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ABSTRACT
We present a narrow-band Very Large Telescope/Focal Reduced Low-dispersion Spectro-
graph #1 imaging survey of the SAB(rs)cd spiral galaxy NGC 5068, located at a distance of
5.45 Mpc, from which 160 candidate Wolf–Rayet sources have been identi�ed, of which 59
cases possess statistically signi�cant�4686 excesses. Follow-up Gemini Multi-Object Spec-
trograph spectroscopy of 64 candidates, representing 40 per cent of the complete photometric
catalogue, con�rms Wolf–Rayet signatures in 30 instances, corresponding to a 47 per cent
success rate. 21 out of 22 statistically signi�cant photometric sources are spectroscopically
con�rmed. Nebular emission detected in 30 per cent of the Wolf–Rayet candidates spectrally
observed, which enable a re-assessment of the metallicity gradient in NGC 5068. A central
metallicity of log (O/H)+ 12 � 8.74 is obtained, declining to 8.23 atR25. We combine our
spectroscopy with archival H�images of NGC 5068 to estimate a current star formation rate of
0.63+0 .11

Š0.13 M� yrŠ1, and provide a catalogue of the 28 brightest HII regions from our own con-
tinuum subtracted H� images, of which�17 qualify as giant H II regions. Spectroscopically,
we identify 24 WC- and 18 WN-type Wolf–Rayet stars within 30 sources since emission-line
�uxes indicate multiple Wolf–Rayet stars in several cases. We estimate an additional�66
Wolf–Rayet stars from the remaining photometric candidates, although sensitivity limits will
lead to an incomplete census of visually faint WN stars, from which we estimate a global pop-
ulation of �170 Wolf–Rayet stars. Based on the H� -derived O star population of NGC 5068
andN(WR)/N(O) � 0.03, representative of the Large Magellanic Cloud, we would expect a
larger Wolf–Rayet population of 270 stars. Finally, we have compared the spatial distribution
of spectroscopically con�rmed WN and WC stars with Sloan Digital Sky Survey derived
supernovae, and �nd both WN and WC stars to be most consistent with the parent population
of Type Ib supernovae.

Key words: supernovae: general – stars: Wolf–Rayet – HII regions – galaxies: individual:
NGC 5068 – galaxies: stellar content.

1 INTRODUCTION

Massive stars (>8 M� ) dominate the radiative ionizing budget of
star-forming galaxies, and contribute signi�cantly to the mechanical
energy budget via their powerful stellar winds and ultimate death
as core-collapse supernovae (ccSNe), plus the chemical enrichment
of galaxies, especially for� elements. However, theoretically their
evolutionary paths and precise fate remain unclear, arising from
details of stellar winds, initial rotation and metallicity. Empirical
results such as the ratio of blue supergiant (BSG) and red supergiant
(RSG), or the ratio of Wolf–Rayet (WR) to O stars provide sensi-

� E-mail: jbibby@amnh.org

tive tests of evolutionary models which incorporate complex pro-
cesses, such as rotation (Langer & Maeder 1995; Maeder & Meynet
2000).

The conventional WR phase corresponds to the core-helium burn-
ing stage of massive stars (�20–25 M � in the Milky Way), with
a duration of only a few hundred thousand years (Crowther 2007).
WR stars possess winds densities which are an order of magni-
tude higher than O stars, producing a unique, broad emission-line
spectrum. Spectroscopically, they are divided into WN and WC sub-
types which are dominated by HeII �4686 and CIII �4650 + CIV

�5808 emission lines, respectively. Consequently, WN and WC stars
are associated with the products of the core hydrogen- (CNO cy-
cle) and helium burning (3�). Photometrically, WR stars cannot be
distinguished from BSG via broad-band imaging, although strong

C� 2012 The Authors
Monthly Notices of the Royal Astronomical SocietyC� 2012 RAS

 at T
he Library on F

ebruary 25, 2013
http://m

nras.oxfordjournals.org/
D

ow
nloaded from

 



3092 J. L. Bibby and P. A. Crowther

emission lines facilitate their detection via suitable narrow-band
�lters (Moffat & Shara 1983).

Follow-up spectroscopy of photometric candidates with 4-m
aperture telescopes is routinely capable of determining the nature
of WR stars in Local Group galaxies (Neugent & Massey 2011).
However, beyond the Local Group 8-m class telescopes are re-
quired. The advantages of using telescopes such as the Very Large
Telescope (VLT) were �rst demonstrated by Schild et al. (2003) in
their investigation into the WR population of NGC 300. Observa-
tions of massive stars beyond�1 Mpc provide a broader range of
galaxy morphological types and metallicities than those available
in the Local Group. In addition, the much larger volume sampled
enables progress in empirically linking various �avours of ccSNe
to progenitor stars.

Massive stars with initial masses�8–20 M � retain their hy-
drogen envelope and end their lives in the RSG phase undergoing
core-collapse and producing a H-rich Type II ccSN (Smartt 2009).
This has been observationally con�rmed from archival broad-band
pre-SN images, e.g. SN 2003gd, which was identi�ed as a�8 M �
RSG (Smartt et al. 2004). Stars with initial masses above�20 M �
are thought to end their lives during the WR phase as H-poor Type Ib
or H+ He-poor Type Ic ccSNe (Woosley & Bloom 2006). However,
no direct detection of Type Ib/c SNe progenitors have, to date, been
established.

A greater understanding of the progenitors of ccSNe can be
achieved through observations of the environments in which the
SNe occur (Anderson & James 2008). Kelly, Kirshner & Pahre
(2008) found that H-rich Type II ccSNe follow the distribution of
the host galaxy light, whereas Type Ib and Type Ic ccSNe are located
in the brightest regions of the galaxy. Moreover, the distributions
of Type Ib and Type Ic ccSNe are different, suggesting that they
have different progenitors. If WN and WC stars are the progenitors
of Type Ib and Type Ic ccSNe, respectively, then they should be
located in the same regions of the galaxy. Leloudas et al. (2010)
applied the same method to the spectroscopic WR surveys of M83
and NGC 1313 (Had�eld et al. 2005; Had�eld & Crowther 2007),
con�rming that the WN-Type Ib and WC-Type Ic were the most
likely progenitor scenarios, albeit with low number statistics.

An alternative scenario for the production of Type Ib/c ccSNe
has been proposed by Podsialowski, Joss & Hsu (1992) in which
intermediate-mass stars in binary systems lose their hydrogen and
helium envelopes via Roche lobe over�ow and/or common envelope
evolution. This stripping of outer layers would result in a low-mass
helium core which would have WR-like emission, however, such
low-mass helium cores would be completely hidden by their higher
mass companions. This scenario appears consistent with Type Ic SN
2002ap in M74, for which deep Canada–France–Hawaii Telescope
(CFHT) broad-band images did not reveal any progenitor down to
a limiting magnitude ofMB = Š 4.2 mag (Crockett et al. 2007),
suggesting a binary system with a low-mass C+ O core of�5 M �
(Mazzali et al. 2002).

At present, the relative statistics of ccSNe (Smartt et al. 2009; Li
et al. 2011) favour both binary and single star evolutionary channels
(Smith et al. 2011). Our group are undertaking photometric and
spectroscopic surveys of WR stars in a dozen star-forming galaxies
beyond the Local Group for the purpose of studying massive stars
in a variety of environments and to provide a data base of future
Type Ib/c progenitors.

In this paper we investigate the WR population of NGC 5068,
a face-on barred spiral galaxy (SAB(rs)cd; de Vaucouleurs et al.
1991), situated at a distance of 5.45 Mpc (Herrmann et al. 2008) be-
yond the Centaurus A group (Karachentsev et al. 2007). NGC 5068

is known to host WR stars, since their spectroscopic signatures have
been serendipitously detected in observations of bright HII regions
by Rosa & D’Odorico (1986). However, no systematic search for
WR stars in NGC 5068 has been undertaken and the stellar content
of NGC 5068 remains largely unknown. Here, we present a compre-
hensive study of the massive stellar population of NGC 5068, and
compare the distribution of WR stars relative to the giant HII re-
gions in NGC 5068. We constrain estimates of the star formation rate
(SFR) of NGC 5068 which vary wildly, from�0.35 to �3 M � yrŠ1

(Ryder & Dopita 1994; Martin & Friedli 1997). Similarly, mea-
surements of the central metallicity of the galaxy range from Large
Magellanic Cloud (LMC)-like metallicities (Hodge 1974) to super-
solar (Ryder 1995).

This paper is organized as follows. In Section 2 we discuss the
observations, data reduction and source selection, while in Section 3
we analyse the nebular properties of HII regions in NGC 5068.
Section 4 determines the WR population and Section 5 the O star
population and SFR of NGC 5068. In Section 6 we assess the global
WR population based on the completeness of our observations.
Section 7 provides a comparison of results with both NGC 7793 and
predictions from evolutionary theory. Finally, Section 8 compares
the spatial distribution of the WR stars in NGC 5068 with those of
ccSN; a summary follows in Section 9.

2 OBSERVATIONS AND DATA REDUCTION

NGC 5068 has been imaged with the ESO VLT and Focal Reduced
Low-dispersion Spectrograph #1 (FORS1) covering a �eld of view
of 6.8× 6.8 arcmin2 with a plate scale of 0.25 arcsec pixelŠ1. Both
broad- and narrow-band imaging were obtained on 2008 April 7 un-
der program ID 081.B-0289 (P.I. Crowther). In addition, the Gemini
Multi-Object Spectrograph (GMOS) on the Gemini-South telescope
was used to obtain follow-up spectroscopy in 2009 March–April un-
der program ID GS-2009A-Q-20 (P.I. Crowther). The R150 grating
was placed at a central wavelength of 510 and 530 nm with a dis-
persion of�3.5 Å pixel Š1. Further details of the observations can
be found in Table 1.

2.1 Imaging and photometry

FORS1 was used on 2008 April 7 to obtain narrow-band imag-
ing of NGC 5068 centred on�4684 and �4781 under good seeing
conditions of�0.8 arcsec. Three 1025 s exposures were obtained

Table 1. Observational log of VLT/FORS1 imaging and Gemini/GMOS
spectroscopy of NGC 5068. Imaging was taken under program ID 081.B-
0289 and spectroscopy under program GS-2009A-Q-20.

Date Filter/ � c Exposure Seeing
mask ID (Å) time (s) (arcsec)

VLT/FORS1 imaging

2008 April 7 B high 4400 250 0.80
V high 5570 250 0.80

H� 6563 250 0.85
H� /4500 6665 250 0.75

HeII 4684 3× 1025 0.80
HeII/6500 4781 3× 1025 0.75

Gemini/GMOS spectroscopy

2009 April 3 MASK 1 5100/5300 6× 430 0.87
2009 March 31 MASK 2 5100/5300 6× 1400 0.87
2009 April 1 MASK 3 5100/5300 6× 1400 1.16

C� 2012 The Authors, MNRAS420,3091–3107
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WR population of NGC 5068 3093

Figure 1. This �gure shows (a) HeII image and (b) the continuum subtracted H� image of NGC 5068 obtained using a single pointing of 6.8× 6.8 arcmin2

with the VLT/FORS1 with the smaller 5.5× 5.5 arcmin2 Gemini/GMOS �eld of view indicated by the black square. The gap in the middle of the images
represents the FORS1 chip gap hence we have no information about sources within this region.

for each �lter while a single exposure of 250 s was used for ad-
ditional narrow-band on- and off-H� images (�6563 and �6665,
respectively). BroadV- and B-band high-throughput images of
250 s each were also acquired on the same night to supplement
the narrow-band images. The �eld of view of the FORS1 images is
presented in Fig. 1, the black square indicates the region covered by
our spectroscopic observations which will be discussed further in
Section 2.3.

Data reduction, including bias subtraction, �at-�elding and image
combining were achieved using standard procedures inIRAF (Tody
1986). Photometry was performed using theDAOPHOTroutine for the
B,V, �4684 and�4781 images. Individual sources were �tted with a
Gaussian point spread function (PSF) to determine their magnitude
and its associated error.

Fig. 2 shows the log distribution of the number of sources within
each 0.4-mag bin. Following Bibby & Crowther (2010) we �t a
power law to the bright end of the distribution usingIDL to assess
the completeness of our imaging. The 100 per cent completeness
limit is indicated by the turnover of the distribution where the ob-
served data deviate from the extrapolated power law. The 100 per
cent completeness limit for our NGC 5068 narrow-band imaging
corresponds tom4684 = 24.0 mag. We de�ne the 50 per cent com-
pleteness limit as the magnitude at which only 50 per cent of the
sources predicted by the power law are detected, �nding a 50 per
cent detection limit ofm4686 = 24.8 mag for NGC 5068. The signif-
icance of these detection limits is discussed further in Section 6.2.
The detection limits for the broad-band images are almost identical
to those of the narrow-band imaging.

Typical photometric errors for all images were approxi-
mately±0.04 mag for bright (m4684 = 21 mag) with signi�cantly
higher errors of±0.20 mag for the faintest stars (m4684 = 26 mag)
and ±0.5 mag for m4684 = 27 mag. Fig. 3 shows the distribution
photometric errors for the�4684 images. In some instances, irre-
spective of the brightness of the source, severe crowding makes a
PSF �t inappropriate, so no photometry is derived for some sources.

Figure 2. Plot showing how the distribution of photometric sources in
NGC 5068 varies with apparent�4684 magnitude using 0.4 mag bins. The
100 and 50 per cent completeness limits are derived from this plot using the
solid line which represents a linear �t to the brightest sources.

Absolute calibration for the broad-band images was achieved
from observations of �ve stars within the standard star �eld
SA 110Š362 (Stetson 2000). For the narrow-band images the spec-
trophotometric standard star LTT 7987 (Hamuy et al. 1994) was
used to obtain photometric zero-points since standard star �elds
are not available. The associated error on the calculated zero-points
is ±0.15 mag.

2.2 Source selection

The �4684 narrow-band �lter is coincident with the NIII �4640,
HeII �4686 and CIV �4650 WR emission lines and the�4781 �lter
is placed on the continuum where there are no WR lines present.

C� 2012 The Authors, MNRAS420,3091–3107
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Figure 3. Photometric errors as a function of apparent magnitude for all
sources detected in the�4684 VLT/FORS1 image of NGC 5068.

The ‘blinking’ technique, pioneered by Moffat & Shara (1983), is
the easiest way of identifying WR candidates and compares the
�4684, �4781 and continuum subtracted image (�4684 minus the
�4781 image) to reveal emission-line stars.

In total 160 WR candidates were identi�ed in NGC 5068, which
are listed in Table 2. Photometry was obtained for 95 per cent
of the candidates in at least the�4684 �lter. The few sources for
which �4684 photometry was not obtained were either too faint,
extended or were located in a crowded region which makes reliable
photometry dif�cult. Very extended or crowded sources are noted
in Table 2, as are three sources which lay at the very edge of
the FORS1 CCD that naturally represent less secure candidates.
Although all 160 candidates were identi�ed from the ‘blinking’
technique, photometric errors indicates that only 59 sources are
formally 3� detections.

To enable accurate mapping of the WR candidates an astromet-
ric solution was achieved by comparing the measured position of
several stars in the image to their positions found in the Guide Star
Catalogue. We found offsets ofŠ0.6 and+0.22 arcsec for the right
ascension and declination, respectively, which have been applied
to the WR candidates listed in Table 2. Finding charts for all the
WR candidates are available in the online appendix (see Supporting
Information), an example of which is shown in Fig. 4.

2.3 MOS spectroscopy

Multi-Object Spectroscopy (MOS) of WR candidates in NGC 5068
was obtained in 2009 March–April using the GMOS at the Gemini-
South telescope in Cerro Pachon, Chile.

Since the�4684 and�4781 narrow-band imaging were obtained
from the VLT,1 broad-band (g� �lter) pre-imaging was obtained
using GMOS to aid the MOS mask design. The �eld of view of
GMOS is 5.5× 5.5 arcmin2 compared to the 6.8× 6.8 arcmin2

VLT �eld (Fig. 1), hence some of the WR candidates lay beyond
the GMOS �eld. The GMOS �eld of view was chosen to maximize

1 �4684 and adjacent continuum �lters were subsequently acquired for Gem-
ini/GMOS.

the number of WR candidates and is overlaid on the VLT �eld in
Fig. 1; only six sources were outside the GMOS �eld.

Three MOS masks were designed using 0.75-arcsec slits and
the R150 grating with a dispersion of�3.5 Å pixel Š1. The spectral
coverage was typically from�3900 to 9000 Å to include all of
the WR and nebular diagnostic lines. Data longward of�7000 Å
suffered from fringing effects and second-order contamination so
were unreliable, however, this is not a concern as no diagnostic lines
lie within this region.

For the �rst MOS mask (#1) six 430-s exposures were obtained
under good seeing conditions which over the duration of the ob-
servations was an average of 0.87 arcsec. WR candidates included
in MOS mask #1 had the brightest�4684–�4781 photometric ex-
cesses requiring a signal-to-noise ratio (S/N)� 3–5 for detection.
MOS masks #2 and #3 had six longer exposures of 1400 s each,
producing a higher S/N of�10 to detect the fainter WR candidates.
Seeing conditions for MOS mask #2 were similar to the mask #1,
although conditions deteriorated to 1.16 arcsec for mask #3.

64 out of the 160 WR candidates were spectroscopically observed
(�40 per cent), a similar percentage to the 3� photometrically sig-
ni�cant sources (23 from 59 cases). To �ll the gaps in the MOS
mask design, four HII regions, identi�ed from our H�images were
added, allowing nebular properties to be investigated. Additional
targets were spectroscopically observed in regions of NGC 5068
where we were unable to identify suitable WR candidates due
to the FORS chip gaps, two of which were spectroscopically
observed.

Spectroscopic data were reduced and extracted using standard
procedures within the GeminiIRAF package. Spectra were wave-
length calibrated using observations of an internal CuAr arc lamp
with each of the three MOS masks. Absolute �ux calibrations were
achieved from observations of the spectrophotometric standard star
LTT 7987 (Hamuy et al. 1994) using theSTARLINK packageFIGARO.

In order to assess the reliability of our photometry we convolved
the observed �ux calibrated object spectra with the response func-
tion of the interference �lter used in the narrow-band imaging to
determine a spectroscopic magnitude for each source; a compari-
son of which is shown in Fig. 5. Most sources are in reasonable
agreement, with the exception of source #17, them� 4684 Š m� 4781

excess of+1.12 is inconsistent with the WC subtype determined
from spectroscopy (see Section 4.2). This source was included as a
candidate following visual inspection of the continuum subtracted
image which clearly showed the presence of WR emission, hence
photometry for this source is unreliable.

3 NEBULAR PROPERTIES

In this section we use our GMOS spectroscopy to derive the nebular
properties of HII regions in NGC 5068, comparing our results with
previous estimates. Approximately 30 per cent of our spectroscopy
of WR candidates contained nebular lines in addition to the four
H II regions that were speci�cally targeted for this purpose. We
performed Gaussian �ts to the excited nebular (and stellar) emission
lines using theEMISSION LINE FITTING(ELF) routine within theSTARLINK

packageDIPSO.

3.1 Interstellar extinction

The interstellar extinction for each source was determined from the
observed Balmer line ratios ofFH� /FH� with Case B recombination
theory (Hummer & Storey 1987), assumingne � 100 cmŠ3, Te �
104 K and a standard Galactic extinction law (Seaton 1979).

C� 2012 The Authors, MNRAS420,3091–3107
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WR population of NGC 5068 3095

Table 2. Catalogue of WR candidates in NGC 5608 ordered by right ascension. Absolute magnitudes are derived using a distance of 5.45 Mpc (Herrmann
et al. 2008). Where spectra have been obtained the derivedE(B Š V) is used. For those sources with no nebular lines an averageE(B Š V) = 0.259 mag is
used. The spectral classi�cation determined from spectroscopy is listed along with the sources association with a HII region. ‘Faint’ implies nebular-like H�
emission, ‘bright’ implies a more point source H�emission while those in the brightest HII regions in NGC 5068 are referred to using ID numbers in Table 6.
The �nal column indicates what �nding chart the source is located in Appendix A (see Supporting Information).

ID RA Dec. r/R25 mV mB Š mV m4684 m4684 Š m4781 E(B Š V) MV M4684 Spectral HII region Finding
(J2000) (J2000) (mag) (mag) (mag) (mag) (mag) (mag) (mag) type chart

1 13:18:41.27 Š20:59:53.1 1.20 – – 24.82± 0.09 Š0.72± 0.15 0.259 – Š4.79 (WN)(1) – 28
2 13:18:41.27 Š21:04:36.9 1.07 21.68± 0.07 + 1.76± 0.07 22.82± 0.02 Š0.16± 0.10 0.259 Š7.80 Š6.79 (No WR) – 23
3 13:18:43.15 Š21:01:38.4 0.79 22.06± 0.29 + 0.27± 0.29 22.29± 0.02 + 0.01± 0.09 0.259 Š7.42 Š7.32 (No WR) – 24
4 13:18:43.30 Š21:03:41.2 0.81 21.71± 0.02 + 1.72± 0.02 22.81± 0.02 Š0.09± 0.12 0.259 Š7.77 Š6.80 (No WR) Faint 23

5 13:18:43.36 Š21:01:29.1 0.80 Extended 0.259 (WR?) Faint 24
6 13:18:43.44 Š21:01:31.5 0.79 23.76± 0.26 + 0.17± 0.26 22.95± 0.03 Š1.46± 0.23 0.247 Š5.69 Š6.62 WN4–6(2) Faint 24
7 13:18:43.61 Š21:01:20.7 0.80 23.37± 0.12 + 0.40± 0.14 23.58± 0.06 Š0.42± 0.10 0.259 Š6.11 Š6.03 (No WR) Faint 24
8 13:18:43.64 Š21:01:24.6 0.79 23.19± 0.07 + 0.06± 0.07 23.30± 0.03 Š0.03± 0.07 0.259 Š6.29 Š6.31 No WR Faint 24

9 13:18:44.41 Š21:02:34.1 0.66 21.75± 0.45 Š0.08± 0.45 21.83± 0.08 Š0.21± 0.08 0.259 Š7.73 Š7.78 (No WR) Bright 22
10 13:18:44.75 Š21:01:04.3 0.78 24.30± 0.09 + 0.64± 0.11 – – 0.428 Š5.18 – WC4–5(1) Faint 25
11 13:18:44.85 Š21:00:50.4 0.82 21.68± 0.02 + 0.17± 0.06 22.09± 0.07 Š0.09± 0.09 0.259 Š7.80 Š7.52 (No WR) HII #3 25
12 13:18:45.09 Š21:01:03.8 0.76 22.81± 0.06 + 0.16± 0.07 22.35± 0.02 Š0.95± 0.25 0.284 Š6.75 Š7.35 WCE(1) Bright 25

13 13:18:45.23 Š21:02:25.6 0.60 21.75± 0.02 + 0.05± 0.04 21.90± 0.03 Š0.09± 0.10 0.465 Š8.37 Š8.45 WCE(1)(?) Bright 22
14 13:18:45.56 Š21:02:33.5 0.58 21.57± 0.22 + 0.12± 0.22 21.72± 0.02 Š0.22± 0.26 0.259 Š7.91 Š7.89 No WR HII #4 22
15 13:18:45.77 Š21:02:38.6 0.57 – – 24.35± 0.05 Š1.14± 0.11 0.259 – Š5.26 (WN)(1) – 22
16 13:18:45.84 Š21:02:30.5 0.56 Extended 0.259 (WR?) HII #4 22

17 13:18:46.07 Š21:03:47.3 0.68 22.56± 0.05 + 0.25± 0.06 22.30± 0.02 + 1.12± 0.09 0.230 Š6.83 Š7.21 WC4–5(2) Bright 20
18 13:18:46.12 Š21:03:25.0 0.62 – – 24.59± 0.05 Š0.55± 0.09 0.259 – Š5.02 (WN)(1) – 20
19 13:18:46.63 Š21:03:32.0 0.61 23.43± 0.03 + 0.43± 0.06 23.43± 0.04 Š0.63± 0.11 0.259 Š6.05 Š6.18 WC(1) Bright 20
20 13:18:46.96 Š21:01:47.5 0.54 23.74± 0.11 Š0.13± 0.11 23.62± 0.05 Š0.11± 0.26 0.259 Š5.99 (No WR) – 21

21 13:18:47.01 Š21:00:33.8 0.77 21.72± 0.21 + 0.89± 0.21 22.79± 0.03 Š0.46± 0.14 0.595 Š8.80 Š8.03 WNE(2)(?) HII #6 26
22 13:18:47.09 Š21:00:25.3 0.80 23.15± 0.45 Š0.01± 0.45 – – 0.259 Š6.33 – No WR Bright 27
23 13:18:47.16 Š21:03:54.0 0.65 23.75± 0.27 Š0.07± 0.29 – – 0.259 Š5.73 – (WR?) HII #7 20
24 13:18:47.24 Š21:00:36.5 0.75 – – – – 0.259 – – (WR?) – 26

25 13:18:47.438 Š21:00:19.7 0.81 20.29± 0.10 + 0.12± 0.11 20.44± 0.04 Š0.01± 0.33 0.259 Š9.19 Š9.17 No WR Bright 27
26 13:18:47.44 Š21:03:53.2 0.64 23.37± 0.13 Š0.06± 0.15 23.71± 0.06 Š0.22± 0.50 0.259 Š6.11 Š5.90 (No WR) HII #7 20
27 13:18:47.47 Š21:01:57.4 0.48 23.39± 0.09 + 1.83± 0.15 24.52± 0.09 Š0.38± 0.09 0.259 Š6.09 Š5.09 (No WR) – 21
28 13:18:47.50 Š21:03:43.2 0.60 22.78± 0.09 + 0.07± 0.09 22.72± 0.01 Š0.18± 0.02 0.159 Š6.39 Š6.53 (WN)(1) Faint 20

29 13:18:47.50 Š21:03:28.3 0.55 25.19± 0.05 + 0.01± 0.12 24.80± 0.11 Š0.30± 0.31 0.259 Š4.29 Š4.81 (No WR) – 20
30 13:18:47.70 Š21:00:09.1 0.85 25.07± 0.05 Š0.22± 0.10 23.90± 0.05 Š1.51± 0.10 0.259 Š4.41 Š5.71 (WC)(1) – 27
31 13:18:47.74 Š21:02:14.6 0.44 21.95± 0.03 Š0.02± 0.08 22.03± 0.09 + 0.04± 0.24 0.259 Š7.53 Š7.58 No WR – 21
32 13:18:47.78 Š21:02:19.2 0.44 23.76± 0.05 Š0.22± 0.06 22.48± 0.02 Š1.27± 0.45 0.259 Š5.72 Š7.13 (WN)(2) – 21

33 13:18:48.05 Š21:03:52.3 0.61 – – – – – – – (WR?) – 20
34 13:18:48.06 Š21:00:48.7 0.66 18.61± 0.04 + 0.67± 0.07 19.59± 0.07 Š0.08± 0.48 0.259 Š10.87 -10.02 No WR HII #9 26
35 13:18:48.12 Š21:00:37.7 0.70 – – – 0.259 – – WCE(2) Faint 26
36 13:18:48.18 Š21:00:48.4 0.66 – – 21.54± 0.10 Š1.02± 0.10 0.259 – Š8.07 (WC)(1) HII #9 26

37 13:18:48.18 Š21:00:38.9 0.70 – – – – 0.259 – – (WR?) Faint 26
38 13:18:48.19 Š21:00:34.2 0.72 – – – – 0.259 – – (WR?) Faint 26
39 13:18:48.29 Š21:00:33.4 0.72 22.59± 0.06 + 0.21± 0.08 22.75± 0.05 Š0.04± 0.15 0.259 Š6.89 Š6.86 WN(1) – 26
40 13:18:48.56 Š21:00:17.3 0.78 20.59± 0.04 + 0.38± 0.06 21.23± 0.05 Š0.03± 0.37 0.259 Š8.89 Š8.38 (No WR) HII #10 27

41 13:18:48.98 Š21:00:21.0 0.74 19.42± 0.06 + 0.27± 0.06 19.82± 0.03 Š0.02± 0.36 0.259 Š10.06 Š9.79 No WR HII #11 27
42 13:18:48.98 Š21:00:25.4 0.72 20.77± 0.08 Š0.13± 0.09 20.29± 0.06 Š0.49± 0.39 0.259 Š8.71 Š9.32 (WC)(2) Faint 27
43 13:18:49.15 Š21:02:33.1 0.35 22.90± 0.05 + 0.09± 0.05 22.42± 0.02 Š0.65± 0.06 0.259 Š6.58 Š7.19 WN5b(3) – 15
44 13:18:49.31 Š21:02:00.2 0.36 22.93± 0.28 Š0.21± 0.29 23.00± 0.10 Š0.30± 0.10 0.259 Š6.55 Š6.66 (WN)(1) – 15

45 13:18:49.36 Š21:00:21.6 0.73 19.53± 0.16 + 0.38± 0.16 20.17± 0.03 ± 0.00± 0.29 0.259 Š9.95 Š9.44 No WR HII #12 27
46 13:18:49.47 Š21:02:34.5 0.33 21.10± 0.11 + 0.07± 0.12 21.31± 0.03 + 0.02± 0.06 0.259 Š8.38 Š8.30 (No WR) Bright 15
47 13:18:49.49 Š21:03:55.9 0.57 21.56± 0.21 Š0.10± 0.22 21.55± 0.09 Š0.38± 0.15 0.259 Š7.92 Š8.06 (No WR) Faint 19
48 13:18:49.60 Š21:03:38.3 0.49 – – – – 0.259 – – (WR?) Faint 19

49 13:18:49.69 Š21:03:19.9 0.42 20.05± 0.07 + 0.31± 0.07 20.33± 0.01 Š0.03± 0.07 0.259 Š9.43 Š9.28 (No WR) HII #14 29
50 13:18:49.72 Š21:03:41.7 0.50 21.46± 0.07 Š0.13± 0.10 21.32± 0.09 Š0.27± 0.09 0.259 Š8.02 Š8.29 (WN)(2) – 19
51 13:18:49.78 Š21:04:06.8 0.61 22.64± 0.08 Š0.34± 0.09 22.68± 0.03 Š0.59± 0.49 0.259 Š6.84 Š6.93 (WN)(1) Bright 19
52 13:18:49.80 Š21:02:28.2 0.30 22.38± 0.14 Š1.78± 0.15 20.99± 0.02 Š0.16± 0.15 0.259 Š7.10 Š8.62 (No WR) HII #13 15
53 13:18:49.80 Š21:02:26.5 0.30 – – 23.14± 0.09 Š0.35± 0.09 0.259 – Š6.47 (WN)(1) HII #13 15
54 13:18:49.81 Š21:03:48.7 0.53 21.74± 0.08 + 0.19± 0.09 21.92± 0.05 Š0.02± 0.54 0.101 Š7.25 Š7.12 No WR – 19
55 13:18:49.84 Š21:03:20.7 0.42 22.11± 0.05 + 0.08± 0.09 22.43± 0.05 Š0.23± 0.15 0.259 Š7.37 Š7.18 No WR HII #14 29
56 13:18:49.90 Š21:02:30.3 0.30 23.28± 0.20 Š0.12± 0.21 22.32± 0.02 Š2.00± 0.37 0.259 Š6.20 Š7.29 (WC)(1) HII #13 15
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Table 2 – continued

ID RA Dec. r/R25 mV mB Š mV m4684 m4684 Š m4781 E(B Š V) MV M4684 Spectral HII region Finding
(J2000) (J2000) (mag) (mag) (mag) (mag) (mag) (mag) (mag) type chart

57 13:18:49.98 Š21:03:56.8 0.56 23.64± 0.05 Š0.59± 0.07 23.47± 0.06 Š0.72± 0.06 0.259 Š5.84 Š6.14 (WN)(1) – 19
58 13:18:49.99 Š21:03:23.7 0.42 19.42± 0.14 + 0.05± 0.15 19.19± 0.08 Š0.39± 0.49 0.259 Š10.06 Š10.42 (No WR) HII #14 29
59 13:18:50.03 Š21:02:17.5 0.29 – – 22.14± 0.01 Š1.62± 0.35 0.259 – Š7.47 WCpec?(?) Bright 15
60 13:18:50.08 Š21:03:21.3 0.41 20.12± 0.05 + 0.10± 0.08 20.46± 0.07 Š0.16± 0.37 0.451 Š9.96 Š9.84 No WR HII #14 29

61 13:18:50.11 Š21:03:45.2 0.50 21.86± 0.09 Š0.01± 0.10 23.56± 0.08 Š0.47± 0.15 0.259 Š7.62 Š6.05 (WN)(1) – 19
62 13:18:50.26 Š21:03:20.0 0.41 24.24± 0.33 Š0.53± 0.33 24.29± 0.06 Š0.29± 0.08 0.259 Š5.24 Š5.32 (WN)(1) Bright 29
63 13:18:50.27 Š21:00:51.4 0.56 21.06± 0.08 + 1.52± 0.09 22.04± 0.04 Š0.10± 0.29 0.259 Š8.42 Š7.57 No WR Faint 13
64 13:18:50.38 Š21:02:15.6 0.27 24.39± 0.14 Š0.18± 0.15 24.36± 0.07 Š0.47± 0.14 0.259 Š5.09 Š5.25 (WN)(1) Faint 15

65 13:18:50.40 Š21:02:18.6 0.27 21.18± 0.09 + 0.12± 0.09 20.95± 0.01 Š0.54± 0.14 0.259 Š8.30 Š8.66 WC6(2) Bright 15
66 13:18:50.41 Š21:03:42.9 0.48 24.56± 0.12 Š0.42± 0.14 23.95± 0.06 Š0.41± 0.14 0.259 Š4.92 Š5.66 (WN)(1) – 19
67 13:18:50.42 Š21:02:01.8 0.29 22.15± 0.52 Š0.26± 0.53 21.87± 0.05 Š0.26± 0.53 0.259 Š7.33 Š7.74 (No WR) Bright 15
68 13:18:50.50 Š21:02:02.2 0.28 Blended with A24 0.259 (WR?) Bright 15

69 13:18:50.66 Š21:02:06.2 0.27 – – 22.04± 0.03 Š0.49± 0.03 0.259 – Š7.57 (WN)(2) HII #15 15
70 13:18:50.67 Š21:02:07.6 0.26 20.37± 0.13 + 0.02± 0.13 20.32± 0.03 Š0.10± 0.11 0.259 Š9.11 Š9.29 (No WR) HII #15 15
71 13:18:50.80 Š21:01:08.6 0.46 20.70± 0.21 + 1.70± 0.21 21.79± 0.04 Š0.09± 0.09 0.259 Š8.78 Š7.82 No WR Faint 13
72 13:18:51.05 Š21:02:22.4 0.22 – – – – 0.259 – – (WR?) – 15

73 13:18:51.16 Š21:04:09.3 0.59 21.07± 0.17 + 0.03± 0.18 21.11± 0.10 Š0.11± 0.37 0.277 Š8.47 Š8.57 No WR HII #16 18
74 13:18:51.30 Š21:03:50.5 0.49 – – 23.04± 0.05 Š0.17± 0.07 0.259 – Š6.57 (No WR) Bright 18
75 13:18:51.43 Š21:04:09.0 0.58 21.78± 0.10 + 0.08± 0.12 21.79± 0.05 Š0.25± 0.11 0.259 Š7.70 Š7.82 (No WR) HII #16 18
76 13:18:51.50 Š21:04:08.3 0.58 20.69± 0.18 + 0.27± 0.18 21.02± 0.04 Š0.20± 0.11 0.259 Š8.79 Š8.59 (No WR) HII #16 18

77 13:18:51.66 Š21:00:05.1 0.74 20.41± 0.16 + 1.36± 0.17 21.32± 0.05 + 0.03± 0.08 0.259 Š9.07 Š8.29 No WR Faint 12
78 13:18:51.68 Š21:01:18.4 0.38 22.70± 0.27 Š0.23± 0.28 22.34± 0.04 Š0.35± 0.04 0.259 Š6.78 Š7.27 WN6(1) HII #17 14
79 13:18:51.79 Š21:01:06.5 0.44 – – 23.89± 0.08 Š0.44± 0.08 0.259 – Š5.72 (WN)(1) – 13
80 13:18:51.78 Š21:03:37.3 0.42 25.25± 0.06 Š0.33± 0.10 – – 0.259 Š4.23 – (WR?) Faint 17

81 13:18:51.85 Š21:00:49.6 0.52 20.54± 0.09 + 0.24± 0.10 21.20± 0.05 + 0.02± 0.05 0.259 Š8.94 Š8.41 No WR HII #18 13
82 13:18:51.86 Š21:01:16.1 0.39 19.74± 0.18 + 0.05± 0.18 19.63± 0.05 Š0.25± 0.07 0.259 Š9.74 Š9.98 (WN)(8) HII #17 14
83 13:18:51.90 Š21:00:53.9 0.49 20.87± 0.14 + 0.15± 0.14 21.02± 0.04 + 0.02± 0.08 0.259 Š8.61 Š8.59 No WR Faint 13
84 13:18:51.98 Š21:03:41.2 0.44 24.52± 0.02 Š0.21± 0.04 22.72± 0.02 Š2.35± 0.23 0.259 Š4.96 Š6.89 WC4–5(1) – 17

85 13:18:52.04 Š21:01:14.9 0.39 21.80± 0.06 + 0.35± 0.07 22.23± 0.03 + 0.06± 0.39 0.259 Š7.68 Š7.38 No WR HII #17 14
86 13:18:52.15 Š21:01:18.8 0.37 23.02± 0.19 Š0.31± 0.20 22.57± 0.03 Š0.31± 0.04 0.259 Š6.46 Š7.04 (WN)(1) Bright 14
87 13:18:52.16 Š21:01:14.2 0.39 – – – – 0.259 – – (WR?) Faint 14
88 13:18:52.19 Š21:01:21.7 0.35 24.41± 0.12 + 0.15± 0.14 23.03± 0.03 Š2.80± 0.06 0.259 Š5.07 Š6.58 (WC)(1) – 14

89 13:18:52.22 Š21:04:07.0 0.56 – – 22.42± 0.03 Š2.54± 0.13 0.259 – Š7.19 (WC)(1) – 18
90 13:18:52.28 Š21:01:25.4 0.33 23.82± 0.09 Š0.17± 0.10 22.03± 0.03 Š2.23± 0.06 0.259 Š5.66 Š7.58 WC4–5(2) – 14
91 13:18:52.29 Š21:01:22.6 0.34 24.41± 0.12 + 0.15± 0.14 23.03± 0.04 Š2.80± 0.06 0.259 Š5.07 Š6.58 (WC)(1) Bright 14
92 13:18:52.39 Š21:03:43.5 0.44 22.34± 0.15 + 0.18± 0.16 22.55± 0.05 Š0.79± 0.17 0.259 Š7.14 Š7.06 (WN)(2) Faint 14

93 13:18:52.57 Š21:00:57.8 0.46 21.42± 0.19 Š0.14± 0.02 21.33± 0.06 Š0.11± 0.35 0.170 Š7.79 Š7.96 WNE(1) Bright 13
94 13:18:52.71 Š21:03:04.3 0.25 25.14± 0.08 Š0.71± 0.09 22.55± 0.02 Š3.36± 0.05 0.259 Š4.34 Š7.06 WC7(1) – 16
95 13:18:52.72 Š21:03:27.6 0.36 – – 21.99± 0.09 + 0.12± 0.28 0.259 – Š7.62 No WR Faint 17
96 13:18:52.95 Š21:02:54.3 0.19 23.46± 0.31 Š0.15± 0.32 22.39± 0.02 Š1.20± 0.19 0.259 Š6.02 Š7.22 (WN)(2) Bright 16

97 13:18:53.06 Š21:03:56.8 0.50 21.44± 0.29 + 1.98± 0.29 22.64± 0.04 Š0.12± 0.09 0.259 Š8.04 Š6.97 (No WR) Bright 18
98 13:18:53.06 Š21:03:25.7 0.34 – – – 0.259 – – (WR?) Bright 17
99 13:18:53.08 Š21:03:22.7 0.33 23.66± 0.04 + 0.53± 0.05 – – 0.259 Š5.82 – WN6(3) Bright 17
100 13:18:53.11 Š21:03:30.9 0.37 23.17± 0.33 + 0.12± 0.33 23.11± 0.05 Š0.21± 0.07 0.259 Š6.31 Š6.50 (WN)(1) Bright 17

101 13:18:53.13 Š21:03:36.6 0.40 19.69± 0.05 + 0.21± 0.06 19.94± 0.04 + 0.07± 0.46 0.259 Š9.79 Š9.67 No WR Faint 17
102 13:18:53.14 Š21:00:32.2 0.57 22.03± 0.22 + 0.23± 0.23 22.38± 0.06 Š0.13± 0.39 0.259 Š7.45 Š7.23 (No WR) Bright 10
103 13:18:53.23 Š21:02:43.5 0.14 22.39± 0.09 Š0.17± 0.11 22.36± 0.02 Š0.18± 0.45 0.027 Š6.37 Š6.42 No WR HII #19 16
104 13:18:54.15 Š21:02:03.8 0.09 Edge of chip – – – 0.147 – – WN(1) – 8

105 13:18:54.15 Š21:03:26.7 0.34 Edge of chip – – – – – – No WR Bright 7
106 13:18:54.18 Š21:00:27.9 0.59 23.21± 0.12 Š0.19± 0.13 22.80± 0.04 Š0.57± 0.51 0.087 Š5.74 Š6.19 WN7(1) Bright 10
107 13:18:54.19 Š21:03:07.6 0.24 Edge of chip – – – 0.259 – – (WR?) Bright 7
108 13:18:54.22 Š21:00:32.1 0.56 20.88± 0.05 + 0.01± 0.05 20.99± 0.03 Š0.05± 0.18 0.259 Š8.60 Š8.62 No WR Faint 10
109 13:18:54.24 Š21:02:04.6 0.08 20.65± 0.26 + 0.57± 0.27 20.85± 0.10 Š0.25± 0.16 0.259 Š8.83 – 8.7 (No WR) Bright 8
110 13:18:54.25 Š21:03:06.5 0.24 24.40± 0.03 Š0.28± 0.10 21.15± 0.02 Š0.15± 0.03 0.102 Š5.08 Š8.46 (No WR) Faint 7
111 13:18:54.27 Š21:02:55.1 0.18 25.04± 0.12 Š0.57± 0.14 23.42± 0.03 Š1.50± 0.06 0.259 Š4.44 Š6.19 WNL(1) – 7
112 13:18:54.31 Š21:03:08.2 0.25 – – 22.14± 0.04 – 0.102 – Š6.91 WC(1) Faint 7

113 13:18:54.38 Š21:00:29.3 0.58 – – – – 0.259 – – (WR?) Faint 10
114 13:18:54.49 Š21:02:13.3 0.04 Crowded (WR?) Bright 8
115 13:18:54.60 Š21:02:07.9 0.07 19.87± 0.05 + 0.15± 0.08 19.99± 0.09 Š0.03± 0.21 0.259 Š9.61 Š9.62 No WR Faint 8
116 13:18:54.67 Š21:03:10.8 0.26 18.91± 0.13 + 0.05± 0.14 18.99± 0.06 Š0.16± 0.44 0.259 Š10.57 Š10.62 No WR HII #20 7
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WR population of NGC 5068 3097

Table 2 – continued

ID RA Dec. r/R25 mV mB Š mV m4684 m4684 Š m4781 E(B Š V) MV M4684 Spectral HII region Finding
(J2000) (J2000) (mag) (mag) (mag) (mag) (mag) (mag) (mag) type chart

117 13:18:54.67 Š21:03:06.1 0.24 21.20± 0.22 + 0.20± 0.22 21.37± 0.02 Š0.15± 0.12 0.259 Š8.28 Š8.30 B0-B3 Bright 7
118 13:18:54.77 Š21:04:08.8 0.56 23.67± 0.18 Š0.02± 0.18 22.68± 0.03 Š1.34± 0.11 0.259 Š5.81 Š6.93 (WN)(2) Faint 5
119 13:18:54.82 Š21:03:12.8 0.27 22.68± 0.23 Š0.39± 0.23 21.62± 0.02 Š1.34± 0.30 0.259 Š6.80 Š7.99 (WC)(1) Bright 7
120 13:18:54.83 Š21:0.3:26.0 0.34 21.88± 0.09 + 0.05± 0.09 21.99± 0.03 + 0.03± 0.08 0.259 Š7.60 Š7.62 (No WR) – 7

121 13:18:54.90 Š21:04:02.8 0.53 Extended (WR?) HII #21 5
122 13:18:54.96 Š21:0.4:55.3 0.81 21.30± 0.09 + 1.60± 0.10 22.44± 0.03 Š0.02± 0.34 0.259 Š8.18 Š7.17 (No WR) – 11
123 13:18:54.97 Š21:04:06.2 0.55 21.95± 0.04 + 0.03± 0.05 22.02± 0.04 Š0.08± 0.13 0.259 Š7.53 Š7.59 No WR Bright 5
124 13:18:55.11 Š21:04:05.0 0.55 23.43± 0.22 Š0.22± 0.23 22.06± 0.01 Š1.54± 0.10 0.259 Š6.06 Š7.55 (WC)(1) Faint 5

125 13:18:55.15 Š21:02:57.1 0.20 22.18± 0.08 + 0.06± 0.08 21.93± 0.03 Š0.43± 0.04 0.259 Š7.30 Š7.68 WC(1) Bright 7
126 13:18:55.35 Š21:02:32.3 0.09 21.81± 0.11 + 0.42± 0.13 21.83± 0.09 Š0.32± 0.09 0.259 Š7.67 Š7.78 (WN)(2) Bright 8
127 13:18:55.42 Š21:04:13.1 0.59 – – 24.08± 0.05 Š1.16± 0.14 0.259 – Š5.53 (WN)(1) – 5
128 13:18:55.53 Š21:04:06.7 0.56 24.04± 0.06 + 0.26± 0.08 Extended – 0.259 Š5.44 – WC4–5(1) Bright 5

129 13:18:55.66 Š21:03:39.6 0.42 – – 22.83± 0.03 Š0.55± 0.32 0.358 – Š7.14 No WR Bright 6
130 13:18:55.79 Š21:03:46.6 0.46 22.21± 0.05 + 0.55± 0.08 22.84± 0.09 Š0.46± 0.33 0.259 Š7.27 Š6.77 No WR Bright 6
131 13:18 56.02 Š21:02:44.8 0.17 23.46± 0.31 Š0.15± 0.32 22.39± 0.02 Š1.20± 0.19 0.180 Š5.78 Š6.94 WC4(1) Bright 2
132 13:18:56.32 Š21:04:36.3 0.73 21.72± 0.18 Š0.06± 0.19 22.01± 0.06 Š0.54± 0.06 0.259 Š7.76 Š7.60 (No WR) Bright 4

133 13:18 56.52 Š21:02:04.7 0.15 23.87± 0.09 + 0.18± 0.10 22.89± 0.04 Š1.55± 0.08 0.259 Š5.61 Š6.72 WC4(1) Faint 2
134 13:18:56.77 Š21:04:13.4 0.62 21.13± 0.15 + 0.58± 0.16 21.12± 0.02 Š1.24± 0.06 0.181 Š8.11 Š8.21 WC4(3) HII #24 4
135 13:18:56.82 Š21:02:13.7 0.16 20.12± 0.09 + 1.49± 0.1 21.04± 0.04 Š0.05± 0.15 0.259 Š9.36 Š8.57 No WR Faint 2
136 13:18:56.82 Š21:04:41.6 0.76 22.74± 0.09 + 0.34± 0.12 22.65± 0.06 Š1.01± 0.06 0.259 Š6.74 Š6.96 No WR Faint 4

137 13:18:56.91 Š21:03:10.7 0.32 21.97± 0.13 Š0.02± 0.13 21.99± 0.02 Š0.05± 0.09 0.259 Š7.51 Š7.62 (No WR) Bright 6
138 13:18:56.98 Š21:04:13.1 0.62 20.38± 0.41 + 0.12± 0.42 20.46± 0.03 Š0.27± 0.45 0.259 Š9.10 Š9.15 (No WR) HII #24 4
139 13:18:57.09 Š21:00:46.1 0.51 – – – – 0.259 – – (WR?) HII #25 9
140 13:18:57.17 Š21:03:25.3 0.39 23.37± 0.21 + 0.08± 0.21 23.31± 0.04 Š0.25± 0.06 0.259 Š6.11 Š6.30 (WN)(1) Faint 6

141 13:18:57.20 Š21:02:07.8 0.19 21.70± 0.06 Š0.11± 0.07 21.50± 0.03 Š0.28± 0.06 0.259 Š7.78 Š7.91 No WR Bright 2
142 13:18:57.20 Š21:00:47.8 0.50 21.25± 0.15 Š0.15± 0.15 20.88± 0.06 Š0.29± 0.13 0.259 Š8.23 Š8.73 (No WR) HII #25 9
143 13:18:57.63 Š21:03:22.0 0.40 22.34± 0.03 + 0.14± 0.09 22.25± 0.10 Š0.56± 0.43 0.259 Š7.14 Š7.36 (No WR) Faint 6
144 13:18:57.65 Š21:04:41.9 0.78 23.78± 0.04 + 0.24± 0.07 22.28± 0.02 Š2.58± 0.41 0.259 Š5.70 Š7.33 (WC)(1) Bright 4

145 13:18:57.98 Š21:02:28.4 0.24 23.06± 0.05 Š0.07± 0.06 22.08± 0.02 Š1.11± 0.17 0.259 Š6.42 Š7.53 WC6(1) HII #26 2
146 13:18:58.04 Š21:00:58.4 0.47 19.94± 0.06 + 1.58± 0.07 20.98± 0.03 Š0.09± 0.06 0.259 Š9.54 Š8.63 No WR Bright 9
147 13:18:59.01 Š21:04:08.6 0.66 24.00± 0.06 + 0.35± 0.08 23.43± 0.03 Š1.06± 0.13 0.259 Š5.48 Š6.18 (WN)(1) – 3
148 13:18:59.58 Š21:02:09.4 0.34 23.87± 0.09 + 0.18± 0.10 23.52± 0.07 Š0.68± 0.32 0.259 Š5.61 Š6.09 (WN)(1) – 2

149 13:19:00.02 Š21:04:44.4 0.86 22.62± 0.40 + 0.67± 0.40 23.23± 0.03 Š0.53± 0.30 0.125 Š6.45 Š5.90 WNE(1) Bright 3
150 13:19:00.30 Š21:04:46.2 0.88 24.33± 0.17 + 0.14± 0.18 22.72± 0.02 Š2.72± 0.08 0.259 Š5.15 Š6.89 WC4–5(1) Faint 3
151 13:19:00.77 Š21:02:25.2 0.42 25.04± 0.12 Š0.57± 0.14 23.42± 0.03 Š1.50± 0.06 0.259 Š4.44 Š6.19 WNE(1) – 2
152 13:19:00.79 Š21:02:47.3 0.45 19.58± 0.12 + 0.40± 0.14 20.79± 0.09 + 0.37± 0.09 0.259 Š9.90 Š8.82 (No WR) HII #28 2

153 13:19:01.98 Š21:00:36.7 0.70 20.89± 0.11 Š0.14± 0.12 20.76± 0.06 Š0.28± 0.21 0.259 Š8.59 Š8.85 (No WR) Bright 1
154 13:19:02.02 Š21:02:44.2 0.52 24.98± 0.12 Š0.40± 0.15 24.53± 0.10 Š0.72± 0.11 0.259 Š4.50 Š5.08 (WN)(1) – 2
155 13:19:02.19 Š21:01:15.3 0.59 19.82± 0.21 + 1.49± 0.21 20.80± 0.04 Š0.05± 0.53 0.259 Š9.66 Š9.79 No WR Bright 1
156 13:19:02.24 Š21:01:11.5 0.60 21.59± 0.08 + 0.24± 0.08 21.81± 0.04 + 0.09± 0.08 0.259 Š7.89 Š7.80 No WR – 1

157 13:19:02.74 Š21:01:09.8 0.63 22.48± 0.49 Š0.33± 0.49 22.21± 0.05 Š0.32± 0.31 0.259 Š7.00 Š7.40 (No WR) Bright 1
158 13:19:02.93 Š21:03:52.0 0.76 22.90± 0.16 Š0.05± 0.16 22.75± 0.02 Š0.17± 0.12 0.259 Š6.58 Š6.86 (No WR) Faint 3
159 13:19:05.09 Š21:01:27.8 0.73 25.45± 0.12 Š0.47± 0.16 24.17± 0.08 Š1.21± 0.15 0.259 Š4.03 Š5.44 (WN)(1) – 1
160 13:19:05.13 Š21:02:26.4 0.70 23.54± 0.02 + 0.05± 0.08 23.53± 0.06 Š0.31± 0.33 0.259 Š5.94 Š6.07 (No WR) Faint 2

H1 13:18:58.05 Š21:01:45.9 0.28 23.24± 0.35 + 0.01± 0.35 23.48± 0.05 + 0.03± 0.30 0.258 Š6.23 Š6.13 HII region Bright
H2 13:18:49.50 Š21:01:52.6 0.37 23.38± 0.08 Š0.07± 0.09 23.63± 0.03 + 0.04± 0.07 0.258 Š6.10 Š5.98 HII region Bright
H3 13:18:57.01 Š21:04:25.9 0.69 23.25± 0.08 Š0.11± 0.09 23.29± 0.06 Š0.02± 0.10 0.181 Š5.99 Š5.95 HII region Bright
H4 13:18:55.75 Š21:01:37.0 0.23 21.80± 0.08 + 0.31± 0.08 22.09± 0.03 + 0.05± 0.14 0.259 Š7.68 Š7.52 HII region Bright

Individual values ofE(BŠ V) are listed for each source in Table 2
and range from just above the foreground extinction atE(B Š V) =
0.087 to 0.428 mag. The average extinction ofE(B Š V) = 0.259±
0.035 mag is applied to all sources for which no spectroscopic value
can be derived. Taking into account the underlying Balmer absorp-
tion we estimate that the H� �ux is underestimated by 1–13 per cent
based on measured equivalent widths of 15–300 Å. Ryder (1995) de-
rive similar values of extinction ranging from foreground extinction
of E(B Š V) = 0.007 to 0.623 mag. The dereddened emission-line
spectrum of the HII regions #202 is shown as an example in Fig. 6
with all the nebular diagnostic lines indicated.

3.2 Metallicity of NGC 5068

Nebular emission lines from HII regions allow metallicity calcula-
tions for NGC 5068. Previously, Ryder (1995) used a combination
of long-slit spectroscopy and multi-aperture plate slitlets to obtain
spectra of 20 HII regions within NGC 5068. Using theR23 method
(Pagel & Edmunds 1981) they determined a metallicity gradient of
log(O/H) + 12= (8.96± 0.12)–(0.35± 0.26)(r/R25), wherer/R25

is the deprojected distance from the centre of the galaxy based
on R25 = 3.62 arcmin for NGC 5068 from de Vaucouleurs et al.
(1991). Pilyugin, Vilchez & Contini (2004) subsequently combined
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Figure 4. Finding chart A.2 showing the location of �ve sources with their
ID number corresponding to that in Table 2. A key showing the location
of each �nding chart on the galaxy is also provided in Appendix A (see
Supporting Information), and the �nding chart for each source is listed in
Table 2.

Figure 5. Comparison of spectroscopic and photometric�4684 excesses
of NGC 5068 sources. The solid line indicated where the excesses are in
agreement. The error bar (±0.2 mag) shown is typical of faint sources (�24–
26 mag), however, errors are lower for brighter sources.

the spectroscopic observations by Ryder (1995) with those from
McCall, Rybski & Shields (1985) and recalculated a metallicity
gradient of log(O/H)+ 12= 8.32 + 0.08 (r/R25) using the exci-
tation parameter,P, rather than from empirical values. This result
suggests that the centre of the galaxy is more metal poor than the
outer disc. Only four instances of positive gradients were found
by Pilyugin et al. (2004) from a sample of 54 galaxies. Usually,
spiral galaxies have �at or negative metallicity gradients (Zaritsky,
Kennicutt & Huchra 1994), e.g. NGC 7793 (Bibby & Crowther
2010) and M101 (Cedres, Urbaneja & Cepa 2004).

Unfortunately, due to the low S/N of our spectroscopic obser-
vations the�4363 Å [O III ] line is not detected so an accurate
temperature, and hence emissivities cannot be calculated. Conse-
quently we are unable to use the weak-lined methods described by

Figure 6. The dereddened GMOS spectra of the source #202, a HII region
within NGC 5068. The emission lines used for nebular analysis are indicated.
The extinction determined from this spectrum isE(B Š V) = 0.258 mag,
close to the average extinction.

Osterbrock (1989) to determine the ionic abundances of HII re-
gions in NGC 5068; consequently we revert to strong-line methods
described by Pettini & Pagel (2004). In addition to the four HII

regions included in our MOS masks, the H� , [N II], H� and [OIII ]
lines required are present in 17 WR spectra. We calculated the
[N II]/H� (or N2) and ([OIII ]/H� )/N2 (or O3N2) line ratios by �t-
ting the nebular emission lines with a Gaussian pro�le using theELF

routine. The linear relationships of N2 and O3N2 with metallicity
from Pettini & Pagel (2004) were used to determine the metallicity
of the HII region, shown in Table 3. Using the gradient function in
IDL we �t the average metallicities of the HII regions and found a
metallicity gradient of

log
O
H

+ 12 = (8.74± 0.15)Š (0.61± 0.22)
r

R25

for NGC 5068 which is shown in Fig. 7. Metallicities range from
log (O/H) + 12 = 8.10 to 8.72 with a central metallicity of
log (O/H) + 12 = 8.74. The central metallicity is lower than that
found by Ryder (1995), however, the metallicity gradient is consis-
tent within errors indicating that different methods used (R23 versus
N2 and O3N2) to derive metallicity may have a systematic offset
(Kewley & Dopita 2002; Kewley & Ellison 2008). Unfortunately
our spectral range does not include the [OII] �3727 Å line required
for theR23 method, so a full comparison of the two methods cannot
be made. Finally, our negative metallicity gradient is inconsistent
with the positive gradient found by Pilyugin et al. (2004) and their
estimate of the central metallicity is�0.4 dex lower than our own.

4 WOLF–RAYET POPULATION

We have identi�ed broad WR emission features in 30 of the 64
sources spectroscopically observed, i.e. only 47 per cent of these
candidates are con�rmed. Note that these statistics exclude three
candidates for which slits were misaligned, as a result of conversion
between the FORS1�4684 imaging to theg� GMOS pre-imaging
for the MOS mask design.

Of the remaining spectroscopically observed candidates lacking
WR emission features, one is an early B-type star while the oth-
ers show no stellar features at the low S/N of the observations.
Photometrically, the majority of these sources indicated negligible
or weak HeII �4686 excesses. Indeed, only one (#136) is a �rm
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