al. 2007). No associated X-ray
emission is evident from an inspection of ROSAT survey maps.
A depression of diﬀuse infrared emission across the area of
G353-34 is visible in the IRAS 100 μm and 60 μm maps. There
is an indication for weak related Hi emission in the southern sky
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Fig. 8. Polarized intensity maps from the Villa Elisa 1.435 GHz polarization survey in equatorial coordinates (J2000).

Hi survey by Bajaja et al. (2005). The Hi velocity range is between 4 km s−1 and 16 km s−1 , which indicates that the shell is
a local object. A detailed analysis of the Hi data will be given
elsewhere. Faint emission along the depolarized shell can be
traced in the southern Hα-survey (SHASSA) by Gaustad et al.
(2001), when the large-scale diﬀuse background emission is filtered out and the map is smoothed to 36 . We show the processed continuum-corrected Hα emission overlaid on the polarized 1.4 GHz emission in Fig. 13. The depolarized shell is clearly
traced by Hα emission, which has a mean intensity of about 1 R,
corresponding to an emission measure EM of ∼2 cm−6 pc.
One explanation for the depolarization caused by the evolved
SNR shell might be cancellation of diﬀuse Galactic polarization
in its direction by the superposition with polarized shell emission at a diﬀerent polarization angle. However, the total intensity emission of the shell is clearly weaker than the amount of
polarized emission required, so this possibility can be ruled out.
Associated Hα emission may indicate enhanced Faraday rotation in the shell, which might act in two ways.
The amount of Faraday rotation might be such that polarized Galactic foreground emission cancels Galactic background
emission. This kind of Faraday screen model was discussed previously by Wolleben & Reich (2004). In this particular case, the
foreground and background components should be about equal,
which means about 100 mK T B to 150 mK T B . This amount

of polarized foreground emission requires about 200 mK T B associated total intensity synchrotron emission for a perfect organized magnetic field. For a more likely scenario with a less wellorganized magnetic field, two or three times more synchrotron
emission is required.
When we take the local excess of synchrotron emissivity
into account (Fleishman & Tokarev 1995; Wolleben & Reich
2004), we estimate the distance to the shell to be about 300 pc
or 500 pc, which implies a shell diameter of about 50 pc to
85 pc. The tangential line of sight along the shell is estimated
to be 30 pc to 55 pc for 5% shell thickness. For an EM of
∼2 cm−6 pc, we calculate a thermal electron density between
0.20 cm−3 to 0.26 cm−3 . In this depolarization scenario a Faraday
rotation of 90◦ or 35 rad m−2 has a maximum eﬀect whenever
foreground and background polarization angles take the same
direction. We obtain a magnetic field component along the line
of sight in the range of 4 μG to 6 μG, which is weak for an
evolved SNR.
Finally we consider depolarization of background emission
in the shell by high fluctuations of the magnetic field and/or the
electron density in the shell on smaller scales than the angular
resolution of the observations. This scenario, however, requires
a very small distance for G353-34, because the foreground polarization along the shell is close to zero. Possibly a combination
of the last two explanations describes G353-34 best; however,
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Fig. 9. Bars showing polarized intensities exceeding 20 mK T B from the Villa Elisa 1.435 GHz polarization survey in equatorial coordinates
(J2000). The overlaid polarized intensity contour is at 100 mK T B . Also overlaid is the grid of Galactic coordinates.
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Fig. 10. Spectral index distribution for polarized emission between
1.435 GHz from the Villa Elisa survey and 22.8 GHz from WMAP.

Fig. 11. The λ21 cm percentage polarization for the southern sky for
declinations below −10◦ .

without observations at more frequencies this cannot be investigated further.

declinations of −10◦ . The absolute polarization level is obtained
by adjusting the region of overlap between −10◦ to −27◦ with
the northern-sky survey carried out at DRAO (Wolleben et al.
2006), which is tied to the absolutely calibrated polarization values of Brouw & Spoelstra (1976). The zero-level accuracy at
lower declinations is better than 30 mK T B or about twice the
noise level. This polarization survey is the first one covering the

4. Concluding remarks
We have presented fully sampled maps of the linearly polarized intensities at λ21 cm for the entire southern sky below
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The polarized emission observed in the southern sky is much
less contaminated by intensive large-scale structures as seen in
the northern sky, e.g. by local structures like the North Polar
Spur, Loop III, and the so-called “Fan region” centered at l ∼
140◦ slightly above the Galactic plane. The southern sky is therefore better-suited for studies of the large-scale polarized cosmic
microwave background than the northern sky. La Porta (2007)
has made a comparative analysis of the angular power spectra
of both the northern polarized sky (La Porta et al. 2006) and the
southern polarized sky, and it reveals diﬀerences due to the local structures in the northern sky, which have an influence for
latitudes of up to about 60◦ .
The combined all-sky map from the northern DRAO and the
southern Villa Elisa 1.4 GHz polarization surveys will be presented in a forthcoming paper by Reich et al. (in prep.).

Fig. 12. Bars showing polarized intensities from the Villa Elisa
1.435 GHz polarization survey in equatorial coordinates (J2000) with
overlaid contours of spatially filtered total intensities at 2◦ angular resolution (see Sect. 3.2). Contours start at 25 mK T B and run in steps of
25 mK T B . Polarized intensities exceeding 50 mK T B are shown for every fourth 15 pixel.
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