
MNRAS 510, 2920–2927 (2022) https://doi.org/10.1093/mnras/stab3550 
Advance Access publication 2021 December 7 

G17.8 + 16.7: A new superno v a remnant 

M. Araya , 1 ‹ N. Hurley-Walker 2 and S. Quir ́os-Araya 

1 

1 Escuela de F ́ısica, Universidad de Costa Rica, Montes de Oca, San Jos ́e, 11501-2060, Costa Rica 
2 International Centre for Radio Astronomy Research, Curtin University, Kent St, Bentley, WA 6102, Australia 

Accepted 2021 December 2. Received 2021 December 2; in original form 2021 September 12 

A B S T R A C T 

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 + 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. 

K ey words: ISM: supernov a remnants – gamma-rays: general – radio continuum: general. 
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 I N T RO D U C T I O N  

upernova remnants (SNRs) are important for understanding the
alaxy. They heat up the interstellar medium, enrich the environment
ith heavy elements and accelerate cosmic rays. Almost 300 SNRs

re listed in recent catalogs (e.g. Green 2014 , 2019 ) and more
bjects and candidates are being found, for example in deeper radio
bservations (e.g. Anderson et al. 2017 ; Hurley-Walker et al. 2019 ).
o we ver, se veral thousand SNRs are expected to be found in the
alaxy based on the supernova rate. The discrepancy might be due

o selection effects preventing the discovery of very dim SNRs or
ources located outside the Galactic plane. 

SNRs are known to accelerate particles to relativistic energies.
he radiation that these particles produce shows characteristic
on-thermal features that can help identify an object as an SNR.
istorically, the detection of a synchrotron spectrum in the radio

mission of an SNR has been the natural way to confirm the presence
f such an object (for a re vie w see e.g. Dubner & Giacani 2015 ). 
High-energy emission from SNRs from X-rays to gamma rays has

lso been detected and studied in detail (Reynolds 2008 ; Acero et al.
016 ). Sometimes the accompanying pulsar wind nebula (PWN)
ssociated with an SNR also produces non-thermal emission up to
amma-ray energies. Deep gamma-ray, unbiased, surv e ys could be
seful to find previously unknown SNRs, PWNe or candidates (see
.g. Ackermann et al. 2018 ; H. E. S. S. Collaboration 2018 ; Albert
t al. 2020a , b ). 

The gamma-ray source FHES J 1723.5 − 0501 was disco v ered out-
ide the Galactic plane by Ackermann et al. ( 2018 ) with data from the
ermi Large Area Telescope (LAT). They searched for extended GeV
ources in high Galactic latitude re gions. The y noted the presence of
n unclassified radio shell in the 1.4 GHz continuum emission data
rom the NVSS (Condon et al. 1998 ) along the southwestern edge
f the somewhat larger source FHES J 1723.5 − 0501. This gamma-
 E-mail: miguel.araya@ucr.ac.cr 

b  

l  

s  

fi  

Pub
ay source was therefore proposed to be potentially associated to an
NR or a PWN. In the LAT 4FGL catalog (Abdollahi et al. 2020 )

wo gamma-ray sources are found in the region: the extended source
FGL J 1723.5 − 0501e (associated to FHES J 1723.5 − 0501),
hose energy ( E ) spectrum is described by a simple power-law

unction ( d N d E ∝ E 

−γ , with γ the spectral index), and the point source
FGL J1722.8 − 0418, having a curved spectrum described by a
og-parabola ( d N d E ∝ E 

−α−β log E , with α and β some constants). The
orphology of this extended source is described by a 2D Gaussian
ith a 68 per cent-containment radius of 0.73 ◦. 
In this paper, we present an analysis of radio observations in the

egion of FHES J 1723.5 − 0501 that confirm the existence of a shell
ocated within the extent of the gamma-ray source. Our analysis
eveals a non-thermal spectrum for the radio emission. The shell-
ike appearance and spectrum establish this object as a new SNR,
abeled G 17.8 + 16.7. We also analyzed gamma-ray data from the
AT which confirm that the emission in the region is best described
y an extended source with a hard GeV spectrum. In Section 2, we
escribe the radio and GeV data analyses, and in Section 3, we use
he properties of the emission to constrain some parameters such as
he source distance and age. 

 DATA  ANALYSI S  

.1 Radio obser v ations and data analysis 

iven the high Galactic latitude of G 17.8 + 16.7, it can only be
etected in relati vely shallo w wide-area sky surveys, rather than the
eeper images often available from targeted Galactic plane surv e ys.
f the archives we searched, it was most clearly detected in the
RAO Very Large Array Sk y Surv e y (NVSS; Condon et al. 1998 )

s a partially-resolved crescent of diameter ∼0.95 ◦ (see Appendix
elow, which also shows other data used in this section). This is
arger than the maximum angular scale to which NVSS is sensitive,
o a total flux density cannot be measured from these data alone. To
ll in these larger angular scales, we used the continuum map of the
© 2021 The Author(s) 
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G17.8 + 16.7: A new supernova remnant 2921 

Figure 1. F our de g 2 of the re gion surrounding G 17.8 + 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 

−1 and 640 mJy beam 

−1 have been subtracted from the left and right images, respectively. An ellipse centred on 17 h 24 m 10.5 s – 5 ◦10 
′ 
52.5 

′′ 
, 

size 51 arcmin × 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. 
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I P arkes All-Sk y Surv e y (CHIPASS; Calabretta, Stav ele y-Smith &
arnes 2014 ), a radio sky survey 1 at 1.4 GHz covering Dec < + 25 ◦

t 14.4 arcmin resolution. Following the method of Becker et al. 
 2021 ), we selected all compact sources detected in NVSS in the
e gion, convolv ed them to match the CHIPASS resolution, produced 
n output FITS image in the same sky frame as the CHIPASS
ata, and subtracted the NVSS model from the CHIPASS image 
in Jy beam 

−1 ). 
We used the software POLY FLUX (Hurley-Walker et al. 2019 ) to
easure the total flux densities of G 17.8 + 16.7 in each band; the tool

stimates and subtracts a mean background level. Since the selection 
f the boundaries of the SNR is some what subjecti ve, we used the
ool ten times and recorded the average result, finding that the total
ux density at 1.4 GHz is 2.1 ± 0.1 Jy. 
We performed a similar process on the S-band Polarization All Sky 

urv e y (S-PASS; Carretti et al. 2019 ), a 2.3-GHz surv e y of polarized
adio emission co v ering the Southern sky (Dec < −1 ◦) at 8.9 arcmin
esolution. To scale the flux densities of the NVSS sources from
.4 GHz to 2.3 GHz, we used the spectral indices from the catalog
roduced by de Gasperin, Intema & Frail ( 2018 ). Subtracting this
odel from the S-PASS Stokes I results in the right-hand panel of
ig. 1 . Running POLY FLUX repeatedly we find that the total flux
ensity at 2.3 GHz is 1.45 ± 0.05 Jy; the uncertainty is dominated
y the less clean source subtraction, particularly for two sources on 
he edge of the shell. 

Since CHIPASS and NVSS sample different but complementary 
ngular scales, it is instructive to combine the images in the Fourier
omain, a process known as ‘feathering’ (Cotton 2017 ). We used a
ustom PYTHON command 2 derived from the implementation in the 
ommon Astronomy Software Applications ( CASA ) to perform this 
peration, and the result is shown in the left-hand panel of Fig. 1 .
 ht tps://www.at nf.csiro.au/people/mcalabre/CHIPASS/index.ht ml 
 https://github.com/nhurleywalker /feather 

c

3
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 17.8 + 16.7 is clearly visible as a sharp-edged elliptical shell which
s quite filled, and brighter and more defined toward the Eastern side.

No detections with signal to noise sufficient to determine a radio
ux density were made in any other sky surveys. From the 1.4
nd 2.3 GHz flux density measurements we calculated a two-point 
pectral index, finding α = −0.75 ± 0.15 for S ∝ να . This is
onsistent with non-thermal emission from a synchrotron-emitting 
hell supernova remnant. 

.2 Archi v al X-ray obser v ations 

e searched the archives of the X-ray observatories but found 
o pointed (deep) observations that co v ered this field. On initial
nspection, G 17.8 + 16.7 is not visible in the ROSAT All-Sky Survey
RASS; Voges et al. 1999 ). Ho we ver , after con volution with an ∼11
rcmin Gaussian kernel, some emission is visible in the RASS hard-
nergy band (0.5–2.0 keV); there is no detection in the soft-energy
and (0.1–0.4 keV; see Fig. 2 ). The hard X-ray emission correlates
ell with the radio shell on the Eastern side, and correlates more

learly with the gamma-ray emission (Section 2.3) on the Western 
ide. The counts within the radio shell are about 50 per cent higher
han the background in this area. 

.3 Gamma-ray obser v ations 

he Fermi -LAT is a converter/tracker telescope detecting gamma 
ays in the energy range between 20 MeV and � 1 TeV (Atwood et al.
009 ). We gathered LAT data taken from August 2008 to July 2021 in
he energy range 0.5–500 GeV for the analysis. We used the software
ermitools version 2.0.8 by means of the fermipy package 
ersion 1.0.0 to perform the analysis. We applied the recommended 
uts for the analysis, 3 selecting good quality front and back-converted 
 See https:// fermi.gsfc.nasa.gov/ ssc/ data/analysis/ documentation/ Cicerone 
Cicerone Data Exploration/Data preparation.html 

MNRAS 510, 2920–2927 (2022) 

art/stab3550_f1.eps
https://www.atnf.csiro.au/people/mcalabre/CHIPASS/index.html
https://github.com/nhurleywalker/feather
https://fermi.gsfc.nasa.gov/ssc/data/analysis/documentation/Cicerone/Cicerone_Data_Exploration/Data_preparation.html


2922 M. Araya, N. Hurley-Walker and S. Quir ́os-Araya 

Figure 2. 13 deg 2 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 (0.5–2.0 keV). 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. 
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Table 1. Results of the morphological analysis of Fermi -LAT data. 

Spatial model Fitted size a ( ◦) � AIC 

b 

Disc 1 . 09 + 0 . 04 
−0 . 05 54.3 

Gaussian 0 . 83 + 0 . 08 
−0 . 07 36.2 

Disc + PS 0 . 55 + 0 . 05 
−0 . 03 10.3 

Gaussian + PS 0 . 68 + 0 . 07 
−0 . 16 0 

Notes. a Radius for the disc and 68 per cent-containment radius for the 
Gaussian and their 1 σ statistical uncertainties. 
b � AIC is equal to the value of AIC for each model minus the AIC value for 
the best-fit model. 
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vents in the SOURCE class ( evclass = 128 , evtype = 3 ),
nd having zenith angles lower than 90 ◦ to a v oid contamination
rom Earth’s limb. We used the corresponding response functions
or Pass 8 analysis, P8R3 SOURCE V3 and binned events with
 spatial scale of 0.05 ◦ and with ten bins per decade in en-
rgy for exposure calculations. We included events reconstructed
ithin 15 ◦ from the coordinates RA (J2000) = 17 h 24 m 00 s , Dec

J2000) =−5 ◦12 
′ 
00 

′′ 
, defined as the region of interest (RoI). We

ncluded the sources in the 4FGL-DR2 catalog (Abdollahi et al.
020 ) that are located within 20 ◦ of the center of the RoI, except
or 4FGL J 1723.5 − 0501e and 4FGL J 1722.8 − 0418, since
e carried out a more detailed analysis of their emission. We
odeled the diffuse Galactic emission and the isotropic emission

including the residual cosmic ray background) with the standard
les gll iem v07.fits and iso P8R3 SOURCE V3 v1.txt ,
espectiv ely, pro vided by the LAT team. 4 We applied the energy
ispersion correction to all sources except for the isotropic diffuse
mission component, as recommended by the LAT team. 5 We applied
he maximum likelihood technique (Mattox et al. 1996 ) and fitted
ny free morphological or spectral parameters of the sources in order
o maximize the probability for the model to explain the data. The
etection significance of a source can be calculated using the test
tatistic (TS), defined as −2 log ( L 0 / L ), with L and L 0 being the
aximum likelihood functions for a model containing the source

nd for the model without the additional source (the null hypothesis),
espectively. 

Taking advantage of the impro v ed point-spread function of the
AT at higher energies, we performed a morphological analysis
f the emission in the region of G 17.8 + 16.7 using events
 See https:// fermi.gsfc.nasa.gov/ ssc/ data/access/ lat/ BackgroundModels.htm 
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ith reconstructed energies abo v e 5 GeV. We left free the spectral
ormalizations of the 4FGL sources located within 10 ◦ of the RoI
enter, while for the sources located within 5 ◦ of the RoI center we
eft all spectral parameters free. We used the Akaike Information
riterion (Akaike 1974 ), defined as AIC = 2 k − 2 ln ( L ), where k is

he number of free parameters in the model, to compare the relative
uality of the morphological models. We compared the following
ypotheses for the emission: a symmetric 2D Gaussian, a uniform
isc, a symmetric 2D Gaussian with a point source, and a uniform
isc with a point source (for the definition of the extended models,
ee Lande et al. 2012 ). For each case we let the location and extension
f the sources free to vary and performed a likelihood profile scan
o find the maximum model likelihood. We also assumed simple
ower-laws for the spectra of the sources, which is justified below.
he results are shown in Table 1 . A model consisting of a Gaussian
nd a point source result in the lowest AIC value and is therefore the
est description among the tested models. The point source was found
ith the tool find sources and its location is consistent with that
f 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
odel impro v es the quality of the fit and is important to correctly
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G17.8 + 16.7: A new supernova remnant 2923 

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 1 σ uncertainty region (thin dashed lines). The location of the point 
source 4FGL J 1722.8 − 0418 is indicated by the cross. 

e  

q
d
o
I  

s  

t  

a
e
t
c

o
e
t
t
W
A  

i
d  

t
a  

6

c

T
t

e  

W
5  

s  

2  

t  

t
a  

g  

a
t
S  

o  

f  

t
t  

G  

h  

D
ow

nloaded from
 https://academ

ic.oup.com
/m

nras/article/510/2/2920/6455324 by C
urtin U

niversity Library user on 16 M
ay 2023
stimate the size of the extended source, as seen in Table 1 . We
uantified the significance of extension by calculating twice the 
ifference between the log L for an extended source model and that 
btained with a point-like source model at its best-fitting position. 
n all cases the extended source model is preferred o v er a point
ource for the emission in the region of G 17.8 + 16.7. For the last
wo models in Table 1 , we found TS ext = 55.3 for the disc model
nd TS ext = 65.6 for the Gaussian. The 68 per cent-containment 
xtension of the Gaussian in our best-fitting model is consistent with 
he extension reported for 4FGL J 1723.5 − 0501e in the 4FGL 

atalog (Abdollahi et al. 2020 ). 
We estimated the effect of the systematic uncertainty in the model 

f the diffuse Galactic emission on the measurement of the source 
xtension. The uncertainties in this model could be important for the 
reatment of extended sources, even though the effect is expected 
o be larger at the lowest energies where this emission dominates. 

e used the eight alternative model files developed originally by 
cero et al. ( 2016 ), scaled appropriately to account for differences

n energy dispersion between Pass 7 and Pass 8 reprocessed 
ata. 6 We fitted the source extension using both the uniform disc and
he 2D Gaussian for each alternative Galactic diffuse emission model 
nd estimated the systematic uncertainty as in Acero et al. ( 2016 ).
 See https:// fermi.gsfc.nasa.gov/ ssc/ data/access/ lat/ Model details/Pass8 res 
aled model.html 

t
 

fi  

d

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

We also searched for hints of energy dependent morphology, as 
 xpected for e xample from electron cooling and transport in PWNe.
e divided the data in two energy intervals, 5–40 GeV and 40–

00 GeV. These energy intervals were chosen as to contain enough
tatistics to confirm a significant extension of the source with TS ext >

0. We fitted the source extension in each interval and the results for
he low and high-energy data sets were 0 . 54 + 0 . 14 ◦

−0 . 10 and 0 . 92 + 0 . 22 ◦
−0 . 17 for

he 68 per cent-containment radii of the 2D Gaussian, and 0 . 54 + 0 . 04 ◦
−0 . 03 

nd 0 . 66 + 0 . 05 ◦
−0 . 04 for the disc radii, respectively (1 σ statistical errors

iv en). The discrepanc y between the measured extensions at the low
nd high energies, considering statistical uncertainties only, is then at 
he 1.5 – 2 σ level, depending on the morphological model adopted. 
lightly higher extensions are seen at higher energies, which is the
pposite behaviour to that expected in a PWN. The centroid locations
ound for the discs at the low and high energies are incompatible at
he 3 σ level, considering their statistical uncertainties only, while 
he 1 σ error ellipses on the location of the centroids found with the
aussian templates do o v erlap. The centroids of the emission at the
ighest energies are shifted towards the south east with respect to
hose found in the low energy interval. 

In order to further study this slight tension, we performed a new
t in the 5–500 GeV energy range to probe the existence of two

ifferent extended sources. We modeled the GeV emission from the 
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Figure 4. SED of G 17.8 + 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 
1 σ statistical uncertainty on the spectral fit in the 0.5–500 GeV energy range. 
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NR with a uniform disc with a fixed radius of 0.4 ◦, centred at the
osition described in Fig. 1 , and we searched for an additional source
tting its location and extension by means of a likelihood profile
can under the uniform disc hypothesis. The best-fitting radius of
he new disc and its 1 σ statistical uncertainty is 1 . 32 + 0 . 05 ◦

−0 . 06 , with
ts centre located within the radio shell of the SNR. This model
hows a � AIC = 1.6 with respect to the best-fitting model found
efore including only one extended source, and therefore results
n no statistical impro v ement. Future studies with more statistics
ill be important to better understand the morphology of the 

mission. 
A TS map obtained from LAT data in a broader energy range, 1–

00 GeV, to impro v e the statistics, is shown in Fig. 3 . The emission
n the region of G 17.8 + 16.7 as well as that of the point source
FGL J1722.8–0418 are clearly visible. The GeV emission is more
ignificant within the shell boundary of G 17.8 + 16.7, as seen in the
gure. 
Using events in the entire energy range, 0.5–500 GeV, we tested for

pectral curvature with a log-parabola function. The TS values only
arginally impro v ed with respect to the fits using the simple power-

aw as the spectral shape for 4FGL J 1722.8 − 0418 ( � TS = 2.4)
nd for the extended emission ( � TS = 2.7), indicating that in this
nergy range a simple power-law shape is preferred for both sources.
he resulting spectral indices (and their 1 σ uncertainties) are
.44 ± 0.02 stat ± 0.07 sys for 4FGL J 1722.8 − 0418 (which has
n o v erall TS = 231.6), in agreement with the studies of this point
ource by Dai et al. ( 2016 ), and 1.83 ± 0.02 stat ± 0.05 sys for the
xtended source (with TS = 153.2). The systematic uncertainty in the
pectral index for the extended source includes the effects of using
he alternati ve dif fuse Galactic background models described earlier,
s well as the effect of replacing the Gaussian morphology with the
NRAS 510, 2920–2927 (2022) 
est-fitting disc morphology. Changing the morphology to describe
he emission is the dominant source of systematic uncertainty. The
eV spectrum of 4FGL J 1722.8 − 0418 is clearly softer than that of

he extended source. The spectral energy distribution (SED) fluxes
f G 17.8 + 16.7 were obtained dividing the data in ten energy
ntervals and fitting the normalization in each bin. They are shown
elow in Fig. 4 . 

 DI SCUSSI ON  

.1 Limits on age and distance 

n the absence of a measured distance, we can use the morphological
nd brightness properties of the SNR to infer limits on the physical
haracteristics. Studies of the Local Group galaxies and Magellanic
louds have demonstrated that SNR 1.4-GHz luminosities typically
ave values in the range 5 × 10 14 < L 1.4GHz < 10 17 W Hz −1 (e.g.
ase & Bhattacharya 1998 ). Assuming that G 17.8 + 16.7 is more

uminous than 5 × 10 14 W Hz −1 , we can obtain a limit on its

istance from Earth by 
√ 

L 1 . 4GHz 
4 πS 1 . 4GHz 

, i.e. d > 1.4 kpc (and diameter

 > 20 pc). Assuming a low ISM density of 0.1 cm 

−3 and using
therwise standard values in the SNR evolutionary model calculator
rovided by Leahy & Williams ( 2017 ), we find that for D > 20 pc,
he source must be > 10 kyr old. Given its clearly defined edges and
lled disc, we suggest it is still in the Sedov–Taylor phase, and not

ikely to be more than an order of magnitude older than this, which
ields D < 50 pc and d < 3.5 kpc. Ho we ver, since there are few
nown high-latitude SNRs, these values are only estimates, and a
irect measurement may be difficult for faint SNRs without obvious
olecular cloud or pulsar associations. 
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.2 Gamma-ray properties 

 hard GeV spectrum such as that observed for G 17.8 + 16.7is
xpected under an inverse Compton (IC) scenario, where high-energy 
lectrons accelerated in the shock of the SNR interact with soft
mbient photon fields, such as the cosmic microwave background, to 
roduce the gamma rays. This mechanism for the production of high- 
nergy emission would be more natural in a region located outside the 
alactic plane where G 17.8 + 16.7 is found and the matter density

s expected to be low. This leptonic-IC scenario for the gamma rays
s consistent with our radio observations. Under this model, and 
iven the measured GeV spectral index γ ∼ 1.83 ( d N d E ∝ E 

−γ ), the
redicted radio spectral index for the synchrotron emission ( S ∝ να)
rom the same uncooled population of electrons is α = 1 − γ = 

0.83, fully consistent with our measured value of −0.75 ± 0.15. 
e used the naima package (Zabalza 2015 ) to fit the radio and GeV

uxes with a one-zone leptonic model using a particle distribution 
hat is a power law with an exponential cutoff. The radio fluxes
esult from synchrotron emission from electrons in a magnetic field 
hile the gamma rays are from IC scattering of cosmic microwave 
ackground (CMB) photons by the same electrons. The results are 
hown in Fig. 4 . The required magnetic field is B = 1 . 06 + 0 . 33 

−0 . 23 μG,
he spectral index and cutoff energy of the lepton distribution are 
.5 ± 0.1 and 57 + 61 

−30 TeV, respectively. The total energy content in 
he relativistic electrons (integrated above a particle energy of 1 GeV) 

mounts to (1 . 4 + 0 . 9 
−0 . 6 ) × 10 49 

(
d 

3 kpc 

)2 
erg, normalized to an arbitrary

istance of 3 kpc. This is only between 0.3 per cent and 1.8 per cent
f the typical kinetic energy available in an SNR shock (10 51 erg)
or a distance range of 1.4–3.5 kpc. Given that the GeV spectrum of
 17.8 + 16.7 is described by a power law with no apparent cutoff,

he resulting cutoff in the particle distribution is not well constrained. 
bservations in the TeV energy range should be carried out for this
urpose. 
Another mechanism for the origin of gamma-ray emission are 

nelastic collisions of relativistic protons, accelerated by the SNR, 
ith ambient protons. In this case, a high density of matter is

equired to enhance the flux of gamma rays. Since the gamma- 
ay distribution approximately follows the parent proton distribution 
n this hadronic scenario (see e.g. Blasi 2013 , for a re vie w), a
roton distribution harder than predicted by linear dif fusi ve shock 
cceleration theory would be required in order to explain the GeV 

pectrum of G 17.8 + 16.7. Ho we ver, if dense clumps of gas exist
ithin the shell of an SNR and the highest energy protons are able

o interact with this gas, it has been shown that a hard GeV spectrum
ould be produced (Gabici & Aharonian 2014 ). 

Our estimated gamma-ray luminosity of G 17.8 + 16.7 in the 
–100 GeV energy interval is ∼9 × 10 33 erg s −1 for an arbitrary
ource distance of 3 kpc chosen within our estimated range. This
uminosity is between one and two orders of magnitude lower than 
he typical luminosities of evolved SNRs interacting with dense gas 
louds (Acero et al. 2016 ). Our measurements are therefore more 
onsistent with a low-density environment around the SNR and a 
eptonic 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 
ollowing the trend seen by Acero et al. ( 2016 ) where sources with
arder GeV spectra tend to be usually younger SNRs. Ho we ver,
e note that there is a large scatter in the age of their sample
NRs even for hard GeV spectra ( ∼ 1–60 kyr). This could be due

o the complexity in the environments of SNRs. SNRs with an age
0.5 × 10 4 yr in low-density environments (with number density 
 0.1 cm 

−3 ) and low magnetic fields are predicted to show gamma-
ay fluxes dominated by IC emission with a hard GeV spectrum
Ohira et al. 2012 ; Yasuda & Lee 2019 ). Other SNRs with a very
imilar gamma-ray spectrum are the faint radio source G 279.0 + 1.1
Araya 2020 ), whose age is unknown but shows features of an
volved SNR, and a dim SNR recently discovered, G 150.3 + 4.5,
Gao & Han 2014 ; Devin et al. 2020 ). Other extended sources with
imilar GeV spectra, although with no known counterparts at other 
avelengths, 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
oung SNRs (SN 1006, RX J1713.7–3946, RCW 86, with ages of
–2 kyr, Xing et al. 2019 ; Abdo et al. 2011 ; Ajello et al. 2016 ).
nother feature of G 17.8 + 16.7 that resembles a young SNR is

ts steep radio spectrum (see Uro ̌sevi ́c 2014 , for examples of radio
pectra). Ho we ver, G 17.8 + 16.7 has fainter X-ray emission than
oung SNRs (Section 2.2); deeper X-ray observations in this band 
ould yield useful results, e.g. emission lines to help discriminate 

he progenitor, the properties of the plasma, the distance to the source
nd the possible presence of non-thermal emission from the highest 
nergy electrons. As pointed out before recent simulations predict 
he SED of SNRs with ages of up to at least 5 kyr to be dominated
y IC emission at gamma-ray energies with low synchrotron fluxes 
Yasuda & Lee 2019 ). Such an age is more compatible with the
redicted value (10 4 yr) for a low density environment mentioned 
arlier. 

It is interesting to compare the extension of the radio shell with
hat of the GeV emission. As seen in Fig. 3 , the gamma-ray source
s more extended than the radio source. Gamma-ray emitting SNRs 
how very similar radio and GeV angular diameters (Acero et al.
016 ). GeV diameters of LAT-detected SNRs are found within ∼0.3 ◦

nd ∼20 per cent of their radio diameters (Acero et al. 2016 ). Taking
he radius of the GeV disc in our fit as a measure of the radius of the
amma-ray source and its corresponding uncertainty, which results 
rom combining the statistical uncertainty (reported in Table 1 ) with
he systematic uncertainty in quadrature, the diameter of the gamma- 
ay source is in the range 1.03–1.21 ◦, which is greater than the
0.8 ◦-radio diameter by 0.23–0.41 ◦ (29–51 per cent larger). Future 

bservations with more statistics might reveal that the discrepancy 
ould be similar to that observed for other SNRs, or that the sizes
ould indeed be considerably different. There could be several 
easons for this. First, deeper radio observations could reveal a 
arger shell. This possibility has been proposed by Araya ( 2020 )
o explain a discrepancy for the SNR G 279.0 + 1.1 GeV and radio
xtensions. Ho we ver, G 279.0 + 1.1 shows an incomplete shell while
or G 17.8 + 16.7 it seems well defined. Another possibility is the
if fusion of relati vistic particles that produce gamma rays in the
nterstellar medium around the SNR. Recent simulations show that 
lectrons could produce a halo of hard GeV emission around an SNR,
lthough having a flux of about 20 to 30 per cent of the SNR flux
Brose, Pohl & Sushch 2021 ), which would make a detection difficult. 
his scenario should be studied in the future with more data. Another
ossibility that would account for a discrepancy between the GeV 

nd radio sizes is that part or all of the gamma-ray emission comes
rom a PWN that is perhaps associated to G 17.8 + 16.7, while the
adio emission is from the SNR. Gamma-ray emission from PWNe 
an be quite extended. Ho we ver, no pulsars are reported in The
ustralia Telescope National Facility Pulsar Catalogue (Manchester 

t al. 2005 ) within 2.3 ◦ of the center of the SNR, and no composite
NRs are known for which the PWN is larger than the radio shell.
inally, we cannot rule out that a different gamma-ray source lies

n the same line of sight as G 17.8 + 16.7. We have found a
MNRAS 510, 2920–2927 (2022) 
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light discrepancy between the fitted GeV sizes at low and high
nergies (considering only their statistical uncertainties) which could
oint towards this latter scenario. Future studies with more statistics
nd additional multi-wavelength observations will be important to
ddress this issue. 

The gamma-ray point source 4FGL J 1722.8 − 0418 shows a
oft GeV spectrum. The spectrum of LAT pulsars is also usually
oft, described by a power law with an exponential cutoff. The
pectral indices are typically found in the range 1–2 and the cutff
nergies are of a few GeV (Abdo et al. 2013 ). This is not the case
or 4FGL J 1722.8 − 0418, for which we find a simple power-
aw spectrum in the 0.5–500 GeV energy range with an index of

2.44. Ho we ver, using classification algorithms, Saz Parkinson et al.
 2016 ) found that this source could be a pulsar (either a young or a
illisecond pulsar) and it is likely not associated to an active galactic

ucleus. No radio emission was found by Bruzewski et al. ( 2021 ) at
he location of the point source. Assuming 4FGL J 1722.8 − 0418 is
 pulsar associated with G 17.8 + 16.7 that has trav elled a way from
he center of the SNR to its current location 0.94 ◦ away, the required

ulsar transv erse v elocity is 2200 km s −1 
(

d 

1 . 4 kpc 

) (
t 

10 kyr 

)−1 
, with

 the time since the explosion. The mean transverse velocity of pulsars
s ∼ 500 km s −1 (Lorimer, Bailes & Harrison 1997 ), rarely exceeding
000 km s −1 , although such a high velocity is not impossible.
herefore, for a high transverse velocity of 1000 km s −1 and our
istance range of 1.4–3.5 kpc estimated earlier, an age for the SNR
n the range 22–55 kyr is required. If, on the other hand, no pulsar
ssociation is found for G 17.8 + 16.7, it would be consistent with
t being the remnant of a type Ia supernova, while most pulsars are
xpected to be born in the Galactic plane. 

 SUMMARY  

e have found a non-thermal radio source at the location
f the extended gamma-ray source 4FGL J 1723.5 − 0501e
FHES J 1723.5 − 0501), which we identify as a new SNR,
 17.8 + 16.7. The size of its radio shell is 51 arcmin × 45

rcmin. The gamma rays show a hard spectrum consistent with a
eptonic (IC) model. This model predicts synchrotron emission by
he corresponding particle distribution whose spectrum is consistent
ith our measured radio spectrum. Such a scenario for the origin of

he GeV emission is also expected in a low-density environment. This
ould be consistent with the location of the SNR, which is found
utside the Galactic plane, where low ambient densities are expected.
omparing the radio and gamma-ray features of G 17.8 + 16.7with

hose of the known SNR populations, we obtained a distance to the
bject in the range 1.4–3.5 kpc. An SNR age of the order of 10 kyr is
ompatible with the radio and GeV features, but an older or younger
NR cannot be ruled out. More multiwavelength observations of this
bject 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 ro w sho ws raw data from NVSS, CHIPASS, and S-PASS. The 
second ro w sho ws 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). 

This paper has been typeset from a T E 

X/L 

A T E 

X file prepared by the author. 

MNRAS 510, 2920–2927 (2022) 

D
ow

nloaded from
 https://academ

ic.oup.com
/m

nras/article/510/2/2920/6455324 by C
urtin U

niversity Library user on 16 M
ay 2023

art/stab3550_fa1.eps

	1 INTRODUCTION
	2 DATA ANALYSIS
	3 DISCUSSION
	4 SUMMARY
	ACKNOWLEDGEMENTS
	DATA AVAILABILITY
	REFERENCES
	APPENDIX 

