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Fig. 4. Comparison of the orientations of the straight depolarization
canals (blue distribution, RHT input parameters: Z = 0.8, DK = 4′ ,
and DW = 30′), the Hi filaments (orange distribution, RHT input pa-
rameters: Z = 0.8, DK = 10′, and DW = 100′), and the plane-of-sky
magnetic field component (green distribution) in the 3C 196 field. The
scales are relative.

They have the same orientation as the filament of the magneto-
ionic medium, displacing the background synchrotron emission
in Faraday depth.

The other distinct orientation of depolarization canals is
∼ −65◦ with respect to the Galactic plane. They are associated
with very weak emission observed in the upper part of the im-
age presented in Fig. 1. These canals have similar orientation as
the bar-like structure observed in the same region at higher radio
frequencies (WSRT observations at 350 MHz, presented in Jelić
et al. 2015, see figure 10). The bar-like structure is not detectable
with LOFAR, since it is Faraday thick at LOFAR observing fre-
quencies.

The orientation of the Hi filaments in the 3C 196 field
matches that of the straight depolarization canals observed in the
LOFAR polarimetric data. This is clearly visible in Fig. 4, which
compares the two distributions given in relative scale. The Hi fil-
aments have a dominant orientation of ∼ 10◦ with respect to the
Galactic plane at velocities from −11.5 km s−1 to +3.0 km s−1.
Around velocities of +15.0 km s−1, the Hi filaments located in
the upper part of the field have a similar orientation as the −65◦
depolarization canals located in the same region (see Fig. A.1
in Appendix A, which shows the relative orientation of the Hi
filaments as a function of the line-of-sight velocity).

The observed coherency of the Hi filament orientations over
the wide rage of velocities indicates a very uniform and ordered
magnetic field. On the other hand, the changing orientation of the
neutral structures at higher velocities points to a tangled line-of-
sight magnetic field (Clark 2018).

In Figure 4 we therfore also compare the orientations of the
straight depolarization canals and the Hi filaments with the ori-
entation of the plane-of-sky magnetic field component, whose
distribution is presented in green. The three distributions are
aligned. The magnetic field is on average almost parallel to the
Galactic plane, with a mean orientation of 3◦ and a spread of
±14◦.

This is consistent with the overall Galactic magnetic field di-
rection. As discussed in Jelić et al. (2015), the magnetic field
component that follows the spiral arms of our Galaxy is almost
perpendicular to the line of sight in the direction of 3C 196.
Hence, it is expected that most of the structures detected in the
LOFAR polarimetric data and in the Hi data follow the direction
of the plane-of-sky magnetic field, in this case, the dominant ori-
entation of the local magnetic field.

However, we probe with the Planck satellite the density-
weighted and averaged magnetic field direction. Some local field
at any given location along the line of sight can be obscured or

averaged out in observations. This seems to be the case in the
upper part of the 3C 196 field. An orientation of the local mag-
netic field associated with −65◦ structures is not observed in the
Planck data.

This does not necessary imply a different dust-to-gas ratio
of the related HI structures, localized around the velocities of
+15.0 km s−1. The observed magnetic field orientation in this
region is simply dominated by a very coherent orientation of
the magnetized Hi filaments, spanning a range of velocities from
−11.5 km s−1 to +3.0 km s−1.

To summarize, the RHT is a robust method for characterizing
the straight depolarization canals observed in radio-polarimetric
data. It allow us to study their orientations largely independently
of the RHT input parameters (Z, DK , and DW ).

Based on the RHT analysis in the 3C 196 field, we find
an alignment between three distinct tracers of the local ISM,
of (i) magneto-ionic structures and the associated depolariza-
tion canals observed in the LOFAR radio-polarimetric data, (ii)
cold neutral filaments observed in the Hi-EBHIS data, and (iii)
the plane-of-sky magnetic field orientation probed by the Planck
353 GHz polarization data.

Our results support a picture that the ordered magnetic field
plays a crucial role in confining different ISM phases. It also
suggests that most of the observed straight depolarization canals
in the 3C 196 field are indeed the result of a fortunate projection
of the complicated three-dimensional distribution of the ISM.
In this particular part of the sky, its morphology is driven by
the direction of a very ordered local magnetic field, which is
in this case almost parallel to the Galactic plane. The magnetic
field is also very coherent along the line of sight because the
Hi filaments are aligned to each other over the wide range of
velocities.

These results are supported by the LOFAR follow-up obser-
vation (project code LC5_008; Jelić et al. in prep.) of a field
located ∼ 8◦ below the 3C 196 field, toward the Galactic plane.
This field shows multiple shell-like structures and straight depo-
larization canals parallel to the features in the 3C 196 field. The
observed structures are also aligned with the Planck plane-of-
sky magnetic field orientation. This means that the 3C 196 field
and this field might be part of the same very coherent large-scale
magnetic field morphology, shaped by the common sources of
the shock waves.

Moreover, because the three different ISM tracers are clearly
connected, they can be used to constrain the relative distances
to the observed structures in Faraday depth. For example, the
Faraday depth components consistent with the 10◦ HI filaments
may be closer to us than the component consistent with the −65◦
HI filaments.

Finally, the RHT analysis also provides information on the
position and the length of the identified linear structures. As we
will show in a follow-up paper, this can be used to explore the
possible association of some depolarization canals with the ion-
izing trails of stars.
Acknowledgements. We thank an anonymous referee for their constructive com-
ments that improved the manuscript. This paper is based in part on data obtained
with the International LOFAR Telescope (ILT) under project code LC0_019. LO-
FAR (van Haarlem et al. 2013) is the Low Frequency Array designed and con-
structed by ASTRON. It has observing, data processing, and data storage facili-
ties in several countries, that are owned by various parties (each with their own
funding sources), and that are collectively operated by the ILT foundation under
a joint scientific policy. The ILT resources have benefitted from the following re-
cent major funding sources: CNRS-INSU, Observatoire de Paris and Université
dÓrléans, France; BMBF, MIWF-NRW, MPG, Germany; Science Foundation
Ireland (SFI), Department of Business, Enterprise and Innovation (DBEI), Ire-
land; NWO, The Netherlands; The Science and Technology Facilities Council,
UK; Ministry of Science and Higher Education, Poland.

Article number, page 4 of 6




