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ABSTRACT

Non-thermal radio emission is detected in the region of the gamma-ray source FHES J1723.5 — 0501. The emission has an
approximately circular shape 0.8° in diameter. The observations confirm its nature as a new supernova remnant, G 17.8 4 16.7.
We derive constraints on the source parameters using the radio data and gamma-ray observations of the region. The distance to
the object is possibly in the range 1.4-3.5 kpc. An SNR age of the order of 10 kyr is compatible with the radio and GeV features,
but an older or younger SNR cannot be ruled out. A simple one-zone leptonic model naturally explains the multi-wavelength
non-thermal fluxes of the source at its location outside the Galactic plane.

Key words: ISM: supernova remnants — gamma-rays: general —radio continuum: general.

1 INTRODUCTION

Supernova remnants (SNRs) are important for understanding the
Galaxy. They heat up the interstellar medium, enrich the environment
with heavy elements and accelerate cosmic rays. Almost 300 SNRs
are listed in recent catalogs (e.g. Green 2014, 2019) and more
objects and candidates are being found, for example in deeper radio
observations (e.g. Anderson et al. 2017; Hurley-Walker et al. 2019).
However, several thousand SNRs are expected to be found in the
Galaxy based on the supernova rate. The discrepancy might be due
to selection effects preventing the discovery of very dim SNRs or
sources located outside the Galactic plane.

SNRs are known to accelerate particles to relativistic energies.
The radiation that these particles produce shows characteristic
non-thermal features that can help identify an object as an SNR.
Historically, the detection of a synchrotron spectrum in the radio
emission of an SNR has been the natural way to confirm the presence
of such an object (for a review see e.g. Dubner & Giacani 2015).

High-energy emission from SNRs from X-rays to gamma rays has
also been detected and studied in detail (Reynolds 2008; Acero et al.
2016). Sometimes the accompanying pulsar wind nebula (PWN)
associated with an SNR also produces non-thermal emission up to
gamma-ray energies. Deep gamma-ray, unbiased, surveys could be
useful to find previously unknown SNRs, PWNe or candidates (see
e.g. Ackermann et al. 2018; H. E. S. S. Collaboration 2018; Albert
et al. 2020a, b).

The gamma-ray source FHES J 1723.5 — 0501 was discovered out-
side the Galactic plane by Ackermann et al. (2018) with data from the
Fermi Large Area Telescope (LAT). They searched for extended GeV
sources in high Galactic latitude regions. They noted the presence of
an unclassified radio shell in the 1.4 GHz continuum emission data
from the NVSS (Condon et al. 1998) along the southwestern edge
of the somewhat larger source FHES J 1723.5 — 0501. This gamma-
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ray source was therefore proposed to be potentially associated to an
SNR or a PWN. In the LAT 4FGL catalog (Abdollahi et al. 2020)
two gamma-ray sources are found in the region: the extended source
4FGL J1723.5 — 0501e (associated to FHES J1723.5 — 0501),
whose energy (E) spectrum is described by a simple power-law
function ‘3—% o« E77, with y the spectral index), and the point source
4FGL J1722.8 — 0418, having a curved spectrum described by a
log-parabola (§¥ o« E~#~#1°2£ with o and B some constants). The
morphology of this extended source is described by a 2D Gaussian
with a 68 per cent-containment radius of 0.73°.

In this paper, we present an analysis of radio observations in the
region of FHES J 1723.5 — 0501 that confirm the existence of a shell
located within the extent of the gamma-ray source. Our analysis
reveals a non-thermal spectrum for the radio emission. The shell-
like appearance and spectrum establish this object as a new SNR,
labeled G 17.8 + 16.7. We also analyzed gamma-ray data from the
LAT which confirm that the emission in the region is best described
by an extended source with a hard GeV spectrum. In Section 2, we
describe the radio and GeV data analyses, and in Section 3, we use
the properties of the emission to constrain some parameters such as
the source distance and age.

2 DATA ANALYSIS

2.1 Radio observations and data analysis

Given the high Galactic latitude of G17.8 + 16.7, it can only be
detected in relatively shallow wide-area sky surveys, rather than the
deeper images often available from targeted Galactic plane surveys.
Of the archives we searched, it was most clearly detected in the
NRAO Very Large Array Sky Survey (NVSS; Condon et al. 1998)
as a partially-resolved crescent of diameter ~0.95° (see Appendix
below, which also shows other data used in this section). This is
larger than the maximum angular scale to which NVSS is sensitive,
so a total flux density cannot be measured from these data alone. To
fill in these larger angular scales, we used the continuum map of the
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Figure 1. Four deg” of the region surrounding G 17.8 4 16.7 as seen at 1.4 GHz (left) and 2.3 GHz (right) after source subtraction as described in Section 2.1; the
subtracted CHIPASS and NVSS data (left) have been feathered together to produce an image to properly capture angular scales >45 arcsec. Global background
levels of 31 mJy beam ™! and 640 mJy beam ™! have been subtracted from the left and right images, respectively. An ellipse centred on 17M24™10.5% — 5° 10'52.5",
size 51 arcmin X 45 arcmin, and orientation due North, is shown by a dashed black semi-transparent line on both panels. The full-width-half-maximum of the
point spread function is shown as a solid black ellipse in the lower-left of each panel.

HI Parkes All-Sky Survey (CHIPASS; Calabretta, Staveley-Smith &
Barnes 2014), a radio sky survey' at 1.4 GHz covering Dec <+25°
at 14.4 arcmin resolution. Following the method of Becker et al.
(2021), we selected all compact sources detected in NVSS in the
region, convolved them to match the CHIPASS resolution, produced
an output FITS image in the same sky frame as the CHIPASS
data, and subtracted the NVSS model from the CHIPASS image
(in Jy beam™").

We used the software POLY_FLUX (Hurley-Walker et al. 2019) to
measure the total flux densities of G 17.8 + 16.7 in each band; the tool
estimates and subtracts a mean background level. Since the selection
of the boundaries of the SNR is somewhat subjective, we used the
tool ten times and recorded the average result, finding that the total
flux density at 1.4 GHz is 2.1 £ 0.1 Jy.

We performed a similar process on the S-band Polarization All Sky
Survey (S-PASS; Carretti et al. 2019), a 2.3-GHz survey of polarized
radio emission covering the Southern sky (Dec <—1°) at 8.9 arcmin
resolution. To scale the flux densities of the NVSS sources from
1.4 GHz to 2.3 GHz, we used the spectral indices from the catalog
produced by de Gasperin, Intema & Frail (2018). Subtracting this
model from the S-PASS Stokes I results in the right-hand panel of
Fig. 1. Running POLY_FLUX repeatedly we find that the total flux
density at 2.3 GHz is 1.45 £ 0.05Jy; the uncertainty is dominated
by the less clean source subtraction, particularly for two sources on
the edge of the shell.

Since CHIPASS and NVSS sample different but complementary
angular scales, it is instructive to combine the images in the Fourier
domain, a process known as ‘feathering’ (Cotton 2017). We used a
custom PYTHON command? derived from the implementation in the
Common Astronomy Software Applications (CASA) to perform this
operation, and the result is shown in the left-hand panel of Fig. 1.

Uhttps://www.atnf.csiro.au/people/mcalabre/CHIPASS/index html
Zhttps://github.com/nhurleywalker/feather

G 17.8 + 16.7 is clearly visible as a sharp-edged elliptical shell which
is quite filled, and brighter and more defined toward the Eastern side.

No detections with signal to noise sufficient to determine a radio
flux density were made in any other sky surveys. From the 1.4
and 2.3 GHz flux density measurements we calculated a two-point
spectral index, finding « = —0.75 £ 0.15 for § o v*. This is
consistent with non-thermal emission from a synchrotron-emitting
shell supernova remnant.

2.2 Archival X-ray observations

We searched the archives of the X-ray observatories but found
no pointed (deep) observations that covered this field. On initial
inspection, G 17.8 4+ 16.7 is not visible in the ROSAT All-Sky Survey
(RASS; Voges et al. 1999). However, after convolution with an ~11
arcmin Gaussian kernel, some emission is visible in the RASS hard-
energy band (0.5-2.0 keV); there is no detection in the soft-energy
band (0.1-0.4 keV; see Fig. 2). The hard X-ray emission correlates
well with the radio shell on the Eastern side, and correlates more
clearly with the gamma-ray emission (Section 2.3) on the Western
side. The counts within the radio shell are about 50 per cent higher
than the background in this area.

2.3 Gamma-ray observations

The Fermi-LAT is a converter/tracker telescope detecting gamma
rays in the energy range between 20 MeV and 21 TeV (Atwood et al.
2009). We gathered LAT data taken from August 2008 to July 2021 in
the energy range 0.5-500 GeV for the analysis. We used the software
fermitools version 2.0.8 by means of the fermipy package
version 1.0.0 to perform the analysis. We applied the recommended
cuts for the analysis,* selecting good quality front and back-converted

3See https:/fermi.gsfc.nasa.gov/ssc/data/analysis/documentation/Cicerone
/Cicerone_Data_Exploration/Data_preparation.html
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Figure 2. 13 deg? of the region surrounding G 17.8 + 16.7 as seen by the RASS (Section 2.2); the left-hand panel shows the soft band (0.1-0.4 keV) and the
right panel shows the hard band (0.5-2.0keV). Both images have been convolved by a Gaussian kernel with full-width-half-maximum 675 arcsec (shown as a
solid black ellipse in the lower-left of each panel). The radio shell is indicated by the same ellipse as in Fig. 1, and the best-fitting spatial model to the gamma-ray

data (Gaussian + PS; see Section 2.3) is shown as a white dashed ellipse.

events in the SOURCE class (evclass = 128, evtype = 3),
and having zenith angles lower than 90° to avoid contamination
from Earth’s limb. We used the corresponding response functions
for Pass 8 analysis, PBR3_SOURCE_V3 and binned events with
a spatial scale of 0.05° and with ten bins per decade in en-
ergy for exposure calculations. We included events reconstructed
within 15° from the coordinates RA (J2000) =17"24m00%, Dec
(J2000) =—5°12'00", defined as the region of interest (Rol). We
included the sources in the 4FGL-DR2 catalog (Abdollahi et al.
2020) that are located within 20° of the center of the Rol, except
for 4FGL J1723.5 — 0501le and 4FGL J1722.8 — 0418, since
we carried out a more detailed analysis of their emission. We
modeled the diffuse Galactic emission and the isotropic emission
(including the residual cosmic ray background) with the standard
filesgll_iem v07.fitsand iso_.P8R3_SOURCE_V3_v1l.txt,
respectively, provided by the LAT team.* We applied the energy
dispersion correction to all sources except for the isotropic diffuse
emission component, as recommended by the LAT team.> We applied
the maximum likelihood technique (Mattox et al. 1996) and fitted
any free morphological or spectral parameters of the sources in order
to maximize the probability for the model to explain the data. The
detection significance of a source can be calculated using the test
statistic (TS), defined as —21log(Ly/L), with £ and Ly being the
maximum likelihood functions for a model containing the source
and for the model without the additional source (the null hypothesis),
respectively.

Taking advantage of the improved point-spread function of the
LAT at higher energies, we performed a morphological analysis
of the emission in the region of G17.8 + 16.7 using events

4See https://fermi.gsfc.nasa.gov/ssc/data/access/lat/BackgroundModels.htm
1

5See https://fermi.gsfc.nasa.gov/ssc/data/analysis/documentation/Pass8_edi
sp-usage.html
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Table 1. Results of the morphological analysis of Fermi-LAT data.

Spatial model Fitted size? (°) AAIC?
Disc 1.09+0:04 54.3
Gaussian 0.837005 36.2
Disc + PS 0.557003 103
Gaussian + PS 0.68%07 0

Notes. “Radius for the disc and 68 per cent-containment radius for the
Gaussian and their lo statistical uncertainties.

? AAIC is equal to the value of AIC for each model minus the AIC value for
the best-fit model.

with reconstructed energies above 5 GeV. We left free the spectral
normalizations of the 4FGL sources located within 10° of the Rol
center, while for the sources located within 5° of the Rol center we
left all spectral parameters free. We used the Akaike Information
Criterion (Akaike 1974), defined as AIC = 2k — 21n(L), where k is
the number of free parameters in the model, to compare the relative
quality of the morphological models. We compared the following
hypotheses for the emission: a symmetric 2D Gaussian, a uniform
disc, a symmetric 2D Gaussian with a point source, and a uniform
disc with a point source (for the definition of the extended models,
see Lande et al. 2012). For each case we let the location and extension
of the sources free to vary and performed a likelihood profile scan
to find the maximum model likelihood. We also assumed simple
power-laws for the spectra of the sources, which is justified below.
The results are shown in Table 1. A model consisting of a Gaussian
and a point source result in the lowest AIC value and is therefore the
best description among the tested models. The point source was found
with the tool £ind_sources and its location is consistent with that
of 4FGL J1722.8-0418, seen outside the radio shell of G 17.8 + 16.7
(see Fig. 3). Including the point source 4FGL J 1722.8 — 0418 in the
model improves the quality of the fit and is important to correctly
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Figure 3. TS map obtained with LAT data in the energy range 1-500 GeV. The image is obtained by moving a putative point source through each pixel
in the map and calculating its TS value. The solid cyan ellipse corresponds to the radio shell ellipse shown in Fig. 1. The circles represent the 68 per cent-
containment radius of the 2D Gaussian found in our analysis (thick dashed line) and its 1o uncertainty region (thin dashed lines). The location of the point

source 4FGL J 1722.8 — 0418 is indicated by the cross.

estimate the size of the extended source, as seen in Table 1. We
quantified the significance of extension by calculating twice the
difference between the log £ for an extended source model and that
obtained with a point-like source model at its best-fitting position.
In all cases the extended source model is preferred over a point
source for the emission in the region of G 17.8 + 16.7. For the last
two models in Table 1, we found TS,y = 55.3 for the disc model
and TS = 65.6 for the Gaussian. The 68 per cent-containment
extension of the Gaussian in our best-fitting model is consistent with
the extension reported for 4FGL J1723.5 — 0501e in the 4FGL
catalog (Abdollahi et al. 2020).

We estimated the effect of the systematic uncertainty in the model
of the diffuse Galactic emission on the measurement of the source
extension. The uncertainties in this model could be important for the
treatment of extended sources, even though the effect is expected
to be larger at the lowest energies where this emission dominates.
We used the eight alternative model files developed originally by
Acero et al. (2016), scaled appropriately to account for differences
in energy dispersion between Pass 7 and Pass 8 reprocessed
data.® We fitted the source extension using both the uniform disc and
the 2D Gaussian for each alternative Galactic diffuse emission model
and estimated the systematic uncertainty as in Acero et al. (2016).

6See https://fermi.gsfc.nasa.gov/ssc/data/access/lat/Model _details/Pass8_res
caled_model.html

The systematic uncertainty for the 68 per cent-containment radius of
the Gaussian is 0.15°, and that of the disc radius 0.02°.

We also searched for hints of energy dependent morphology, as
expected for example from electron cooling and transport in PWNe.
We divided the data in two energy intervals, 5-40 GeV and 40-
500 GeV. These energy intervals were chosen as to contain enough
statistics to confirm a significant extension of the source with TSy >
20. We fitted the source extension in each interval and the results for
the low and high-energy data sets were 0.547013" and 0.927032" for

the 68 per cent-containment radii of the 2D Gaussian, and 0.547 503"

and 0.6670%" for the disc radii, respectively (1o statistical errors
given). The discrepancy between the measured extensions at the low
and high energies, considering statistical uncertainties only, is then at
the 1.5 — 20 level, depending on the morphological model adopted.
Slightly higher extensions are seen at higher energies, which is the
opposite behaviour to that expected in a PWN. The centroid locations
found for the discs at the low and high energies are incompatible at
the 30 level, considering their statistical uncertainties only, while
the 1o error ellipses on the location of the centroids found with the
Gaussian templates do overlap. The centroids of the emission at the
highest energies are shifted towards the south east with respect to
those found in the low energy interval.

In order to further study this slight tension, we performed a new
fit in the 5-500 GeV energy range to probe the existence of two
different extended sources. We modeled the GeV emission from the

MNRAS 510, 2920-2927 (2022)
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Figure 4. SED of G 17.8 4 16.7 and the resulting fit to the radio and GeV data under a one-zone IC-CMB scenario. The shaded region represents the propagated

1o statistical uncertainty on the spectral fit in the 0.5-500 GeV energy range.

SNR with a uniform disc with a fixed radius of 0.4°, centred at the
position described in Fig. 1, and we searched for an additional source
fitting its location and extension by means of a likelihood profile
scan under the uniform disc hypothesis. The best-fitting radius of
the new disc and its lo statistical uncertainty is 1.327002 , with
its centre located within the radio shell of the SNR. This model
shows a AAIC=1.6 with respect to the best-fitting model found
before including only one extended source, and therefore results
in no statistical improvement. Future studies with more statistics
will be important to better understand the morphology of the
emission.

A TS map obtained from LAT data in a broader energy range, 1-
500 GeV, to improve the statistics, is shown in Fig. 3. The emission
in the region of G17.8 + 16.7 as well as that of the point source
4FGL J1722.8-0418 are clearly visible. The GeV emission is more
significant within the shell boundary of G 17.8 4 16.7, as seen in the
figure.

Using events in the entire energy range, 0.5-500 GeV, we tested for
spectral curvature with a log-parabola function. The TS values only
marginally improved with respect to the fits using the simple power-
law as the spectral shape for 4FGL J1722.8 — 0418 (ATS=2.4)
and for the extended emission (ATS=2.7), indicating that in this
energy range a simple power-law shape is preferred for both sources.
The resulting spectral indices (and their lo uncertainties) are
2.44 £ 0.024y & 0.074 for 4FGL J1722.8 — 0418 (which has
an overall TS=231.6), in agreement with the studies of this point
source by Dai et al. (2016), and 1.83 & 0.024, £ 0.054y, for the
extended source (with TS=153.2). The systematic uncertainty in the
spectral index for the extended source includes the effects of using
the alternative diffuse Galactic background models described earlier,
as well as the effect of replacing the Gaussian morphology with the

MNRAS 510, 2920-2927 (2022)

best-fitting disc morphology. Changing the morphology to describe
the emission is the dominant source of systematic uncertainty. The
GeV spectrum of 4FGL J 1722.8 — 0418 is clearly softer than that of
the extended source. The spectral energy distribution (SED) fluxes
of G17.8 + 16.7 were obtained dividing the data in ten energy
intervals and fitting the normalization in each bin. They are shown
below in Fig. 4.

3 DISCUSSION

3.1 Limits on age and distance

In the absence of a measured distance, we can use the morphological
and brightness properties of the SNR to infer limits on the physical
characteristics. Studies of the Local Group galaxies and Magellanic
Clouds have demonstrated that SNR 1.4-GHz luminosities typically
have values in the range 5 x 10" < Lisgn, < 107 WHz™! (e.g.
Case & Bhattacharya 1998). Assuming that G 17.8 + 16.7 is more
luminous than 5 x 10 WHz™!, we can obtain a limit on its

distance from Earth by 47615143;‘; ,i.e. d > 1.4kpc (and diameter
3

D > 20pc). Assuming a low ISM density of 0.1cm™ and using
otherwise standard values in the SNR evolutionary model calculator
provided by Leahy & Williams (2017), we find that for D > 20 pc,
the source must be >10kyr old. Given its clearly defined edges and
filled disc, we suggest it is still in the Sedov—Taylor phase, and not
likely to be more than an order of magnitude older than this, which
yields D < 50pc and d < 3.5kpc. However, since there are few
known high-latitude SNRs, these values are only estimates, and a
direct measurement may be difficult for faint SNRs without obvious
molecular cloud or pulsar associations.
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3.2 Gamma-ray properties

A hard GeV spectrum such as that observed for G17.8 + 16.7is
expected under an inverse Compton (IC) scenario, where high-energy
electrons accelerated in the shock of the SNR interact with soft
ambient photon fields, such as the cosmic microwave background, to
produce the gamma rays. This mechanism for the production of high-
energy emission would be more natural in aregion located outside the
Galactic plane where G 17.8 + 16.7 is found and the matter density
is expected to be low. This leptonic-IC scenario for the gamma rays
is consistent with our radio observations. Under this model, and
given the measured GeV spectral index y ~ 1.83 (% x E77), the
predicted radio spectral index for the synchrotron emission (S o< v*)
from the same uncooled population of electrons is « =1 — y =
—0.83, fully consistent with our measured value of —0.75 £ 0.15.
We used the na ima package (Zabalza 2015) to fit the radio and GeV
fluxes with a one-zone leptonic model using a particle distribution
that is a power law with an exponential cutoff. The radio fluxes
result from synchrotron emission from electrons in a magnetic field
while the gamma rays are from IC scattering of cosmic microwave
background (CMB) photons by the same electrons. The results are
shown in Fig. 4. The required magnetic field is B = 1.06%)33 uG,
the spectral index and cutoff energy of the lepton distribution are
2.5 4 0.1 and 5778} TeV, respectively. The total energy content in
the relativistic electrons (integrated above a particle energy of 1 GeV)

2
amounts to (1.479¢) x 10% (ﬁ) erg, normalized to an arbitrary

distance of 3 kpc. This is only between 0.3 per cent and 1.8 per cent
of the typical kinetic energy available in an SNR shock (10°! erg)
for a distance range of 1.4-3.5 kpc. Given that the GeV spectrum of
G 17.8 + 16.7 is described by a power law with no apparent cutoft,
the resulting cutoff in the particle distribution is not well constrained.
Observations in the TeV energy range should be carried out for this
purpose.

Another mechanism for the origin of gamma-ray emission are
inelastic collisions of relativistic protons, accelerated by the SNR,
with ambient protons. In this case, a high density of matter is
required to enhance the flux of gamma rays. Since the gamma-
ray distribution approximately follows the parent proton distribution
in this hadronic scenario (see e.g. Blasi 2013, for a review), a
proton distribution harder than predicted by linear diffusive shock
acceleration theory would be required in order to explain the GeV
spectrum of G 17.8 + 16.7. However, if dense clumps of gas exist
within the shell of an SNR and the highest energy protons are able
to interact with this gas, it has been shown that a hard GeV spectrum
could be produced (Gabici & Aharonian 2014).

Our estimated gamma-ray luminosity of G17.8 4+ 16.7 in the
1-100GeV energy interval is ~9 x 1033 ergs™' for an arbitrary
source distance of 3 kpc chosen within our estimated range. This
luminosity is between one and two orders of magnitude lower than
the typical luminosities of evolved SNRs interacting with dense gas
clouds (Acero et al. 2016). Our measurements are therefore more
consistent with a low-density environment around the SNR and a
leptonic scenario for the gamma rays.

The spectral index that we measured for the high-energy emission
(~1.83) could suggest something regarding the SNR age, for example
following the trend seen by Acero et al. (2016) where sources with
harder GeV spectra tend to be usually younger SNRs. However,
we note that there is a large scatter in the age of their sample
SNRs even for hard GeV spectra (~ 1-60kyr). This could be due
to the complexity in the environments of SNRs. SNRs with an age
~0.5 x 10* yr in low-density environments (with number density

G17.8 + 16.7: A new supernova remnant 2925

< 0.1 cm™3) and low magnetic fields are predicted to show gamma-
ray fluxes dominated by IC emission with a hard GeV spectrum
(Ohira et al. 2012; Yasuda & Lee 2019). Other SNRs with a very
similar gamma-ray spectrum are the faint radio source G279.0 4 1.1
(Araya 2020), whose age is unknown but shows features of an
evolved SNR, and a dim SNR recently discovered, G 150.3 + 4.5,
(Gao & Han 2014; Devin et al. 2020). Other extended sources with
similar GeV spectra, although with no known counterparts at other
wavelengths, are G 350.6—4.7 (Araya 2018) and 2HWC J2006 + 341
(Albert et al. 2020a). Their GeV spectra are similar to those of some
young SNRs (SN 1006, RX J1713.7-3946, RCW 86, with ages of
1-2kyr, Xing et al. 2019; Abdo et al. 2011; Ajello et al. 2016).
Another feature of G17.8 + 16.7 that resembles a young SNR is
its steep radio spectrum (see UroSevi¢ 2014, for examples of radio
spectra). However, G 17.8 + 16.7 has fainter X-ray emission than
young SNRs (Section 2.2); deeper X-ray observations in this band
would yield useful results, e.g. emission lines to help discriminate
the progenitor, the properties of the plasma, the distance to the source
and the possible presence of non-thermal emission from the highest
energy electrons. As pointed out before recent simulations predict
the SED of SNRs with ages of up to at least 5 kyr to be dominated
by IC emission at gamma-ray energies with low synchrotron fluxes
(Yasuda & Lee 2019). Such an age is more compatible with the
predicted value (10* yr) for a low density environment mentioned
earlier.

It is interesting to compare the extension of the radio shell with
that of the GeV emission. As seen in Fig. 3, the gamma-ray source
is more extended than the radio source. Gamma-ray emitting SNRs
show very similar radio and GeV angular diameters (Acero et al.
2016). GeV diameters of LAT-detected SNRs are found within ~0.3°
and ~20 per cent of their radio diameters (Acero et al. 2016). Taking
the radius of the GeV disc in our fit as a measure of the radius of the
gamma-ray source and its corresponding uncertainty, which results
from combining the statistical uncertainty (reported in Table 1) with
the systematic uncertainty in quadrature, the diameter of the gamma-
ray source is in the range 1.03—1.21°, which is greater than the
~(.8°-radio diameter by 0.23-0.41° (29-51 per cent larger). Future
observations with more statistics might reveal that the discrepancy
could be similar to that observed for other SNRs, or that the sizes
could indeed be considerably different. There could be several
reasons for this. First, deeper radio observations could reveal a
larger shell. This possibility has been proposed by Araya (2020)
to explain a discrepancy for the SNR G279.0 4+ 1.1 GeV and radio
extensions. However, G 279.0 + 1.1 shows an incomplete shell while
for G17.8 + 16.7 it seems well defined. Another possibility is the
diffusion of relativistic particles that produce gamma rays in the
interstellar medium around the SNR. Recent simulations show that
electrons could produce a halo of hard GeV emission around an SNR,
although having a flux of about 20 to 30 percent of the SNR flux
(Brose, Pohl & Sushch 2021), which would make a detection difficult.
This scenario should be studied in the future with more data. Another
possibility that would account for a discrepancy between the GeV
and radio sizes is that part or all of the gamma-ray emission comes
from a PWN that is perhaps associated to G 17.8 + 16.7, while the
radio emission is from the SNR. Gamma-ray emission from PWNe
can be quite extended. However, no pulsars are reported in The
Australia Telescope National Facility Pulsar Catalogue (Manchester
et al. 2005) within 2.3° of the center of the SNR, and no composite
SNRs are known for which the PWN is larger than the radio shell.
Finally, we cannot rule out that a different gamma-ray source lies
in the same line of sight as G17.8 4+ 16.7. We have found a
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slight discrepancy between the fitted GeV sizes at low and high
energies (considering only their statistical uncertainties) which could
point towards this latter scenario. Future studies with more statistics
and additional multi-wavelength observations will be important to
address this issue.

The gamma-ray point source 4FGL J1722.8 — 0418 shows a
soft GeV spectrum. The spectrum of LAT pulsars is also usually
soft, described by a power law with an exponential cutoff. The
spectral indices are typically found in the range 1-2 and the cutff
energies are of a few GeV (Abdo et al. 2013). This is not the case
for 4FGL J1722.8 — 0418, for which we find a simple power-
law spectrum in the 0.5-500 GeV energy range with an index of
~2.44. However, using classification algorithms, Saz Parkinson et al.
(2016) found that this source could be a pulsar (either a young or a
millisecond pulsar) and it is likely not associated to an active galactic
nucleus. No radio emission was found by Bruzewski et al. (2021) at
the location of the point source. Assuming 4FGL J 1722.8 — 0418 is
a pulsar associated with G 17.8 4 16.7 that has travelled away from
the center of the SNR to its current location 0.94° away, the required

~1
v -1 d ¢ :
pulsar transverse velocity is 2200 km s ( 1.4kpc) ( 10kyr) , with

t the time since the explosion. The mean transverse velocity of pulsars
is ~ 500 kms~! (Lorimer, Bailes & Harrison 1997), rarely exceeding
1000 kms~', although such a high velocity is not impossible.
Therefore, for a high transverse velocity of 1000 kms~! and our
distance range of 1.4-3.5 kpc estimated earlier, an age for the SNR
in the range 22-55 kyr is required. If, on the other hand, no pulsar
association is found for G 17.8 + 16.7, it would be consistent with
it being the remnant of a type la supernova, while most pulsars are
expected to be born in the Galactic plane.

4 SUMMARY

We have found a non-thermal radio source at the location
of the extended gamma-ray source 4FGL J1723.5 — 050le
(FHES J1723.5 — 0501), which we identify as a new SNR,
G17.8 4+ 16.7. The size of its radio shell is 51 arcmin x 45
arcmin. The gamma rays show a hard spectrum consistent with a
leptonic (IC) model. This model predicts synchrotron emission by
the corresponding particle distribution whose spectrum is consistent
with our measured radio spectrum. Such a scenario for the origin of
the GeV emission is also expected in a low-density environment. This
would be consistent with the location of the SNR, which is found
outside the Galactic plane, where low ambient densities are expected.
Comparing the radio and gamma-ray features of G 17.8 4+ 16.7with
those of the known SNR populations, we obtained a distance to the
object in the range 1.4-3.5 kpc. An SNR age of the order of 10 kyr is
compatible with the radio and GeV features, but an older or younger
SNR cannot be ruled out. More multiwavelength observations of this
object should be carried out.
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Figure A1. The radio data of this region as processed in Section 2.1. From left to right, the top row shows raw data from NVSS, CHIPASS, and S-PASS. The
second row shows the NVSS (left) and CHIPASS (right) data after source-subtraction. The bottom row shows the result of feathering the NVSS and CHIPASS
data together (left) and the source-subtracted S-PASS data (right).
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