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trum in polarized intensity at each spatial pixel (see Fig. 6 in Jelić
et al. 2015). They resemble the characteristics of depolarization
canals described by Haverkorn & Heitsch (2004). Most of them
are associated with beam depolarization that is due to discontinu-
ity in the polarization angle between two regions. Others might
be caused by differential Faraday rotation, which completely de-
polarizes emission along the line of sight. A real puzzle, how-
ever, is that most of them are extraordinary straight. As discussed
in Jelić et al. (2015), their straightness might be the result of a
fortunate projection of the complicated three-dimensional mor-
phology of the magnetic field and the ISM (e.g., the folding of
sheets, and loops and shocks), or it might be associated with in-
teractions of close-by moving stars and the ISM.

We here explore some of these possibilities further by char-
acterizing the orientation and position of the straight depolar-
ization canals observed in the 3C 196 field using the rolling
Hough transform (RHT, Clark et al. 2014). We then compare
their orientations with Hi structures detected in the same field
(Kalberla & Kerp 2016b) and with the magnetic field probed by
the Planck satellite (Planck Collaboration Int. XIX 2015). Ob-
servational data used for this work are detailed in Section 2, the
method of the RHT analysis is described in Section 3, and its
results are presented in Section 4. The paper concludes with a
discussion and summary in Section 5.

2. Observational data

We used a publicly available Faraday depth cube of 3C 196
field, given in polarized intensity (Jelić et al. 2015)1. The cube
was synthesized based on the LOFAR High Band Antennas ob-
servation L80508, described in Jelić et al. (2015) and covers
the frequency range from 115 MHz to 189 MHz. The Faraday
depth cube has an angular resolution of ∼ 3.75 arcmin. The
resolution in Faraday depth is ∼ 1 rad m−2, and the noise is
70 µJy PSF−1 RMSF−1.

To identify straight depolarization canals, we have recreated
an image showing the highest peak of the Faraday depth spec-
trum in polarized intensity at each spatial pixel (see fig. 6 in Jelić
et al. 2015, and Fig. 1). To this image, we then applied the RHT
described in Section 3.

For the Hi distribution in 3C 196 field, we used pub-
licly available data of the Galactic Effelsberg–Bonn Hi Sur-
vey (EBHIS, Winkel et al. 2016)2. The EBHIS data has an
angular resolution of 10.8 arcmin and a spectral resolution of
1.44 km s−1.

In our analysis we also used the plane-of-sky magnetic field
orientation traced by a polarization angle of dust emission ro-
tated by 90◦. This we inferred directly from the Planck 353
GHz polarization maps given in Stokes Q,U (Planck Collabo-
ration Int. XIX 2015; Planck Collaboration I 2016). The maps
are publicly available at the Planck Legacy Archive3. Because
the signal-to-noise ratio of the observed polarized dust emission
in the 3C 196 field is lower, we used the Planck data smoothed
to a resolution of 15 arcmin.

3. Rolling Hough transform

The rolling Hough transform (RHT, Clark et al. 2014)4 is a mod-
ification of the Hough transform algorithm (Hough 1962), which

1 http://cdsweb.u-strasbg.fr/cgi-bin/qcat?J/A+A/583/A137
2 http://cdsarc.u-strasbg.fr/viz-bin/qcat?J/A+A/585/A41
3 http://pla.esac.esa.int
4 https://github.com/seclark/RHT

Fig. 1. Example of the RHT backprojection (red lines) visualized on an
inverted image of the highest peak of the Faraday spectrum in polarized
intensity at each spatial pixel for the 3C 196 field. The input parameters
for the RHT are DK = 4′, DW = 50′, and Z = 0.8.

is widely used to detect discrete straight lines. The RHT quan-
tifies each pixel of an image with respect to its surroundings by
encoding the probability that it is a part of a coherent linear struc-
ture. In astronomy it was initially used to characterize magnet-
ically aligned filaments in Hi data (Clark et al. 2014). We here
use it to characterize straight depolarization canals observed in
the radio polarimetric data.

The output of the RHT is the function R(θ, x, y), where θ is
an angle of a parameterized straight line and x, y are coordinates
of a pixel in an image. To visualize this result, the backprojection
is obtained by integrating R(θ, x, y) over θ. To highlight specific
linear features in the RHT output, three input parameters can be
used: (i) the smoothing kernel diameter (DK), which controls a
suppression of large-scale structures in an image; (ii) the win-
dow diameter (DW ), which defines a minimum length of linear
structures; and (iii) the probability threshold (Z), which defines
a lower cut of the stored outputs R(θ, x, y).

To quantify the relative orientation of linear structures (iden-
tified with the RHT) with respect to the Galactic plane, we fol-
lowed Clark et al. (2014) and defined a metric

R̃(θ) =
1
N

"
R(θ, x, y) dx dy, (2)

where the integral goes over a region of an image, and N is a
normalization factor that is commonly defined as

∫ π/2
−π/2 R̃(θ) dθ =

1. The results are then visualized on a half-polar plot, such that
the alignment with the Galactic plane is at 0 and the orthogonal
alignment is at ±π/2, following the counterclockwise direction.

When calculating a mean 〈θ〉 and a spread δθ of the distribu-
tion, we make a full circle projection of the half-polar plot and
visualize every point as a vector with length R̃2 dθ. Integrating
over the whole plane gives us a total vector S :

S =

∫ π/2
−π/2 R̃2(θ) e2iθ dθ∫ π/2
−π/2 R̃2(θ) dθ

. (3)
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