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Fig. 1. Weighted mean linear polarization (in colors) scaled to a common angular size (11.5 arcmin) and to a common distance (4.4 Mpc), which
correspond to NGC 4244. The horizontal extent of the image shown is 11.5 arcmin, or 14.8 kpc at the common distance. The average scaled
synthesized beam is shown as a circle at lower left. Vectors show the orientation of the weighted scaled apparent magnetic field. We highlight their
“X-shaped” orientation.

sums over galaxies in Eq. (5), and so the calculation is deter-
mined from QWi = (Di/4.4)2 Wi Qi and Uwi = (Di/4.4)2 Wi Ui.
For the average of the region shown in Fig. 1, we then plot the
result in Fig. 2, which is presented as a log plot in order to see
each galaxy more clearly. Since the plot is a diagnostic intended
for comparison between galaxies only, we first multiplied QWi

and Uwi by a constant for a simpler reading of the y-axis scale.
Finally, since QWi and Uwi can be positive or negative, we must
take the log of the absolute value and then restore the negative to
the result if necessary.

Figure 2 shows that the individual galaxies vary in Q and U
over several orders of magnitude. Since the average of Fig. 1 is
a linear average, it is possible that only the peaks (either positive
or negative) strongly contribute to the average. However, vari-
ous galaxies dominate, depending on what parameter is consid-
ered. For example, the most dominant galaxies in positive Q are
NGC 3628, NGC 4631, while the most dominant galaxies in neg-
ative Q are NGC 891 and NGC 4302. The most dominant galax-
ies in positive U are NGC 3628, NGC 4565, and NGC 4631, and
those in negative U are NGC 2683, NGC 4217, and NGC N3079.
If we repeat this exercise with a more restrictive field, then
these dominant galaxies tend to change. For example, NGC 4565
becomes the dominant galaxy in positive Q, depending on where
the measurement is made. Moreover, NGC 4565 does not show
a particularly impressive halo or X-type field (Appendix A).

We conclude that the stacked image shown in Fig. 1 and dis-
cussed in the following section is, to the limitations of our data,
a realistic description of a “mean” magnetic field.

2.6. Stacking results

Figure 1 displays the result of our polarization stacking at
C-band. The displayed horizontal size is approximately equal to
the scaled 22 µm size of our galaxies (11.53 arcmin). Our first
conclusion is that the region over which polarization occurs in

the galaxies is smaller than the 22 µm galaxy size. This is likely
a signal-to-noise(S/N)-related issue since linear polarization is
weaker than total intensity. The complexity of the emission is
also evident. There remain AGNs in the sample, some of which
have radio lobes (e.g., NGC 3079, NGC 4388) and this may con-
tribute to the irregularity in the brightness.

The overall structure of the stacked apparent magnetic field
vectors is indeed X-shaped, with vectors more parallel to the
galactic midplane along the disk (most clearly visible in the
western part of the disk), as expected from an inclined plane-
parallel spiral disk field. We note that the e↵ects of Faraday rota-
tion and depolarization (which are uncorrected in these C-band
data) are expected to be strongest along the disk and inner halo.
This explains why the stacked apparent magnetic field vectors
look most regular in the outer parts of the halo and the PI is
slightly weaker along the thin galaxy disk direction (horizontal
line at Dec= 0 deg). In a sense, it is surprising that any struc-
ture is seen at all in the stacked magnetic field. If we recall that
Q and U can be positive or negative, the sums in Eq. (4) might
have resulted in zero, or at least a random, field orientation. The
fact that X-type structure is visible in a sum of 28 galaxies argues
in favor of the scale invariance that was assumed in Sect. 2.2.

Figure 1 shows some scattered emission to the far right
and left of the main emission region. This is largely due to
the fact that some galaxies have companions or strong back-
ground sources in the field that were not excised prior to stack-
ing. This brings us to a discussion of alternative methods of
stacking the images. One might have excised such emission prior
to the stacking, for example. We retained any radio lobe struc-
ture near AGNs (e.g., NGC 3079) and also retained any back-
ground sources that might be seen through the disk (e.g., two
background sources at the far end of the disk of NGC 5907).
A future approach might be to subtract such known sources in
advance. Another approach is to do the angular scaling according
to the total intensity radio continuum emission extent, rather than
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