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ABSTRACT

Context. The integrated radio spectrum of supernova remnants (SNRs) and the spatial variation of the spectral indices across these
extended sources are powerful tools for studying the shocks and particle acceleration processes occurring in different SNR regions.
Characterization of these processes requires sensitive flux density measurements and high-resolution images, which are not always
available due to observing difficulties.

Aims. We want to show the potentiality of the high-resolution SARAO MeerKAT legacy Galactic Plane Survey (SMGPS) images
regarding the morphological and spectral characterization of 29 known galactic SNRs.

Methods. We used the SMGPS data at 1.284 GHz coupled with data from the GaLactic and Extragalactic All-sky Murchison Widefield
Array (GLEAM) survey (0.072—-0.231 GHz) to characterize the integrated spectrum of each source and search for spatial spectral
variation through analysis of sensitive spectral index maps.

Results. We were able to redefine the exact morphology of four SNRs (G024.7-00.6, G051.4+00.7, G348.7+0.3, and G351.9+00.1),
distinguishing them from unrelated sources or identifying new emission regions associated with them and never observed before. In
many other cases, we identified in the SMGPS images several H II regions overlaid with the remnants, and we were able to estimate
their spectral contribution through inspection of the spatial variation of the spectral indices across the remnants. The integrated spectral
indices show a more uniform distribution with respect to what is obtained by considering the values reported in the literature.
Conclusions. We show that new sensitive and high-resolution data are crucial to firmly constraining both the integrated and spatially
resolved spectrum of SNRs, especially for the less studied objects of the southern hemisphere. The comparison of our SMGPS-GLEAM

spectral index maps with IR, molecular, and y-ray images allowed us to investigate the nature of the peculiar remnant regions.
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1. Introduction

Supernova remnants (SNRs) result from the interaction between
the stellar mass ejected during a supernova explosion and the
surrounding material. The time and morphological evolution of
these objects is strongly related to their interaction with an often
anisotropic circumstellar medium (CSM) or interstellar medium
(ISM; Dubner & Giacani 2015). These interactions make SNRs
very complex objects with phenomenologically different regions
related to local interaction with both atomic and molecular
clouds (MCs), pulsar wind nebulae (PWNe) association, fila-
mentary structures, and halos. The peculiar physical conditions
associated with each SNR region suggest the presence of differ-
ent particle populations, each with its own characteristic energy

* Corresponding author; sara.loru@inaf.it

distribution and undergoing different acceleration mechanisms
(Egron et al. 2017).

In the radio band, the SNR spectrum is mainly characterized
by the synchrotron emission from relativistic electrons, result-
ing in the typical power-law shape (flux density S, o« v* with
a ~ —0.5). This trend may change at low frequencies (below
~100 MHz) due to a thermal absorption turnover and at high
frequencies (above ~10 GHz), with a possible cutoff related
to the maximum energy of the accelerated electrons. The inte-
grated spectral index and the cutoff frequency depend on the
SNR evolutionary stage and are crucial parameters for constrain-
ing particle acceleration theories (UroSevi¢ 2014). Local spectral
variations can also be observed within the remnant, tracing the
sites where particle acceleration take place, the possible exis-
tence of PWNe, and the presence of superimposed or embedded
unrelated sources.
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In this scenario, a comprehensive understanding of the dif-
ferent radiation mechanisms occurring in SNRs can be achieved
only through a detailed study of the global spectral index, the
curvature of the integrated spectrum, and the local variations
of the spectral index within the remnant (Dubner & Giacani
2015). This characterization requires sensitive flux density mea-
surements in a wide frequency range (ideally ~0.1-~100 GHz)
and high-resolution images at different radio frequencies. The
first element is not easily achievable since for most of the known
SNRs, little and often puzzling data are available in the lit-
erature. In addition, a significant dispersion of the integrated
flux densities at the same frequency is usually observed due to
acquisition with different instruments and in very different ages
(UroSevi¢ 2014). This is especially true for the known SNRs
in the southern hemisphere, for which few large radio surveys
have been carried out so far. The availability of high-resolution
images is crucial to precisely identifying the SNR features, dis-
tinguishing them from adjacent or overlapping unrelated sources,
and providing a more correct estimation of their integrated flux
density.

The different spectral features, both from an integrated and a
spatially resolved point of view, are related to the age and the
morphology of the SNRs, but they are also strongly affected
by the peculiar environmental conditions. Therefore, a detailed
study performed with a single instrument of a large sample of
galactic SNRs is crucial to better understanding the morpholog-
ical and evolutionary classification of these complex objects.

In this context, a great step forward is going to be achieved
thanks to the new generation of radio telescopes, to which
the Square Kilometre Array (SKA) pathfinders and precursors
belong. The Murchison Widefield Array (MWA) SKA LOW pre-
cursor has already demonstrated its high performance on the
study of candidate and new SNRs in the southern sky by exploit-
ing the high resolution (~2 arcmin) reached in the GaLactic and
Extragalactic All-sky Murchison Widefield Array (GLEAM)
survey (345 deg< [ < 60 deg and 180 deg< [ < 240 deg) at
low radio frequencies (0.072—0.231 GHz) (Hurley-Walker et al.
2019b; Hurley-Walker et al. 2019a). Recent full Stokes MeerKAT
observations (856-1712 MHz) of 36 high latitude SNRs were
presented by Cotton et al. (2024). They showed the potential of
MeerKAT to recover complex SNR morphologies and discuss
the magnetic field structure across the remnants.

Using the data acquired with MeerKAT at the central fre-
quency of 1.284 GHz during the SARAO MeerKAT Galactic
Plane Survey (SMGPS; Goedhart et al. 2024), we provide a new
view of the southern SNRs with unprecedented detail. The high
resolution (~8 arcsec) is crucial to correctly recovering the entire
morphology of complex objects such as SNRs, highlighting both
their bright and sharp, and diffuse and extended features.

In this paper, we present the SMGPS images of a selected
sample of 29 Galactic SNRs and the related integrated flux
density measurements. We also calculated the integrated flux
densities of each SNR from the public GLEAM images and
used them with the SMGPS measurements and those available
in the literature to characterize the integrated spectrum of each
object. By coupling SMGPS and GLEAM data, we obtained
sensitive 0.155-1.284 GHz spectral index maps that are able to
reveal spectral variations related to a strong interaction with the
CSM or ISM, resulting from PWN or unrelated sources super-
imposed with the remnant structure (in almost all cases H II
regions). In many cases, we observed that the SNRs are located
in very crowded regions where the presence of H 1T regions, other
SNRs, dense MCs, and young stellar objects (YSOs) reveals
strong star formation activity. In these cases, the combination of
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high-resolution images and sensitive spectral index maps
allowed us to distinguish the spectral contribution of unrelated
sources from the remnants and to constrain hints regarding a pos-
sible evolutionary connection between the studied SNRs and the
nearby star formation regions.

In Sect. 2 we present the SMGPS data, while in Sect. 3 the
GLEAM data are briefly described. We present our results, in
terms of both integrated and spatially resolved spectral char-
acterization, in Sect. 4. A detailed treatment of each target is
provided in Appendix B. In Sect. 5, we discuss the main findings
obtained in the view of the overall evaluation of the SNR sample.
Section 6 summarizes our conclusions.

2. SMGPS data

In the framework of the SMGPS, continuum L-band (886—1678
MHz) observations of a large portion of the Galactic plane were
carried out with the 60-antenna configuration, covering 2° < [ <
60°, 252° < [ < 358° and |b| < 1.5°. After a mosaicking proce-
dure, the images were provided in a set of 57 tiles, with each
covering an area of 3 x 3 deg”. The final images have a synthe-
sized beam of ~8 x 8 arcsec?, and a theoretical largest angular
scale (LAS) in the range between 21 and 40 arcmin, according
to the minimum baseline of 29 m. The RMS brightness distribu-
tion was estimated to be ~10—15 uJy/beam in the regions where
the dynamical range is not limited by very strong sources. A full
description of the observations and data products is reported in
Goedhart et al. (2024).

The SMGPS data of the Galactic plane were reduced
using the OBIT wide-band, wide—field imager MFIMAGE task
to produce data cubes containing an intensity plane at an
effective frequency of 1359.7 MHz, a spectral index plane,
and 14 individual frequency planes in the frequency range
908.142-1656.724 MHz and with bandwidth ranging from 43.5
to 73.6 MHz (Goedhart et al. 2024). The first data release (DR1)
of the SMGPS is available at the DOI'.

In the SMGPS catalog of extended sources, Bordiu et al.

(2024) identified 260 known SNRs through crossmatching with
Green'’s catalog for SMGPS’s covered area (Green 2019, Green
2022). The very high detection ratio value shows the excellent
capabilities of SMGPS on imaging extended, and in some cases
faint, sources as well as those in the confused regions of the
Galactic plane.
SMGPS images provide a deep view of the Galactic plane thanks
to an unprecedented sensitivity in the southern hemisphere cou-
pled with a high resolution. These characteristics allowed us to
appreciate the complex morphology of SNRs with great detail
and to extend this capability to a very large sample of objects.

3. Ancillary data
3.1. MWA data

We used the MWA public maps of the GLEAM survey avail-
able at the GLEAM Postage Stamp Service? to compute the flux
density of our targets in the 0.072—0.231 GHz frequency range.
The GLEAM images have an angular resolution of ~100 arc-
sec, a sensitivity of 6-10 mJy/beam, and an LAS greater than
4 deg. The MWA images were released as 20 “narrowband”
images (bandwidth of 7.68 MHz) or as four “wideband” images
(bandwidth ~30 MHz and central frequency: 0.088, 0.118, 0.155

! https://doi.org/10.48479/3wufd-e270
2 https://skyview.gsfc.nasa.gov/current/cgi/query.pl
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and 0.200 GHz). We chose to use the wideband images for
their higher sensitivity (Hurley-Walker et al. 2019b), which allow
more reliable flux density measurements in the case of extended
and often low-brightness sources, such as SNRs, to be obtained.
We calculated the flux densities through aperture photometry
with background subtraction. We calculated errors adding in
quadrature the calibration errors (as reported by Hurley-Walker
et al. 2017) and the statistical errors. The evaluation of the statis-
tical errors is the same as described in Sect. 4.2 for the SMGPS
data. The frequency span between GLEAM and SMGPS data
allowed us to improve the accuracy of the integrated spec-
tral index evaluation for both integrated and spatially resolved
spectral studies.

4. Results
4.1. The SNR sample

Our aim was to include a wide variety of SNRs ranging from
typical shell-type to more complex mixed-morphology objects
in order to investigate spectral features and spectral variations in
connection with the age and the peculiar conditions of the local
ISM.

We identified 260 known SNRs across the SMGPS-covered area,
including: 157 known SNRs from Green’s catalog (Green 2022);
74 new SNR candidates from The HI, OH, Recombination line
survey of the Milky Way (THOR survey; Anderson et al. 2017);
15 SNR candidates confirmed with GLEAM (Hurley-Walker
et al. 2019b), and 14 new SNRs proposed by Hurley-Walker
et al. (2019a) on the basis of GLEAM data. Starting from these
SNRs, we selected 29 objects by following the following main
criteria:

— We considered the SNRs with a size less than 30 arcmin
in the SMGPS images in order to avoid flux density losses
related to the MeerKAT LAS.

— With the aim of producing spectral index maps combining
SMGPS and GLEAM data, we considered a lower limit on
the SNR dimension of ~15 arcmin, which is about three
times that of the MWA angular resolution at 0.155 GHz
(~5.1 x 4.7 arcmin?).

— We set a mean brightness threshold between GLEAM maps
at 0.155 GHz and SMGPS maps at 1.284 GHz to guarantee
an average uncertainty of 0.1 on the spectral index maps (see
Sect. 4.3 for more details).

Among the SNRs that satisfied these criteria, we excluded
the SNRs G338.1+00.4 and G351.4+0.2, which are located in
complex regions where the diffuse emission and the proxim-
ity to other bright unrelated sources prevented us from properly
subtracting the background. We also excluded G049.2-00.7,
which was imaged between two tiles and thus difficult to
mosaic, and G352.2-0.1, which is located in a region of the
tile where the mosaicking procedure introduced strong arti-
facts. The selected SNRs are as follows: G003.8+0.3, G018.8-
0.3, G021.8-0.6, G022.7-0.2, G023.3-0.3, G024.7-0.6, G032.8-
0.1, G033.2-0.6, G035.6-0.4, G040.5-0.5, G045.7-0.4, G046.8-
0.3, G51.2640.09 and G51.04+0.07, G286.5-01.2, G289.7-0.3,
G290.1-0.8, G291.0-0.1, G292.2-0.5, G293.8+0.6, G296.7-0.9,
G296.8-0.3, G301.4-1.0, G332.4+0.1, G335.2+0.1, G337.3+1.0,
G348.7+0.3, G351.7+0.8, and G351.9+0.1. We describe each
SNR of the sample in Appendix B.

Most of the selected SNRs have been poorly studied so
far, as demonstrated in Table B.2, where we report the flux
density measurements available in the literature. This is often
the case in the southern hemisphere, which has been less

studied with large radio interferometric surveys. Some SNRs
(e.g., G286.5-1.2 and G301.4-1.0) have only one radio flux mea-
surement in the literature, and for them, we provide the first
spectral index measurement. In several other cases, the flux den-
sities in the literature are old (i.e., acquired with instruments
limited by sensitivity, resolution, and confusion) and/or of poor
quality, often obtained with different instruments, leading to
a highly scattered spectrum and an imprecise spectral index
estimation.

We summarize in Table 1 the general characteristics of our
29 SNRs, including the source name, the center equatorial coor-
dinates, the angular extent as measured in the SMGPS images,
and the SNR type. We also indicate in the notes column some
information such as any other names with which the SNR is
known, interaction with MCs, detection of the parent pulsar
and/or PWN, and the overlap with H 1I regions. For the last
point, we used the WISE catalog of the Galactic H 11 regions
(Anderson et al. 2014), where these objects are divided into cat-
egories of “known”, when both radio recombination line (RRL)
and Ha emission are measured; “candidates”, when the infrared
detection is spatially coincident with radio continuum emis-
sion but RRL or Ha emission have not yet been measured; and
“groups”’, WISE candidates positionally coincident with known
H 11 region complexes.

4.2. Integrated spectral characterization

We used the 14 SMGPS frequency maps (see Sect. 2) to produce
total-intensity images at the central frequency of 1.284 GHz by
fitting each tile, pixel by pixel, with a power-law function and
using a linear function when a negative pixel is encountered.
From these 1.284 GHz SMGPS maps, we obtained the images
and the spectral characterization presented in this work.

In order to calculate the flux densities, two important steps
were done: the careful choice of the source extraction region
and the estimation of the background contribution. The latter is
mainly performed due to the contamination from faint-diffuse
emission, particularly in the Galactic plane region, and the
presence of very large sources that overlap our targets (mostly
associated with H 1I regions or unknown large structures, as cat-
aloged in Bordiu et al. 2024). Artifacts related to the imaging
of interferometric data, which result in artificial structures where
there are negative brightness values, are possible as well. Both of
these factors have an impact that depends on the peculiar region
of the map. The first is dominant near the Galactic plane, while
the latter is more incisive at the map edges or near very extended
sources.

A precise evaluation of the spatial spectral variations requires
background subtraction to be performed on the whole map,
including in the SNR regions. For this reason, we fitted the
SMGPS maps with a third-order polynomial function evaluated
on a polygonal region and carefully chosen in order to include the
diffuse emission surrounding the target and exclude the emis-
sion contribution from near unrelated sources. This procedure
ensures us a zero-flux background in the regions of the maps free
from emission sources. We calculated the flux density uncertain-
ties by adding in quadrature the calibration errors (8%) and the
statistical errors evaluated as & X (Npeams)™>, where o is the stan-
dard deviation associated with the background region and Nyeyms
is the number of beam solid angles contained in the extraction
area of the target.

We analyzed the integrated spectrum of each target by
using our SMGPS flux density measurements at 1.284 GHz;
the GLEAM data at 0.088, 0.118, 0.155, and 0.200 GHz;
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Table 1. General characteristics of the selected SNRs extracted from the SMGPS images.

Source Coordinates Extent Type Notes
RA J2000 Dec J2000 a[’] bl’]

G003.8+0.3  17:53:04.2 -25:25:53.7 23 22 Incomplete shell
G018.8-0.3 18:23:45.4  —12:23:31.8 19 18 Incomplete shell Kes 67, MC interaction
G021.8-0.6 18:32:52.7 —10:05:24.3 30 23 Mixed- morphology Kes 69, MC interaction, H 11 reg.
G022.7-0.2 18:33:21.0 -9:10:41.5 26 30 Shell MC interaction, H 11 reg. overlaid
G023.3-0.3 18:34:53.0 —8:45:39.0 30 34 Asymmetric shell W11, MC interaction, H 1I reg.
G024.7-0.6 18:38:53.1 —7:28:28.7 22 20 Shell
G032.8-0.1 18:51:28.1 —0:09:39.2 28 16 Elongated shell Kes 78, MC interaction, H 11 reg. overlaid
G033.2-0.6  18:53:56.9 —0:02:40.8 18 20 Shell MC interaction®
G035.6-0.4 18:57:45.5 +2:11:03.9 12 20 Elongated shell MC interaction, H 11 reg. overlaid
G040.5-0.5 19:07:11.7 +6:29:30.8 28 28 Shell pulsar, MC interaction
G045.7-0.4 19:16:10.7 +11:05:06.2 20 30 Shell H 11 reg. overlaid
G046.8-0.3 19:18:03.3 +12:09:35.0 18 18 Shell HC30, H 11 reg. overlaid
G51.26+0.09  19:25:29.7 +16:19:47.7 20 24 Shell H 11 reg. overlaid
G51.04+0.07  19:25:14.4 +16:06:10.6 94 4.8 Shell H 11 reg. overlaid
G286.5-01.2  10:35:35.7 —59:36:01.2 9.6 26 Incomplete shell
G289.7-0.3 11:01:21.9 -60:18:08.9 19 19 Shell MC interaction®
G290.1-0.8 11:02:50.9 -60:53:15.1 20 15  Mixed- morphology MSH 11-61A, MC interaction,

H 11 reg. overlaid, PWN
G291.0-0.1 11:12:13.4  -60:30:08.1%% 24 30 Composite MSH 11-62, PWN
G292.2-0.5 11:19:11.5 —-61:27:09.8 18 20 Composite pulsar
G293.8+0.6  11:35:03.3 -60:53:55.9 20 24 Composite PWN, MC interaction™
G296.7-0.9 11:55:31.1 —63:06:43.8 12 16 Shell H 11 reg. overlaid
G296.8-0.3 11:58:40.2 —62:35:48.2 18 22 Shell 1156-62
G301.4-1.0 12:36:57.1 —-63:51:56.0 42 24 Shell
G332.4+0.1 16:15:19.3 —50:41:38.6 18 16 Shell Kes 32, H 11 reg. overlaid
G335.2+0.1 16:27:32.4 -48:44:41.0 22 22 Shell
G337.3+1.0 16:32:39.6  —46:35:56.5 14 14 Shell Kes 40, PWN®
G348.7+0.3 17:14:24.11 -38:13:28.7 26 24 Shell CTB 37B, H 11 reg. overlaid
G351.7+0.8 17:20:54.8 —35:27:00.6 21 15 Shell
G351.940.1 17:24:18.0 —35:39:31.7 14 19 Shell H 11 reg. overlaid

Notes. “'Result of this work. ) These dimensions include the new halo region revealed in this work.

and the flux densities available in the literature. We collected
the literature data following the references in Green’s catalog
(Green 2022) and using the flux densities reported by Trushkin
(1999). The latter are available at the CATS database’® and
include RATAN-600 radio telescope data and most of the mea-
surements available in the literature. For the SNRs G032.8-0.1,
G033.2-0.6, and G035.6-0.4, we also considered the flux den-
sities calculated by Dokara et al. (2023) at 1.4 GHz with
THOR and VLA Galactic Plane Survey (VGPS) data, 2.7 GHz
(Effelsberg), 5.8 GHz (GLOSTAR combination), and 10.5 GHz
(Nobeyama survey). All the literature data we used are reported
in Table B.2. In many cases, Trushkin (1999) reported low-
frequency data (below ~100 MHz), which are useful to identify
possible turnovers due to the thermal plasma free—free absorp-
tion. We modeled the integrated spectrum of each source by
using a simple synchrotron power-law function (S, oc v*) and
excluding the low-frequency (<100 MHz) data when present.
We calculated the integrated spectral indices and compared
them with those reported in Green’s catalog (Green 2022). The
spectra and related fits are shown in the Zenodo repository*
(Figs. A.29 — A.33).

3 https://www.sao.ru/cats/doc/SNR_spectra.html
4 https://zenodo.org/records/13950279
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4.3. Spectral index maps

We produced spectral index maps from SMGPS data at
1.284 GHz and GLEAM data at 0.155 GHz. Among the four
GLEAM frequency bands, we chose this one to provide the
best trade-off between resolution and flux density reliability. The
SMGPS and GLEAM data are characterized by a different uv
coverage, providing an LAS of ~30 arcmin (at 1.284 GHz) and
of ~10 degrees (at 0.155 GHz, Kapinska et al. 2017), respec-
tively. To avoid flux density contamination from diffuse emission
or unrelated sources with angular scales larger than our targets,
which contribute differently in SMGPS and GLEAM images, we
subtracted the background contribution in both images by fitting
it with a third-order polynomial function. We used the CASA
tasks CONVOLVE2D and IMREGRID to convolve the SMGPS
images to the MWA beam and to regrid them onto the MWA
coordinate system and pixel size, respectively. We masked both
the SMGPS and GLEAM images by considering a threshold of
40 in order to restrict the spectral index calculation only in the
map regions with a significant signal in both of the frequen-
cies. We calculated the spectral index errors by applying the
error propagation law. The resulting error maps are shown in
Fig. A.1 — A.28 (bottom-left). We also applied a cut to the spec-
tral index maps for spectral index errors above 0.2—0.3 to ensure
that all the spectral index map regions are meaningful. All the
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Fig. 1. Spectral index maps of the 29 known SNRs investigated in this work. They are obtained from the SMGPS and GLEAM data in the
0.155-1.284 GHz frequency range. The same color scale was used for comparison. The gray contours indicate the intensity levels related to the
SMGPS maps convolved and regridded to the GLEAM beam and pixel size. They are the same as those reported in Figs. A1 — A.28.
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Fig. 2. Spatially resolved spectral index study of the SNR G023.3-00.3. Upper left: SMGPS image. The yellow circles indicate the four “known”

H 11 regions overlapping the remnant. Upper right: spectral index map. Bottom: statistical graphs. Brightness is expressed in Jy beam ~'.

spectral index maps are shown in Fig. 1 with the same color
scale range in order to more easily compare the spatial spectral
variation of the SNRs in the sample.

4.4. Spectral behavior through the SNR sample

The fairly high number of objects in our sample allowed us
to highlight common spectral trends and attempt to associate
them with SNR characteristics, such as the evolutionary phase
and/or the interaction with the ISM. To identify possible spectral
features, for each SNR we produced a histogram of the spec-
tral index values across the remnant and a pixel-wise scatter
plot between the SMGPS and GLEAM brightness (hereafter the
“BB-plot”). The spectral inspection graphs for each SNR are
reported on the Zenodo repository starting from Fig. A.34.

The two graphs allowed us to identify the contribution of
unrelated sources with characteristic spectral indices, even when
they are spatially overposed with the remnant. The identifica-
tion of these sources by eye on the SNR maps can be difficult,
particularly in the lower resolution MWA images. An example
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is provided in Fig. 2 (SNR G023.3-0.3), where two different
spectral contribution are clearly evident in the BB-plot. In the
figure, several points show a very flat trend compared to the
remaining bulk (likely belonging to the SNR). Four “known” H 11
regions are indeed located in the northern SNR rim (indicated
with yellow circles in Fig. 2), but their emission is completely
embedded in the remnant, making them indistinguishable in the
SMGPS image. In these cases, we fitted the two spectral com-
ponents with a linear model by using the RANSAC Regressor
algorithm (Fischler & Bolles 1981) implemented by the Python
library SCIKIT-LEARN® (Pedregosa et al. 2011). This method
iteratively guesses inliers and outliers within the data set and
is particularly robust for fitting a linear model to faulty data,
allowing us to identify possible different linear tracks inside the
main data pattern. We also cross-checked the goodness of this
method by modeling the BB-plot of some SNRs with the Hough
Transform algorithm, which led to consistent results.

For G023.3-0.3, we obtained a spectral index of —0.54 asso-
ciated with the remnant and @ = 0.667 for the superimposed H 11

5 https://scikit-learn.org/stable/
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regions. This method provides a more correct estimation of the
SNR spectral index than both the mean spectral index calculated
from the two starting maps, from which it is difficult to carefully
identify and discard unrelated sources, and the integrated spec-
tral index from the SED that is often affected by strong scattering
among the measurements. We also noted that, in this particular
case, the two contributions are not revealed by the histogram,
probably because the four H 11 regions are located close to each
other and their emission appears spread and smoothed on a large
region of the SNR shell. This is also why, although the presence
of these H 11 regions is also evident in spectral index map, the
calculation of the related spectral index from the map is difficult.

5. Discussion

Supernova remnants are morphologically complex objects where
regions with different phenomena (filaments, halos, atomic-
molecular cloud interactions, and PWNe) can coexist. Further-
more, these objects often evolve into very crowded regions that
can include star forming regions with related H 11 regions, other
SNRs, and background diffuse emission. A crucial point arising
in the study of SNRs is to strictly constrain the remnant morphol-
ogy and distinguish it from unrelated sources. This work sheds
new light on this aspect, as it allows SNRs to be distinguished
from other sources (such as H 11 regions or PWNe) co-spatial
or adjacent to the remnant structures. We executed this kind of
diagnostic through the complementary use of the morphologi-
cal details provided by the high-resolution SMGPS images, the
spatial distribution of the spectral indices observed in the spec-
tral index maps, and the possibility to distinguish the different
spectral contributions on the graphs obtained from the combined
inspection of the spectral index and brightness maps.

The combined use of different spectral investigation meth-
ods is crucial to studying a wide sample of SNRs in a systematic
way, as the spectral characteristics are extremely heterogeneous
because they depend on multiple factors (i.e., progenitor, age,
environmental conditions, and other sources both interacting or
simply superimposed along the line of sight). By studying our
sample, we encountered different possibilities to identify unre-
lated sources, depending on the peculiar SNR characteristics. In
the best cases, such as that of G045.7-00.4 and G296.7-0.9, we
were able to identify the superimposed H 11 regions with all three
methods. In general, this is possible when the co-spatial H 11
regions are bright compared to the environmental SNR structures
and extended so that their spectral component is well resolved
in the spectral index map. Under these conditions, the differ-
ent sources result in significant peaks in the histogram and in
a distinguishable spectral trend in the BB-plot. In these cases,
we were able to estimate the spectral indices of the remnant and
the H 11 region by fitting the related spectral components iden-
tified in the BB-plot. In cases such as that of G022.7-00.2, the
co-spatial H 11 regions are detected in the SMGPS map, and their
contribution is distinguishable in the spectral index map, while
the related spectral components are not distinguishable in the
graphs. This occurs when the H 1I regions are small in size and
fainter than the remnant structure.

Despite the high resolution of the SMGPS images, other
sources overlapping the SNRs are not always detectable, depend-
ing on their brightness and the complexity of the remnant
structures with which they can be confused. In cases such as
G023.3-0.3, G51.26+0.9, and G51.04+0.7, we could not dis-
tinguish the co-spatial H 11 regions from the remnant in the
brightness map, but their spectral contribution was evident in
the spectral index map as well as in the spectral index histogram

124 This work
Literature

-
o

oo

Number of SNRs

1.0 0.8 0.6 0.4 0.2

Spectral index
Fig. 3. Comparison between the spectral index distribution of our SNR
sample from integrated spectral indices estimated in this work (a;, in

Table B.1) and that obtained by considering the previous integrated
spectral index values available in the literature for the same SNRs.

and/or in the BB-plot. Finally, for some SNRs (e.g., G046.8-0.3),
we identified a co-spatial H II regions only in the spectral index
map. In this case, the H 1I regions are faint and both their mor-
phological and spectral contributions are hidden by those of the
remnant.

This kind of study is also useful for identifying differ-
ent spectral behaviors associated with peculiar regions of the
remnant. This is the case for G289.7-0.3, G292.2-0.5, and
G337.3+1.0, where different bright regions result from peculiar
shock and environmental conditions, implying different spectral
trends. In the cases where a region-dependent spectral behavior
is observed in the spectral index map but without a clear asso-
ciation with the brightness features or with a spectral difference
that is not marked enough, the spectral components are not dis-
tinguishable in the graphs, as we observed for G301.4-1.0 and
G335.2+00.1..

To evaluate the impact of the new SMGPS and GLEAM
flux density measurements on the integrated spectral character-
ization of known SNRs, we compared the distribution of the
integrated spectral indices estimated in this work (a;,, column
in Table B.1) to the distribution obtained from the spectral index
values reported in the literature, in reference to the same SNR
sample. For the latter, we considered the values provided by
Green (2022), with the exceptions of G033.2-0.6, whose spec-
tral index is indicated as “varies” in Green (2022) and for which
we considered the integrated spectral index obtained by Dubner
et al. (1996); G051.04+0.07, which is not cataloged in Green
(2022), so we used the integrated spectral index estimated by
Supan et al. (2018); and G351.9+0.1, which is a new SNR can-
didate and is thus not included in the Green (2022) catalog, so
we used the value estimated by Hurley-Walker et al. (2019a). We
also excluded from this investigation G286.5-1.2 and G301.4-1.0,
for which we have provided the first spectral characterization.
The literature spectral indices are reported in the column «j; in
Table B.1. The result of this comparison is shown in the Fig. 3.
We also produced a scatter plot of the two spectral distributions
in order to check for possible systematic effects on our integrated
spectral index measurements. The resulting plot (Fig. 4) shows
that the points do not follow any specific trend, ruling out a corre-
lation between the published and our spectral indices. While the
literature provides spectral indices between —0.5 and —0.6 for a
large number of objects, as expected on the basis of the diffusive
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shock acceleration theory (DSA; Dubner & Giacani 2015), our
integrated spectral indices are more evenly distributed, with a
flatter peak value centered at approximately —0.35. Our distri-
bution better reflects the heterogeneity of the SNR sample since
the new SMGPS and GLEAM flux measurements recover the
contribution of the peculiar SNR characteristics well (e.g., envi-
ronmental conditions, age, morphology). This result also points
out that the interaction between the remnant and its surrounding
material plays an important role in the SNR spectral behavior,
particularly for the objects located in crowded Galactic regions.

6. Summary and conclusion

We have presented the integrated and spatially resolved spec-
tral analysis of 29 known Galactic SNRs by using the data
from SMGPS at 1.284 GHz and from GLEAM between 0.088
and 0.200 GHz. The large frequency span between the new
SMGPS and MWA allowed us to determine for the first time
the integrated spectrum of very poorly studied objects such as
G286.5-1.2 and G301.4-1.0, to verify the spectral trend of the
SNRs for which only two flux densities were available in the lit-
erature (G003.8+0.3, G292.2-0.5, G296.7-0.9, G351.7+0.8, and
G351.940.1), and to better constrain the integrated spectral index
of SNRs whose previous measurements were highly scattered
(as in the cases of G023.3-0.3, G046.8-0.3, and G348.7+0.3).
For G024.7-00.6 and G291.0-0.1, the high-resolution SMGPS
images allowed us to redefine the SNR morphology and better
determine their boundaries or reveal new associated regions. In
the G024.7-00.6 SMGPS image, we detected an extended bub-
ble of diffuse emission never observed before (Fig. A.6), and
we included it in the GLEAM and SMGPS extraction regions
used to evaluate the flux densities. In the case of G291.0-0.1, a
cloak-like diffuse emission extending north from the main SNR
structure is clearly detected in our image (see Fig. A.17) and is
probably associated with a breakout portion of G291.0-0.1 that
is expanding into a rarefied medium. For each of these sources,
we provide the first spectral characterization, both integrated and
spatially resolved.

We used the 0.155—-1.284 GHz spectral index maps to firmly
constrain the remnant structures and their spectral behavior. For
G332.4+0.1, we identified the main shell and the blowout region
as two different spectral regions. This information, coupled with
the morphological details in the SMGPS image and the IR
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comparison, gave us a hint that the blowout region is a new SNR
co-located with G332.4+0.1. Through the spectral index map of
G348.7+0.3, we were able to exclude two extended regions from
the remnant, which we have demonstrated to be most probably
associated with adjacent H II regions.

For several SNRs, we were able to distinguish the spectral
contribution of H 11 regions embedded in the remnant struc-
ture as clear thermal features in the spectral index maps. This
is the case of SNR G046.8-0.3, where the thermal emission of
the radio quiet H 11 region G046.792-00.264 is clearly revealed
(see Fig. A.12). In other cases, we distinguished the SNR spec-
tral component from the H 1I region ones in the BB-plots,
obtaining an estimation of their spectral index. We applied this
method to seven SNRs of our sample (G023.3-00.3, G045.7-
00.4, G51.21+0.11, G291.0-0.1, G292.2-0.5, G293.8+0.6, and
G296.7-0.9), and it provided a better spectral index estimation
for these SNRs. This method also allowed us to distinguish other
interesting regions of the remnants, for example those associated
with PWN (e.g., for G293.8+0.6) or regions where different par-
ticle acceleration mechanisms take place (e.g., for G289.7-00.3).
We demonstrated that the complementary use of high-resolution
brightness images, sensitive spectral index maps, and the differ-
ent plots obtained from the combined inspection of the spectral
index and brightness maps provides a powerful tool to constrain
the particle acceleration theories.

For some SNRs located in complex ISM or CSM regions,
we performed a preliminary multi-wavelength study by coupling
our radio results with IR, molecular, and y-ray data in order to
distinguish between the different phenomenological regions of
the remnants. This allowed us to place constrains on the leptonic
or hadronic origin of CRs accelerated in the remnant (e.g., in the
case of G040.5-0.5) and to redefine the nature of some regions,
which we proved not to be associated with the SNR (e.g., in the
case of G332.4+0.1).

Finally, we investigated the spectral index distribution of our
SNR sample and compared it with the distribution obtained by
considering the spectral indices reported in the Green catalog for
the same objects (Green 2022). We observed that the distribu-
tion from the literature reflects well the spectral trend expected
on the basis of the DSA theory, while in our distribution the
spectral indices vary within a wider range of values that better
recovers the heterogeneity of the sample and reflects the dif-
ferent SNR characteristics (e.g., environmental conditions, age,
morphology).

In this work, we have demonstrated the potentiality of the
high-resolution SMGPS images and of the sensitive GLEAM-
SMGPS spectral index maps regarding the characterization of
the Galactic SNRs, especially with regard to the investigation
of the spectral behavior in the different remnant regions. High-
resolution spectral index maps can be used in combination with
IR, molecular, and y-ray images, providing a powerful tool to
constrain the particle acceleration mechanisms that result in the
SNR regions from peculiar shock conditions and/or ISM inter-
action. In this context, the possibility to produce higher-quality
spectral index maps by exploiting MeerKAT data at other fre-
quencies, for example those that will be obtained in the S-band,
will be crucial to reaching a broader understanding of these
complex objects.

Data availability

Appendix A, including images, graphs and tables, is pub-
lished on the Zenodo repository: https://doi.org/10.5281/
zenodo.13950279.
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Appendix A: Supplementary images and tables

Supplementary images and tables are stored on the Zenodo
repository: https://zenodo.org/records/13950279.

Appendix B: Individual target characterization

We compared our results, in terms of morphological details and
both integrated and spatially resolved spectral indices, with those
available in the literature to highlight new aspects revealed by
SKA precursor observations. We studied the integrated spectrum
of each SNR (Fig. A.29 — A.33) through a simple power-law fit of
our SMGPS and GLEAM flux densities together with the litera-
ture ones (Table B.2). Where it has been possible to distinguish
more than one spectral component, we also estimated the inte-
grated spectral indices through the RANSAC fit of the BB-plots
(Fig. A.34 — A.47). A detailed discussion for each SNR is given
below. The references to the (1) SMGPS, GLEAM and spec-
tral index maps, (2) the integrated spectra and (3) the spectral
inspection graphs, are indicated at the beginning of each section
to facilitate the reading in the consultation of material related to
each SNR.

B.0.1. G003.8+0.3

G003.8+0.3 (Fig. A.1, A.29, A34) was proposed as a candi-
date SNR by Gray (1994) on the basis of MOST observations
at 843 MHz and then confirmed as such by the 327-MHz Giant
Metrewave Radio Telescope (GMRT) observations (Bhatnagar
2002). The authors presented G003.8+0.3 as an incomplete shell
with the bulk of the emission from the northern rim. The absence
of the southern part of the shell was tentatively attributed by
Bhatnagar (2002) to a coincident deep negative region observed
both in the MOST and GMRT images. No other studies of this
object are available in the literature either in the radio or in other
bands.

The SMGPS image (Fig. A.1 upper-left) confirms the mor-
phology described in the previous studies, but the SNR contours
are sharper, also in the southern part, and more details of
the northern and western-bright regions are detected. We also
observed the south-negative region, which is instead not present
in GLEAM image (Fig. A.1 upper-right). This is probably due
to the difficulty to clean properly the diffuse emission from the
Galactic plane, clearly visible in the GLEAM image.

The G003.8+0.3 integrated spectrum is shown in Fig. A.29.
The new and old data are consistent with each other within 20,
showing an integrated spectral index of —0.39 + 0.08.

The spectral index map (Fig. A.l, bottom-left) traces the
bright northwestern/northeastern shell. The northern-bright arc
region, visible in the SMGPS image and corresponding to a
just detectable emission bump in the GLEAM map, corre-
sponds to a slightly flatter circular region (@ ~ —0.23), while
steeper spectral indices are related to the eastern-bright filament
(a ~ —=0.36).

The histogram in Fig. A.34 is peaked at ~ —0.21, tracing
the contribution of the northern bright region. The BB-plot
(Fig. A.34) shows a single spectral component with a strong
dispersion, which reflects the presence of different spectral com-
ponents that are confused with each other. Under this condition
the RANSAC tool tries to fit these components as if they were
a single, providing a meaningless spectral index that does not
represent any of them.
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B.0.2. G018.8-0.3

In the radio band, the SNR G018.8-0.3 (also known as Kes 67)
(Fig. A2, A.29, A.34) looks like an incomplete shell with
an elongated shape parallel to the Galactic plane direction
(Castelletti et al. 2021). The brightest regions are located in the
northeastern and southern edges. The emission ridges appear
sharp and strongly flattened in the eastern and southern parts.
Radio studies both in continuum, HI, CO and OH lines high-
lighted the presence of a MC complex extending along these
SNR edges (Dubner et al. 1999). Based on high-resolution CO
investigations, Dubner et al. (2004) were able to distinguish two
clumps composing the MC and to observe a strong positional
matching of the northern one with the shock front position,
providing further confirmation of the SNR-MC interaction. In
the same region, Paron et al. (2012) detected some YSOs with
ages comparable with the SN explosion one, in contrast with the
hypothesis of a star formation triggered by the SNR shock. In its
northwestern part, the SNR shell is instead less defined, with a
diffuse and faint emission. High-resolution '*CO studies showed
a low-density ISM environment in this region, which has been
interpreted as a blow-out part of the SNR (Tian et al. 2007).

In our SMGPS image (Fig. A.2, upper-left), we clearly
detect the asymmetric shell morphology of this SNR: the sharp
and flat edges in the southeastern and southwestern direction
appear well defined as well as the fainter-diffuse emission in
the western shell side. Compared to the highest-resolution image
available (FIRST VLA Survey at 1.4 GHz, Dubner 2017), the
SMGPS image better resolves the highly filamentary struc-
ture of the northern part of the shell and the fainter filaments
of the central region. We also can distinguish eight H 1I
regions located at the east (G018.762+00.270, G018.766+00.262,
G018.761+00.262, GO018.741+00.250, indicated as the group
1 in Fig.B.1) and south SNR edges (G018.594+00.321,
G018.632+00.256, G018.630+00.309, G018.584+00.344, indi-
cated as the group 2 in Fig.B.1) and the faint shell of the nearby
SNR GO019.1+00.2 (indicated with the yellow circle in Fig.B.1).
This last feature is also well detected in the 0.155-GHz MWA
image (Fig. A.2, upper-right). We note that, both in the SMGPS
and in the GLEAM images, we did not detect the faint "plume"
observed by Castelletti et al. (2021). This structure could be asso-
ciated with the arc emission of the SNR G019.1+00.2 affected
by artifacts in the Very Large Array Low-Frequency Sky Survey
Redux (VLSSr) map (Castelletti et al. 2021, Lane et al. 2014).

We fitted the G018.8+0.3 spectrum (Fig. A.29) by excluding
the 31 MHz measurement (Kassim 1988) related to the free-
free absorption spectral turnover. We obtained an integrated
spectral index of —0.41 + 0.04, which is consistent with the
values obtained by Kovalenko et al. (1994) between 30.9 MHz
and 8.4 GHz (o = —0.42 = 0.11), and by Sun et al. (2011) in
the 0.330-8.4 GHz frequency range (o = —0.46 + 0.02), while
it is steeper than the spectral index calculated by Castelletti
et al. (2021) by using a power law function with an exponential
turnover (@ = —0.373 + 0.010).

As we can see in Fig. A.2 (bottom-left), spectral indices vary
in a narrow range of values (~ —0.40 — ~ —0.55). The south-
east SNR edge is an exception, where we observed a spectral
flattening up to @ ~ —0.1 that clearly traces the contribution of
the H 11 regions located in close proximity. An average spectral
index of @ ~ —0.46 (flatter with respect to the other surrounding
SNR regions) seems to be associated with the bright shell in its
northeastern part, in agreement with what observed by Castelletti
et al. (2021) in their 74 MHz-1.4 GHz spectral index map (cover-
ing the only bright shell region of the SNR). A spectral flattening


https://zenodo.org/records/13950279?token=eyJhbGciOiJIUzUxMiJ9.eyJpZCI6IjRmNzY5ODU5LWRiMDAtNDAyZC1hZmQxLTg2NDg4NmFkYzg1YyIsImRhdGEiOnt9LCJyYW5kb20iOiI4ODkwYjEyNjNkOGNiNjdiMDU3MzIzYTk4ZTEyMjZmZiJ9.aQA9FcvhavHze5alg0hnrn2s4QDcrUXi5UaqCcyii76FReLzIIfwQUQx2vGgK5_JhqOGHylVd4giLmYtJvTLRQ
https://zenodo.org/records/13950279?token=eyJhbGciOiJIUzUxMiJ9.eyJpZCI6IjRmNzY5ODU5LWRiMDAtNDAyZC1hZmQxLTg2NDg4NmFkYzg1YyIsImRhdGEiOnt9LCJyYW5kb20iOiI4ODkwYjEyNjNkOGNiNjdiMDU3MzIzYTk4ZTEyMjZmZiJ9.aQA9FcvhavHze5alg0hnrn2s4QDcrUXi5UaqCcyii76FReLzIIfwQUQx2vGgK5_JhqOGHylVd4giLmYtJvTLRQ
https://zenodo.org/records/13950279?token=eyJhbGciOiJIUzUxMiJ9.eyJpZCI6IjRmNzY5ODU5LWRiMDAtNDAyZC1hZmQxLTg2NDg4NmFkYzg1YyIsImRhdGEiOnt9LCJyYW5kb20iOiI4ODkwYjEyNjNkOGNiNjdiMDU3MzIzYTk4ZTEyMjZmZiJ9.aQA9FcvhavHze5alg0hnrn2s4QDcrUXi5UaqCcyii76FReLzIIfwQUQx2vGgK5_JhqOGHylVd4giLmYtJvTLRQ
https://zenodo.org/records/13950279?token=eyJhbGciOiJIUzUxMiJ9.eyJpZCI6IjRmNzY5ODU5LWRiMDAtNDAyZC1hZmQxLTg2NDg4NmFkYzg1YyIsImRhdGEiOnt9LCJyYW5kb20iOiI4ODkwYjEyNjNkOGNiNjdiMDU3MzIzYTk4ZTEyMjZmZiJ9.aQA9FcvhavHze5alg0hnrn2s4QDcrUXi5UaqCcyii76FReLzIIfwQUQx2vGgK5_JhqOGHylVd4giLmYtJvTLRQ
https://zenodo.org/records/13950279?token=eyJhbGciOiJIUzUxMiJ9.eyJpZCI6IjRmNzY5ODU5LWRiMDAtNDAyZC1hZmQxLTg2NDg4NmFkYzg1YyIsImRhdGEiOnt9LCJyYW5kb20iOiI4ODkwYjEyNjNkOGNiNjdiMDU3MzIzYTk4ZTEyMjZmZiJ9.aQA9FcvhavHze5alg0hnrn2s4QDcrUXi5UaqCcyii76FReLzIIfwQUQx2vGgK5_JhqOGHylVd4giLmYtJvTLRQ
https://zenodo.org/records/13950279?token=eyJhbGciOiJIUzUxMiJ9.eyJpZCI6IjRmNzY5ODU5LWRiMDAtNDAyZC1hZmQxLTg2NDg4NmFkYzg1YyIsImRhdGEiOnt9LCJyYW5kb20iOiI4ODkwYjEyNjNkOGNiNjdiMDU3MzIzYTk4ZTEyMjZmZiJ9.aQA9FcvhavHze5alg0hnrn2s4QDcrUXi5UaqCcyii76FReLzIIfwQUQx2vGgK5_JhqOGHylVd4giLmYtJvTLRQ
https://zenodo.org/records/13950279?token=eyJhbGciOiJIUzUxMiJ9.eyJpZCI6IjRmNzY5ODU5LWRiMDAtNDAyZC1hZmQxLTg2NDg4NmFkYzg1YyIsImRhdGEiOnt9LCJyYW5kb20iOiI4ODkwYjEyNjNkOGNiNjdiMDU3MzIzYTk4ZTEyMjZmZiJ9.aQA9FcvhavHze5alg0hnrn2s4QDcrUXi5UaqCcyii76FReLzIIfwQUQx2vGgK5_JhqOGHylVd4giLmYtJvTLRQ
https://zenodo.org/records/13950279?token=eyJhbGciOiJIUzUxMiJ9.eyJpZCI6IjRmNzY5ODU5LWRiMDAtNDAyZC1hZmQxLTg2NDg4NmFkYzg1YyIsImRhdGEiOnt9LCJyYW5kb20iOiI4ODkwYjEyNjNkOGNiNjdiMDU3MzIzYTk4ZTEyMjZmZiJ9.aQA9FcvhavHze5alg0hnrn2s4QDcrUXi5UaqCcyii76FReLzIIfwQUQx2vGgK5_JhqOGHylVd4giLmYtJvTLRQ
https://zenodo.org/records/13950279?token=eyJhbGciOiJIUzUxMiJ9.eyJpZCI6IjRmNzY5ODU5LWRiMDAtNDAyZC1hZmQxLTg2NDg4NmFkYzg1YyIsImRhdGEiOnt9LCJyYW5kb20iOiI4ODkwYjEyNjNkOGNiNjdiMDU3MzIzYTk4ZTEyMjZmZiJ9.aQA9FcvhavHze5alg0hnrn2s4QDcrUXi5UaqCcyii76FReLzIIfwQUQx2vGgK5_JhqOGHylVd4giLmYtJvTLRQ
https://zenodo.org/records/13950279?token=eyJhbGciOiJIUzUxMiJ9.eyJpZCI6IjRmNzY5ODU5LWRiMDAtNDAyZC1hZmQxLTg2NDg4NmFkYzg1YyIsImRhdGEiOnt9LCJyYW5kb20iOiI4ODkwYjEyNjNkOGNiNjdiMDU3MzIzYTk4ZTEyMjZmZiJ9.aQA9FcvhavHze5alg0hnrn2s4QDcrUXi5UaqCcyii76FReLzIIfwQUQx2vGgK5_JhqOGHylVd4giLmYtJvTLRQ
https://zenodo.org/records/13950279?token=eyJhbGciOiJIUzUxMiJ9.eyJpZCI6IjRmNzY5ODU5LWRiMDAtNDAyZC1hZmQxLTg2NDg4NmFkYzg1YyIsImRhdGEiOnt9LCJyYW5kb20iOiI4ODkwYjEyNjNkOGNiNjdiMDU3MzIzYTk4ZTEyMjZmZiJ9.aQA9FcvhavHze5alg0hnrn2s4QDcrUXi5UaqCcyii76FReLzIIfwQUQx2vGgK5_JhqOGHylVd4giLmYtJvTLRQ
https://zenodo.org/records/13950279?token=eyJhbGciOiJIUzUxMiJ9.eyJpZCI6IjRmNzY5ODU5LWRiMDAtNDAyZC1hZmQxLTg2NDg4NmFkYzg1YyIsImRhdGEiOnt9LCJyYW5kb20iOiI4ODkwYjEyNjNkOGNiNjdiMDU3MzIzYTk4ZTEyMjZmZiJ9.aQA9FcvhavHze5alg0hnrn2s4QDcrUXi5UaqCcyii76FReLzIIfwQUQx2vGgK5_JhqOGHylVd4giLmYtJvTLRQ
https://zenodo.org/records/13950279?token=eyJhbGciOiJIUzUxMiJ9.eyJpZCI6IjRmNzY5ODU5LWRiMDAtNDAyZC1hZmQxLTg2NDg4NmFkYzg1YyIsImRhdGEiOnt9LCJyYW5kb20iOiI4ODkwYjEyNjNkOGNiNjdiMDU3MzIzYTk4ZTEyMjZmZiJ9.aQA9FcvhavHze5alg0hnrn2s4QDcrUXi5UaqCcyii76FReLzIIfwQUQx2vGgK5_JhqOGHylVd4giLmYtJvTLRQ
https://zenodo.org/records/13950279?token=eyJhbGciOiJIUzUxMiJ9.eyJpZCI6IjRmNzY5ODU5LWRiMDAtNDAyZC1hZmQxLTg2NDg4NmFkYzg1YyIsImRhdGEiOnt9LCJyYW5kb20iOiI4ODkwYjEyNjNkOGNiNjdiMDU3MzIzYTk4ZTEyMjZmZiJ9.aQA9FcvhavHze5alg0hnrn2s4QDcrUXi5UaqCcyii76FReLzIIfwQUQx2vGgK5_JhqOGHylVd4giLmYtJvTLRQ
https://zenodo.org/records/13950279?token=eyJhbGciOiJIUzUxMiJ9.eyJpZCI6IjRmNzY5ODU5LWRiMDAtNDAyZC1hZmQxLTg2NDg4NmFkYzg1YyIsImRhdGEiOnt9LCJyYW5kb20iOiI4ODkwYjEyNjNkOGNiNjdiMDU3MzIzYTk4ZTEyMjZmZiJ9.aQA9FcvhavHze5alg0hnrn2s4QDcrUXi5UaqCcyii76FReLzIIfwQUQx2vGgK5_JhqOGHylVd4giLmYtJvTLRQ

Loru, S., etal.: A&A, 692, A193 (2024)

-12°10'

20'

Dec (J2000)
mjy/beam

24m
RA (j2000)

Fig. B.1. SMGPS image at 1.284 GHz of GO018.8+0.3. We chose
the color scale to emphasize the emission from the nearby SNR and
H 11 regions. The cyan circles labeled with the number 1 refer to the
H 11 regions GO18.762+00.270, G018.766+00.262, G018.761+00.262,
G018.741+00.250, while those tagged with the number 2 indicate the
H 1I regions G018.594+00.321, G018.632+00.256, G018.630+00.309,
G018.584+00.344 (Anderson et al. 2014). The SNR G019.1+00.2 is indi-
cated with the yellow circle.

across this region is expected as a result of the interaction of the
SNR blast wave and the molecular clump here located. We can
identify different spots with steep spectrum across the remnant,
seemingly related to the bright SNR filaments, the steepest of
which (with an average a value of ~ —0.54) is located to the
southwest edge (roughly corresponding with the final part of the
SNR shell). Finally, a region with flatter spectral index (~ —0.40)
is observed in the western side of the map, stretching toward the
southwestern direction and roughly overlapping the fainter SNR
region.

In the BB-plot shown in (Fig. A.34), we can identify a single
spectral component.

B.0.3. G021.8-0.6

G021.8-0.6 (also known as Kes 69) (Fig. A.3, A.29, A.35)is
classified as a mixed-morphology (MM) SNR composed of a
main incomplete shell, mainly extended along the southwest-
northeast direction, with a fainter radio extension in the north-
east, and a central thermal X-ray emission (Yusef-Zadeh et al.
2003). A cataloged H 11 region (G021.884-00.318, Anderson
et al. 2014) overlaps the northern SNR region. Mid-infrared
and molecular ('>CO) emissions were observed well coinci-
dent with the southern radio arc, along with HCO" emission
from the radio peak region. Extended OH masers are detected
in the southeastern rim of the remnant shell, consistently with
the observed molecular emission (Zhou et al. 2009). This mul-
tiwavelength picture of the main shell strongly suggests the
interaction between the SNR and the MC located in this region.
No y-ray emission was detected from G021.8-0.6 (Sezer et al.
2018). Sezer et al. (2018) attributed the lack of GeV emission,
which is generally expected from MM SNRs, to a dominant con-
tribution from X-ray emitting plasma with respect to cosmic rays
(CRs) accelerated by the SNR shocks.

In the SMGPS image shown in (Fig. A.3, upper-left), we
clearly detect both the southern shell and the northern structure,
which extends from the previous one through a faint emission

bridge to the east. Our image shows the filamentary structure
of the SNR shell with unprecedented detail. This complex
structure confirms the scenario of the SNR shock expanding into
an inhomogeneous molecular medium with dense and clumpy
regions, probably resulting from the stellar wind of the SNR
progenitor in the pre-existing interstellar molecular gas (Zhou
et al. 2009). The northern region appears as a fairly clean arc
structure in its southern side that becomes more complex going
northern, showing a clumpy and more diffuse emission. A zoom
view of this region is shown in Fig.B.2 (upper panel). Here, we
can identify at least three circular structures of ~ 0.9 arcmin
in radius and centered at (a, §) = (18"3234.51°, -9°57°10.6™),
(@, 6) = (18"32m2.27%, -9°56°42.03”), (@, 6) = (18"3214.52,
-9°57°58.15”). Their location is indicated with the yellow arrows
in Fig.B.2. In Fig.B.2 (bottom panel), we compared our image
with the 8 um from GLIMPSE, revealing a spatial coincidence
between the radio and infrared emission across all three regions.
Based on the size, the circular morphology and the infrared
counterpart, we tentatively ascribe these regions to evolved
stars. The ring structures appear surrounded by the remnant
filament, and future detailed studies (exploiting high-resolution
radio and infrared data coupled with molecular investiga-
tion) on this region will be crucial to assess their interaction
and the possible action of the SNR shock on the stellar evolution.

The H 11 region G021.884-00.318, identified by Anderson
et al. (2014) in coincidence with the northern SNR structure,
results indistinguishable from the remnant in this region. How-
ever, the IR 8 um emission seems to embed the northernmost
diffuse radio structure, suggesting that this faint region could be
related to the H II region.

The integrated spectrum Fig. A.29) shows a low-frequency
turnover highlighted by the literature data at 0.0299, 0.0309 and
0.0575 GHz, and ascribable to free-free absorption processes.
We have not considered these measurements to model the spec-
trum. We executed the fit by using both a simple power-law and
an exponential cutoff model (gray line in (Fig. A.29). This last is
well represented by the function

SW) = K(l) e, (B.1)
Yo

where K is a normalization constant and vq is the cutoff fre-
quency. It takes into account the trend suggested by the highest
frequency data available in the literature (Langston et al. 2000)
as result of the synchrotron energy losses of the emitting elec-
trons. We notice that both SMGPS and GLEAM points are
consistent with the trend suggested by the literature measure-
ments, even if these are affected by a significant scatter, in
particular at 0.408, 2.7 and 5 GHz. The exponential cutoff model
allowed us to calculate, for the first time in G021.8-0.6, a cut-
off frequency of 9.56 + 0.02 GHz. From this, we calculated a
maximum electron energy of 14 GeV, by using the equation

1
E =147 (VCB/ /igzy GeV (Reynolds 2008) and assuming a mag-
netic field strength of ~ 10 uG, as the compression theory of
the ambient magnetic field predicts (Dubner & Giacani 2015).
This value is in agreement with the synchrotron break energy of
> 10 GeV predicted by leptonic models applied on y-ray data of
other middle-aged SNRs (Ackermann et al. 2013). However, we
cannot exclude that magnetic field amplification or compression
processes are occurring in this SNR, for which MC association
was established on the basis of shock-cloud interaction evidences
highlighted by X-ray studies (Bocchino et al. 2012). Radio and

A193, page 11 of 27


https://zenodo.org/records/13950279?token=eyJhbGciOiJIUzUxMiJ9.eyJpZCI6IjRmNzY5ODU5LWRiMDAtNDAyZC1hZmQxLTg2NDg4NmFkYzg1YyIsImRhdGEiOnt9LCJyYW5kb20iOiI4ODkwYjEyNjNkOGNiNjdiMDU3MzIzYTk4ZTEyMjZmZiJ9.aQA9FcvhavHze5alg0hnrn2s4QDcrUXi5UaqCcyii76FReLzIIfwQUQx2vGgK5_JhqOGHylVd4giLmYtJvTLRQ
https://zenodo.org/records/13950279?token=eyJhbGciOiJIUzUxMiJ9.eyJpZCI6IjRmNzY5ODU5LWRiMDAtNDAyZC1hZmQxLTg2NDg4NmFkYzg1YyIsImRhdGEiOnt9LCJyYW5kb20iOiI4ODkwYjEyNjNkOGNiNjdiMDU3MzIzYTk4ZTEyMjZmZiJ9.aQA9FcvhavHze5alg0hnrn2s4QDcrUXi5UaqCcyii76FReLzIIfwQUQx2vGgK5_JhqOGHylVd4giLmYtJvTLRQ
https://zenodo.org/records/13950279?token=eyJhbGciOiJIUzUxMiJ9.eyJpZCI6IjRmNzY5ODU5LWRiMDAtNDAyZC1hZmQxLTg2NDg4NmFkYzg1YyIsImRhdGEiOnt9LCJyYW5kb20iOiI4ODkwYjEyNjNkOGNiNjdiMDU3MzIzYTk4ZTEyMjZmZiJ9.aQA9FcvhavHze5alg0hnrn2s4QDcrUXi5UaqCcyii76FReLzIIfwQUQx2vGgK5_JhqOGHylVd4giLmYtJvTLRQ
https://zenodo.org/records/13950279?token=eyJhbGciOiJIUzUxMiJ9.eyJpZCI6IjRmNzY5ODU5LWRiMDAtNDAyZC1hZmQxLTg2NDg4NmFkYzg1YyIsImRhdGEiOnt9LCJyYW5kb20iOiI4ODkwYjEyNjNkOGNiNjdiMDU3MzIzYTk4ZTEyMjZmZiJ9.aQA9FcvhavHze5alg0hnrn2s4QDcrUXi5UaqCcyii76FReLzIIfwQUQx2vGgK5_JhqOGHylVd4giLmYtJvTLRQ
https://zenodo.org/records/13950279?token=eyJhbGciOiJIUzUxMiJ9.eyJpZCI6IjRmNzY5ODU5LWRiMDAtNDAyZC1hZmQxLTg2NDg4NmFkYzg1YyIsImRhdGEiOnt9LCJyYW5kb20iOiI4ODkwYjEyNjNkOGNiNjdiMDU3MzIzYTk4ZTEyMjZmZiJ9.aQA9FcvhavHze5alg0hnrn2s4QDcrUXi5UaqCcyii76FReLzIIfwQUQx2vGgK5_JhqOGHylVd4giLmYtJvTLRQ

Loru, S., etal.: A&A, 692, A193 (2024)

-9°56'

58'

-10°00'

Dec (J2000)

RA (J2000)

-9°54!

56'

58'

Dec (ICRS)

-10°00'

02'

18h33m
RA (ICRS)

Fig. B.2. Detail of the clumpy emission from the northern arc of
G035.6-00.4. Upper: Zoomed-in view of the northern portion of
G035.6-00.4 as seen with SMGPS at 1.284 GHz. Bottom: Two-color
image of the same region obtained from the SMGPS image (red) and
the GLIMPSE image at 8 um (green). In both images, the yellow arrows
indicate the location of the circular structures discussed in the text.

y-ray spectral studies applied on the MM SNR W44, for which
an enhanced magnetic field of 1.4 uG in the SNR-MC interac-
tion regions was inferred by Cardillo et al. (2016), revealed a
lower value of the maximum electron energy (1.6 GeV), aris-
ing from a significant emission contribution from secondary
electrons produced by proton interactions in the SNR crushed
clouds regions. Unlike this and other similar MM SNR, G021.8-
0.6 is the only one not detected in the y-ray band (both in the
GeV and TeV energy range), despite its proven interaction with
MCs (Sezer et al. 2018). This makes G021.8-0.6 an intriguing
case for the study of accelerated CRs, and other sensitive high-
frequency radio measurements (5 — 20 GHz) will be crucial to
firmly constrain our model and the maximum particle energy.

As can be seen in our spectral index map (Fig. A.3), the spec-
trum of the brightest radio arc of the main shell is flatter than
the adjacent fainter and more diffuse emission (¢ ~ —0.52). We
observed a flatter spectrum in the northern arc region than the
whole main shell, with a mean spectral index of ~ —0.36. The
spectral index map does not provide any spatially resolved infor-
mation about the H 11 region G021.884-00.318, and the related
spectral component cannot be distinguished on the statistical
graphs (Fig. A.35).

B.0.4.G022.7-0.2

The SNR G022.7-0.2 (Fig. A.4, A.29, A.35) appears as a faint
radio shell, slightly elongated in the northwest-southeast direc-
tion and brighter in its eastern side, where a concave structure
is also present (Su et al. 2014). It is located in a crowded
Galactic region that includes the nearby SNR G23.3-0.3 (W41)
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and several H 1I regions, some of which are superimposed on
G022.7-0.2. Infrared studies revealed several 5.8—8 um filaments
well correlated with the radio features (Reach et al. 2006). CO
molecular studies highlighted the spatial and kinematic asso-
ciation of G022.7-0.2 with the giant molecular cloud (GMC)
G23.0-0.4 located in correspondence of the eastern part of the
remnant, providing evidences of SNR-MC interaction (Su et al.
2015). Su et al. (2015) suggested a correlation between the SNR,
the GMC and the H 1I region G022.761-00.492 (cataloged as
‘known’ by Anderson et al. 2014, Lockman 1989). A very high
energy (VHE) source (H.E.S.S. J1832-093) is located in the
southwestern edge of G022.7-0.2, overlapping the southern part
of the GMC G23.0-0.4 (H.E.S.S. Collaboration 2015).

In the SMGPS image (Fig. A.4, upper-left), the four H 11
regions G022.724-00.010, G022.730-00.239, G022.757-00.246
and G022.780-00.401 (all cataloged as ‘known’ by Anderson
et al. 2014, Anderson et al. 2011) overlapping with G022.7-00.2,
are resolved (they are indicated with yellow circles in Fig. A.4).
They are completely confused with the remnant emission in the
literature images, as well as in the GLEAM one (Fig. A.4, upper-
right). The SMGPS image well recovers both the eastern bright
region and the diffuse emission in the central and norther parts,
the latter almost completely absent in the previous images.

We calculated the integrated flux density of G022.7-0.2
both including the H II regions and not, obtaining a value of
49.0 £ 3.9 Jy and 46.6 = 4.0 Jy, respectively. The H 1I region
contribution is therefore negligible in this case. The integrated
spectrum of the SNR G022.7-0.2 is shown in Fig. A.29. It is
somehow controversial, considering the discrepancy between
the literature measurements and our more recent SMGPS and
GLEAM data. The low-frequency flux densities, in particular
the point at 57.5 MHz, suggest a spectral turnover associated
with the thermal free—free absorption. GLEAM measurements
show a flat spectrum and a low flux density compared to the
other measurements around the same frequencies. We attributed
this disagreement to evident issues in the MWA images probably
associated with a difficult background subtraction in this crowed
region of the Galactic plane. Taking into account of the unreli-
ability of the GELAM images and flux densities, we excluded
MWA points from the fit. We also excluded the 57.5 MHz
point in order to ignore the possible low-frequency turnoff. The
SMGPS data at 1.284 GHz seems to be consistent with the litera-
ture, in particular with the trend suggested by the points at 0.408
and 5.0 GHz (Shaver & Goss 1970). Indeed, we observed that
the literature data at 1.414, 2.695 and 5.0 GHz (Altenhoff et al.
1970) have very small uncertainties (around the 1 per cent of the
flux), and may be underestimated by considering the epoch of the
observations, the map quality and the procedure used to calculate
the integrated flux densities (Altenhoff et al. 1970). For this rea-
son, we decided to exclude them from the study of the integrated
spectrum. We obtained a spectral index of —0.34 + 0.07, signifi-
cantly flatter than the value of —0.6 reported in the Green (2022)
catalog. We point out that further sensitive observations in the
~ 0.1 — 5 GHz frequency range are required to firmly constrain
the G022.7-0.2 integrated spectrum.

The issues in the background subtraction of the GLEAM
maps are also reflected in the G022.7-0.2 spectral index map,
which shows an unreliable mean spectral index of 0.06 with a
standard deviation of 0.15. For consistency with other SNRs of
the sample, we reported anyway in Fig. A.4 (bottom-left) and
in Fig. A.35 the spectral index map and the related spectral
distribution graphs, respectively.
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B.0.5.G023.3-0.3

G023.3-0.3 (also known as W11) (Fig. A.5, A.29, A.36)is an
evolved SNR (estimated age of 60 — 200 kyr, Tian et al. 2007)
located in a very crowded region, including the nearby SNR
G022.7-0.2 (see Sect. B.0.4). In the radio band, it was observed
as an asymmetric shell (Kassim 1992). Its boundaries are irreg-
ular and several knots of emission are distributed throughout the
shell (Castelletti et al. 2021), mostly associated with H II regions
overlapping the remnant, while prominent filament structures are
observed in the western side of the shell (Tian et al. 2007).
Both G023.3-0.3 and the majority of the nearby/overlapping
H 11 regions are thought to be part of the giant MC G23.0-0.4
(Castelletti et al. 2021).

Our SMGPS image (Fig.B.3) revealed the complex morphol-
ogy of this SNR, including the three clumps associated with
the H 11 regions G023.299-00.281 (classified as ‘candidate’ by
Anderson et al. 2014), G023.249-00.312 and G023.240-00.240,
classified as ‘known’ by Anderson et al. (2014) and Anderson
et al. (2011), and located approximately in the remnant center
(indicated in Fig.B.3 with the cyan circles 3, 4 and 6, respec-
tively). Non-thermal X-ray (Tian et al. 2007) and y-ray emissions
(TeV source H.E.S.S. J1834-087) were detected in the same
regions, suggesting enhanced n°-decay processes, and result-
ing hadronic emission, arising from the SNR-GMC interaction
(Castro et al. 2013). We detected the two compact H II regions
G023.271-00.256 and G023.240-00.114, indicated in Fig.B.3
with the cyan circles number 5 and 10, respectively. The two
H 11 regions G023.455-00.201 and G023.435-00.153 (cataloged
as "group" by Anderson et al. 2014) are also distinguishable in
the northern SNR rim (they are indicated with the yellow cir-
cles 3 and 6 in Fig.B.3). In the same region, we detected the
H 11 region G023.354-00.136 (yellow circle number 8 in Fig.B.3)
previously cataloged as "radio quiet" by Anderson et al. (2014).
The SMGPS image also shows a detailed view of the filamen-
tary morphology of the western shell boundary and provides the
best reconstruction of the very faint and diffuse emission in the
eastern SNR side.

Although well resolved, we included the central bulge emis-
sion related to the H II regions (cyan circles with indices from
1 to 7 in Fig.B.3) on the SMGPS integrated flux density cal-
culation, for consistency with the previous measurements. The
integrated spectrum of the SNR G023.3-0.3 (Fig. A.29) shows a
significant scatter between the measurements, which are carried
out at very different epoch and with different instruments. The
low-frequency turnover indicated by Trushkin (1999) below ~
0.250 GHz is not confirmed by our GLEAM measurements. We
performed a simple power-law fit on the spectrum, by excluding
the low-frequency points below the 0.201 GHz and the literature
data with very low, and probably underestimated uncertainties
at 1.414, 2.695 and 5 GHz (Altenhoff et al. 1970). We obtained
an integrated spectral index of —0.24 + 0.06, where our SMGPS
data lies within 30 from the fit (black line in Fig. A.29). We also
ran a simple power-law fit restricted to our SMGPS and GLEAM
data to highlight the spectral trend of flux densities calculated
with the same method by using most recent and homogeneous
data. The resulting fit is indicated with the gray line in Fig. A.29
and shows an integrated spectral index of —0.31 + 0.03. We point
out that the complexity of this SNR requires more sensitive mea-
surements between ~ 0.3 and 5 GHz to correctly investigate its
integrated spectrum, also taking into account of the bright H 11
regions located inside the remnant.

The 0.155-1.284 GHz spectral index map (Fig. A.5, bottom-
left) indicates an average spectral index of —0.43 from the
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Fig. B.3. SMGPS image at 1.284 GHz of the SNR G023.3-
00.3. The yellow circles indicate the H 1I regions G023.438-
00.241 (1), G023.423-00.216 (2), G023.455-00.201 (3), G023.439-
00.187 (4), G023.458-00.179 (5), G023.435-00.153 (6), G023.389-
00.148 (7), G023.354-00.136 (8). The cyan circles indicate the
H 11 regions G023.317-00.300, G023.313-00.289, G023.299-00.281,
G023.249-00.312, G023.271-00.256, G023.240-00.240, G023.253-
00.240, G023.240-00.114, G023.155-00.321, G023.156-00.264.

brightest filament of the southern side of the shell, which
steepens northward corresponding to the western bright fila-
ment (¢ ~ —0.53) and flattens toward its northeastern extrem-
ity (up to a minimum averaged value of ~ —0.42 at the last
bright filament). A thermal spectrum (average o ~ 0.21) is
detected at the northern SNR edge, coinciding with the bright-
est northern emission spot. This feature clearly traces the H 11
regions G023.389-00.148, G023.439-00.187, G023.423-00.216
and G023.438-00.241 (Anderson et al. 2014) located inside this
region, which cannot be distinguished from the SNR emission
through a visual inspection. The significant flattening toward the
central region is also attributable to the H II region contribution.

The graphs resulting from the inspection of the brightness
and spectral index map (Fig. A.36) allowed us to distinguish
the spectral components associated with the G023.3-0.3 and the
several H 1I regions, providing integrated « values of —0.54
and 0.66, respectively. The steeper value of the SNR spectral
index with respect to the integrated one is expected as it is not
affected by the H 11 region contribution. This result confirms the
potentiality of the BB-plots in estimating the spectral index of
SNRs co-located with other sources. Regarding the H II region
spectral index, we point out that such a high value at our fre-
quencies is expected for young and dense objects, like compact
and ultra-compact (UC) H 11 regions, which typically present a
frequency turnover from the optically thick to the thin regime up
to ~ 5 GHz (Yang et al. 2021, Kurtz 2005).

B.0.6. G024.7-0.6

G024.7-0.6 (Fig. A.6, A.29, A.36) is a poorly studied SNR
identified in the radio band as an incomplete shell with a bright
arc aligned perpendicular to the Galactic plane. In all previous
observations, including the most sensitive one carried out with
the VLA at 1.47 GHz (Green 2019), only the arc structure was
identified, suggesting that the rest of a possible ring structure
could have been completely blown out (Dubner et al. 1993). Our
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SMGPS image (Fig. A.6, upper-left) revealed instead a well-
defined bubble emission centered at (@, 6) = (18"38"54.109¢,
-7°5°18.24”) and with radius of ~ 9.4 arcmin. This structure
shows the typical shell-type morphology, with filamentary struc-
tures aligned in the southwest-northeast direction and coincident
in its southwest edge with the known G024.7-0.6 arc. We
detected the same bubble structure, although less detailed, in all
the four GLEAM bands.

The overlapping region between the bubble and the arc
appears a bit complex in the high-resolution SMGPS image, with
the filaments of the two regions roughly perpendicular and inter-
twined with each other. From a morphological point of view, the
interpretation of this region is difficult since its characteristics
could be attributable to both an interaction region or the con-
nection between parts of the same SNR. The detection of X-ray
emission in the overlapping region could provide stronger evi-
dences of interaction, but to date no X-ray observations of this
region were performed.

Taking also into account the difficulty of distinguishing the
new bubble from the arc structure historically associated with
G024.7-0.6 in both SMGPS and GLEAM images, we studied
this SNR by considering both the regions. For this reason, the
integrated flux densities from the literature are underestimated
with respect to our measurements. In Fig. A.29, we show the
G024.7-0.6 integrated spectrum and the simple power-law fit
performed on the SMGPS and in the GLEAM data. We point
out that the SMGPS and GLEAM data are consistent with each
other in a wide frequency span, ruling out the low-frequency cut-
off due to free-free absorption processes and indicating a flatter
spectrum (a = —0.30 + 0.04, most typically observed in evolved
SNRs) than the previous estimations (@ = —0.5, Clark et al. 1975,
Green 2022).

By analyzing the 0.155-1.284 GHz spectral index map
(Fig. A.6), we calculated an average spectral index of ~ —0.31
associated with the brightest region of the main G024.7-00.6 arc,
with a significant spectral steepening (averaged @ ~ —0.37) in its
southeastern extremity, where two faint filaments are resolved in
the SMGPS image. The bubble structure has an average spectral
index of ~ —0.32, which is consistent with a non-thermal nature.
To better assess this point, we compared the SMGPS map with
the IR WISE images at 12 um and 22 pym. No IR emission is
observed in correspondence to the bubble region, ruling out a
possible H 11 region association. On the basis of its morpho-
logical characteristics, the spectral index value and the lack of
IR emission in spatial correspondence, we attribute the bubble
emission to a SNR. It would be part of G024.7-0.6, for example
a blow-out region that is expanding rapidly in a rarefied medium
(as observed in some evolved SNRs like G166.0+4.3 and 1C443).
Moreover, the bubble could be a separate SNR simply superim-
posed or interacting with G024.7-0.6. The spectral index map
also traces the spectral behavior of the bubble edges, highlight-
ing a flat spectrum (ranging between ~—0.15 and ~—0.28) in the
shell-arc overlapping region. Detailed spatially resolved spectral
index studies performed on the morphologically similar SNR
1C443 (Egron et al. 2017, Castelletti et al. 2011) did not show
such a spectral feature at the interface between the main shell and
the blowout region. This aspect, together with the filamentary
configuration of the radio emission observed in the SMGPS map,
makes the interpretation of two distinct and interacting SNRs the
most likely. Other investigations, in particular X-ray and opti-
cal (He) studies, will be crucial to investigate the new-identified
shell-like structure and clarify its connection with G024.7-00.6.

A single spectral component is identified both in the his-
togram and the BB-plot (Fig. A.36).
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B.0.7. G032.8-0.1

G032.8-0.1 (Fig. A.7, A.30, A.37), better known as Kes 78, is
a middle-aged SNR (with estimated age of ~ 6000 yr , Zhou
& Chen 2011) evolving in a crowded environmental region. Its
radio morphology consists of an elongated shell in the north-
south direction with two bright arcs at its ends, both southeast-
northwest oriented.

Spatially resolved X-ray observations revealed the SNR inter-
action with a large MC along its east side (Miceli et al. 2017).
The same MC overlaps with the y-ray emission from the source
HESS J1852-000 (Kosack et al. 2011), suggesting an enhanced
CR acceleration in this region. An OH maser was detected along
the eastern SNR edge, tracing the interaction between the SNR
shock and the nearby MC (Koralesky et al. 1998).

In cases like this, the co-spatial study of the radio, X-ray and
y-ray emission is crucial to disentangle: the particle accelera-
tion mechanisms, including CRs reacceleration and compression
mechanisms in crushed SNR regions interacting with MCs;
the specific environmental conditions, such as magnetic field
amplification; the energetic of both hadronic and leptonic CRs,
including secondary electrons produced by hadronic interactions
in regions with strong post-shock densities.

The SMGPS image (Fig. A.7, upper-left) provides the
higher-resolution view of this SNR, revealing the complex struc-
ture of the two main arcs. The northern one presents an inhomo-
geneous emission consisting of different irregular bumps, while
the southern one is mainly composed of two bright spots from
which roughly parallel filaments depart. The two bright struc-
tures immediately southwest of the northern arc (yellow circles
1 and 2 in Fig. A.7) and the filament located in the western shell
(circle 3 in Fig. A.7) are respectively associated with the ‘known’
H 11 regions G032.823+00.072, G032.835+00.017 and the ‘can-
didate’ G032.775-00.048 (Anderson et al. 2014, Anderson et al.
2011). We also clearly detect the more compact ‘candidate’
H 11 region G032.749-00.065 and the ‘known’ G032.761-00.151
(Anderson et al. 2011) (region 4 and 5, respectively in Fig. A.7).

The integrated spectrum (Fig. A.30) shows the agreement of
the SMGPS data with the trend suggested by the GLEAM and
the literature measurements, although the latter are subject to
a significant scatter. We also point out the consistency of our
SMGPS point with the THOR+VGPS flux density at 1.4 GHz
measured by Dokara et al. (2023). Our spectral index estimation
(@ = —0.45 £ 0.04) is significantly lower than the value reported
by Green (2022) (@ = —0.2, indicated as uncertain) and that
obtained by Dokara et al. (2023) (—0.27 + 0.04), but it is con-
sistent with the spectral index of @ = —0.5 obtained by Kassim
(1992) by excluding the Caswell et al. (1975) data, which are
considered by the authors to be unreliable.

Our spectral index map (Fig. A.7, bottom-left) reveals sim-
ilar spectral indices in the two main arcs, with averaged value
of ~ —0.47. The spectral values significantly flatten in corre-
spondence of the west side of the northern arc (~—0.10), likely
due to the contribution of the H 1I regions G032.823+00.072
and G032.835+00.017. An indication of spectral steepening is
observed toward the eastern bridge (reaching a mean value of
~ —0.53 in its southern side), where the interaction between
the adjacent MC and the SNR shock is thought to enhance
the hadronic emission from the co-spatially y-ray source HESS
J1852-000.

The graphs in Fig. A.37 show a main spectral component,
associated with G032.8-00.1, and a second-flatter one likely
related to the H 11 regions contribution. The latter is identifi-
able in the histogram and in the BB-plot, but in both cases with
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a certain dispersion probably due to the fact that the H II regions
are not very bright and their emission blurring with the SNR
one. This makes it difficult to accurately determine the related
spectral index.

B.0.8. G033.2-0.6

G033.2-0.6 (Fig.A.8, A.30, A.37) is a poorly studied SNR
located in a region with strong diffuse emission. Infrared obser-
vations placed this SNR at a distance of 4.9 kpc (Lee et al. 2020).
The VHE y-ray source HESS J1852-000 (H.E.S.S. Collabora-
tion 2011) was detected in the region between G033.2-0.6 and
the other SNR G32.8-0.1. '>CO observations highlighted a large
MC adjacent to the northern edge of G033.2-0.6 (Sofue et al.
2021). However, detailed studies on G033.2-0.6 have been car-
ried out in the radio band only. In all previous images from the
literature, this SNR was observed as an incomplete shell with the
bright part orientated along the Galactic plane, suggesting a past
blowout of the residual shell. (Dubner et al. 1996). We observed
the same morphology in the GLEAM images, at all four frequen-
cies. The high sensitivity of SMGPS image (Fig. A.8, upper-left)
allows us to reveal, for the first time, the diffuse emission in the
inner part of G033.2-0.6 and the southeastern-fainter rim of the
remnant shell.

The integrated spectrum of G033.2-0.6 is shown in
Fig. A.30. As pointed out by Trushkin (1999), the literature
points (in particular those at 0.0309 and 0.102 GHz) seem to
suggest a concave-up spectral curvature. However, our GLEAM
measurements does not indicate the same trend at low frequen-
cies, and they are more in agreement with the simple power-law
model. We ascribed the slight discrepancy of the SMGPS mea-
surement and the literature data at about the same frequency to
having included the southern-diffuse emission on the SMGPS
flux density calculation.

Taking into account the concave-up shape of the literature
data, Green (2022) indicate the spectral index of G033.2-0.6
as ‘varies’. However, Dubner et al. (1996) obtained a spec-
tral index of —0.63 from a power-law fit of the data between
0.030 and 5 GHz, while in the most recent study, Dokara et al.
(2023) obtained @ = —0.29 + 0.05 between 0.2 and 5.8 GHz. We
obtained a spectral index of —0.45 + 0.06 as a result of the fact
that: the literature data refer only to the brighter portion of the
shell; there is a discrepancy between the GLEAM measurements
and the other low frequency literature data.

The 0.155-1.284 GHz spectral index map (Fig. A.8) shows
a significant spectral variation across the remnant, even if there
is no clear association between spectral and brightness features.
The southern rim of the shell is the steeper spectral region, with
averaged spectral index of ~ —0.38. The northern region is glob-
ally flatter, but with spectral indices ranging from a minimum
value of ~ —0.39 to a maximum of ~ —0.19. This radio spec-
tral flattening could be indicative of the interaction between the
SNR shock and the adjacent MC, which often results in strong
post-shock densities and enhanced magnetic fields. Optical and
IR follow-up observations of this region could be useful to trace
the SNR-MC interaction.

From the graphs in Fig. A.37, we identify a single spectral
component characterized by a fairly high dispersion, indica-
tive of the significant and smooth spectral variation across the
remnant.

B.0.9. G035.6-0.4

G035.6-0.4 (Fig. A.9, A.30, A.38) was recently re-identified
as SNR by Green (2009) by using the VGPS data at 1.4 GHz and
the 10-GHz Nobeyama data. It is a poorly studied SNR. Other
radio continuum observations were performed with the GMRT
at 0.610 and 1.4 GHz, but flux density was not measured at the
latter frequency because the SNR was resolved out (Paredes et al.
2014). Through GLOSTAR observations at 4 — 8 GHz, Dokara
et al. (2023) detected linearly polarized emission from G035.6-
0.4 and hinted at a break in its integrated spectrum between 200
MHz and 1.4 GHz.

With an estimated age of ~ 2300 yr (Zhu et al. 2013),
G035.6-0.4 is located in a region rich of diffuse Galactic emis-
sion. It shows a shell morphology elongated in the northwest-
southeast direction. The SMGPS map of G035.6-0.4 (Fig. A.9,
upper-left) well reproduce the remnant morphology, consistently
with the recent GLOSTAR image (Dokara et al. 2023). However,
the remnant contours are better defined in our image, and the dif-
fuse "plume" structure in the northwestern edge is more defined.
We also detected the small-circular H 11 region G035.576-00.586
(identified as radio quiet by Anderson et al. 2014) in the south-
eastern corner of the remnant. It was also revealed in the GMRT
(Paredes et al. 2014) and GLOSTAR image (Dokara et al. 2023),
while it was considered part of G035.6-0.4 in the VLA maps
(Green 2009).

The y-ray source HESS J18584+020 was detected roughly
centered in the H II region position, but including also part of the
southern portion of the SNR (Paron & Giacani 2010). Another
H 11 region, catalogued by Lockman (1989) and morphologi-
cally confirmed by Paredes et al. (2014) through 610 MHz GMRT
studies, is located in southwestern SNR corner, corresponding
with the brightest radio region. However, its structure is dif-
ficult to distinguish from the remnant features in the SMGPS
map. G035.6-0.4 also results in positional and kinematic over-
lap with an extended MC, for which the interaction with the
SNR shock is suggested (Paron & Giacani 2010). The south-
ern clump of this cloud is coincident with HESS J1858+020,
suggesting a y-ray hadronic emission enhanced by the interac-
tion between CRs accelerated in the SNR and those present in
the cloud. The co-spatial presence of six YSO candidates makes
this region a probable active star formation site (Paron & Gia-
cani 2010). Finally, two known pulsar are located inside the
remnant without confirmed association: PSR J1857+0210 and
PSR J1857+0212. The latter is detected in our SMGPS image.
We summarized this intriguing picture in Fig.B.4, where the
1.284 GHz SMGPS image is overlaid with the location of the
two H 11 regions (blue circles), the HESS J1858+020 position
(red circle), the region associated with the '3 CO clump reported
by Paron & Giacani (2010) (green contours) and the location of
the two pulsars (yellow crosses).

The integrated spectrum of G035.6-0.4 is shown in
Fig. A.30. We excluded from the fit the GMRT flux density
at 0.610 GHz by Paredes et al. (2014) because of its value
oddly lower than expected at this frequency and probably mis-
takenly reported (see Table B.1) We obtained a flatter spectral
index (@ = —0.20 + 0.03) than the literature one (—0.47 + 0.07,
Green 2009) calculated between 1.4 and 10 GHz, but consis-
tent with the more recent estimation of Dokara et al. (2023)
(@ —0.28 £ 0.03, from the TT-plot fit). Our integrated spectrum
does not confirm the break in the 0.2 — 1.4 GHz frequency range
(Dokara et al. 2023), but the GLEAM data suggest a turnover
below ~ 0.1 GHz, probably associated with the thermal free—free
absorption.
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Fig. B.4. SMGPS image at 1.284 GHz of the SNR G035.6-0.4. Blue
circles indicate the H 11 region G035.576-00.586 (H 11 1) and the H 11
region cataloged by Lockman (1989) (H 11 2). The yellow crosses
indicate the pulsar positions. Green contours trace the ' CO emis-
sion integrated in the 51 — 59 km s ~!' velocity range at 1.43 and
2.7 K km s ~!. The red circle indicates the location of the y ray source
HESS J1858+020.

The 0.155-1.284 GHz spectral index map (Fig. A.9 upper-
left) shows strong spectral index variations across the remnant.
Very flat spectral indices (@ ~ —0.05 — —0.15) correspond with
the southeastern bright region. This spectral feature is in per-
fect positional coincidence with the Lockman (1989) H 11 region.
The remaining northwestern part of the remnant shows overall
steeper spectral indices ranging from —0.22 in the inner part to
—0.28 in the outer regions. An exception to this trend is repre-
sented by a flatter spot located southwest of the center, with @ =
—0.17. Tt does not seem associated with any particular morpho-
logical structure in the SMGPS map, but it interestingly lies right
next to the PSR J1857+0210. We also noticed a correspondence
between the flat spectrum spot and the western extension of the
40 HESS J1858+020 significance contour as shown by Paredes
et al. (2014). In Fig. B.5, we showed the SMGPS-GLEAM spec-
tral index map overlaid on the significance contours of HESS
J1858+02 and with the location of the pulsars PSR J1857+0210
and PSR J1857+0212. The positional coincidence with both
PSR J1857+0210 and the y-ray feature makes us suppose that
the spectral flattening of this region would trace the emission
contribution from an associated PWN, whose presence is mor-
phologically not evident in the brightness maps. We note that no
polarization emission was observed in this region (Dokara et al.
2023) as in general expected for the PWNe. However, in some
cases the polarized radio emission is not detected as result of
different conditions (Mitchell & Gelfand 2022). Moreover, tak-
ing into account the low-significance of the y-ray feature in the
H.E.S.S. contour level, this statement shall be confirmed through
both higher resolution radio and y-ray followups.

The H 11 region contribution, whose flattening is quite evi-
dent in the spectral index map, is not highlighted in the BB-plot
(Fig. A.38), which shows a single spectral component, even if
with a high dispersion. The SNR and H 1I region contributions
are instead distinguishable in the spectral index histogram, with
their respective peaks at ~ —0.3 and ~ —0.1.
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Fig. B.5. Spectral index map at 0.155-1.284 GHz of the SNR G035.6-
00.4. The magenta contours trace the HESS J1858+020 source at 4, 5
and 6 o significance levels (HESS Galactic plane survey data as reduced
and analyzed by Aharonian et al. 2008). The yellow crosses indicate the
pulsar locations.

B.0.10. G040.5-0.5

G040.5-0.5 (Fig. A.10, A.30, A.38) is cataloged as a middle-
aged SNR with estimated age and distance respectively of 20 —
40 kyr (Downes et al. 1980) and 8.7 kpc (Duvidovich et al. 2020).
The highest resolution image (51.1 x 39.5 arcsec?) available in
the literature was carried out with the VLA at 1.5 GHz, revealing
the shell morphology of the remnant: a bright and well-defined
edge in the northeast direction, and a fainter and diffuse emis-
sion in its southwest portion (Duvidovich et al. 2020). Our very
high resolution SMGPS image (Fig. A.10 upper-left) confirms
this morphology and also reveals the filamentary structures that
branch out from the bulk emission to the central region. The
known pulsar PSR J1907+0631 lies nearby the remnant geomet-
rical center, likely associated with G040.5-0.5 (Lyne et al. 2017).
As the previous radio images, the SMGPS map does not reveal
any PWN associated with this pulsar.

The VHE +y-ray source VER J1907+062 was observed with
different instruments (Milagro, Abdo et al. 2007; H.E.S.S, Aha-
ronian et al. 2009; VERITAS, Aliu et al. 2014), extending toward
the southern part of G40.5-0.5. The VER J1907+062 emission
also overlaps the PSR J1907+0602, a y-ray pulsar with a prob-
ably associated compact PWN that could be responsible for
the southern y-ray peak emission through the leptonic mecha-
nism (Duvidovich et al. 2020). However, the northern portion
of VER J1907+062 would seem more likely associated with
G40.5-0.5, which could contribute to the y-ray emission through
hadronic mechanism enhanced by the SNR-MC interaction. The
VER J1907+062 nature is still debated. Two main scenarios
were proposed: the superposition of two y-ray sources produced
from leptonic and hadronic mechanisms respectively or a sin-
gle source powered at the same time by the pulsar and the SNR
(Duvidovich et al. 2020).
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The integrated spectrum of G40.5-0.5 is shown in Fig. A.30,
where we also included the flux densities at 0.750 and 1.4 GHz
from Pauliny-Toth et al. (1966) reported by Downes et al. (1980)
with correction for the Baars flux scale, and the high frequency
measurement (8.35 GHz) by Langston et al. (2000). This lat-
ter shows indications of a slight spectral steepening toward high
frequencies. For this reason, we applied to the spectrum both
a simple power-law and a power-law with exponential cutoff
fit models. Either way, we excluded the three lowest frequency
points that, as indicated by Trushkin (1999), suggest a thermal
free-free turnoff. We also noted that the measurements at 0.083
and 0.111 GHz (Kovalenko et al. 1994) result significantly over-
estimated with respect to the GLEAM flux densities, which are
more compatible with the other high-frequency measurements
and do not show a low-frequency turnover. We also excluded
from the simple power-law fit the 8.35 GHz measurement, by
obtaining a spectral index of —0.26 + 0.03, significantly flatter
than the previous value reported in the literature of —0.41 + 0.08
(Sun et al. 2011). From the exponential cutoff fit, we obtained
a spectral index of —0.266 + 0.003 and a frequency cutoff at
42.12 +3.87 GHz.

In our 0.155-1.284 GHz spectral index map (Fig. A.10), we
identified a relatively steep spectral region ranging from a ~
—0.54 to @ ~ —0.29, corresponding to the north-northwestern
bright edge of G040.5-00.5. Flatter spectral indices, with an
average value of ~ —0.16, characterize the fainter and dif-
fuse inner part of the remnant. We investigated the possible
shock/cloud interaction in this spectral flatter region by co-
spatial comparison between the SMGPS image at 1.284 GHz and
the related spectral index map; the '>CO emission (J = 1 — 0)
integrated over a velocity range of —100 — 200 km s~ from
the FOREST Unbiased Galactic Plane Imaging2 (FUGIN) sur-
vey based on observations at the Nobeyama Radio Observatory
(NRO); and the TeV y-ray emission detected with VERITAS
(Aliu et al. 2014). The resulting image is shown in Fig. B.6,
where our radio spectral index map is plotted together with
12.CO (blue lines) and the TeV emission contours (yellow lines).
As already highlighted in previous studies (Aliu et al. 2014,
Duvidovich et al. 2020), we also noticed a spatial correspon-
dence between some feature of the G40.5-0.5 radio emission
(mainly located in the southern, southeastern and southwestern
edges), the MCs traced by the '2CO emission and the y-ray
source. Duvidovich et al. (2020) also calculated a kinematic
distance of the '>CO emission ranging from 3.7 and 8.7 kpc,
which results compatible within the errors with the distance of
5.5 — 8.5 kpc estimated for G40.5-0.5 by Downes et al. (1980) on
the basis of the £ — D relation. On this base, Duvidovich et al.
(2020) suggested the presence of a y-ray source of hadronic ori-
gin produced by the SNR-MC interaction. This scenario has been
observed in evolved SNRs like W44, where the y-ray emission
is produced by 7° decay as result of an enhanced proton-proton
interaction at the SNR shock front that is expanding in a molec-
ular environment. In these cases, spatially resolved radio studies
showed a correlation between the y-ray emission and radio bright
flat-spectrum SNR regions, suggesting an enhanced CR acceler-
ation both of hadronic and leptonic origin (Egron et al. 2017).
Our SMGPS radio image and spectral index map of G40.5-0.5
confirm a spatial correspondence between the y-ray/'>?CO emis-
sions and the radio regions with flatter spectral indices. The fact
that, unlike other SNR, these y-ray/radio flat regions do not cor-
respond to the brighter radio features of the remnant is peculiar,
and could be compatible with a dominant hadronic emission at
high energies. In this framework, our radio investigation would
support the scenario suggested by Duvidovich et al. (2020) and

6°50' - @ "
§ 0.0

r—0.1

40" S

|
o
N

Dec (ICRS)
)

spectral index

7

30'4 . A

@ "e&f% o ¥
;j' all —0.4

-0.5

19"08™ o7m
RA (ICRS)

Fig. B.6. Spectral index map of G040.5-0.5 in the 0.155-1.284 GHz
frequency range from SMGPS and GLEAM images with superposed
contour levels of the > CO (blue lines) and TeV emission from
VERITAS (yellow lines). The ' CO emission is integrated on the
—100 — 200 km s~! velocity interval and the contours correspond to
the temperature levels at 4.6, 5.06, 5.52, 6.9, 9.2, 13.8 K. The TeV
contours correspond to the significance levels at 3.65, 3.74, 3.83, 4.02,
4.38,5.48.

Li et al. (2021), according to which VER J1907+062 consists of
two y-ray sources: one of hadronic origin related to the G40.5-
0.5-MC interaction and explaining the GeV spectrum below
10 GeV; a second one of leptonic origin associated with the pul-
sar PSR J1907+0602 observed in the southern part of the y-ray
emission (not visible in our map in Fig. B.6).

The spectral index inspection graphs (Fig. A.38) cannot dis-
tinguish the different spectral components, which result in a
slight dispersion of the BB-plot points.

B.0.11. G045.7-0.4

Very few information are available in the literature on the SNR
G045.7-0.4 (Fig. A.11, A.30, A.39). Its only radio image is
reported by Fuerst et al. (1987) based on Effelsberg observations
at 4.75 GHz. The authors defined G045.7-0.4 as a shell-type
SNR with a bright emission from the southeastern edge and a
very poorly defined northwestern rim that makes it difficult to
establish the actual size of the object.

Our SMGPS image at 1.284 GHz allows us to take a significant
step forward on the morphological characterization of this SNR.
In Fig. A.11 (upper-left), we can appreciate the elongated shell
structure toward the northeast-southwest direction with the bulk
radio emission coming from the northeastern half shell, which
shows very sharp edges. We also can clearly distinguish from
the remnant the two extended H 11 regions G045.838-00.296 and
G045.825-00.291 (Anderson et al. 2014), located near the north-
ern rim of this brightest half shell, and that we excluded from
the extraction region used for the flux density measurement of
G045.7-00.4. The fainter southwestern shell is also well detected
and still well distinguishable from the background. It shows an
extremely filamentary structure, in turn mainly oriented in the
northwest-southeast direction, and ending in the northern part
with a filled-bright circular structure ((a, §) = (19"15"51.464%,
+11°13°16.35”); radius ~ 2 arcmin).
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In Fig. A.30, we show the integrated spectrum of G045.7-
0.4. Our SMGPS measurement at 1.284 GHz follows the trend
suggested by the higher-frequency literature data, although the
latter show a significant scatter. We also noted that the low-
frequency turnover suggested in previous studies by the points
at 0.102, 0.327 and 0.960 GHz (Trushkin 1999) is not confirmed
by the new MWA data. For this reason, we did not include these
literature data in the spectral modeling.

The 0.155 — 1.284 GHz spectral index map (Fig. A.11,
bottom-left) reveals a different spectral behavior between the two
half shells: the brightest one shows a flatter spectrum (with a
mean value of ~—0.34); the fainter southwestern one presents
steeper spectral indices, with values up to ~—0.7, except in the
region corresponding to the northern circular feature, where the
spectrum turns back very flat (¢ ~ —0.1) with smooth radial
steepening. The spectral trend of this latter region and its radio
morphology could be attributed two scenarios: a possible asso-
ciation with a PWN; the superposition of the remnant with an
H 11 region, even if there are no cataloged H II regions in spatial
correspondence (Anderson et al. 2014).

To disentangle the two possibilities, we compared the radio
emission of this region with the public 8um Spitzer/GLIMPSE
data®. The latter seem to suggest an excess of emission sur-
rounding the northern circular radio source, as expected from
PAHs and hot dust in typically observed in the H 11 regions. This
would therefore appear to be the most plausible hypothesis, even
if the mid-infrared emission is faint and not completely exhaus-
tive. Future radio (including recombination lines) and infrared
followups could be useful to better assess the nature of this
region.

The different spectral trend of the two half shells could
be instead associated with peculiar environmental condition.
The bright/flattest spectrum region could result from strong
post-shock densities and enhanced magnetic fields. While the
faint/steeper spectrum shell could be a filamentary halo region
resulting from the expansion of the SNR into a rarefied medium.

Through both the histogram and the BB-plot shown in
Fig. A.39, we can clearly distinguish and measure the spectral
contribution of the two H II regions (@ = 0.95) and that of the
SNR (@ = —-0.27). A spectral index of 0.95 up to 1.284 GHz
would be indicative of young and dense H II regions, as those
belonging to the compact and UC H 11 region categories (Yang
et al. 2021, Kurtz 2005).

B.0.12. G046.8-0.3

G046.8-0.3 (Fig. A.12, A.30, A.39), also known as HC30, is a
typical shell SNR with a radio emission almost perfectly circular.
The bulk of the radio emission is located in the north-northwest
and south-southeast external arcs, giving rise to a bipolar sym-
metry. The filamentary structure of these regions was detected
with the VLA image at 1.4 GHz (Dubner et al. 1996) and it is
definitely resolved in our SMGPS image (Fig. A.12, upper-left).

The radio spectrum of G046.8-0.3 is well covered between
0.031 and 11.2 GHz, even if the most recent literature data dates
back to 1996. It is shown in Fig. A.30, including our SMGPS
and GLEAM measurements. A significant spread across the
measurements is probably due to the different instruments and
epochs of data acquisition (see Table B.2). However, the SMGPS
point does not indicate significant variations from the trend sug-
gested by the literature data. Also the MWA data are roughly
consistent with the literature ones, although all four points seem

6 hittps://irsa.ipac.caltech.edu/data/SPITZER/GLIMPSE/index_cutouts
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Fig. B.7. Spectral index map of the SNR G046.8-0.3 in the 0.155 —
1.284 GHz frequency range with the overlapping region reported by
Anderson et al. (2014) for the H 11 region G046.792-00.264.

to indicate an underlying trend. We modeled the spectrum with
a simple power-law function, by excluding the measurements at
0.0309, 0.038 and 0.080 GHz that are associated with a free-
free absorption turnover. We note that there is no indication for
a high-frequency spectral steepening possibly associated with an
energy decrease of the emitting electrons. This could indicate
that the particle acceleration mechanisms are still very efficient,
as expected for young SNRs (UroSevi¢ 2014).

The 0.155 — 1.284 GHz spectral index map of G046.8-0.3
(Fig. A.12 bottom-left) is not resolved enough to trace the
spectral behavior of the filaments, but it preserves the bipolar
configuration observed in the total intensity map. We observed
steep spectral indices (around ~ —0.43) corresponding to the
bright-cup regions and flat values (~ —0.27) in the faint-central
region. This behavior is in contrast to what observed for some
young SNRs with similar bipolar radio configuration, where the
bright caps have flat spectrum, while a spectral steepening is
observed toward the fainter region as a consequence of a strong
and a weak magnetic field amplification, respectively. To inves-
tigate the origin of the central spectral-flat spot, we check on
the H 11 region catalog provided by Anderson et al. (2014) for
a possible contamination. We found an impressive spatial cor-
respondence between this region in the spectral index map and
the H 11 region G046.792-00.264, cataloged as radio quiet. From
this, we infer that the quite strange spectral variation between
the radio faint central region and the bright caps is due to the
significant contribution of this H 1I region. Our spectral index
map provides evidence that G046.792-00.264 is not radio quiet,
despite it is not detectable in the brightness images, probably
since it is not bright enough to clearly distinguish it from the
SNR.

The spectral inspection graphs shown in Fig. A.39 highlight
a single spectral component with @ = —0.34. The H II region
contribution is too smooth to be clearly revealed.

B.0.13. G51.26+0.09 and G51.04+0.07

G51.26+0.09 and G51.04+0.07 (Fig. A.13, A.31, A.40) were
classified as a single new SNR candidate (G51.21+0.11) with
uncertain morphological structure by Anderson et al. (2017)
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based on the combination of 1 — 2 GHz continuum data from
the THOR survey, VGPS data at 1.4 GHz and mid-IR data
(Spitzer GLIMPSE, Spitzer MIPSGAL, and WISE). Two sub-
sequent studies (Dokara et al. 2018, Supan et al. 2018) con-
firmed this region as a complex of two SNRs: a shell-type
SNR (G51.26+0.09) of radius ~ 11.3 arcmin located at (a, 6) =
(19"25m23.575%, +16°18°15.44”); a compact SNR G51.04+0.07
(~ 7.5 arcmin x 3 arcmin) centered at (@, 8) = (19725"06.293%,
+16°05°29.92”). The study of these SNRs is further complicated
by the H 11 regions C 51.36 — 0.00 and C 51.06 + 0.16 (Anderson
& Bania 2009) located in the same complex.

Our SMGPS map provides the best image of the G51.21+0.11
complex ever obtained so far in terms of resolution and sensitiv-
ity (Fig. B.8, upper-left). Compared to the previous G51.26+0.09
maps carried out with the combination of THOR and NVSS
data at 1.4 GHz (Dokara et al. 2018, Fig.1d) and the TIFR
GMRT Sky Survey (TGSS) data at 150 MHz (Dokara et al.
2018, Figl.b), the SMGPS image allows us to better identify the
remnant edges, and to clearly detect: the shell structure in the
south-southeastern rims; the filamentary-central morphology;
the bright-filamentary structure in the northwestern edge. The
same qualitative differences can be appreciated for G51.04+0.07,
for which the east-west elongated morphology with double spur
is well detected, together with the internal bright filaments.

The 0.155-1.284 GHz spectral index map (Fig. A.13) high-
lights the co-spatial SNR/H 11 region presence: positive spectral
indices trace the H II region C51.06+0.6 located in the western
spur of G51.04+0.07, while the rest of the remnant shows an aver-
age value of @ ~—0.46, consistently with what is expected for a
typical shell SNR; the H 11 region C 51.36 — 0.00 is detected as
a large region with positive spectral indices (with mean value
of ~ 0.3) located within the brighter part of the G51.26+0.09
eastern shell.

Given the complexity of the region, where SNRs and H 11
regions overlap blending into each other, we used our spectral
index map to define the non-thermal regions almost definitely
attributable to the SNRs. We selected in the spectral index map
the contour level related to a maximum spectral index of —0.2
(with a maximum error of 0.2), which traces a large region asso-
ciated with G51.04+0.07 and another smaller region located in
the northern border of G51.26+0.09 (red contours in Fig. B.8).

In this way, we were able to redefine the extension of the
non-thermal emission from G51.26+0.09, which results signifi-
cantly larger than those inferred by Supan et al. (2018) on the
basis of VLSSr data (Lane et al. 2014). The related regions are
compared in Fig. B.8 through red and blue contours, respectively.
Our G51.04+0.07 region appears as an elongated structure with
major and minor axes of 9.4 arcmin and 4.8 arcmin, almost dou-
ble in size than the structure observed by Supan et al. (2018).
We used this region as extraction region to calculate the inte-
grated flux density both in the SMGPS and GLEAM images and
investigate the spectral behavior of G51.04+0.07. We obtained
an integrated spectrum (Fig. A.31) with @ = —0.33 + 0.01, sig-
nificantly flatter than that obtained by Supan et al. (2018) in the
0.074 — 4.85 GHz frequency range (¢ = —0.52 +0.05). Although
the spectrum shows the consistency between the SMGPS and in
the GLEAM data, we point out that the low resolution of the
MWA images (in particular at 0.088 and 0.119 GHz) makes the
flux measurements from this small extraction region little mean-
ingful. Higher resolution radio images in a wide frequency range
will be needed to better constrain the spectrum of this SNR.

In the case of G51.26+0.09, we considered the non-thermal
region (red contour in Fig. B.8) too small to attempt a
spectral characterization of the remnant, but we could draw some
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Fig. B.8. SMGPS image of the G51.21+0.11 complex at 1.284 GHz.
The yellow and cyan circles indicate the SNR and H 11 region locations,
respectively. The red contours show to the regions with a maximum
spectral index of —0.2, referring to our 0.155-1.284 GHz spectral index
map. The blue contours indicate the non-thermal emission region as
obtained by Supan et al. (2018) from VLSSr at 74 MHz (Lane et al.
2014).

qualitative conclusions from the spectral index map. By exclud-
ing the positive spectral region associated with the H 1T region,
the bright shell presents negative and quite flat spectral val-
ues with a mean spectral index of —0.25, consistently with that
expected for bright SNR regions in strong particle acceleration
conditions. In the inner part of G51.26+0.09, the spectral index
map revealed a roughly filamentary structure with alternating flat
spectral regions with @ ~—0.07, and positive spectral regions
with @ ranging from ~ 0.1 to ~ 0.2.

In the BB-plot produced by considering the entire
G51.214+0.11 complex (Fig. A.40), the SNR and H 11 region con-
tributions are also distinguishable with spectral indices of —0.34
and 0.75, respectively.

B.0.14. G286.5-01.2

G286.5-01.2 (Fig.A.14, A.31, A.40) was identified as a SNR
by Whiteoak & Green (1996) through MOST observations at
0.843 GHz. They described this object as a double parallel
filament structure toward northwest. The westernmost one is
brighter and presents a central kink. After this study, no radio
observations have been made on this object until now, and the
MOST is the only radio flux density measurement available
in the literature. From optical observations, a radio and H «
coincidence was revealed (Stupar & Parker 2011).

In our SMGPS image, shown in Fig. A.14, we can clearly
distinguish the two filaments and the northern extension that
appears morphologically associated with the remnant. The two
bright clumps detected in the southern edge of the SNR filaments
are related to three ‘known’ H 11 regions (G286.391-01.351,
(G286.412-01.468 and G286.439-01.496, Anderson et al. 2014,
Caswell & Haynes 1987).

We coupled our SMGPS and GLEAM flux densities with the lit-
erature MOST measurement, obtaining the spectrum shown in
Fig. A.31. By modeling it with a simple synchrotron power-law
model, we obtained a spectral index of —0.60 + 0.02, providing
the first integrated spectrum characterization of this object. The
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SMGPS and GLEAM data show a good agreement and also the
MOST point is consistent within 1o~ with the fit.

We performed a spatially resolved spectral investigation of
G286.5-01.2 by using the 0.155 — 1.284 GHz spectral index
map shown in Fig. A.14 (bottom-left). Here, we can clearly
distinguish the H 11 regions characterized by positive spectral
indices.

We observed a correlation among bright/flat-spectrum and
fainter/steep-spectrum radio regions. In particular a mean spec-
tral index of ~ —0.75 is related to the southern-faint region
between the two filaments, while the brighter regions of the fil-
aments reach spectral index values around —0.55 — —0.45. This
behavior could traces an enhanced particle acceleration mecha-
nism associated with the SNR shock interaction with interstellar
gas at a higher density. This hypothesis could be supported
by the H @ emission observed in morphological and positional
coincidence with the SNR shock (Stupar & Parker 2011).

The histogram (obtained by considering only the filaments
associated with the SNR and by excluding the southern region
contaminated by the H II regions) reveled two main components
(Fig. A.40): a steeper one (@ ~—0.55) related to the SNR bright
filaments and a flatter one (@ ~ 0.2) corresponding to the plume
of diffuse emission just north of the filaments. These compo-
nents are indistinguishable in the BB-plot, indicating that the
spectral variation fades gradually between the two regions. No
H 11 regions have been identified in this region that could explain
the diffuse-spectral flat emission here observed.

B.0.15. G289.7-00.3

G289.7-00.3 (Fig. A.15, A31, A4l) is a shell-type SNR
studied so far only by Whiteoak & Green (1996) through MOST
observations at 0.843 GHz. The related image revealed a very
interesting morphology with a defined almost circular shell and
a filamentary interior structure with a bright compact source near
the remnant center. Studies in other bands are not reported in the
literature.

The filamentary structures detected in the MOST image are
well resolved in our SMGPS image (Fig. A.15), where we can
clearly distinguish the two brightest arcs departing from the east-
ern part of the shell. A central, roughly circular structure is also
revealed, from which at least other seven thinner and weaker fil-
aments radiate toward the shell. The almost central bright source
observed with MOST is resolved in our image, revealing a typ-
ical radio galaxy morphology. The interesting environment in
which G289.7-00.3 is enclosed is also highlighted in this image
as a nearly complete concentric shell of about 17 arcmin in radius
and with some filamentary structures in its northeastern side.
The presence of such a structure was inferred by Whiteoak &
Green (1996) as the possible fossil shell remnant of the Wolf-
Rayet star WR 35b (a, 6) = (11"0102.3%, -60°14°01”) on the
basis of a very faint structure observed with difficulty in the
MOST image. Our high-resolution image supports this scenario.

Our SMGPS and GLEAM flux density measurements
allowed us to constrain the integrated spectrum of G289.7-00.3
(shown in Fig. A.31), highlighting the lack of reliability of the
literature data at 4.5 and 8.55 GHz. Indeed, we obtained an inte-
grated spectral index of —0.38 + 0.04, significantly steeper than
the literature value of ~ 0.2 + 0.2 (Whiteoak & Green 1996),
indicated by Green (2022) as an uncertain value.

The 0.155 — 1.284 GHz spectral index map of G289.7-00.3
is shown in Fig. A.15, revealing significant spectral variation
across the central part of the remnant. First of all, we can notice
that the bright and roughly central source presents a mean
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spectral index of ~ —0.6, significantly steeper than the mean
spectral index of —0.52 + 0.07 of the whole spectral index map
(obtained by considering only the values with uncertainties less
than 0.2). This definitely confirm the extragalactic nature of this
object. We also observed that the three bright central spots of
the remnant have a different spectral behavior. The largest two
present a mean spectral index in the —0.57 — —0.54 range, while
the smaller-western one has a mean value of —0.46. This spectral
flattening could be associated with a shock compression region
of the remnant filament with a consequent enhancement of the
particle acceleration mechanism. Another hypothesis could be
related to the contribution of a PWN, although no morphological
insights were revealed in the high-resolution SMGPS image.
A spectral flattening is observed at the eastern corner of the
shell (averaged @ ~ —0.44) and at the northwest/southwest shell
edges (averaged @ ~ —0.35), probably tracing strong shocks
interacting with high-density molecular regions. In order to
investigate this possibility, we compared our spectral index
map with the emission from HI molecular clouds traced in
the SGPS (McClure-Griffiths et al. 2005). The HI emission is
indicated with magenta contours in Fig. B.9 overlapped with
the G289.7-00.3 spectral index map. We observed the presence
of a large HI cloud embracing the entire south SNR edge.
This superimposition is especially marked in the southwestern
corner, where the spectral flat values could be attributed to a
possible MC-SNR interaction. We point out that further studies
on the distance of G289.7-0.3 and the HI cloud will be crucial
to confirm their interaction.

We studied the spatial distribution of the spectral indices
across the remnant through the graphs shown in Fig. A.41.
The histogram shows two peaks roughly of the same ampli-
tude, indicating two spectral components with @ ~ —0.52 and
a ~ —0.42. The fact that their contribution is comparable sug-
gests the presence of bright regions that behave differently as
subject to different shock and environmental conditions. The two
component are also visible in the BB-plot, although they cannot
separately evaluated as very close each other, resulting in a slight
dispersion of points.

B.0.16. G290.1-0.8

G290.1-0.8 (Fig. A.16, A.31, A.41) is a mixed-morphology
SNR with a radio emission fairly distributed between a not
well-defined shell and a filamentary central structure (Whiteoak
& Green 1996). The brightest region is the arc located in the
southwestern edge of the shell, while two ear-like protrusions of
diffuse emission extend in the northwest and southeast direction
(Auchettl et al. 2015). As optical studies revealed, this sharp and
bright arc results from a SNR-MC interaction in the G290.1-0.8
southwestern rim (Filipovic et al. 2005). G290.1-0.8 was also
observed with Fermi-LAT, revealing significant y-ray emission
coincident with southwestern arc and the interacting MC.

The SMGPS image well recover both the network of fila-
ments spanning over the whole remnant and the diffuse emis-
sion of the two ear-like extension (Fig. A.16, upper-left). The
high-resolution of the SMGPS image allowed us to distinguish
the H 11 region G290.215-00.814 cataloged as radio quiet by
Anderson et al. (2014). It is indicated with a yellow circle in
Fig. A.16 (upper-left). Its contribution is also revealed in the
spectral index map (Fig. A.16 bottom-left), where a spectral
index flattening is evident in the southeastern border (@ ~ —0.1).
We also were able to detect the PWN associated with a high-
velocity pulsar and located ~ 11 arcmin southwest of the parent
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Fig. B.9. Spectral index map at 0.155-1.284 GHz of the SNR G289.7-
0.3. Blue contours indicate the intensity levels at 0.12, 0.17, and 0.27 Jy
beam ~! calculated on the SMGPS map convoluted and regridded to the
MWA beam and pixel size. Magenta contours are associated with the
HI emission detected in the SGPS data at 9607.85, 9838.77, 10011.23,
and 10213.95 K.

SNR G290.1-0.8. As highlighted in Fig. B.10, the PWN mor-
phology observed in the SMGPS map agrees with the one shown
in the previous radio images (ATCA at 2 GHz, Pavan et al. 2014,
the related emission region is indicated with the red ellipse in
Fig. B.10). However, our image shows a larger emission along the
system direction of motion, revealing a diffuse emission unde-
tected before that extends the cometary tail by ~ 2.2 arcmin. We
also observed a faint emission prominence at the position of the
parent pulsar detected in the X-ray (indicated by the yellow cross
in Fig. B.10).

The G290.1-0.8 integrated spectrum is shown in Fig. A.31.
The GLEAM data does not confirm the turnovers at low
frequencies suggested by the literature data below ~ 100 MHz.
We excluded these measurements (at 0.0299 and 0.085 GHz)
from our power-law fit, from which we obtained a spectral index
of —0.42 + 0.04. This value is compatible with that obtained by
Milne et al. (1989) (-0.43 + 0.8) and slightly steeper than the
more recent measurement obtained by Filipovic et al. (2005)
(=0.33 + 0.065).

The spectral index map shown in Fig. A.16 (bottom-left)
revealed a fairly uniform spectral index distribution across rem-
nant, with @ ranging from ~ —0.53 to ~ —0.48, with the exception
of the ear-like extensions where the spectrum flattens up to
~—0.25. We attributed this spectral trend to the contribution of
several H 11 regions located close to these regions.

The spectral inspection graphs (Fig. A.41) reflect the small
variation of the spectral values across the remnant, showing a
single well-defined spectral component.

B.0.17. G291.0-0.1

G291.0-0.1 (Fig. A.17, A.31, A.42) is classified as a compos-
ite SNR with a radio shell and a central PWN emitting both
radio and X-ray non-thermal radiation (Slane et al. 2012). The
radio morphology of this SNR is quite characteristic with a shell
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Fig. B.10. PWN associated with the SNR G290.1-0.8 as observed with
SMGPS at 1.284 GHz. The green contours indicate the SMGPS inten-
sity levels at -0.6, -0.41, 0.04, 0.5, 1.0, 1.4 mJy beam ~!, while the red
ellipse encloses the radio emission of the PWN detected in the previous
radio observations (Pavan et al. 2014). The yellow cross marks the posi-
tion of the PSR.

mainly composed of two parallel arcs lying in the northwest-
southeast direction, and a central bridge similarly oriented and
co-spatial with the non-thermal X-ray emission. A faint dif-
fuse emission surrounds the three structures (Whiteoak & Green
1996). X-ray studies confirmed the PWN nature of the non-
thermal central bridge and identified the X-ray counterpart of
the pulsar driving the nebula (Slane et al. 2012).

In the SMGPS image (Fig. A.17 upper-left), we can clearly
distinguish and resolve the three bar-like structures. The shell of
diffuse emission is more defined than previous images (MOST at
0.843 GHz from Whiteoak & Green 1996 and ATCA at 1.4 GHz
shown by Slane et al. 2012) and some filamentary structures are
barely resolved inside it. The central PWN shows a well-defined,
elongated structure with different filaments branching outward in
all directions. We also detected for the first time a large diffuse
emission that extends with a cloak-like shape from the northeast
SNR edge to the north for ~ 16 arcmin. By using a logarithmic
brightness scale, the weak boundaries of this region are revealed,
indicating the association of this region to the SNR. It appears as
a blowout region expanding into a rarefied medium, and we pro-
pose it as the radio counterpart of the X-ray plume (16 arcmin
in size) detected by Wilson (1986). This feature is also detected
in the GLEAM image at 0.155 GHz (Fig. A.17 upper-right).
G291.0-0.1 is the typical case in which the SMGPS capabilities
on recover both fine details and faint-extended structures provide
the most comprehensive view of the SNR morphology.

We calculated the integrated flux density in both SMGPS
and GLEAM images by considering an extraction region includ-
ing the blowout region. The integrated spectrum of G291.0-0.1,
including our measurements and the literature one, is shown in
Fig. A.31. Since the literature flux densities refer to the bright
shell region (excluding the ‘cloak’ region), we modeled the spec-
trum with a simple power-law function applied only to our data.
We highlight the consistency between the SMGPS and GLEAM
measurements, which result in a spectral index of —0.32 + 0.02,
compatible with the literature value of —0.29 + 0.05 (Roger et al.
1986). Also part of the literature data are consistent with the fit,
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while we attributed the underestimation of the other ones to the
exclusion of the halo region.

In Fig. A.17, we show the 0.155 — 1.284 GHz spectral index
map of G291.0-0.1. The flat-bright spot in the southeastern side
of map results from the contribution of the adjacent H II region
G291.214-00.246 cataloged as ‘known’ by Anderson et al. (2014)
(Caswell & Haynes 1987). The central bright structure appears as
a flat spot with a mean spectral index of ~—0.14, as expected for
a PWN spectrum. In the blowout region the spectral index varies
from ~ —0.3 to ~ 0.3 from the bright edge to the faint-central
regions, respectively. The smooth spectral index variation along
the remnant is highlighted in our BB-plot (Fig. A.42), where the
steeper and the fainter components are not sharply separated, but
result in a fan-shaped form. We still tried tentatively to fit the two
components, obtaining a spectral index of —0.47, clearly associ-
ated with the SNR, and one of —0.10 that seems more indicative
of the PWN than the halo region. Two spectral components are
also identified in the histogram, where the main peak again traces
the SNR, while the second one at ~0.06 could be associated with
the halo.

B.0.18. G292.2-0.5

G292.2-0.5 (Fig. A.18, A.31, A42) is a recently studied
object, classified as a young SNR by Crawford et al. (2001), with
estimated age between 4.2 and 7.1 kyr (Kumar et al. 2012). It
is one of the few SNRs for which the association with the parent
pulsar, PSR J1119-6127 (Camilo et al. 2000), has been confirmed
(Caswell et al. 2004). The radio morphology of G292.2-0.5 con-
sists of a faint elliptical shell centered on the pulsar position.
X-ray observations revealed a partially limb-brightened shell
(brighter to west side) and a central bulk of both thermal and
non-thermal emission, the latter attributed to the PWN powered
by PSR J1119-6127 (Kumar et al. 2012). On the basis of the X-ray
morphology, G292.2-0.5 was reclassified as a composite-type
SNR. Very high energy gamma ray emission was detected with
H.E.S.S., coinciding with the X-ray PWN position (H.E.S.S.
Collaboration 2018).

Our SMGPS image (Fig. A.18) reveals a nearly complete
shell structure with indented edges, at the highest resolution
obtained so far. The bulk of the radio emission comes from the
southeastern rim. Another bright region is associated with the
clumpy and filamentary region located in the southwest edge.
Faint diffuse emission, with some filamentary structures, fills
in the interior of the shell. A bright point source is detected
exactly at the location of PSR J1119-6127, providing its first
radio detection. It is indicated with the yellow circle in Fig. A.18
(upper-left). We have not detected any structure attributable to
the radio counterpart of the X-ray PWN associated with PSR
J1119-6127.

From a simple power-law fit of the G292.2-0.5 spectrum
(Fig. A.31), we obtained an integrated spectral index of —0.48 +
0.01, slightly flatter then the previous estimation (@ = —0.53 +
0.01) provided by Caswell et al. (2004). However, the perfect
agreement between new and old measurements distributed over a
wider frequency range ensures the high reliability of our spectral
index estimation.

The 0.155-1.284 GHz spectral index map (Fig. A.18) reveals
a very flat central region, with an average @ of ~ 0.08, corre-
sponding to the fainter central region of the remnant. Steeper
spectral indices are observed at the bright shell edges, ranging
from lower values corresponding to the brighter southeastern
region (averaged @ ~ —0.43) to higher values (@ ~ —0.02) from
the northern part of the shell. Taking into account the complex

A193, page 22 of 27

region where the SNR is located, we attributed the flat spectrum
in the faint-central region to a difficult background subtraction
by considering very faint emission both in the SMGPS and
GLEAM images. The spectral flattening observed in the west-
ern side of the shell could be attributable to the contribution of
several nearby H 1I regions.

From the BB-plot shown in Fig. A.42, we can distinguish
two spectral components with spectral index of —0.59 and —0.16,
tracing the different spectral behavior of the east and west side
of the shell, respectively.

B.0.19. G293.8+0.6

G293.8+0.6 (Fig. A.19, A.32, A.43)isacomposite SNR with
a faint almost circular shell and a bright plerionic component.
It is a very poorly studied object: it was imaged so far in the
radio band only with MOST at 0.408 and 0.843 GHz (Whiteoak
& Green 1996); X-ray observations were performed with Chan-
dra. These latter allowed to detected the parent pulsar PSR
J1135-6055 and the related PWN, matching the eastern side
of the radio plerion. No X-ray emission from the remnant was
observed (Bordas & Zhang 2020).

In the SMGPS image (Fig. A.19, upper-left), the faint and
diffuse shell is well recovered and the radio morphology of the
central source is resolved with unprecedented detail. The radio
shell shows a brighter and sharper edge at its southeast side,
where the shock seems to have found an obstacle to its expan-
sion, resulting in a break of the perfect circularity of the shell.
To investigate the origin of this region, we compare the SMGPS
image with the SGPS data tracing the H 1 emission from MCs
(McClure-Griffiths et al. 2005). In Fig. B.11, we can see that the
H 1 emission (magenta contours) follows the sharp radio edge
trend in the southeastern side of the remnant. This morpholog-
ical correspondence suggests a possible interaction between the
shock front and adjacent MCs, which might also explain the
spectral flattening observed in this region of the 0.155-1.284 GHz
spectral index map (Fig. A.19). To further hint a possible SNR-
MC interaction, we compared the distance of the parent pulsar,
estimated at 2.8 kpc (Bordas & Zhang 2020), with the kine-
matic distance of the H 1 MC. We identify the peak of the excess
of molecular emission in the south-southeastern G293.8+00.6
edges at the velocity of ~ —24 km s~!. By considering this veloc-
ity, we used the Monte Carlo method with the Reid et al. (2014)
rotation curve and updated solar motion parameters (Wenger
et al. 2018)” to estimate the near and far kinematic distances of

2.12%05! kpe and 4.58*079 kpe. The consistency between the par-

ent pulsar and the —24 km s~' H 1 cloud distances support the
interaction suggested by their morphological correspondence.

The integrated spectrum of G293.8+0.6 (Fig. A.32) shows
a significant discrepancy between the literature measurements
and our SMGPS and GLEAM points, which do not confirm the
concave-up shape toward the high frequencies. We obtained an
integrated spectral index of —0.34 + 0.07, significantly flatter
than the previous estimation (—0.55, Trushkin 1999).

Our spectral index map (Fig. A.19 bottom-left) reveals a
bipolar structure with steep regions (o ~ —0.4) in the eastern and
western limbs, corresponding to the brightness remnant edges.
Two flat spots are located in the northwestern (o ~ —0.1) and in
the southern region (@ ~ —0.15), in both cases without a clear
association with peculiar structures in the brightness map. We
do not notice any spectral structure clearly associated with the
bright central region: the central region in the spectral index map

7 Kinematic Distance Calculation Tool
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Fig. B.11. SMGPS image of the SNR G293.8+0.6 at 1.284 GHz with
superposed contour levels of the HI emission at 15.75, 16.25, 16.5,
16.75, and 17.75 K from the SGPS data.

is fairly uniform, with values ranging from ~—0.26 and ~ —0.14,
perfectly compatible with the value expected for a PWN. The
steeper-little spot (~ —0.32) located in its southern side is an
exception, probably related to the point-like extra galactic source
well detected in the SMGPS image.

The analysis of the spatial spectral index distribution, result-
ing in the graphs shown in Fig. A.43, allowed us to distinguish
two spectral components. They are particularly evident in the
histogram, where the main peak at ~—0.21 traces the spectrum
of the bright plerionic structure, while the second peak at ~—-0.4
traces the spectral behavior of the faint shell.

B.0.20. G296.7-0.9

G296.7-0.9 (Fig. A.20, A.32, A.43) was confirmed as a SNR
by Robbins et al. (2012) on the basis of radio and X-ray obser-
vations. It shows a bilateral radio morphology with the brightest
regions located at the northeastern and southwestern edges and
a plateau of diffuse emission just beyond the southern bright-
est region. The latter probably results from a breakout portion of
the SNR expanding into a rarefied lower density medium. Three
arc-like structures extend in the northeast-southwest direction,
and join the two bulge of brighter emission. The H 11 region
G296.660-00.925 (cataloged as ‘known’ by Anderson et al. 2014,
Caswell & Haynes 1987) is co-located with G296.7-0.9.

The SMGPS image, shown in Fig. A.20 (upper-left), pro-
vides the highest resolution view ever obtained for this SNR.
We resolve the southern emission bulge into two bright spots,
both accompanied by a weaker emission that extends in the
north-south direction. The northern bright emission shows an
inhomogeneous structure including bright spots and some fila-
mentary structures. The three northeast-southwest arcs are well
detected, while the plateau feature results a bit confused with the
diffuse background emission.

In Fig. A.32, we show the integrated spectrum of G296.7-
0.9. We point out a good agreement between, SMGPS, GLEAM

and the literature measurements, resulting in a integrated spec-
tral index of —0.35 = 0.06, which is slightly consistent with the
previous estimation of —0.5+0.1 in the 0.843-1.4 GHz frequency
range (Robbins et al. 2012). The MWA points suggest a low
frequencies spectral turnover related to thermal absorption, but
other radio observations at the same and lower frequencies will
be needed to confirm it.

Our 0.155-1.284 GHz spectral index map (Fig. A.20,
bottom-left) shows distinct spectral regions: the brightest part
of the northern shell boundary presents a mean spectral index
of ~—0.58, clearly associated with the SNR; a mean spectral
index of ~—0.33 is observed corresponding to the plateau region;
the easternmost of the three arcs features has an average spectral
index of ~ —0.43; the southern bright bulge shows a significantly
flatter spectrum with a mean « value of ~—0.15. This spectral
flattening could result from the significant contribution of the
H 11 region, which we argue to be probably associated with one
of the bright features (or both in the case of two H II regions
very close) of the southern radio bulge. In order to investigate
the location of the H 1I region, we compared our SMGPS map
with the 8um GLIMPSE and 22um WISE emissions as shown
in Fig. B.12. We observed a perfect match between the radio
and the 22um IR emission in the three bright spots inside the
southern bulge (indicated by magenta harrow in Fig. B.12). The
8um shows a complex morphology in this region, partially sur-
rounding the radio/22um features. This radio-IR morphology is
typically associated with H II regions, where the radio and the
22-um emissions trace the ionized nebula, while the 8 um is
associated with the emission from the molecules that can only
survive beyond the ionization front (Ingallinera et al. 2019). This
picture points toward the presence of at least three H 11 regions,
corresponding to the bright radio features well resolved in the
SMGPS image, co-spatial with G296.7-0.9 and previously cata-
loged as the single H 11 region G296.660-00.925. We also noted
an 8-um cavity region in positional coincidence with the radio
plateau, providing further confirmation of the lower density of
this region (indicated with the yellow arrow in Fig. B.12).

The BB-plot (Fig. A.43) clearly distinguishes the remnant
and H 1I region components, allowing us to estimate the related
spectral indices: @ ~ —0.58 for the SNR; a@ ~ 0.01 for the H 11
regions.

B.0.21. G296.8-0.3

The SNR G296.8-0.3 (Fig. A.21, A.32, A.44), also known as
1156-62, was observed in the radio band as an elongated shell
in the northwest-southeast direction. High-resolution images
revealed a bit complex morphology, constituted by two main
loops and several small ring-like structures distributed in the
central part. The sharp northwest edge of the shell is the bright-
est region, while the eastern boundary is fainter and diffuse
(Gaensler et al. 1998). X-ray observations revealed a diffuse
emission corresponding to the remnant center and brighter fea-
tures well coincident with the internal northwest radio shell. The
infrared 24-um emission shows a high correlation with the radio
shell structures (Sdnchez-Ayaso et al. 2012).

We compared the SMGPS image (shown in Fig. A.21, upper-
left) with the highest resolution one available in the literature,
provided by ATCA observations at 3 GHz (Fig.1 Gaensler et al.
1998). The ring-like structures detected in the ATCA image, are
fully resolved in our image revealing a highly filamentary mor-
phology. We detect for the first time different filaments in the arc
feature extending toward the northeastern shell boundary, pre-
viously observed as a bump of diffuse emission. The western
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Fig. B.12. Three-color image of G296.7-0.9. In red is SMGPS at
1.284 GHz, in green is WISE at 22um, and in blue is GLIMPSE at
8um.

boundaries are more defined in our image, even if with several
indentation points. A large ear-like structure outside the eastern
SNR rim, never detected in previous images, is recovered in the
SMGPS image.

In Fig. A.32, we show the integrated spectrum of G296.8-
0.3. We point out a very good agreement between the flux densi-
ties across the whole frequency range. In particular, our SMGPS
measurement is perfectly consistent with the ATCA and Parkes
values at the similar frequencies of 1.34 and 1.42 GHz, respec-
tively. We obtained an integrated spectral index of 0.60 + 0.02,
in good agreement with previous estimations (@ = —0.65 + 0.08,
Gaensler et al. 1998).

The 0.155 — 1.284 GHz spectral index map (Fig. A.21,
bottom-left) shows significant spectral variations between the
northwest and east-southeast shell edges (with averaged spectral
index respectively of —0.57 and —0.52) and the steeper central
(@ = —0.67) and southwest (& = —0.70) regions. This last region
shows the same brightness morphology as the rest of the shell
boundary, but its spectral behavior suggests the presence of a
different particle population. Finally, we detected a flat-spectrum
elongated region (averaged @ = —0.62) that departs approxi-
mately from the center of the northwest rim and branches inward.
It partially includes the western part of the central filaments
detected in the brightness map, as well as the empty region just
west of this. Therefore, there is not a clear association between
the spectral flattening and the bright SNR features.

The spectral inspection graphs (Fig. A.44) do not allow us to
distinguish the contribution of the different regions identified in
the spectral index map. They clearly show a single spectral com-
ponent, probably due to a least significant difference between the
spectral index values of the regions.

B.0.22. G301.4-1.0

G301.4-1.0 (Fig. A.22, A.32, A.44) is a very poorly studied
source, identified by Whiteoak & Green (1996) as a circular shell
remnant with an elongated blowout structure extending in south-
west direction (MOST data at 0.843 GHz). No other observations
are reported in the literature at other wavelengths.
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The SMGPS image (Fig. A.22, upper-left) confirms the
radio morphology revealed by MOST, providing a much bet-
ter resolution. Three filamentary structures are resolved in the
northwest side of the shell, as well as the bright structure that
composes the south and southeast remnant boundaries. The dif-
fuse emission in the inner regions, barely detected in the MOST
image, shows slightly resolved filamentary features. Our image
also allows us to clearly identify the contours of the blowout
region.

Through our SMGPS and GLEAM integrated flux density
measurements, we characterized for the first time the integrated
spectrum of this SNR. It is shown in Fig. A.32 with the related
power-law fit, which provides an integrated spectral index of
—0.52 + 0.08. We notice a significant discrepancy between the
GLEAM-SMGPS points and the MOST measurement, probably
due to a different extraction region choice.

The 0.155 — 1.284 GHz spectral index map (Fig. A.22,
bottom-left) indicates three main regions with different spec-
tral features. The bright northeastern side of the shell presents
an average spectral index significantly flatter (¢ ~ —0.32) than
the integrated one. This spectral flattening could be due to the
interaction of the SNR shock with dense ambient medium, tak-
ing into account that this part of the remnant is adjacent to a
complex radio region of bright features surrounded by diffuse
emission, which also include the H 1I region G301.734-00.805.
A spectral steepening (average @ = —0.63) is observed in corre-
spondence of the southeastern arc that connects the two brighter
remnant regions. The other SNR regions have, in general, inter-
mediate spectral values (~ —0.45). We also noted a positional
correspondence between the flat spectral spots observed in the
southwestern region of the spectral index map and the filamen-
tary features slightly resolved in the MeerKAT brightness map.
Higher resolution spectral index maps will be needed to firmly
confirm this spatial match.

The graphs shown in Fig. A.44 summarize the study on the
spectral index distribution within the remnant. The contribution
of the different spectral regions are not distinguishable in the
BB-plot, but they result in a spread of the spectral distribution
indicating a gradual spectral index variation.

B.0.23. G332.4+0.1

G332.4+0.1 (Fig. A.23, A.32, A.45), also known as Kes 32,
is a young SNR (~ 3000 yr, Vink 2004) observed in the radio
band as an irregular shell whose emission bulk comes from its
northwest rim. A blowout region extends to the east ending with
a plume of diffuse emission in its northern part (Whiteoak &
Green 1996). The southwestern rim of G332.4+0.1 overlaps with
the two H II regions G332.415+00.053 and G332.382+00.080
(Caswell & Haynes 1987), cataloged by Anderson et al. (2014)
as ‘candidate’ and ‘known’, respectively.

By comparing our SMGPS image (Fig. A.23, upper-left)
with the MOST one at 0.843 GHz (the only one available in
the literature at a comparable frequency), we observed that the
brightest regions present a filamentary morphology. In particu-
lar, the blowout shell presents an elongated shape in its northern
part, which then continues with a clearly detected diffuse emis-
sion for ~5 arcmin, while it is only hinted in the MOST image.
In our image, the southern part of the blowout is actually made
up of bright features elongated in the northwest-southeast direc-
tion that would seem morphologically unrelated to it. In the same
region, just west the brightest features, and in perfect positional
coincidence with the H 1T region G332.382+00.080, we also
detected a circular structure that could be ascribed to the radio
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counterpart of this H 11 region. The SMGPS image also restore
very well the diffuse emission from the inside and the south edge
of the shell, which results sharply defined.

The integrated spectrum of G332.4+0.1 is shown in
Fig. A.32. We modeled it with as simple power-law function
by excluding the point at 0.086 GHz (MSH, Holden & Caswell
1969), which is obviously a strong overestimate with respect to
the GLEAM data. We obtained a spectral index of —0.57 + 0.07,
consistent with previous estimates (@ = —0.5; Green 2022), even
if slightly steeper. We pointed out a significant spread of the flux
densities and the need of new sensitive measurements in a wide
frequency range to more firmly constrain the integrated spectrum
of this object.

Our 0.155 — 1.284 GHz spectral index map (Fig. A.23,
bottom-left) shows two distinct spectral regions: one is clearly
associated with the main shell of the SNR, which presents a
mean spectral index of ~ —0.51 at the edges and of ~ —0.61 in
the central region; an almost complete flatter shell with mean @ ~
—0.35 exactly corresponding to the blowout region. The southern
part of this last spectral region spatially matches the H 11 regions,
which could contribute to the observed spectral flattening. Any-
way, also the rest of the blowout region shows a significant
spectral flattening with respect the main G332.4+0.1 structure. In
order to investigate the possible contribution from other not cat-
aloged H 11 regions in this region, we compared our radio image
with the IR ones at 8 um (GIMPSE) and 22 um (WISE). As
shown in Fig. B.13, the three bands exactly reproduces the neb-
ular morphology expected for the H 11 region corresponding to
the location of G332.415+00.053 and G332.382+00.080. No IR
emission is instead observed in correspondence of the blowout
region, confirming its non-thermal nature. Taking into account
its well-defined shell morphology, which appears unrelated to
the main G332.4+0.1 shell, and its significantly different spectral
behavior, the blowout region would be associated with another
SNR co-located with G332.4+0.1. Further radio observations at
different frequencies, including polarimetric studies, could be
crucial to investigate the different spectral and magnetic field
proprieties of this region compared to the rest of G332.4+0.1
and assess its separated origin.

We studied the spatial distribution of spectral indices across
G332.4+0.1 through the graphs shown in Fig. A .45. The two pre-
viously discussed spectral components are distinguishable in the
histogram, where we observed a main peak at @ ~ —0.5 and a
second one at @ ~ —0.35, clearly associated with the blowout
region. The two contribution are instead barely visible in the
BB-plot and their are impossible to fit separately.

B.0.24. G335.2+0.1

G335.2+0.1 (Fig. A.22, A.32, A.45) is a SNR with a well-
defined radio shell and inner elongated structures in the
southwest-northeast direction. It has not been detected at other
wavelengths. The TeV source HESS J1626-490 was observed
within 0.5 deg from G335.2+0.1 in the southwest direction and
in spatial coincidence with '>CO and H I clouds. Assuming that
G335.2+0.1 is a fairly evolved object (middle-aged or older),
de Wilt et al. (2017) suggested that this SNR could be source
of the CRs accountable for the TeV emission, as result of their
interaction with the nearby MCs.

The SMGPS image of G335.2+0.1 (Fig. A.24, upper-left)
allowed us to appreciate the striated emission inside the rem-
nant with unprecedented detail. These elongated structures are
interspersed with very low brightness regions. The bright spot
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Fig. B.13. Three-color image of G332.4+0.1. In red is SMGPS at
1.284 GHz, in green is WISE at 22um, and in blue is GLIMPSE at
8um.

observed in the northwestern region with MOST at 0.843 GHz
is detected as a point-like source in our image.

In the integrated spectrum of G335.2+0.1 (Fig. A.32), we
observed a good agreement between the flux densities across the
entire frequency range, which result in a simple power-law fit
with @ = —0.47 + 0.03, perfectly consistent with the previous
estimation of —0.46 provided by Clark et al. (1975).

The spectral index map obtained from the 0.155 GHz
GLEAM image and the 1.284-GHz SMGPS one is shown in
Fig. A.24. We observed a non-uniform spatial distribution of
the spectral values across the remnant. A flat region (average
a ~ —0.36) is located right northwest of the SNR center, cor-
responding with an emission-free region both in the GLEAM
and SMGPS image. We attributed this spectral flattening to a
background selection effect. Just west of this, we observed a
steep region (averaged a ~ —0.56) exactly centered on the point-
like source detected with SMGPS in the northwestern region
of the remnant, suggesting its extra-galactic origin. Other flat-
filamentary features are distributed across the remnant with
mean spectral values ranging from ~ —0.63 in the southeastern
region to ~—0.49 in the northwestern side of the map, without a
clear association with the brightness structures.

The different spectral behavior of the brightness regions is
not reflected on the BB-plot (Fig. A.45), where the spectral
components are not distinguishable. Only in the histogram, we
identified two peaks: the main one at @ ~ —0.49, tracing the
brightest-flat filaments, and a much lower one at @ ~ —0.59 that
is probably associated with the steep point-like region.

B.0.25. G337.3+1.0

G337.3+1.0 (Fig. A.25, A.33, A.46), also known as Kes 40,
is a typical shell SNR. Only radio observations are referenced
in the literature, which highlighted its almost perfectly circu-
lar shape with different bumps along the shell rim (Whiteoak
& Green 1996). Polarization studies revealed a radial magnetic
field configuration, which coupled with the small size circular
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morphology, suggests the early evolutionary stage of this SNR
(Milne et al. 1989).

The comparison between our SMGPS image (Fig. A.25,
upper-left) and the highest resolution one available in the litera-
ture (MOST at 0.843 GHz) demonstrates the much better capa-
bility of the first to recover the shell morphology of G337.3+1.0.
The SMGPS map revealed for the first time its extremely clumpy
emission, as well as the little bumps of diffuse emission extend-
ing outward from the shell. The SMGPS map allowed us to also
perform the first radio detection of the elongated source located
slightly north of the SNR geometric center and the nearby point
source ((a@, 6) = (16"32"36.337%, -46°35°31.62")).

The integrated spectrum of G337.3+1.0 is shown in
Fig. A.33. We modeled it with a simple power-law model,
obtaining an integrated spectral index of —0.48 + 0.05, consistent
within the errors with the previous estimation of —0.55 reported
by Whiteoak & Green (1996).

Through the 0.155 — 1.284 GHz spectral index map (shown
in Fig. A.25, bottom-left), we investigated for the first time the
spectral spatial distribution of this SNR. The map clearly shows
a bilateral spectral morphology with flatter spectral caps in the
northeast-southwest sides (mean @ ~ —0.43), and steeper regions
in the remaining shell parts (mean @ ~ —0.58). This polar cap
morphology is only hinted in the brightness map, and an unam-
biguous association between spectral flat/steep and bright/faint
shell regions is unfeasible. A central region with a flatter spec-
trum is also evident at the shell center, extending slightly to
the north, and coincident with the position of the new-detected
elongated and point-like sources. The spectral flattening and the
cometary morphology of the resolved structure could suggest its
PWN nature. In this picture, the position of the point-like source
could be consistent with a possible associated pulsar. By consid-
ering the low-brightness of this region both in the SMGPS and
GLEAM map, we cannot exclude that the spectral flattening is
due to a background bias effect. Further high-resolution radio
observations will be needed to firmly constrain the spectral and
morphological characterization of this region.

The bilateral spectral distribution of the shell results in a dou-
ble peaked histogram at @ ~ —0.48 and @ ~ —0.55 (Fig. A.46).
The two components are also present in the BB-plot even if not
easily distinguishable, probably due to the fact that the difference
in spectral indices is not large enough and both are associated
with bright SNR regions.

B.0.26. G348.7+0.3

G348.7+0.3 (Fig. A.26, A.33, A.46), also known as CTB
37B, is a young SNR (age ~ 5000 yr, Aharonian et al. 2008)
observed in the radio band as a shell with a plateau of diffuse
emission extending from its southeastern edge to south until it
reach the nearby SNR G348.5+0.1 (Whiteoak & Green 1996).
G348.7+0.3 is evolving into a complex region including other
SNRs (G348.5+0.1 and G348.5-0.0), several H 11 regions and
OH masers, which suggest a high starburst activity (Xin et al.
2016). X-ray observations of G348.7+0.3 revealed thermal emis-
sion coinciding with the brightest edge of the radio shell, within
which the point X-ray source (CXOU J171405.7-381031) was
identified as the magnetar associated with the remnant (Aharo-
nian et al. 2008). A non-thermal diffuse X-ray component was
detected in the southern SNR rim (Nakamura et al. 2009). The
y-ray counterpart of G348.7+0.3 was detected both with Fermi-
LAT (Xin et al. 2016) and H.E.S.S. (Aharonian et al. 2008),
indicating an efficient cosmic-ray acceleration.
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Our SMGPS image (Fig. A.26, upper-left) provides the
highest-resolution image of G348.7+0.3 and surrounding region.
We were able to detect for the first time the whole shell,
including the faint emission from eastern side and its bound-
aries. The eastern rim is composed of two main brightest
region and a third fainter one in the northern part, all con-
nected by filamentary structures that also extend toward the
remnant center. Another bright region with arc-like morphol-
ogy constitutes the southern shell edge (in perfect positional
coincidence with the non-thermal X-ray source). The plateau
of diffuse emission is well detected, extending south for ~
10 arcmin. In our high-resolution image this region appears
separated from G348.7+0.3. Differently from previous images
(e.g., the MOST image, Fig.25 in Whiteoak & Green 1996), we
can clearly detect a complex of filamentary structures located
just east of the remnant that roughly make up an almost com-
plete circular structure and a partial shell tracing the eastern
G348.7+0.3 edge. This whole region is indicated as ‘candidate’
H 11 region (G348.770+00.282) in the Anderson et al. (2014)
catalog. In the same region, we also detected the point coun-
terpart of the H 1I region G348.713+00.328 cataloged as ‘radio
quiet’ by Anderson et al. (2014). The other two extended source
resolved just south/southeast of the G348.7+0.3 border are asso-
ciated with the H 11 regions G348.543+00.369 (‘candidate’) and
G348.515+00.373 (‘radio quiet’) (Anderson et al. 2014).

Consistently with the previous studies, we calculated inte-
grated flux densities for the SMGPS and GLEAM images
by considering an extraction region that includes the bright
G348.7+0.3 shell, the southern plateau and the eastern filamen-
tary region. From the resulting integrated spectrum (shown in
Fig. A.33), we obtained @ = —0.36 + 0.03, consistent with pre-
vious estimates (o = —0.3 + 0.1, Kassim et al. 1991). We notice
the strong dispersion of the flux density measurements across
the entire spectrum, probably due to different interpretation of
the remnant boundaries. By exploiting the high-resolution of the
SMGPS map, which allow us to clearly distinguish the remnant
from the probably unrelated sources, we restricted the extrac-
tion region to the remnant shell and recalculated the SMGPS
and GLEAM flux densities. As shown in Fig. A.33, they are
in good agreement and related spectrum is significantly steeper
(@ = —0.41 + / — 0.02) with respect to the previous one. This
is probably due to the spectral contamination from nearby H 11
regions in the previous flux measurements.

In the G348.7+0.3 spectral index map, shown in Fig. A.26,
we can clearly distinguish the spectral region associated with the
G348.7+0.3 shell, with an average @ ~ —0.38, from those of the
plateau and the eastern filamentary region. Both these regions
present generally flatter spectral indices although with a cer-
tain variability, ranging from ~ —0.1 to —0.4. The morphological
details of G348.7+0.3 and its environment provided by the high-
resolution SMGPS image, coupled with the spatially resolved
spectral information, suggest that only the brighter shell struc-
ture centered at (a, 6) = (1771354.7, -38°11°21.10”) and with
radius of ~5.2 arcmin is associated with G348.7+0.3, while the
plateau region and the complex of filamentary structures east of
the remnant are unrelated emission, probably produced by sev-
eral H 11 regions evolving on the same star forming region where
G348.7+0.3 has evolved.

We studied the spatial distribution of the spectral index
values across the remnant by considering the entire emission
region historically associated with G348.7+0.3, obtaining the
graphs shown in Fig. A.46. Here the contribution from the dif-
ferent regions is hardly distinguishable, probably due to the low
brightness of both the plateau and filamentary regions and the
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variability of the spectral index values across these regions.
The two very close peak in the histogram are most probably
associated with the different spectral regions within the main
shell.

B.0.27. G351.7+0.8

G351.7+0.8 (Fig. A.27, A.33, A.47) was presented as a new
SNR by Whiteoak & Green (1996) on the basis of MOST obser-
vations at 0.843 GHz. It was described as a shell-type SNR with
a plateau of faint emission, and located in close proximity to
the bright H 11 region G351.693+00.671 (cataloged as ‘known’
by Anderson et al. 2014, Anderson et al. 2011). The only other
observations of this object were SGPS at 1.4 GHz, including
both radio continuum and H I emission (Tian et al. 2007).

SMGPS provided the best image of G351.74+0.8 ever
achieved in terms of both resolution and sensitivity (see
Fig. A.27, upper-left). Compared with the previous images, we
can better distinguish the shell edges, which appear well defined
throughout the remnant, except for the southern part, where the
emission becomes diffuse. Also the internal striated emission
along the northeast-southwest direction is much better resolved
with respect to the SGPS image. The bright clump observed with
MOST and SGPS in the northern G351.7+0.8 rim, is detected as
a point source in the SMGPS image.

We showed the integrated spectrum of G351.7+0.8 in
Fig. A.33. We fitted it with a simple power-law function obtain-
ing @ = —0.37 + 0.06, which is in rough agreement with the last
estimation (—0.52 + 0.25, Tian et al. 2007) and much more sen-
sitive. We point out that the SGPS flux density measurement at
1.4 GHz is significantly higher with respect to the SMGPS one
at a comparable frequency. We attributed this discrepancy to the
difficulty to distinguish the remnant from the emission contri-
bution of the nearby H II region in the lower-resolution SGPS
map.

The spatial distribution of the spectral indices is shown by
the spectral index map in Fig. A.27. By excluding the southeast
and southwest rims, where there is a clear spectral contamina-
tion from the adjacent H II regions, the spectral index map is
quite uniform. We observed a slightly flatter region (@ ~ —0.43)
with respect to the surrounding area values (@ ~ —0.48) cor-
responding to the bright northern rim, tracing strong shock
acceleration mechanisms. Other similar flatter regions spread
within the remnant, but without any association with brightness
structures. To investigate this aspect, we compared our spectral
index map with the 8-ym emission from GLIMPSE. We see that
the 8-um emission related to the nearby H II regions extends
with filamentary structures up to the SNR interior, resulting
in anti-correlation with the radio spectral flat structures. This
behavior could indicate a spectral contribution from the H 11
region ionized material inside the molecular 8-yum emission. A
more detailed multi-wavelength study will be need to confirm
this hypothesis.

The graphs shown in Fig. A.47 do not allow us to dis-
tinguish different spectral contributions, confirming the rather
uniform distribution of the spectral indices across the remnant.
The region with high dispersion of the points in the bottom side
of the BB-plot (for GLEAM brightness below ~ 0.4) could be
related to the internal regions with flatter spectral indices not
associated with bright radio features.

B.0.28. G351.9+0.1

G351.9+0.1 (Fig. A.28, A.33, A.47) was proposed as a Class
I new SNR (candidate with fairly confidence, to be confirmed)
by Hurley-Walker et al. (2019b) on the basis of GLEAM and the
Molonglo Galactic Plane Survey (MGPS at 843 MHz) images.
They described it as a shell-like object with fairly distinct bound-
aries. A bright clump of emission was observed in the southern
rim with unclear association with the remnant. In its south-
ern part, G351.9+0.1 is adjacent to a complex emission region
associated to several H II regions.

The SMGPS image (shown in Fig. A.28) sheds new light
on morphology of this SNR. Unlike the GLEAM and MGPS
images, where only a faint and incomplete shell is detected, our
image allowed us to identify all shell boundaries. The bulk of
the emission comes from the southern rim, from which some
faint filaments extend inward. A bright compact source is located
inside this region, which were observed as extended in previous
images. Some elongated indented structures constitute the north-
eastern rim, while a ear-like edge defines the northwest side of
the shell. Diffuse structures fill the inside of the shell, where
we also detected a point source associated with the H II region
G351.919+00.114 (cataloged as ‘compact’ by Anderson et al.
2014) and a circular extended source corresponding to the H 11
region G351.862+00.202 (cataloged as ‘radio quiet’ by Anderson
et al. 2014).

From our SMGPS and GLEAM measurements, we obtained

the integrated spectrum of G351.9+0.1 shown in Fig. A.33. We
observed that the SMGPS point is consistent with the GLEAM
spectral trend. From a simple power-law fit, we calculated a spec-
tral index of —0.47 + 0.04, significantly flatter than that obtained
by Hurley-Walker et al. (2019b) by coupling GLEAM and MGPS
data (@ = —0.98 + 0.07). This is attributable to the significant
inconstancy between the MGPS point at 843 GHz (~ 1 Jy, from
Fig.B31 in Hurley-Walker et al. 2019b) and our SMGPS estima-
tion at 1.284 GHz (2.6 + 0.2 Jy).
The 0.155 — 1.284 GHz spectral index map (Fig. A.28) reveals
a slight spectral difference between the northern and the south-
ern part of the shell. By excluding the flatter-inner regions that
are clearly associated with the two H II regions, the northern
rim presents a mean spectral index of ~ —0.38, while the south-
ern one shows a steeper spectrum with mean @ ~ —0.42. The
southwestern region mainly contributes to this spectral steep-
ening with a ranging from ~ —0.69 to ~ —0.55. We attributed
this steepening to the bright point source, probably of extragalac-
tic origin and exactly located at the center of this spectral steep
region.

Both in the histogram and the BB-plot shown in Fig. A.47,
the components related to the two parts of the shell are not
distinguishable.

A193, page 27 of 27


https://zenodo.org/records/13950279?token=eyJhbGciOiJIUzUxMiJ9.eyJpZCI6IjRmNzY5ODU5LWRiMDAtNDAyZC1hZmQxLTg2NDg4NmFkYzg1YyIsImRhdGEiOnt9LCJyYW5kb20iOiI4ODkwYjEyNjNkOGNiNjdiMDU3MzIzYTk4ZTEyMjZmZiJ9.aQA9FcvhavHze5alg0hnrn2s4QDcrUXi5UaqCcyii76FReLzIIfwQUQx2vGgK5_JhqOGHylVd4giLmYtJvTLRQ
https://zenodo.org/records/13950279?token=eyJhbGciOiJIUzUxMiJ9.eyJpZCI6IjRmNzY5ODU5LWRiMDAtNDAyZC1hZmQxLTg2NDg4NmFkYzg1YyIsImRhdGEiOnt9LCJyYW5kb20iOiI4ODkwYjEyNjNkOGNiNjdiMDU3MzIzYTk4ZTEyMjZmZiJ9.aQA9FcvhavHze5alg0hnrn2s4QDcrUXi5UaqCcyii76FReLzIIfwQUQx2vGgK5_JhqOGHylVd4giLmYtJvTLRQ
https://zenodo.org/records/13950279?token=eyJhbGciOiJIUzUxMiJ9.eyJpZCI6IjRmNzY5ODU5LWRiMDAtNDAyZC1hZmQxLTg2NDg4NmFkYzg1YyIsImRhdGEiOnt9LCJyYW5kb20iOiI4ODkwYjEyNjNkOGNiNjdiMDU3MzIzYTk4ZTEyMjZmZiJ9.aQA9FcvhavHze5alg0hnrn2s4QDcrUXi5UaqCcyii76FReLzIIfwQUQx2vGgK5_JhqOGHylVd4giLmYtJvTLRQ
https://zenodo.org/records/13950279?token=eyJhbGciOiJIUzUxMiJ9.eyJpZCI6IjRmNzY5ODU5LWRiMDAtNDAyZC1hZmQxLTg2NDg4NmFkYzg1YyIsImRhdGEiOnt9LCJyYW5kb20iOiI4ODkwYjEyNjNkOGNiNjdiMDU3MzIzYTk4ZTEyMjZmZiJ9.aQA9FcvhavHze5alg0hnrn2s4QDcrUXi5UaqCcyii76FReLzIIfwQUQx2vGgK5_JhqOGHylVd4giLmYtJvTLRQ
https://zenodo.org/records/13950279?token=eyJhbGciOiJIUzUxMiJ9.eyJpZCI6IjRmNzY5ODU5LWRiMDAtNDAyZC1hZmQxLTg2NDg4NmFkYzg1YyIsImRhdGEiOnt9LCJyYW5kb20iOiI4ODkwYjEyNjNkOGNiNjdiMDU3MzIzYTk4ZTEyMjZmZiJ9.aQA9FcvhavHze5alg0hnrn2s4QDcrUXi5UaqCcyii76FReLzIIfwQUQx2vGgK5_JhqOGHylVd4giLmYtJvTLRQ
https://zenodo.org/records/13950279?token=eyJhbGciOiJIUzUxMiJ9.eyJpZCI6IjRmNzY5ODU5LWRiMDAtNDAyZC1hZmQxLTg2NDg4NmFkYzg1YyIsImRhdGEiOnt9LCJyYW5kb20iOiI4ODkwYjEyNjNkOGNiNjdiMDU3MzIzYTk4ZTEyMjZmZiJ9.aQA9FcvhavHze5alg0hnrn2s4QDcrUXi5UaqCcyii76FReLzIIfwQUQx2vGgK5_JhqOGHylVd4giLmYtJvTLRQ
https://zenodo.org/records/13950279?token=eyJhbGciOiJIUzUxMiJ9.eyJpZCI6IjRmNzY5ODU5LWRiMDAtNDAyZC1hZmQxLTg2NDg4NmFkYzg1YyIsImRhdGEiOnt9LCJyYW5kb20iOiI4ODkwYjEyNjNkOGNiNjdiMDU3MzIzYTk4ZTEyMjZmZiJ9.aQA9FcvhavHze5alg0hnrn2s4QDcrUXi5UaqCcyii76FReLzIIfwQUQx2vGgK5_JhqOGHylVd4giLmYtJvTLRQ
https://zenodo.org/records/13950279?token=eyJhbGciOiJIUzUxMiJ9.eyJpZCI6IjRmNzY5ODU5LWRiMDAtNDAyZC1hZmQxLTg2NDg4NmFkYzg1YyIsImRhdGEiOnt9LCJyYW5kb20iOiI4ODkwYjEyNjNkOGNiNjdiMDU3MzIzYTk4ZTEyMjZmZiJ9.aQA9FcvhavHze5alg0hnrn2s4QDcrUXi5UaqCcyii76FReLzIIfwQUQx2vGgK5_JhqOGHylVd4giLmYtJvTLRQ
https://zenodo.org/records/13950279?token=eyJhbGciOiJIUzUxMiJ9.eyJpZCI6IjRmNzY5ODU5LWRiMDAtNDAyZC1hZmQxLTg2NDg4NmFkYzg1YyIsImRhdGEiOnt9LCJyYW5kb20iOiI4ODkwYjEyNjNkOGNiNjdiMDU3MzIzYTk4ZTEyMjZmZiJ9.aQA9FcvhavHze5alg0hnrn2s4QDcrUXi5UaqCcyii76FReLzIIfwQUQx2vGgK5_JhqOGHylVd4giLmYtJvTLRQ
https://zenodo.org/records/13950279?token=eyJhbGciOiJIUzUxMiJ9.eyJpZCI6IjRmNzY5ODU5LWRiMDAtNDAyZC1hZmQxLTg2NDg4NmFkYzg1YyIsImRhdGEiOnt9LCJyYW5kb20iOiI4ODkwYjEyNjNkOGNiNjdiMDU3MzIzYTk4ZTEyMjZmZiJ9.aQA9FcvhavHze5alg0hnrn2s4QDcrUXi5UaqCcyii76FReLzIIfwQUQx2vGgK5_JhqOGHylVd4giLmYtJvTLRQ

	The MeerKAT view on Galactic supernova remnants
	1 Introduction
	2 SMGPS data
	3 Ancillary data
	3.1 MWA data

	4 Results
	4.1 The SNR sample
	4.2 Integrated spectral characterization
	4.3 Spectral index maps
	4.4 Spectral behavior through the SNR sample

	5 Discussion
	6 Summary and conclusion
	Data availability
	Acknowledgements
	References
	Appendix A: Supplementary images and tables
	Appendix B: Individual target characterization
	B.0.1 G003.8+0.3 
	B.0.2 G018.8-0.3
	B.0.3 G021.8-0.6
	B.0.4 G022.7-0.2
	B.0.5 G023.3-0.3
	B.0.6 G024.7-0.6
	B.0.7 G032.8-0.1
	B.0.8 G033.2-0.6
	B.0.9 G035.6-0.4
	B.0.10 G040.5-0.5
	B.0.11 G045.7-0.4
	B.0.12 G046.8-0.3
	B.0.13 G51.26+0.09 and G51.04+0.07
	B.0.14 G286.5-01.2
	B.0.15 G289.7-00.3
	B.0.16 G290.1-0.8
	B.0.17 G291.0-0.1
	B.0.18 G292.2-0.5
	B.0.19 G293.8+0.6
	B.0.20 G296.7-0.9
	B.0.21 G296.8-0.3
	B.0.22 G301.4-1.0
	B.0.23 G332.4+0.1
	B.0.24 G335.2+0.1
	B.0.25 G337.3+1.0
	B.0.26 G348.7+0.3
	B.0.27 G351.7+0.8
	B.0.28 G351.9+0.1



