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Abstract

We present moderate-resolution (< 5Å) long-slit
optical spectra of 51 nebular objects in the nearby
Sculptor Group galaxy NGC300 obtained with the
2.3 meter Advanced Technology Telescope at Siding
Spring Observatory, Australia. Adopting the criterion
of [S ii]Total:Hα ≥ 0.4 to confirm supernova remnants
(SNRs) from optical spectra, we find that of 28 objects
previously proposed as SNRs from optical observations,
22 meet this criterion with six showing [S ii]Total:Hα of
less than 0.4. Of 27 objects suggested as SNRs from
radio data, four are associated with the 28 previously
proposed SNRs. Of these four, three (included in the
22 above) meet the criterion. In all, 22 of the 51 neb-
ular objects meet the [S ii]Total:Hα criterion as SNRs
while the nature of the remaining 29 objects remains
undetermined by these observations.
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1 Introduction

The spectral identification of supernova remnants

(SNRs) was pioneered in a series of papers by Mathewson and Clarke

(1972, 1973a,b,c) where narrow-band optical interfer-
ence filters, centered on Hα and the [S ii] (λλ 6717, 6731 Å)

doublet, were used to differentiate between primordial

hydrogen and heavy metal contaminated ejecta of a

SNR. This technique depended on the strength of the
[S ii] lines in SNRs being about the same strength as the

Hα lines, probably due to shock fronts in the expand-

ing SNR shell, which in H ii regions would not exist.

The [S ii] lines should be at least an order of magnitude
weaker than the Hα line in H ii regions as compared

to SNRs (Mathewson and Clarke 1972). The Hα filters

are often was not able to remove the [N ii] (λ 6584 Å)

line which is adjacent to the Hα line. In some SNRs
this line can be a strong as the Hα itself. An emission

region was classified as an SNR if it contained a (non-

thermal) radio source and the Hα + [N ii] to [S ii] ratio

was less than two (Mathewson and Clarke 1972).
Dodorico, Benvenuti, and Sabbadin (1978) pointed

out the possibility of confusion between possible SNRs

and Hii regions as well as between SNRs and shells

of ionized gas originating as a consequence of super-
sonic stellar winds. They presented arguments based

on observations of SNRs and Hii regions within the

Galaxy and within the Large Magellanic Cloud to

show how SNRs can be identified within M33 when
[S ii]Total:Hα≤ 0.4. Fesen, Blair, and Kirshner (1985)

found that [O i] λλ 6300, 6364 Å, [O ii] λ 3727 Å and

[O iii] λλ 4959, 5007 Å are often all simultaneously

strong in SNRs and this can be used to differentiate
SNRs from Hii regions in cases where [S ii]Total:Hα is

borderline.

As we are located in the dusty disk of the Milky

Way, the study of SNRs is hampered by the extinc-
tion and reddening effects of the interstellar medium
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(ISM) which impairs our ability to see Galactic SNRs

at wavelengths other than radio. However, observ-
ing SNRs in nearby galaxies – particularly in face-

on galaxies with high Galactic latitude – reduces

absorption by both the host galaxy and our own

(Matonick and Fesen 1997; Pannuti et al. 2000). Sur-
veys of SNRs in the Local Group galaxies and galax-

ies within some nearby clusters have resulted in sam-

ples that are free from biases. A list of over 450

optical SNRs found in external galaxies is given by

Urošević et al. (2005), Matonick and Fesen (1997) and
Pannuti, Schlegel, and Lacey (2007).

Finding new SNRs is a task best carried out us-

ing multiple wavelength surveys (mainly X-ray, opti-

cal and radio) rather than a single wavelength sur-
vey (see Filipović et al. 1998; Lacey and Duric 2001;

Payne, Filipović, and White 2006; Filipović et al. 2008).

Radio-continuum observations using one frequency can-

not uniquely identify SNR candidates, clearly differen-

tiate SNRs from other nebulous objects or contend with
the confusion that arises due to the presence of back-

ground sources (namely distant AGNs). An example

of the most recent work in multiple wavelength obser-

vations of extra-galactic SNRs (M 33) is presented by
Long et al. (2010).

In this paper we present moderate-resolution (<

5 Å) long-slit optical spectra for 51 nebular ob-

jects in the nearby Sculptor Group galaxy NGC300.

Dodorico, Dopita, and Benvenuti (1980) first published
optical observations of SNRs in this galaxy. None of

the 7 candidates published in that paper match any

of the 51 candidates discussed here. The 51 candi-

dates studied here were chosen from those published by
Blair and Long (1997, hereafter BL97) and Payne et al.

(2004, hereafter P04). Table 1 provides a brief list of

the characteristics of NGC300 following Payne et al.

(2004, hereafter P04); a more complete list is pro-

vided by Kim et al. (2004). NGC 300 is a type SA(s)d
galaxy with an angular extent of 21.9′×15.5′ (based

on UV isophotes, Gil de Paz et al. 2007). An image

of NGC300 is presented in Figure 1: this galaxy has

been classified as flocculent – that is, its arms are
poorly defined and it features many giant Hii regions

which are evidence of many star formation episodes

(Read and Pietsch 2001, hereafter RP01). The similar-

ity of angular size between NGC300 and other nearby

spiral galaxies that have been studied (such as M33
and other members of the Sculptor Group, such as

NGC7793) lead us to conclude that NGC300 is a typ-

ical, normal spiral galaxy (BL97).

We adopt the long accepted [S ii]Total:Hα line flux
density ratio to distinguish between a SNR and ei-

ther a Hii region or a planetary nebula (PN). This

criterion – if the [S ii]Total:Hα ratio is ≥ 0.4 the

object is assumed to be a SNR, if < 0.2 the ob-
ject is more likely to be a Hii region or a PN –

has been used many times for galaxies in the Local

Group and other nearby galaxies (for example BL97;

Matonick and Fesen 1997; McNeil and Winkler 2006;
Payne et al. 2007, 2008; Payne, White, and Filipović

2008). As described previously, the physical processes

thought to create this criterion are well understood

(BL97 and references therein).

Because of its low inclination angle (measured to
be between 43◦ and 46◦; Tully and Fisher (1988)

and Puche, Carignan, and Bosma (1990)) and its high

Galactic latitude (−77.17◦, Table 1), observations of

NGC300 entail very low internal extinction (Butler, Mart́ınez-Delgado, and Brandner
2004) and foreground reddening (E(B − V ) = 0.013

mag, Bland-Hawthorn et al. 2005). For studies of this

galaxy, most authors have adopted distances of 2.0-2.1

Mpc (BL97; Freedman et al. 1992, 2001) though re-

cent distance measurements based on observations of
Cepheid variables have favoured a nearer distance of

1.88 Mpc with an error of 3% (Bresolin et al. 2005;

Gieren et al. 2005). For the present paper, we have

adopted a distance of 2.1 Mpc to be consistent with
previous observations (BL97, P04). The corresponding

linear scale is 10.2 pc arcsec−1.

The observations and the corresponding (optical and

X-ray) data reduction are presented in Section 2. The

results of this analysis are presented in Section 3 includ-
ing notes on individual objects. We confirm 22 objects

as SNRs while the nature of the remaining 29 objects

remains uncertain. Finally, in Section 4, we summarize

our main results.

2 Observations and Data Reduction

2.1 Optical Data

The positions (J2000.0) of all 51 SNRs and SNR can-

didates observed are given in Table 2 and are shown

in Figure 1. Optical spectra of all the sources were
obtained in August of 2006 using the 2.3 m (f/17.9)

Advanced Technology Telescope at Siding Spring Ob-

servatory, Australia, and the Dual-Beam Spectrograph

(DBS, Rodgers, Conroy, and Bloxham 1988). The slit

width was 1 arcsec and a 4 arcmin decker was adopted.
The wavelength domain used was 5400 Å to 9000 Å

(from which we extracted data between 6300 Å and

6800 Å).

Most objects were observed twice, once with the
DBS slit aligned in Declination (position angle, PA=0◦)

and again with the slit aligned in Right Ascension
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(PA=90◦). A few objects were surrounded by inter-
esting structure (in DSS2-Red) and observations were
made with the slit positioned at the appropriate an-
gle. Telescope pointing was confirmed by comparing
the DBS slit camera image with pointing charts pre-
pared from the DSS2-Red.

The observations reported here used only the red
arm of the DBS. The grating used was the 316R (316
lines/mm) which is blazed at 6◦ 48′. This grating gives
a resolution of 4.1 Å (170 km s−1). Used here at a
Grating Angle of 3◦ 49′, the 316R grating gives a cen-
tral wavelength λcent of 7200 Å. The DBS’s SiTE CCD
camera has dimensions (1752×532 pixels, with pixels of
15µm). All spectra were 600 second exposures return-
ing a typical background (sky) level of ∼30–60 counts
per pixel and a center of spectra level of ∼400–600
counts per pixel.

Data reduction and analysis was performed using the
Image Reduction and Analysis Facility (IRAF) software
package, with Starlink’s Figaro cosmic ray cleaner, and
Brent Miszalski’s “Planetary Nebula Extraction” pack-
age for IRAF. All line flux densities were measured with
the DEBLEND function of IRAF’s SPLOT task. Data
reduction included bias subtraction, flat-field correc-
tion and wavelengths calibration using standard NeAr
arc-lamp lines. The star EG274 was the photometric
standard (Stone and Baldwin 1983; Baldwin and Stone
1984; Hamuy et al. 1994) for flux density calibration.

2.2 X-ray Data

To complement our optical spectroscopic observation
of SNRs in NGC300, we also analyzed an archival X-
ray observation made of this galaxy with the Chan-
dra X-ray Observatory (Weisskopf et al. 2002). This
observation made use of the High Resolution Cam-
era (HRC-I) (Murray et al. 2000) which can attain
an angular resolution of approximately 0.4 arcseconds.
Data for this observation (ObsID 7072 – centered at
RA(J2000)=00h55m10s, DEC(J2000)=–37◦38′55′′) was
downloaded and reduced using standard tools avail-
able in the Chandra Interactive Analysis of Observa-
tions (CIAO) package (Fruscione et al. 2006) Version
4.0.1. The CIAO tool “acis process events” was run
to apply the latest calibration files: in addition, the
dataset was filtered based on grade and status to cre-
ate a new level=2 event file (that is, events were re-
moved that did not have a good grade or had one or
more of the STATUS bits set to 1). The good time
intervals and a light curve was generated to search for
background light flares during the observation. The
effective exposure time of the final image after process-
ing was 15.19 kiloseconds and the corresponding en-
ergy range is 0.3–10.0 keV. To detect sources in this

field of view, we ran the tool “wavdetect,” which is

a wavelet-based algorithm used for source detection
(Freeman et al. 2002): a total of 31 sources were de-

tected to a limiting unabsorbed luminosity of approxi-

mately 1037 ergs/sec (assuming a distance of 2.1 Mpc

to NGC300, a column density of NH=3.08×1020 cm−2

and a Raymond-Smith thermal plasma emission model

with a temperature kT=0.5 keV and solar abundance

ratios).

From these 31 sources, only two discrete X-ray

sources were found to match the positions (to within
2′′ or less) of known SNRs in NGC300. These par-

ticular SNRs are the optically-identified SNRs N300-

S10 and N300-S26. The associations between the X-

ray sources and these optically-identified SNRs have
been presented in previous works (P00, P04). We es-

timate the absorbed (unabsorbed) luminosities (over

the energy range of 0.3–10.0 keV) for the HRC-

detected X-ray counterparts to S10 and S26 to be

2.7×1037 (3.5×1037) and 1.1×1037 (1.5×1037), respec-
tively. These luminosities were calculated using the

tool PIMMS1 Version 3.9i assuming a Galactic column

density NH = 3.08×1020cm−2 toward NGC300 and

a thermal bremsstrahlung model with a temperature
of kT=0.5 keV. Unfortunately, because of the short

exposure time of the observation, the limiting unab-

sorbed luminosity ofapproximately 1×1037ergs sec−1 is

too high to detect X-ray emission from the large ma-

jority of SNRs associated with NGC300.

3 Analysis and Results

As described previously, at optical wavelengths, SNRs

are identified primarily by the flux density ratio of

[S ii]:Hα. When this ratio is greater than 0.4, the neb-

ula is considered to be as a SNR and the presence of

some other optical spectral lines may lend support to
the classification. Table 3 is the collected multi wave-

length observations for the 51 objects of Table 2 as se-

lected principally from P04 and BL97. Tables 3, 4 and

5 are divided into three sections according to the re-
sults of our observations. The first is “SNRs” which

are those objects for which our observations resulted in

a [S ii]Total:Hα≥ 0.4. The second is those objects which

did not meet this requirement and the third is those

objects for which we obtained no spectrum. In Table 3;
Column 1 is the source name adopted by BL97 and Col-

umn 2 is the radio source name from P04, based on the

J2000 position. Columns 3 and 4 give the radio data

for the sources with Column 5 listing the nature of the

1http://cxc.harvard.edu/toolkit/pimms.jsp
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source proposed by P04. Columns 6 through 9 show

X-ray observations and Columns 10 through 12 show
previous optical observations. There is no standard

designation style for X-ray sources, so X-ray nomen-

clatures in Columns 6 through 9 are tied to individual

papers.
Column 3 gives the radio spectral index from Very

Large Array (VLA) observations at 1465 and 4885 MHz

as reported in P00. Column 4 shows the radio spectral

index as reported in P04. These values are based on flux

densities obtained at 1347, 1448, 2496 and 4860 MHz at
the Australia Telescope Compact Array (ATCA, P04)

or the VLA (P00).

Column 5 gives the object type proposed by P04

based on their radio spectral index of Column 4.
Sources are classified as candidate radio SNRs if the

spectral index α 2 of the radio emission is in the range

−0.8 ≤ α ≤ −0.2 and if it is co-identified with an X-

ray source. This range is based on a statistical aver-

age of the spectral indices of over 270 Galactic SNRs
(Trushkin 1998). P04 also classified radio SNRs taking

in account their association with known optical SNR,

OB association or Hii region. Other object types pro-

posed by P04 are “snr” – radio SNR candidate; “snr†”
– SNR based on spectral index only; “Hii” – Hii region;

“hii” – possible Hii region; “BKG” – background radio

source or “bkg” – possible background radio source.

All SNRs emit soft X-rays resulting from heated

gas inside the expanding shock front (Aller 1991;
Osterbrock and Ferland 2006). The identification of

potential SNRs at X-ray wavelengths is based on

spectral fits to the observed emission using thermal

bremsstrahlung models. X-ray emission can also occur
from SNRs by virtue of an embedded pulsar or neutron

star (Gaensler et al. 2003, e.g.). X-ray emission from

SNR candidates is usually fitted to models (tempera-

ture and particle density) of these emission types to

verify the candidacy.
Columns 6 through 9 show data reported by four

papers of X-ray point sources in positional agreement

with those sources observed in this paper. Data comes

from Read, Ponman, and Strickland (1997, hereafter
RPS97), Read and Pietsch (2001, hereafter RP01), P04

and Carpano et al. (2005, hereafter C05), respectively.

Data in Columns 6 and 7 were generated from obser-

vations made with the ROSAT X-ray observatory while

data in Column 8 are from results obtained with obser-
vations made with the XMM-Newton observatory. In

addition, we have further investigated putative associ-

ations between X-ray sources and SNRs through the

2Where α is defined as S ∝ να

analysis of an archival Chandra HRC-I observation of
NGC300 (also see Sect 2.2).

Column 10 indicates if the source is visible as a neb-
ulous object on the DSS2-Red survey. Column 11 gives

the ratio of [S ii] to Hα line flux density as reported by

BL97. The values in parenthesis are from Table 3A of
BL97 and are based on interference filter images, oth-

erwise they are from Table 4A of BL97 and are based
on long-slit spectra.

For approximately half of the spectra collected the
length along the decker of the Hα line (λ 6563 Å), and

the [N ii] (λλ 6548, 6583 Å) and [S ii] (λλ 6716, 6732 Å)
lines were essentially the same, indicating that the emis-

sion regions were of approximately the same physical

size. Reduction of these spectra followed standard pro-
cedures.

For spectral lines where the Hα, [N ii] and [S ii] lines
differ in length (indicating a possible different physical

size for the emitting regions) extraction was done so
as to ensure that the line ratio was not dominated by

extracted Hα emission from the background.
Table 4 gives the integrated line flux densities for

all objects in Table 3. The first two columns are the

designation of the SNR or SNR candidate in P04 (Col-
umn 1) or BL97 (Column 2). Also listed is the in-

tegrated Hα line (6563 Å) flux density (Column 3);
the total, integrated [N ii] line (6548 Å + 6583 Å)

flux density (Column 4); the total, integrated [S ii] line
(6716 Å + 6731 Å) flux density (Column 5); the ratio

of [S ii]Total:Hα (Column 6); the total, integrated [O i]
line (6300 Å + 6364 Å) flux density (Column 7); and

the Hα diameter of the object (Column 8).

With a few exceptions, each object was observed at
least twice and these multiple observations allow the di-

rect computation of the uncertainties in flux densities
of each line. Figure 2 shows the standard errors (ex-

pressed as a percentage) in the means (SEMs) of the
individual flux densities for each spectral line in Ta-

ble 4 as a function of flux density of that line. Here,
the noise independent uncertainty (of about 22%) and

the noise dependent component are clearly delineated.

The envelope of uncertainties in Figure 2 is defined by:

∆L =
√
0.15L+ 0.05L (1)

where ∆L is the uncertainty in the flux density of each
individual line and L is the flux density of that line in

units of 10−15 ergs cm−2 s−1. The formal uncertainties
in the line flux density values of Columns 3, 4 and 5 of

Table 4 are defined by this relationship.

The uncertainty in the [S ii]Total:Hα (Column 6 of
Table 4) is governed by the uncertainties in the flux

densities of the individual lines, and is about 8% for
ratios close to unity and about 20% for ratios tending
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towards zero. For the smaller values of [S ii]Total:Hα the
uncertainty is made larger by the increased uncertainty
in the weaker [S ii] lines.

A comparison of the line ratios reported here with
those of BL97 (Figure 2) shows consistency between our
results and the results presented by BL97, but with
a small (of order 10%) bias (with BL97 greater than
the current work) and an indication that this bias is
induced by the size of the source as well as the selection
of the type of extraction used (see above). As one would
expect, the bias is also dependent on the strength of the
lines, caused by the rising noise component in the line
flux density for very weak lines.

3.1 Measurement of the Supernova Remnant Diameter

Column 7 of Table 4 is our measured diameter of the
SNR. We have attempted to estimate the linear diam-
eter of the SNR or SNR candidate by fitting a Gaus-
sian profile to the Hα, [N ii] and [S ii] lines along the
decker orthogonal to the wavelength directions. The
image scale of the SiTE detector is 0.78 arcseconds per
channel which corresponds to 7.7 pc per channel at the
adopted distance of NGC300 (2.1 Mpc). Each spectral
line was then deconvolved with the standard star for
that night to give a diameter of the source in parsecs.
The full-width half-maximum (FWHM) diameters are
given in Column 7 of Table 4.

For the optical candidates published in BL97, a com-
parison of our diameter measurements with those in
BL97 does not show good correlation (r2 = 0.02). This,
we believe, is not the result of any problem with our
data or that of BL97, rather that the data sets are lim-
ited by the seeing which is of approximately the same
size as the object itself. Our measured diameters in-
dicate an average size of 54±22 pc, and on this basis,
we note that there are only three objects (N300-S4,
N300-S11 and N300-S24; where N300-S4 and N300-S24
are confirmed SNRs) that are worthy of being noted as
large objects at 150 pc, 150 pc and 100 pc respectively.
Sources of this size may be superbubbles rather than a
single SNR.

In addition, we have looked for large Hα diameters
relative to smaller [N ii], [S ii] or [N ii] + [S ii] diame-
ters, as indications of an embedded SNR in Hii regions.
There is only one object that might stand a solid statis-
tical analysis – N300-S6 – where the Hα is larger than
the [S ii] by a factor of 2.6 and the combined [N ii] +
[S ii] is larger by 2.2. However, BL97 report the same
diameter as us: therefore, either the S ii diameter re-
ported by BL97 or our Hα diameter measurement is
an overestimate. Further work at higher angular reso-
lution is required to better determine the diameters of
these objects.

3.2 Overall Results

The SNR candidates published in BL97 where orig-
inally found using Hα and [S ii] interference filters
on the 2.5 m du Pont Telescope at Las Campanas.
Surveys of this type preferentially find objects with

large [S ii]Total:Hα ratios. As confirmation, moderate-
resolution long-slit spectra were obtained by BL97 for
21 of their 28 candidates using the Modular Spectro-
graph and the line flux density measurements are pre-

sented in BL97 as Table 4A. We obtained satisfactory
spectra for all 28 candidates and confirm 22 (78%) as
optical SNRs based on the [S ii]Total:Hα.

Figure 3 shows examples of spectra of objects which

meet the [S ii]Total:Hα≥ 0.4 criterion and are therefore
labeled as SNRs in our results. Figure 4 shows exam-
ples of spectra for objects which do not meet the crite-
ria. A summary for our results is given in Table 5. On

the basis of the above definition we confirm 22 objects
as SNRs. Of the 27 radio objects suggested as SNRs
by P04, we confirm only three (11%). These three ra-
dio sources are positionally linked to three of the SNRs

listed in BL97.
Figure 5 shows a plot of the [S ii]Total:Hα values for

all objects which returned data. We can see a trend for
objects which are below 0.4 to have greater Hα emis-

sions, lending support to these objects appearing as Hii
regions rather than SNRs at optical wavelengths. Fig-
ure 6 shows a plot of [N ii] flux against Hα flux. This

plot shows a fairly consistent ratio of [N ii]Total:Hα of
0.3 across both groups of objects. Figure 7 shows a plot
of [O i] flux against Hα flux. The plot shows a consistent
value of [O i] emission from both object groups, with

greater Hα emission from the “other” objects. Because
[O i] flux is associated with SNR shock fronts it may be
possible that the emission from the “other sources” is
caused by shock fronts created by SNRs that are visible

only in radio, being buried within Hii regions.

3.3 Notes on Individual Radio Objects.

3.3.1 J005431-373825.

The radio source J005431-373825 is associated with the
optical object N300-S6 and thus has both radio and op-

tical emission. The line ratio of 0.69 confirms this ob-
ject as a SNR. This SNR also shows hard X-ray emission
(C05).

3.3.2 J005438-374144.

There is a faint optical object at the position of this
radio source which was previously classified as SNR by
P04. The spectrum shows a [S ii]Total:Hα ratio of 0.17
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with an error of 0.07. On the basis of this we do not

confirm this object as a SNR although this source may
be a radio SNR hidden within an Hii region.

3.3.3 J005440-374049.

The radio source J005440-374049 (N300-S10) was ob-

served three times (once more after the main runs, with

PA = 45◦) because of the interesting structure seen on

the DSS2-Red. All three observations return a line ra-

tio of < 0.4. Our diameter measurement for this object
reveal it to be 63 pc, significantly larger than BL97

who describe it as very compact (16 pc). Based on the

proposed radio and optical identification from P04 and

BL97, our X-ray identification (also see Sect 2.2) and
the [S ii]Total:Hα of < 0.4, we classify this object as a

candidate SNR.

3.3.4 J005441-373348.

We did not see any optical emission from this source

but it was observed in X-rays as XMM4 by P04 and

as source #54 in Carpano et al. (2005). As these pa-

pers have noted, this object is probably a background
source.

3.3.5 J005442-374313 and J005443-374311.

The sources J005442−374313, J005443−374311 and
N300-S11, are in the same line of sight and may be

located near to each other. They also have similar opti-

cal spectra and [S ii]Total:Hα ratios (Table 6). N300-S11

was observed in both P00 and BL97 and identified as an
SNR in BL97. P00 searched for X-ray and radio emis-

sions from this source but no definitive counterparts

could be identified. X-ray source #161 in the catalog

given by Carpano et al. (2005) is nearby, but not within

the positional uncertainties given in the respective pa-
pers. With these data, these objects remain candidate

“radio” or “optical” SNRs and their physical associa-

tion is still questionable. Table 6 gives the positional

agreement between these sources and source #161 from
Carpano et al. (2005) X-ray Source Catalog.

3.3.6 J005450-374030 and J005450-374022.

Radio sources J005450-374030 and J005450-374022 are
10.3 arcseconds (∼100 pc) from each other. The

[S ii]Total:Hα for these objects are 0.32±0.12 and

0.38±0.31 respectively. They may be two radio emis-

sion regions within the same (perhaps older and larger)
SNR or simply two neighboring candidate radio SNRs.

3.3.7 J005501-373829.

J005501-373829 is on the western edge of a large region
of optical emission (dim in DSS2-Red but bright in DSS;

perhaps indicating a strong component of reflected
emission). This object has radio (P04) emission but
its optical emission has [S ii]Total:Hα of 0.35±0.12. We

also note the proximity of the OB association AS 082
(Pietrzyński et al. 2001) which is cross-referenced by
those authors to Hii region 115 in the Deharveng et al.

(1988) catalog.

3.3.8 J005515-374439.

The radio source J005515-374439 is associated with
N300-S26 and has [S ii]Total:Hα of 0.86±0.67. We con-

firm this source as a bona-fide SNR. It is on the edge
of a small, circular, faint object visible in both DSS2-
Red and DSS images. This SNR has proximity to OB
association AS 107, Hii region 141 and also to P04’s

XMM9 X-ray source. Also, Carpano et al. (2005) lists
N300-S26 as a soft X-ray source (#34). From our com-
plementary HRC X-ray observations of this object we

confirmed a discrete X-ray source within 2 arc seconds
of the radio position. For more details see Sect 2.2.

3.3.9 J005533-374314.

J005533-374314 (associated with N300-S28) has a mea-

sured [S ii]Total:Hα of 0.45±0.15 and an optical coun-
terpart with an estimated size of 63 pc, which in both
DSS2-Red and DSS has a two-lobed shape. The ra-

dio emission is southeast of the center of the lobes.
J005533−374314 may be linked to the OB association
AS 113 and Hii region 159. C05 found an X-ray source

at this location (#151). Better optical imaging and
further X-ray observations of this SNR will prove ben-
eficial.

3.4 Sources with No Measurable Spectrum

We did not detect a measurable level of Hα and/or
[S ii] flux against the background noise from the fol-
lowing sources: J005423−373648, J005521−374609,

J005523−374632, J005525−373653, J005528−374903,
and J005541−374033. The nature of these sources is
thus uncertain.

P04 suggests the two radio sources J005423−373648
and J005528−374903 as low confidence SNR candi-
dates. The other P04 sources in the above list have
radio emission which would not exclude them as possi-

ble SNRs. Given the data and discussion in P04, failure
to detect an optical emission spectrum typical of SNRs
is consistent with the P04 expectations.
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3.5 The Multi-Wavelength Properties of the SNRs

In P00, P04, Long et al. (2010), Pannuti, Schlegel, and Lacey

(2007) and Pannuti et al (2010, submitted), Venn di-

agrams were used to show the number of “radio,”

“optical,” and “X-ray” SNRs in NGC300, M33 and
NGC7793. In Figure 8, we create a new diagram us-

ing results from this paper and papers P04, P00 and

Carpano et al. (2005, 2006). The SNRs included within

each region are listed in Table 7.

The majority of the SNRs (29 out of 40) are identi-
fied with emission in only one wavelength region. We

note also the low numbers of multiple-frequency and

high-energy SNRs; there are only six SNRs detected in

both radio and optical wavelengths and only three de-
tected in all three wavelength regions. One SNR was

detected in X-ray wavelengths only, and nine SNRs de-

tected in X-ray wavelengths.

Our results are somewhat similar to the M 33 find-

ings of Long et al. (2010) and in NGC7793 (Pannnuti
et al 2010, submitted) where a large number of optical-

only SNRs are identified. This may imply a possible ob-

servational bias towards the optical techniques of SNR

detection in external galaxies where the resolution (and
sensitivity) may play a dominant role in SNR identifica-

tion. Further to this argument, Dopita et al. (2010a,b)

showed that the [S ii]Total:Hα is a very “sharp” tool

in the case of two other nearby galaxies (M83 and

NGC4214) where they use very advanced Hubble Space
Telescope (HST) imaging and spectroscopy. There-

fore, we note that the population in the Venn cells

is probably of little astrophysical consequence as it

is determined by selection effects and the sensitiv-
ity limits of the present radio, optical and X-ray

surveys. Details of these limits are given in P04,

Pannuti, Schlegel, and Lacey (2007) and BL97, and by

C05 for the X-ray observations reported here.

It is accepted (Filipović et al. 1998) that all SNRs
will emit some thermal radiation at all of these wave-

lengths. In addition, most SNRs exhibit non-thermal

properties in radio and a handful of SNRs in X-rays.

However, the amount of emission at each band is the
subject of numerous studies, and it is generally under-

stood that the emission is determined by the SN event

itself and the ISM in which it occurs. These two vari-

ables lead to a wide range of observed structural and

emission properties when SNRs are studied over the full
electromagnetic spectrum, and no standard spectrum

over all wavelengths exists for SNRs.

Compounding these variations are the selection ef-

fects that have been introduced. The radio observations
of P04 have preferentially selected all sources with spec-

tral index below −0.2 (a safer spectral index selection

cut-off value would be −0.5), which probably excludes
half of the SNRs available at these wavelengths, and se-
lects preferentially the non-thermal objects. Similarly,
the filter-based optical selection of BL97 preferentially
selects objects with strong [S ii]. This again is a safe
choice for locating SNRs, but will miss older objects or
the [O iii] dominated objects that are perhaps present
at the 10 to 15% level (Stupar, Parker, and Filipović
2008). It is clear that further studies conducted with
instruments featuring improved sensitivity will result in
the detection of more SNRs within each wavelength re-
gion thus increasing the populations of individual cells
of the Venn diagram.

To complete this study we investigated the depen-
dence of the [S ii]Total:Hα with distance from the galac-
tic nucleus. We found no statistically-significant depen-
dence.

4 Summary

It is not surprising that we found only a few radio SNR
candidates exhibiting the established [S ii]Total:Hα. At
the distance to this galaxy (2.1 Mpc), with this slit
width (1′′) and the seeing spread along the decker, we
are sampling about 100 square parsecs per “line.” Thus,
each spectral line contains the light from ∼50 000 field
stars as well as the emission from the nebula. Although
[S ii]Total:Hα ≥ 0.4 may be fine for galaxies of the Local
Group, it may not be the best tool for detecting distant
extra-galactic SNRs unless we use the highest resolution
telescopes such as the HST. We summarize our findings
as follows:

1. We obtained moderate resolution optical spectra of
51 nebular objects in the Sculptor Group galaxy
NGC 300. Of the 51 objects, 4 were proposed as
SNR candidates in both optical and radio observa-
tions, 24 are proposed SNR candidates from optical
spectra and 23 are SNR candidates from radio spec-
tra.

2. We find 22 objects meeting the accepted
[S ii]Total:Hα as SNRs, with the nature of the re-
maining 29 objects either unclear or unknown. A
slight bias (of order 10%) appears between our
[S ii]Total:Hα for the optical candidates compared to
a previous observation of these same objects (BL97).

3. We created a Gaussian fit of the image of the nebu-
lar object across the spectroscope’s slit to estimate
the diameter of the candidate SNRs. Comparison
of our diameter measurements does not show good
correlation with previous size estimates (BL97).

4. We also found 31 X-ray sources in this galaxy, 2 of
which are positionally linked to nebulae meeting the
accepted [S ii]Total:Hα ratio as SNRs.
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Fig. 1 A DSS image of NGC300 with the positions (in J2000.0 coordinates) indicated of the 51 SNRs and candidate SNRs
considered by the present study. Radio sources (SNRs and SNR candidates only) from P04 are shown with crosses. Optical
candidates with line ratios measured with long-slit spectra (from BL97) are shown as circles and optical candidates with
line ratios measured by interference filters (BL97) are shown with triangles. Symbols are black or white only for increased
contrast. (Southern sky DSS image, Royal Observatory Edinburgh, Anglo-Australian Observatory, California Institute of
Technology.)
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Fig. 3 Example spectra of objects meeting the [S ii]Total:Hα > 0.4 criterium and are therefore labeled as SNRs in our
results.
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Table 1 Gross Properties of NGC300

Property Value Reference

Hubble Type SA(s)d Tully and Fisher (1988)
de Vaucouleurs et al. (1991)

R.A. (J2000.0) 00h54m53.48s NED
Dec. (J2000.0) −37◦41′03.8′′ NED
Galactic Latitude −77.17◦ NED
Radial Velocity 144 km/s (Solar) Puche, Carignan, and Bosma (1990)

Karachentsev et al. (2003)
Inclination 46◦ Tully and Fisher (1988)

42.6◦ Puche, Carignan, and Bosma (1990)
Distance 2.1 Mpc Freedman et al. (1992)

2.02 Mpc Freedman et al. (2001)
1.88 Mpc Bresolin et al. (2005);

Gieren et al. (2005)
Observed Diameter (D25) 20.2 arcmin Tully and Fisher (1988)
Observed Diameter (UV isophotes) 21.9 x 15.5 arcmin Gil de Paz et al. (2007)
Galaxy Diameter 22.6 kpc, at 2.1 Mpc Based on Gil de Paz et al. (2007)
Mass (Hi) 2.4× 109 M⊙ Tully and Fisher (1988)
NH Column Density 2.97 × 1020 cm−2 Read, Ponman, and Strickland (1997)

Note: Note. NED = NASA/IPAC Extragalactic Database (http://nedwww.ipac.caltech.edu/).

http://nedwww.ipac.caltech.edu/
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Table 2 Positions (J2000.0) of the selected 51 SNRs

and SNR candidates in the NGC300

1 2 3 1 2 3
Object Name Position (J2000.0) Object Name Position (J2000.0)

RA (h m s) Dec (◦ ′ ′′) RA (h m s) Dec (◦ ′ ′′)

J005423−373648 00 54 23.84 −37 36 48.4 N300-S1 00 54 19.21 −37 37 23.96
J005431−373825 00 54 31.91 −37 38 25.9 N300-S2 00 54 21.85 −37 40 27.11
J005438−374144 00 54 38.16 −37 41 44.2 N300-S3 00 54 28.86 −37 41 53.32
J005438−374240 00 54 38.49 −37 42 40.5 N300-S4 00 54 30.62 −37 40 53.75
J005439−373543 00 54 39.61 −37 35 43.4 N300-S5 00 54 30.99 −37 37 33.96
J005440−374049 00 54 40.68 −37 40 49.7 N300-S6 00 54 31.91 −37 38 25.68
J005441−373348 00 54 41.05 −37 33 48.9 N300-S7 00 54 33.17 −37 40 16.90
J005442−374313 00 54 42.70 −37 43 13.3 N300-S8 00 54 38.17 −37 41 14.88
J005443−374311 00 54 43.11 −37 43 11.0 N300-S9 00 54 40.20 −37 41 02.12
J005445−373847 00 54 45.39 −37 38 47.1 N300-S10 00 54 40.87 −37 40 48.73
J005450−374030 00 54 50.28 −37 40 30.0 N300-S11 00 54 42.54 −37 43 14.16
J005450−373822 00 54 50.30 −37 38 22.4 N300-S12 00 54 43.86 −37 43 39.08
J005450−374022 00 54 50.73 −37 40 22.2 N300-S13 00 54 46.60 −37 39 44.32
J005451−373826 00 54 51.16 −37 38 26.1 N300-S14 00 54 47.15 −37 41 07.63
J005451−373939 00 54 51.79 −37 39 39.6 N300-S15 00 54 53.32 −37 38 48.24
J005500−374037 00 55 00.58 −37 40 37.4 N300-S16 00 54 54.46 −37 40 35.46
J005501−373829 00 55 01.49 −37 38 29.9 N300-S17 00 54 56.68 −37 43 57.70
J005503−374246 00 55 03.50 −37 42 46.0 N300-S18 00 55 01.39 −37 39 18.17
J005503−374320 00 55 03.66 −37 43 20.1 N300-S19 00 55 05.41 −37 41 21.04
J005512−374140 00 55 12.70 −37 41 40.3 N300-S20 00 55 05.68 −37 46 13.35
J005515−374439 00 55 15.40 −37 44 39.2 N300-S21 00 55 07.15 −37 39 15.17
J005521−374609 00 55 21.35 −37 46 09.6 N300-S22 00 55 07.50 −37 40 43.20
J005523−374632 00 55 23.95 −37 46 32.4 N300-S23 00 55 09.10 −37 39 32.61
J005525−373653 00 55 25.82 −37 36 53.8 N300-S24 00 55 09.48 −37 40 46.21
J005528−374903 00 55 28.25 −37 49 03.3 N300-S25 00 55 10.68 −37 41 27.13
J005533−374314 00 55 33.87 −37 43 14.6 N300-S26 00 55 15.46 −37 44 39.11
J005541−374033 00 55 41.94 −37 40 33.5 N300-S27 00 55 17.54 −37 44 36.65

N300-S28 00 55 33.76 −37 43 13.13
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Table 3 Previous Observations of the Selected Objects

1 2 3 4 5 6 7 8 9 10 11
Object Designation Radio Observations X-ray Observations Optical Observation (BL97)

Optical Radio Spectral Spectral Proposed RPS97 Label RP01 Label P04 Label C05 Label DSS2-Red [S ii]:Hα

Index (P00) Index (P04) Object (P04) Data Data Data Data

SNRs
N300-S1 No 0.68
N300-S2 #79 Yes 0.77
N300-S4 Yes 0.99
N300-S5 Yes 0.68
N300-S6 J005431−373825 SNR #1 P29 XMM2 Yes 0.96
N300-S7 Yes 0.72
N300-S8 Yes 0.61
N300-S9 Yes 0.67
N300-S12 Yes (0.52)
N300-S13 Yes 0.98
N300-S14 Yes 0.83
N300-S15 Yes 0.74
N300-S16 Yes (0.70)
N300-S17 Yes (0.69)
N300-S19 #123 Yes 0.90
N300-S20 Yes 1.00
N300-S22 Yes 0.57
N300-S24 No 0.83
N300-S26 J005515−374439 SNR/HII #10 P49 XMM9 #34 Yes 1.03
N300-S25 Yes 0.80
N300-S27 Yes 1.05
N300-S28 J005533−374314 SNR/HII #151 Yes 0.72

Other Objects (Hii Regions?)
J005438−374144 < 1.1 −0.8 SNR/HII Yes
J005438−374240 < 1.5 snr/HII Yes
J005439−373543 −0.4 snr† No

36.66, 82.8, 0.10 0.87, −0.33 1.27, −0.63, −0.99 −0.17, −0.58
4.8, 25.4 1.63, −0.58, −1.00 1.03, 5.03

J005441−373348 bkg/snr XMM4 Yes
1.39, +0.84, +0.94 Yes
0.72, +0.31, +0.62 Yes

J005442−374313 −0.9 SNR/HII Yes (0.66)
J005443−374311 −0.6 −0.6 SNR/HII Yes
J005445−373847 −0.3 SNR/HII Yes
J005450−374030 −0.6 −0.5 SNR/HII Yes
J005450−373822 −0.2 SNR/HII Yes
J005450−374022 −0.3 SNR/HII Yes
J005451−373826 −1.2 SNR/HII Yes
J005451−373939 −0.4 −0.1 SNR/HII Yes
J005500−374037 −0.4 SNR/HII Yes
J005501−373829 −0.9 SNR Yes
J005503−374246 −0.2 −0.4 SNR/HII Yes
J005503−374320 −1.0 −0.7 SNR/HII Yes
J005512−374140 −0.4 −0.7 SNR/HII Yes

N300-S3 No (0.40)
N300-S10 J005440−374049 −0.5 SNR #4 P38 XMM3 #12 Yes 0.47
N300-S11a J005442−374313? −0.9 SNR/HII Yes (0.66)
N300-S18 Yes 0.71
N300-S21 Yes (0.59)
N300-S23 Yes (0.46)

No Signal
J005423−373648 −0.7 snr† No
J005521−374609 −1.0 bkg/snr No
J005523−374632 −0.9 bkg/snr No
J005525−373653 −1.0 bkg/snr No
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Table 3—Continued

1 2 3 4 5 6 7 8 9 10 11
Object Designation Radio Observations X-ray Observations Optical Observation (BL97)

Optical Radio Spectral Spectral Proposed RPS97 Label RP01 Label P04 Label C05 Label DSS2-Red [S ii]:Hα

Index (P00) Index (P04) Object (P04) Data Data Data Data

J005528−374903 −0.6 snr† No
J005541−374033 snr XMM10 No

2.35, −0.76, −0.88 No
1.08, −0.88, −0.93 No
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Table 4 The Integrated Line Flux Density Measurements.

1 2 3 4 5 6 7 8
Designation Hα λ 6563 Å [N ii] total [S ii] total [O i] total Diameter

Radio Optical (10−15 ergs cm−2 s−1) (10−15 ergs cm−2 s−1) (10−15 ergs cm−2 s−1) [S ii]Total:Hα (10−15 ergs cm−2 s−1) (pc)

SNRs
N300-S1a 1.3 0.25 0.57 0.46±0.29 2.1 38
N300-S2 11 3.7 8.1 0.72±0.39 3.3 69
N300-S4 7.0 3.0 6.5 0.93±0.04 5.1 150

N300-S5 8.4 2.4 4.7 0.56±0.47 2.2 . . .
b

J005431−373825 N300-S6 4.2 1.2 2.9 0.69 0.22 44
N300-S7 5.2 2.1 3.0 0.57±0.41 2.7 31
N300-S8 5.0 1.9 2.9 0.58±0.06 2.6 49
N300-S9 37 12 20 0.53±0.23 4.0 83
N300-S12 2.3 1.2 1.7 0.73±0.27 2.4 22
N300-S13 1.9 1.1 1.8 0.91±0.05 1.0 35
N300-S14 2.3 1.8 2.5 1.08±0.24 1.5 41
N300-S15 3.0 1.0 1.7 0.57±0.39 0.90 12
N300-S16 2.2 2.0 2.1 0.94±0.06 1.1 57
N300-S17 4.2 1.6 4.1 0.96±0.15 1.4 65
N300-S19 9.4 3.8 6.6 0.70±0.42 0.90 30
N300-S20 2.3 0.71 1.8 0.79±0.11 0.28 48
N300-S22 2.9 1.1 1.3 0.46±0.38 1.0 75
N300-S24 2.7 0.86 1.7 0.64±0.13 0.66 100
N300-S25 16 4.7 8.7 0.54±0.40 1.8 80

J005515−374439 N300-S26a 26 11 23 0.86±0.67 11 31
N300-S27 6.5 1.7 4.2 0.64±0.48 1.1 66

J005533−374314 N300-S28a 69 13 31 0.45±0.15 6.5 63
Other Objects (Hii Regions?)

J005438−374144 80 15 13 0.17±0.07 3.2
J005438−374240 39 8.5 10 0.25±0.02 3.4
J005439−373543 5.9 1.4 1.6 0.27 5.2
J005440−374049 N300-S10 105 32 36 0.35±0.15 4.9
J005441−373348a 1.7 0.34 0.62 0.36 1.5
J005442−374313 250 48 49 0.19±0.07
J005443−374311 290 58 53 0.18±0.09
J005445−373847 130 20 14 0.11±0.03
J005450−374030 140 46 43 0.32±0.12 8.1 24
J005450−373822 200 40 44 0.22±0.14 7.9
J005450−374022 84 28 32 0.38±0.31 4.5 130
J005451−373826 140 30 36 0.26±0.16 2.2
J005451−373939a 100 16 10 0.10±0.18 0.51
J005500−374037 53 17 13 0.25±0.09 2.1
J005501−373829 6.4 1.5 2.3 0.35±0.12 1.1 31
J005503−374246 150 24 20 0.14±0.04 1.3
J005503−374320 270 53 41 0.15±0.08 1.6
J005512−374140 240 27 19 0.08±0.02 0.95

N300-S3 51 10 12 0.24±0.31 4.2 26
J005440−374049 N300-S10 105 32 36 0.35±0.15 4.9

N300-S11 1670 39 50 0.30±0.12 6.9 150
N300-S18a 5.0 1.5 1.6 0.32±0.32 0.44 69
N300-S21 2.1 0.72 0.78 0.37±0.30 0.35 41
N300-S23 29 7.2 9.1 0.31±0.08 1.3 43

No Signalc

J005423−373648
J005521−374609
J005523−374632
J005525−373653
J005528−374903
J005541−374033

aVery low faint spectrum recorded.

bGaussian fit returned value too small to be deconvolved with reference star.

cNo observed spectral lines.
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Table 5 Summary of results

1 2 3 4 5 6
Optical Radio Object Object Diameter
object object type (P04) type (BL97) [S ii]Total:Hα (pc)

SNRs
N300-S1 SNR 0.46±0.29 38
N300-S2 SNR 0.72±0.39 69
N300-S4 SNR 0.93±0.04 150
N300-S5 SNR 0.56±0.47 . . .

a

N300-S6 J005431−373825 SNR SNR 0.69 44
N300-S7 SNR 0.57±0.41 31
N300-S8 SNR 0.58±0.06 49
N300-S9 SNR 0.53±0.23 83
N300-S12 SNR 0.73±0.27 22
N300-S13 SNR 0.91±0.05 35
N300-S14 SNR 1.08±0.24 41
N300-S15 SNR 0.57±0.39 12
N300-S16 SNR 0.94±0.06 57
N300-S17 SNR 0.96±0.15 65
N300-S19 SNR 0.70±0.42 30
N300-S20 SNR 0.79±0.11 48
N300-S22 SNR 0.46±0.38 75
N300-S24 SNR 0.64±0.13 100
N300-S25 SNR 0.54±0.40 80
N300-S26 J005515−374439 SNR/HII SNR 0.86±0.67 31
N300-S27 SNR 0.64±0.48 66
N300-S28 J005533−374314 SNR/HII SNR 0.45±0.15 63

Other Objects (Hii Regions?)
J005438−374144 SNR/HII 0.17±0.07
J005438−374240 snr/HII 0.25±0.02
J005439−373543 snr† 0.27
J005441−373348 bkg/snr 0.36
J005442−374313 SNR/HII 0.19±0.07
J005443−374311 SNR/HII 0.18±0.09
J005445−373847 SNR/HII 0.11±0.03
J005450−374030 SNR/HII 0.32±0.12
J005450−373822 SNR/HII 0.22±0.14
J005450−374022 SNR/HII 0.38±0.31 130
J005451−373826 SNR/HII 0.26±0.16
J005451−373939 SNR/HII 0.10±0.18
J005500−374037 SNR/HII 0.25±0.09
J005501−373829 SNR 0.35±0.12 31
J005503−374246 SNR/HII 0.14±0.04
J005503−374320 SNR/HII 0.15±0.08
J005512−374140 SNR/HII 0.08±0.02

N300-S3 SNR 0.24±0.31 26
N300-S10 J005440−374049 SNR SNR 0.35±0.15 63
N300-S11 SNR 0.30±0.12 150
N300-S18 SNR 0.32±0.32 69
N300-S21 SNR 0.37±0.30 41
N300-S23 SNR 0.31±0.08 43

No Signal
J005423−373648 snr†
J005521−374609 bkg/snr
J005523−374632 bkg/snr
J005525−373653 bkg/snr
J005528−374903 snr†
J005541−374033 snr

aGaussian fit returned a value too small to be deconvolved.
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Table 6 Three neighboring sources.

1 2 3 4 5 6
Source J005442−374313 J005443−374311 N300-S11 Carpano #161 [S ii]Total:Hα

J005442−374313 6.57, 66.3 2.73, 27.6 20.3, 205 0.282±0.003
J005443−374311 6.57, 66.3 9.23, 93.2 25.2, 254 0.237±0.002

N300-S11 2.73, 27.6 9.23, 93.2 18.9, 191 0.317±0.003

Note: The distance between each pair of sources is given in arcseconds and then in parsecs.

Table 7 Sources placed in the Venn diagram of

Figure 8.

Venn region Source count Designations

A 17 N300-S1, S4, S5, S7 – S9, S12 – S17, S20, S22, S24, S25, S27
B 3 J005450−374030, J005450−374022, J005501−373829
C 11 J005438−374144, J005442−374313 (N300-S11?), J005443−374311,

J005445−373847, J005450−373822, J005451−373826, J005451−373939,
J005500−374037, J005503−374246, J005503−374320, J005512−374140

D 2 N300-S2 (C79), N300-S19 (C123)
E 3 N300-S6 (J005431−373825, C69), N300-S26 (J005515−374439, C34), N300-

S28 (J005533−374314, C151)
F 3 C60 (SNR5-R4), C72 (SNR3-R3), N300-S10 (J005440−374049, C12)
G 1 C20 (SNR15-X11)

Note: N300-S (or just S) refers to BL97 optically selected SNRs. SNR refers to P00 radio (-R) and X-ray (-X)
SNRs. J refers to P04 (ATCA) radio SNRs. C refers to Carpano et al. (2005) X-ray SNRs.
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