
Galaxies 2019, 7, 42 2 of 17

CHANG-ES D-configuration images are ⇡ 6 µJy beam�1 at the same frequency (range of values for
all configurations and frequencies are summarized in Table 1). Additionally, no previous survey has
included polarization. This has opened up the possibility of exploring the magnetic fields in galaxy
disks and halos for a well-defined galaxy sample.

Wide bandwidths, when broken up into many individual channels, also provide advantages
other than improved S/N: (a) radio frequency interference (RFI) can be more readily identified and
excised, (b) in-band spectral index maps can be formed (e.g., Section 2.1.1), (c) Rotation Measure (RM)
analysis can be carried out (Sections 2.4 and 2.5), and (d) imaging can make use of the power of
multi-frequency synthesis.

Table 1. Overview of galaxy and observing parameters over frequencies and VLA array configurations.

Parameter Value Ref

Galaxy Distance range 4.4! 42 Mpc [3]
Galaxy SFR range 0.02! 7.29 M�/yr [3]
Galaxy optical diameter range 3.9! 15.8 arcmin [4]
Array configurations (L-band, C-band) B C D, C D [3]
n0 (L-band, C-band) 1.58, 6.00 GHz [3]
D n (L-band, C-band) 512 MHz, 2.0 GHz [3]
No. of spectral channels (L-band, C-band) 2048, 1024 [3]
Approx. Spatial resolution range 3! 60 arcsec [3,5,6]

Typical resolutions in arcsec (high-res, low-res uv weightings):
B configuration L-band 3, 6
C configuration C-band 3, 6
C configuration L-band 10, 15
D configuration C-band 10, 15
D configuration L-band 35, 45

Approx. rms range (all configurations and bands) 3! 95 µJy/beam [3,5,6]

CHANG-ES has a variety of goals. We wanted to understand the incidence of radio halos in
‘normal’ spiral galaxies, determine their scale heights and correlate these results with other properties
such as the underlying star formation rate (SFR) or SFR ‘surface density’ (SFR per unit area, SFRSA).
Measurements of outflow speeds can help to determine whether galaxies are more likely to experience
winds or ‘fountain’ flow. Outflows in nearby galaxies could also represent low-energy analogues of
the ‘feedback’ that appears to be required in galaxy formation scenarios in order to control the star
formation rate [7]. Since outflows can be observed with spectacular resolution in nearby galaxies, the
physics of such systems may provide meaningful constraints on galaxy formation in the early universe.
A consistent galaxy sample, with complementary data at other wavelengths, can also help us explore
pressure balance in the ISM. For more information on our science goals, see [4].

As indicated above, unique to the survey is that all polarization products were measured,
namely Stokes I, Q, U, and V. With analysis of linear polarization (P =

p
Q2 + U2), along with

RMs, an in-depth understanding of the magnetic fields in these galaxies can be obtained, and several
examples (Section 2.5) have been very illuminating in this regard. Some of our galaxies show lagging
halos (e.g., see others [8]) either in optical emission lines or HI. The reason for such lags is not yet
understood, but an association with magnetic fields is possible [9].

A survey size that samples a sufficient number of galaxies in a reasonable (but large) total
observing time resulted in 35 galaxies in total. Clearly, rms values that improve upon previous
measurements were desired. Since vertical features in galaxies show structures on virtually all scales,
we required observations over a range of VLA array configurations. Thus, we have observed at B,
C, and D-configurations in L-band and in C and D-configurations in C-band. This also provides us
with matching resolution for spectral index maps which are essential in understanding the origin
of the emission (e.g., thermal or non-thermal fractions) as well as the propagation of cosmic ray
electrons (CREs).


