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Figure 5. Left: Non-thermal spectral index map constructed from the thermal-corrected LOFAR and CHANG-ES maps. Locations of prominent H α filaments
are displayed with white dotted lines, as in Fig. 2. The ordered magnetic field as determined by Krause et al. (2020) is shown with orange vectors. The channel
of shallow spectral index associated with the filament in the SW quadrant, discussed in the text (Section 3.2), is indicated with an arrow. Right: Spectral index
error estimated as described in the text. In both panels, the black contours show the distribution of 140 MHz radio continuum emission (starting at 1 mJy beam−1

and increasing by powers of two), the centre of the galaxy is marked with a red plus, and the beam size is shown with a black circle at the bottom left corner.

On the basis of the spectral index distribution, we can now compute
the total magnetic field strength averaged along the line of sight as
implied by the assumption of energy equipartition with the CRs
(dominated by protons; Beck & Krause 2005). Equipartition is not
guaranteed and indeed is not expected to hold below the kpc scale
(see Seta & Beck 2019), but larger scale deviations in magnetic field
strength as large as an order of magnitude from the equipartition value
can be excluded on the basis of the typical non-thermal morphology
of galaxies (Duric 1990). We require estimates of the local path-
length (l) through the synchrotron-emitting medium, and K0, the ratio
of proton to electron number densities per unit energy interval (for
our purposes, at energies of a few GeV). To approximate l, we take
the local projected distance through an edge-on cylindrical volume
extending above and below the disc, with a radius corresponding to
the maximum radial extent of the radio continuum detected from
NGC 5775 (20 kpc; see Table 1). For the proton-to-electron ratio,
we take the canonical value of K0 = 100. We neglected pixels
where the non-thermal spectral index was steeper than −1.2, to
avoid overestimating the magnetic field strength in regions where
strong synchrotron loss has occurred and the extrapolation to the
low-energy portion of the CR spectrum is expected to be incorrect
with the Beck & Krause (2005) method. The resulting distribution
of equipartition magnetic field strength (Beq) is shown in Fig. 6.
The average magnetic field strength is about 8 µG across the entire
galaxy, with relatively high values above 20 µG in the central region.
The span of total magnetic field strength that we have derived for
NGC 5775 is consistent with the higher end of the range that has
been established through radio continuum observations of a variety
of spiral galaxies over the years (see e.g. the compilation presented
by Beck et al. 2019, their table 3). The derived midplane field
strength is about 50 per cent higher in the southern disc than in
the northern disc (19 µG and 13 µG, respectively), and everywhere
drops off slowly with increasing distance from the disc, as shown
in Fig. 7. To broadly characterize the vertical profile, we fitted
exponential scale heights for Beq(z) following the same method as
was used for the synchrotron emission; these values are presented in
Table 4.

Figure 6. Equipartition magnetic field strength in µG. The black contours
show the distribution of 140 MHz radio continuum emission (starting at
1 mJy beam−1 and increasing by powers of two), the centre of the galaxy is
marked with a red plus, and the beam size is shown with a black circle at the
bottom left corner.

4 G A L AC T I C W I N D

4.1 Physical picture

Our new radio images have revealed the distribution of non-thermal
radio emission in the thick disc of NGC 5775, with clearly distinct
vertical structure across the decade in frequency span. We now
seek to model the propagation of CRs in the thick disc, with a
particular aim to better understand the dynamics of the disc–halo
flow driven by the disc-wide starburst in NGC 5775. We assume that
the thermal gas and the CRs can be modelled as polytropic gases
with adiabatic indices of γ g = 5/3 and γ CR = 4/3, respectively.
This kind of set-up has been investigated in the literature with 1D
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