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ABSTRACT

Context. The Galactic H1I region NGC 2579 has stayed undeservedly unexplored due to identification problems which persisted until
recently. Both NGC 2579 and its companion ESO 370-9 have been misclassified as planetary or reflection nebula, confused with each
other and with other objects. Due to its high surface brightness, high excitation, angular size of few arcminutes and relatively low
interstellar extinction, NGC 2579 is an ideal object for investigations in the optical range. Located in the outer Galaxy, NGC 2579 is
an excellent object for studying the Galactic chemical abundance gradients.

Aims. To present the first comprehensive observational study on the nebular and stellar properties of NGC 2579 and ESO 370-9,
including the determination of electron temperature, density structure, chemical composition, kinematics, distance, and the identifi-
cation and spectral classification of the ionizing stars, and to discuss the nature of ESO 370-9.

Methods. Long slit spectrophotometric data in the optical range were used to derive the nebular electron temperature, density and
chemical abundances and for the spectral classification of the ionizing star candidates. He and UBV CCD photometry was carried out
to derive stellar distances from spectroscopic parallax and to measure the ionizing photon flux.

Results. The chemical abundances of He, N, O, Ne, S, Cl, and Ar were obtained. Maps of electron density and radial velocity with
a spatial resolution of 5 X 5” were composed from long slit spectra taken at different declinations. Three O stars classified as O5 'V,
06.5V, and O8 V were found responsible for the ionization of NGC 2579, while ESO 370-9 is ionized by a single O8.5 V star. The
estimated mass of ionized gas of =25 M,, indicates that ESO 370-9 is not a planetary nebula, but a small HII region. A photometric
distance of 7.6 + 0.9 kpc and a kinematic distance of 7.4 + 1.4 kpc were obtained for both objects. At the galactocentric distance
of 12.8 £ 0.7 kpc, NGC 2579 is one of the most distant Galactic HII regions for which direct abundance determinations have been
accomplished.

Key words. ISM: H1I regions — ISM: planetary nebulae: general

1. Introduction

Due to observational difficulties, the knowledge acquisition in
many research areas of astrophysics has still relied largely on
data obtained from a small group of characteristic objects. This
is certainly the case of the optical studies of Galactic HII re-
gions. In this field, the Orion Nebula is by far the most stud-
ied object. In fact, the number of papers on this object is
comparable to the total number of optical studies of all other
Galactic HII regions. Even the standard procedure of measur-
ing the electron temperature in Galactic HII regions from opti-
cal emission line ratios, such as [OTII] (14959 + 15007)/14363
and [N11] (16548 + 16584)/ 15755, until now could only be ac-
complished in a small sample of a dozen or so objects. So, the
addition of new members to the selected list of well studied
(or easy to observe) objects is welcome, especially because the
H1I regions are good tracers of the chemical abundance variation
across the disk of the Galaxy.

The Galactic HII region NGC2579 (centred at @ =
08:20:54.8, 6 = —36:12:59.9, J2000), because of its high sur-
face brightness, angular size of few arcminutes and relatively
low interstellar extinction, is an ideal object for investigations
in the optical range, but stays undeservedly unexplored due to

identification problems which persisted until recently. Despite
its description as a “double star in a pretty small nebula among
70 stars” and sufficiently precise coordinates in the New General
catalogue (Dreyer 1888), NGC 2579 has been confused with
other nearby (and not so nearby) objects, as the open clus-
ters NGC 2580 and AHO3 J0822-36 (Archinal & Hynes 2003),
which show no clear signs of nebulosity. The only UBV photo-
metric study found in the literature of the stars claimed to be in
NGC 2579, by Lindoff (1968), is in fact on stars pertaining to
the cluster AHO3 J0822-36, which lies approximately 20’ to the
Southeast of the supposed object. NGC 2579 is sometimes in-
correctly associated with the nebula RCW 20. Correct identifica-
tions of NGC 2579 are with Gum 11 (Gum 1955) and BBW 138
(Brand et al. 1986).

NGC 2579 has been misclassified as a reflection nebula (e.g.,
in the SIMBAD database) because of the association with the ob-
jects VABH 13a, VdBH 13b, and VdBH 13c¢ wrongly considered
of this kind. These objects are in fact stars towards NGC 2579
listed in the catalogue of “southern stars embedded in nebulos-
ity” by van den Bergh & Herbst (1975), which was a result of
a survey of southern reflection nebulae conducted by these au-
thors. However, not all of the stars in the catalogue are really
associated with reflection nebulae. As another example of the
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Fig. 1. He image of NGC 2579 (brighter nebula) and ESO 370-9.

confusion involving the identification of NGC 2579, these au-
thors mistakenly associated VdBH 13a, b, ¢ with NGC 2580,
an open cluster more than 6 degrees away from the observed
position.

NGC2579 was “rediscovered” as the emission nebula
Ns 238 in the objective prism survey by Nordstrom (1975) and
classified as a probable planetary nebula. It is identified as
PN G254.6+00.2 in the Strasbourg-ESO catalogue of Galactic
planetary nebulae (Acker et al. 1992). However, doubts about the
planetary nebula nature of this object were raised (Kimeswenger
2001), based on the morphology, IRAS colors and total far in-
frared flux.

To complicate the matter, NGC 2579 has a very close com-
panion, the object ESO370-9, a small (~1") roughly ellipti-
cal ringed nebula with a star in the middle (¢ = 08:20:56.75,
0 = —36:13:46.9, J2000). It was discovered and classified as a
planetary nebula candidate by Lauberts et al. (1981, the orig-
inal identification was 370-PN?09). In the SIMBAD database
ESO 370-9 is classified as a reflection nebula, because of its as-
sociation with VABH 13c, which is its central star. It is also con-
fused with the misclassified planetary nebula PN G254.6+00.2
(in fact with H1I region NGC 2579).

In this paper, we present the first comprehensive optical
study on the nebular and stellar properties of the Galactic HII re-
gion NGC 2579 and its companion ESO 370-9, including the
determination of electron temperature, density structure, chemi-
cal composition, kinematics, distance, and the identification and
spectral classification of its ionizing stars. We also discuss the
nature of ESO 370-9. In Fig. 1 we present an Ha image of the
area of NGC 2579 and ESO 370-9, which shows that these two
nebula are distinct objects.

2. Observations and data reductions
2.1. Spectroscopy

Long slit spectrophotometric observations were carried out with
the Boller & Chivens spectrograph attached to the 1.52 m tele-
scope at the European Southern Observatory (ESO), La Silla,
Chile, and with the Cassegrain spectrograph attached to the
1.6 m telescope at Observatério do Pico dos Dias (OPD),
Brasépolis, Brazil. At ESO we used a Loral CCD of 2688 x
512 pixels and a grid of 1200 grooves mm~!, resulting in a
spatial scale of 1.64” pxl~!' (after the rebinning of each two
contiguous CCD rows to increase the signal-to-noise ratio), a
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Table 1. Journal of spectroscopic observations.

AS Obs./Tel. Date Wavelength  Exposure
range A) (s)
0” ESO 1.52m 2002 Dec. 30  3300-5100 3 x 1200
ESO152m 2002 Dec.31 4630-6750 3 x 1200
8N  ESO1.52m 2002 Dec.30 3300-5100 1 x 1200
ESO152m 2003 Jan. 01  3300-5100 2 x 1200
ESO1.52m 2002 Dec.31  4630-6750 2 x 600
7”8 ESO152m 2003 Jan. 01  3300-5100 3 x 1200
ESO 1.52m 2002 Dec. 31  4630-6750 3 x 600
44”S OPD1.60m 2006 Apr.20  4030-4990 3 x 1200
OPD 1.60m 2006 Apr. 24 4000-7750 3 x 1200
0” OPD 1.60m 2004 Apr.22  6000-7000 2 x 1200
5N OPD1.60m 2004 Nov.08 6000-7000 1 x 600
10N OPD1.60m 2004 Apr.22  6000-7000 1 x 1200
15N  OPD1.60m 2004 Apr.22  6000-7000 2 x 1200
20N OPD1.60m 2004 Nov.08 6000-7000 2 x 600
25N OPD1.60m 2004 Apr.22 60007000 1 x 1200
OPD 1.60m 2004 Nov. 08  6000-7000 1 x 1200
30N OPD1.60m 2004 Apr.22  6000-7000 1 x 1200
OPD 1.60m 2004 Nov. 08  6000-7000 1 x 1200
5”8 OPD 1.60m 2004 Apr.23  6000-7000 1 x 1200
10”S OPD 1.60m 2004 Apr.23  6000-7000 1 x 1200
15”S OPD1.60m 2004 Apr.23  6000-7000 1 x 1200
20”S OPD1.60m 2004 Apr.23  6000-7000 1 x 1200
25”S OPD1.60m 2004 Apr.23  6000-7000 1 x 1200
30”S OPD1.60m 2004 Apr. 23 60007000 1 x 1200
35S OPD1.60m 2004 Apr.23  6000-7000 1 x 1200
40”S OPD 1.60m 2004 Apr.23  6000-7000 1 x 1200

spectral dispersion of 1.0 A px1~!, and a resolution of 2.9 A. At
the OPD we used a SITe CCD of 2048 x 2048 pixels, resulting
in a spatial scale of 0.56” pxl~!, and two different grids. Spectra
in the range of 4000 to 7750 A, with dispersion of 2.4 A px1~!
and resolution of about 8 A, were obtained with a grid of 300
grooves mm~!, while a grid of 1200 grooves mm~! was used
to obtain spectra in the 4030-4990 A and 60007000 A ranges,
with dispersion of 0.5 A pxI~' and mean resolution of 2.7 A.
Table 1 presents the journal of observations. The columns are
the declination offset Ad of the slit relative to reference star
DENIS J082054.8-361258 (@ = 08:20:54.86, 6 = —36:12:58.9,
epoch J2000), the observatory and telescope used, the spectral
range, and the number and time of the exposures.

The observation routine followed usual procedures. Dome
flat-field exposures were taken at the beginning and at the end
of each night. About 30 bias frames were made per night.
Spectrophotometric standard stars were observed for flux cal-
ibration. Spectra of a He—Ar-Ne lamp were taken before and
after each object exposure for wavelength calibration. Exposure
times were limited to 20 min to reduce the effects of cosmic rays.

The slits used had entrances on the plane of sky of 2" X
250" for the observations at ESO and 1.5” x 320" for the ob-
servations at OPD, and they were aligned along the east-west
direction. For the identification and spectral classification of the
ionizing star (see Sect. 5), in some of the observations, the slit
was set passing through some plausible ionizing star candidate.
Spectra of the four brightest stars on the image of NGC 2579
and of the central star in ESO 370-9 were obtained with slit dec-
lination corresponding to Aé = 0, 8’ N, 7” S, and 44" S. These
spectra cover most of the optical range and were also used for
nebular abundance determinations (see Sect. 3). In the other ob-
servations, the slit was positioned at 15 different and equally
spaced declinations separated by 5”. The 2D spectra obtained in
the range 6000—7000 A, sampling the whole nebula NGC 2579
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and part of ESO 370-9, were used to produce maps of electron
density and radial velocity (see Sect. 4).

The data reduction (bias correction, flat-fielding, cosmic rays
cleaning, wavelength and flux calibration, 1D spectrum extrac-
tion) followed standard procedures and was made with the IRAF
software. From the combined spectra acquired at A = 0", 8” N,
7" S, and 44” S, five 1D stellar spectra and four nebular spec-
tra integrated along the slit were obtained. Due to the great and
irregular surface brightness of the nebula, the background sub-
traction for the stellar spectra was difficult and many attempts
had to be made to eliminate the contamination of the nebular
emission lines. From each of the 2D spectra obtained at equally
spaced declinations, we extracted a series of 1D spectra from
contiguous sectors of 5" of length along the slit axis (east-west
direction). To secure 1D spectra from sectors along the same
north-south strips, we first had to define a fiducial position on
the slit axis, by measuring in the 2D spectrum spatial profiles
the position of the detected star and comparing them with co-
ordinates obtained from direct images of the region. In this way,
we extracted 750 1D spectra from individual sectors of size 5”7 X
1.5” centred on a grid of 50 X 15 equally spaced points, sampling
the nebula with a spatial resolution of 5”7 x 5”.

The emission line fluxes were obtained by Gaussian fitting
of the line profile and by direct integration of the flux over a
linear local continuum defined by eye carried out with the splot
routine of the IRAF package. We estimated the error associated
with the line fluxes by 0 = o2, + 0. + 02, + 02y Where
Ocont 18 the error due to the continuum baseline determination,
Oline 18 the Poisson error of the emission line, o, is the error
due to the flux calibration (measured as the standard deviation of
the residual of the fitting of the standard star calibration curves),
and O e 1S the error due to the method of integration of the
line flux. All the line intensities were normalized to HB and cor-
rected for the effect of the interstellar extinction by comparing
the observed ratios Ha/HB, Hy/HB and H5/Hp with the theoret-
ical ones calculated by Storey & Hummer (1995) for an electron
temperature of 10000 K and a density of 100 cm™=>. The Galactic
reddening function of Kaler (1976) was used. In some positions,
significantly different values for the logarithmic extinction co-
efficient c¢(HB) were obtained from the blue and red spectra. To
mitigate possible systematic errors in the flux calibration which
could be responsible for these differences, the intensities of the
lines with wavelength larger than that of HB were corrected with
c(HpB) calculated from the Ha/Hp ratio and for the other lines
we used the mean value from the Hy/HB and Ho/Hg ratios.
Table 4 lists the observed and reddening-corrected emission line
intensities relative to HB and the logarithmic extinction coeffi-
cient c(HB) from the integrated spectra obtained for NGC 2579
at offset declinations A§ = 0”, 8” N, 7" S (hereafter labelled A,
B, and C, respectively), from the sum of these three spectra (la-
belled ABC), and for ESO 370-9 from the spectrum obtained at
A5 =44" S.

2.2. UBV photometry

Direct images in the UBV filters were obtained with the 1.5 m
telescope at the San Pedro Mairtir Observatory (SPM), B.C.,
Mexico and with the 0.6 m Boller & Chivens telescope at
the Observatério do Pico dos Dias (OPD), Brasépolis, Brazil,
in March 2000 and April 2005, respectively. To avoid satura-
tion of the brightest stars, multiple exposures of different times
were taken in each filter. Several dome flat-field and bias expo-
sures were taken at the beginning and at the end of each night.
The UBV Landolt (1992) standard star fields SA 99-447/438,
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Table 2. Journal of photometric observations.

Filter = Obs./Tel. Date Exposure (s)
U SPM1.5m 2000 Mar. 10 3 x 300
SPM 1.5m 2000 Mar. 14 1 x 300
B SPM 1.5m 2000 Mar. 10 2 x 300+ 1 x 100
SPM 1.5m 2000 Mar. 14 1 x 300+ 1 x 200
OPD0.6m 2005 Apr. 10 5x240+5x 120
Vv SPM1.5m 2000Mar. 10 1x60+1x30+1x20
SPM1.5m 2000 Mar. 14 1x30
OPD0.6m 2005 Apr. 10 5x45+7x35+5x%x25
Ha SPM 1.5m 2000 Mar. 15 5 x 300
Cont. SPM1.5m 2000 Mar. 15 4 x60
Table 3. Interference filters.
Filter A.(A) Peaktrans. FWHM (A) Effec. width (A)
Ha 6563 66.4% 9.8 54
Cont. 6450 95.0% 127 114

SA 106-700 were observed at the OPD and PG 0918+029,
PG 1323-086 and Feige 34 at SPM. About 40 secondary stan-
dard stars measured by Galadi-Enriquez et al. (2000) were found
in these fields. The journal of the photometric observations is
presented in Table 2. The seeing ranged from 1.5 to 2.5" in
different nights.

The reduction followed the standard procedure for stellar
CCD photometry in a relatively crowded field and was per-
formed with the IRAF/Daophot package.

2.3. Ha photometry

To measure the Ha flux of the nebulae we also obtained CCD im-
ages in narrow-band interference filters in Ha and near con-
tinuum with the 1.5 m telescope at the San Pedro Martir
Observatory. The log of observations is in Table 2. The spec-
trophotometric standard star Feige 34 was observed for flux
calibration. Details of the filters, including the central wave-
length A, effective bandwidth, peak transmission, and full width
at half maximum (FWHM), are presented in Table 3. After the
standard CCD data reduction, the brightest stars were eliminated
from the images by interpolation of nearby data points and the
total counts in each filter within a polygonal area encompass-
ing the nebulae were obtained. After this we followed a proce-
dure similar to that described by Copetti & Dottori (1989) to
calculate the Ha flux from the counts, taking into account the
small but not insignificant contribution of the nebular emission
lines [STI]16312, [N1I]16583 and even Ha to the counts in the
continuum filter. We obtained Her fluxes (in erg cm™2 s7!) of
log F(Ha) = —9.68 for NGC 2579 and log F(Ha) = —10.58 for
ESO 370-9.

3. Chemical abundance analysis

The emission line intensities listed in Table 4 were used for
chemical abundance analysis of the nebulae.

3.1. Electron densities and temperatures

The electron temperature estimates referred as 7.(O111) and
T.(N11) were derived from the [O 111](14959 + 15007)/14363
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Table 4. Observed and reddening-corrected emission line intensities, F(1) and /(1), respectively (normalized to HB = 100). Positions A, B and C
correspond to A§ = 0”7, 8” N, and 7” S, respectively. The spectrum of ESO 370-9 was obtained at A§ = 44" S.

NGC 2579, A NGC 2579, B NGC 2579, C NGC 2579, ABC ES0370-9
Ao (A) Ion F1) I(1) error F(A) I(1) error F1) I(1) error F(A) I(1) error F1) I(1) error
372603 O]
Yoss [om) 6020 15930 6 7944 17120 6 7676 14370 6 6829 15600 5 - - -
3750.15  H1 148 383 13 143 303 13 223 412 14 165 370 9 - - -
377063 HI 169 429 11 222 463 10 207 377 11 181 399 12 - -
379790  H1 219 543 9 273 558 8 357 640 9 261 564 7 - - -
383539 HI 294 704 7 367 730 5 416 730 5 346 725 4 - - -
3860.06 [Nem] 1012 2348 6 1095 2126 6 1329 2285 6 1109 2265 6 - - -
dees03 Hell 854 1946 5 1037 1985 5 1155 1963 5 966 1943 5 - - -
3967.79 [NeTr]
oo el 086 2304 4 1342 2428 3 1550 2506 3 1275 2413 3 - - -
402619 Her 080 161 13 109 189 13 149 234 9 114 206 8 - -
406860 [Sm 031 060 25 034 057 46 074 113 14 041 072 22 - - -
410174  HI 1343 2531 5 1574 2594 4 1735 2609 4 1506 2578 3 1278 2528 9
426726 Cun 020 033 24 035 052 21 037 051 24 028 043 17 - -
431963 On
434047  H1 3083 4757 6 3319 4672 6 3521 4656 6 3250 4695 6 2978 4750 5
436321 [Om] 141 214 7 130 180 6  L12 146 7 120 171 5 - - -
438793  Hel 036 053 12 042 057 18 064 08 8 044 062 12 - - -
447148 Hel 319 442 6 342 443 4 329 406 4 322 430 3 236 335 14
s IFelll 035 041 30 051 058 20 030 033 19 042 048 I8 - - -
4713.14  Her 057 064 26 034 037 20 048 052 14 048 053 12 - - -
486133 HI 10000 100.00 3 100.00 100.00 3 100.00 100.00 3 100.00 100.00 3 100.00 100.00 4
488100 [Fem] 016 016 45 039 038 45 023 023 50 020 020 50 - - -
492193  Hel 128 122 20 116 LIl 50 125 119 20 117 LIl 20 - - -
495891 [Om] 14330 13220 4 136.50 12650 5 13900 12820 4 14050 12080 5 3374 3127 5
5006.84 [Om]  451.50 40050 5 429.60 38390 6 437.40 388.10 5 440.80 39200 5 9590 8574 5
501568 Hel 435 383 20 311 276 25 315 277 15 310 274 12 -
oo NI 018 045 >50 023 020 >50 029 025 40 023 020 31 - - -
504774 Hel : : : : : : : :
505631 Sim 016 014 >50 019 016 >50 043 037 23 043 037 21 - - -
5197.00  [N1]
0020 [Nl 078 059 48 044 034 42 100 075 23 061 046 27 LI3 082 12
527040 [Fem] 026 018 >50 044 032 44 035 025 24 031 022 24 - -
551772 [Clm] 113 065 13 105 062 10 110 063 10 112 065 10 - - -
5537.89 [Clm] 081 046 14 097 057 11 084 047 16 094 054 12 - - -
575464 [Nm 103 049 10 080 040 11 107 051 12 100 048 10 302 132 10
587559  Hel 3310 1448 4 3091 1423 4 3291 1444 4 3239 1442 4 2040 811 6
6312.10 [Sm] 427 140 5 444 156 4 451 149 4 454 153 4 - - -
654804 [Nu] 2896 828 5 3238 1000 3 3006 864 3 3080 904 3 13160 3255 16
6562.80  HI 100800 28600 3 93330 28600 3 100400 28600 3 98290 28600 3 1167.00 285.80 5
658341 [Nm 9158 2568 3 10670 3235 3 9216 2596 3 9629 2771 3 36420 8807 5
6678.15 Hel 1262 336 3 1174 339 4 1229 329 3 1194 335 3 1110 253 5
671644 [Su] 1701 444 6 2040 578 4 1619 424 3 1802 483 3 8555 1909 8
6730.81 [Sm] 1755 454 5 2088 588 3 1760 458 3 1894 504 3 8011 1773 10
706522 Hel - - - - - - - - - - - - 1203 221 5
7135.80 [Ari] - - - - - - - - - - -~ 4684 827 8
c(HB)  Ho/HpB 1.65 1.55 1.65 1.62 1.84
oH)  Hy/HG.HS/HE 142 112 0.91 1.20 1.53

and [N11](16548 + 16583)/45755 line intensity ratios and
the electron density estimates N.(S11) and N.(Cl111) from the
[S11]A16716/16731 and [Cl111]A5517/45537 ratios, respec-
tively. These electron temperatures and densities were obtained
by solving numerically the equilibrium equations for an n-level
atom (5 < n < 9) using the temden routine of the nebular pack-
age of the STSDAS/IRAF, using the same atomic parameters as
in Krabbe & Copetti (2005). Table 5 lists the electron densities
and temperatures obtained. For N.(CI 111) only upper limits were
presented because the error interval for the [Cl1111]A 5517/4 5537
ratio extends beyond the low density limit.

3.2. Abundance determination

We have derived ionic and total abundances of He, N, O, Ne,
S, Cl, and Ar. Although we have detected some recombination
lines of heavy elements, their intensities are too uncertain to
be used in the abundance analysis. We thus relied only upon
the collisionally excited lines to calculate abundances of metals.
Based on the similarity of the ionization potentials, we adopted
for NGC 2579 the electron temperature T.(N 11) for the N*, O™,
and ST ionic zones, and T.(O 111) for O**, Ne**, S** and CI**.
For ESO 370-9, because we do not have measured T(O I11), we



M. V. F. Copetti et al.: A study of the neglected Galactic H Il region NGC 2579 and its companion ESO 370-9

851

Table 5. Electron densities and temperatures (in units of cm™ and K, respectively).

NGC2579, A NGC2579,B NGC2579,C NGC2579, ABC ESO 370-9
N, (S1) 699 + 219 641 + 126 869 + 129 745 £ 114 443 + 262
N, (Cl) <1100 <2900 <1600 <2100
T. (N1I) 11550 + 620 9630 £430 11670 + 680 11030 +£520 10300 + 790
T. (Omn) 9490 + 230 9140 + 240 8620 + 190 8960 + 210

assumed an electron temperature 20% lower than T.(N 11) for the
double ionized ions. Since the abundance estimates are barely
dependent on the assumed electron density, we adopted for all
ionic zones fixed densities of 750 and 440 cm™3 (the [S I1] densi-
ties from the integrated spectra) for NGC 2579 and ESO 370-9,
respectively. Ionic metal abundances were obtained with the
ionic routine of the nebular package of the STSDAS/IRAF. The
references for atomic parameters used are listed in Table 2 of
Krabbe & Copetti (2006). The ionic helium abundances were
derived from the strongest lines 14471, 15876, and 16678, us-
ing the Hel emissivities of Benjamin et al. (1999), which are
corrected by the effects of collisional excitation.

The total abundance is the sum of all measured ionic abun-
dances of a given element corrected for unseen ionization stages.
‘We have followed an ionization correction scheme adapted from
that of Liu et al. (2000) for Cl, and of Kingsburgh & Barlow
(1994) for the other elements based on the similarities between
the ionization potentials of different ions and on photoionization
models. No precise abundance measurement of neutral elements
was possible for NGC 2579. The detected lines of [NI] were
very weak and the [O1] lines were heavily contaminated by tel-
luric emission. Assuming that the fraction of any neutral heavy
elements X°/X is the same as that of neutral hydrogen H°/H,
which is an adequate assumption according to Kingsburgh &
Barlow (1994), especially for the elements O and N, we can ig-
nore the abundances of all neutral species, since in this case we
have, as a very good approximation,

X/H~ Y X*/H'.

i=1

1)

Based on the spectral types of the ionizing stars of NGC 2579
(see Sect. 5), we do not expect a significant amount of neutral
gas inside the nebula. We have verified that the helium lines
present uniform intensities relative to HB across the nebula, indi-
cating that this element is fully ionized, as expected. This is not
the case of ESO 370-9, which is a low ionization nebula. On the
other hand, we have not detected any high excitation emission
line, as the He I and [Ar1V] lines, implying that triple ionized
ions are not present in significant quantities. These and other
similar arguments justify the following expressions adopted for
calculating the total abundances:

O/H = O*/H* + O**/H", 2)
N/H = (1 + 0**/0") x N*/H", 3)
Ne/H = (1 +O*/O**) x Ne**/H*, (4)
Ar/H = 1.87 x Ar**/H", )
S/H=(1-(1+0%/0"")3)713 x(S*/H" + S**/H"), (6)
CI/H = (S/H)/(S**/H*) x CI** /H*. (7)

To derive the total abundances of ESO 370-9, in the absence of
measurements of [O1I] and [S 1] lines, we have relied upon the

Table 6. Ionic and total abundances (in the scale 12 + log (X/H)).

Ao Abund. NGC2579 ESO379-9  Orion
4471 He*/H* 1093 £0.01 10.83 +0.06
5876 He*/H* 11.02+0.02 10.77 +£0.03
6678 He*/H* 10.94+0.01 10.83 £0.02
avg. He*/H" 10.96 +0.04 10.81 +0.02
He/H 10.96 + 0.04 11.14 +0.18 10.99
3727 O*/H*  7.65+0.16
4959 O**/H* 832+0.06 7.75+0.11
5007 O**/H* 830+0.05 7.73=+0.11
avg. O"*/H* 831+0.06 7.73+0.11
O/H 839+0.05 833020 847
5518 CI**/H* 5.02 +0.05
5538 CI**/H* 5.04 +0.05
avg. CI**/H* 5.03 +0.05
CI/H 5.16 £ 0.08 5.16
3869 Ne**/H* 7.60 +0.08
3968 Ne**/H* 7.54 +0.11
avg. Ne**/H* 7.59 +0.08
Ne/H 7.68 £ 0.06 7.71
6548 N*/H* 6.61+0.12 7.24+0.10
6584 N*/H*  6.63+0.12 7.21+0.08
avg. N*/H* 6.63+0.12 7.22+0.09
N/H 737+0.06 7.35+0.12 7.62
4069 S*/H* 5.18 £0.12
6716 S*/H* 531+£0.13 593 +0.08
6731 S*/H* 531+0.12 593 +0.08
avg. S*/H* 530+0.12 593 +0.08
6312 S**/H* 6.78 +£0.08
S/H 691 +£0.11 6.75+0.19 6.97
7136 Art*/H* 6.05 + 0.08
Ar/H 6.43+£0.19 6.52

abundance ratios He*/He = 46.1%, O**/O = 24.9%, Ar**/Ar =
41.6%, and S*/S = 15.3%, obtained by fitting the intensities of
the strong emission lines with the photoionization code Cloudy
(Ferland et al. 1998).

Table 6 presents the ionic abundances obtained from dif-
ferent lines, the weighted-by-the-line-intensity average values,
and the total abundances for the sum of the spectra obtained for
NGC 2579 at positions A, B, and C, and for ESO 370-9, all ex-
pressed in the logarithmic scale 12 + log (X/H). The error esti-
mates for NGC 2579 correspond to the mean absolute deviation
of the abundances obtained at these three different positions. For
ESO 370-9 the errors in the ionic abundances were obtained by
propagation of the errors in the line intensities and electron tem-
perature, while in the case of total abundances, an error of 50%
in the ionization correction factors was assumed. For compari-
son, we also show in this table the total abundances obtained by
Esteban et al. (1998) for the Orion Nebula. No temperature fluc-
tuation correction was applied to the total abundances. Although
the total abundance estimates for ESO 370-9 required large and
uncertain ionization corrections they are quite similar to those of
NGC 2579.
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Fig. 2. Maps of the Ha flux (upper panel), electron density (mid panel),
and LSR radial velocity (lower panel).

4. Electron density and radial velocity maps

Figure 2 presents the 5 X 5” resolution maps of Ha flux,
[S 11] electron density and radial velocity with respect to the lo-
cal standard of rest constructed from the equally spaced long-
slit spectroscopic observations. A mask, defined by the positions
with Ha flux larger than 0.1% of the peak value, was used to
delimit the nebula. Only about half of ESO 370-9 was covered
by the observations. Table 7 presents some statistics of density
and velocity measurements, including the number N of distinct
nebular areas, the median, the first and third quartiles, Q1 and
03 respectively (limits between which 50% of the values lie),
the minimum and maximum, and the weighted by the Ha flux
mean and the standard deviation o

NGC 2579 and ESO 370-9 sit on a common velocity plateau
of v_sr = 60—66 kms™!, indicating that both objects are at a sim-
ilar distance. From CO observations towards the area, a compa-
rable velocity of vy sg = 68.3 = 0.3 km s~ was obtained by Brand
et al. (1987). Parts of NGC 2579, especially in the western and
in the northern-central areas, show significantly lower velocities,
indicating an internal systematic flow of ionized matter, with the
gas streaming away from the main body of the nebula and from
the associated molecular cloud with velocities of ~15 kms™!.

As previously indicated by the spatial profile of electron den-
sity along a single direction across the nebula (corresponding
to offset declination Ad = 0) obtained by Copetti et al. (2000),
NGC 2579 presents a non-uniform density structure. The elec-
tron density presents steep gradients, especially towards the east,
with the density ranging from about 1800 cm™ at the bright-
est eastern-central areas to less than 100 cm™ at the outer
parts of the nebula. Both the velocity and density structures of
NGC 2579 suggest that a “blister” (Israel 1978) or “champagne”
(Tenorio-Tagle 1979) flow is taking place in the nebula.

5. lonizing stars

Table 8 presents the designations and equatorial coordinates of
the five brightest stars towards NGC 2579 and ESO 370-9 which
were the targets for our spectroscopic and photometric studies
for the identification of the ionizing stars of these two nebulae
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Table 7. Electron density and radial velocity statistics.

vsr (kms™) Ne (cm™)
NGC2579 ES0O379-9 NGC2579 ES0O379-9
N 298 40 298 40
min 42.22 56.76 <100 133
() 50.00 58.46 225 225
median  53.03 61.33 376 303
03 57.00 63.91 518 354
max 68.98 66.82 1886 530
mean 54.70 61.40 435 305
o 5.28 2.68 491 76

and for the determination of their distances. Hereafter we will
designate these stars by their entry numbers in this table.

5.1. Spectral classification

Star 1, which is the brightest star, was the only one with a pre-
vious spectral classification. We confirm the spectral type of
K11II attributed for this star by Herbst (1975). For the spectra
of stars 2, 3 and 4 embedded in bright parts of NGC 2579 the
background subtraction to eliminate nebular emission lines was
difficult, so a spectral classification based solely on Balmer or
HeT lines would be unreliable. Fortunately, these stars show rel-
atively strong He I absorption lines, which could not possibly
be a fake result of the background subtraction. So, from a visual
inspection the spectral atlas of O stars by Walborn & Fitzpatrick
(1990) and especially from the comparison of the equivalent
widths of the He 1T absorption lines with those from Conti (1973)
and Conti & Alschuler (1971) we attribute spectral type of OS5V,
06.5V, and O8 V for stars 2, 3, and 4, respectively. For star 5, the
central star in ESO 370-9, we found a spectral type of O8.5 V.

5.2. Distance

Table 9 presents the results of the UBV photometry for the five
stars studied, together with the spectral type Sp and some physi-
cal properties derived from the spectral classification, namely the
visual absolute magnitude My for O stars taken from Vacca et al.
(1996), the intrinsic color (B — V), (and My for the K1 III star)
from Schmidt-Kaler (1982), and the Lyman continuum photon
flux Q(H) from Schaerer & de Koter (1997). Also shown in this
table are the color excess E(B—V) = (B—V)—(B— V), and the
heliocentric distance D calculated assuming a visual reddening
of Ay = 3.1E(B — V). It is clear from this table that star 1 is a
cold foreground star. The others, including star 5 in ESO 370-9,
are hot O type stars with comparable reddening and distance es-
timates. Thus, we conclude that NGC 2579 and ESO 370-9 are at
a similar heliocentric distance of 7.6 kpc. The dispersion among
the distance estimates for these four stars is only 2%, and the
propagated photometric error is quite small. However, the pho-
tometric distance is strongly dependent on the assumed prop-
erties of the stars, especially the value of My. The adoption of
the absolute visual magnitudes for O stars from Schmidt-Kaler
(1982) would result in 13% higher distances, while based on the
recent calibration of Martins et al. (2005) we would obtain dis-
tances 12% lower. On the other hand, the use of (B — V), from
other sources, for example from Fitzgerald (1970), would pro-
duce distances only 1-2% different. Thus, taking into account
the uncertainties in the intrinsic stellar properties adopted, we
estimate an error for the photometric distance of about 0.9 kpc.
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Table 8. Studied stars.
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Star designation Position (J2000)

N VdBH" DENIS Other a ) Nebula

1 13a A J082052.9-361251  CD-35 4502 082052.92 -361251.1 NGC2579
2 13aB J082052.8-361258 082052.83 -361258.0 NGC2579
3 13bA J082054.8-361258 082054.86 -361258.9 NGC2579
4 13bB J082055.0-361306 082055.05 -361306.0 NGC2579
5 13c J082056.9-361342 082056.97 -361342.5 ESO370-9

1 Original designations of VdBH 13a and VdBH 13b broken in two stars by Rousseau & Perie (1996) and in this paper, respectively.

Table 9. UBV photometry and properties of the studied stars.

Star v U-v B-V Sp My (B-V), EB-V) Dkpe) QHO (s)
I 10385 £ 0.008  1.377 £ 0.024 1.553 +0.017 KIII 0.61 1.07 0.48 0.45

2 13.055+0.015 -0.104 £0.036 0.934+0.029 OS5V  -533 -033 1.26 782  49.48

3 13.607 +0.012  —-0.237 +0.036 1.038 £0.026 065V -499 -0.32 1.36 754 49.17

4 13.910 £ 0.034  —0.099 + 0.084 1.028+0.072 O8V  -4.66 -0.32 1.35 756 48.80

5 13.748 + 0.004 —0.184 + 0.019 0.958 + 0.008 085V -455 -0.31 1.27 747 48.64

Brand & Blitz (1993) found for the object BBW 138
(=Bran 138), positively identified with NGC 2579, a photo-
metric distance of 11.43 + 2.33 kpc, which is 50% higher
than our distance estimate. They used the Walraven photomet-
ric system (VBLUW) to derive the distance, as described in
Brand & Wouterloot (1988), but the specific photometric data
for NGC 2579 has not been published (as far as we know).
Therefore, we refrain from making deeper comparison between
our results.

The radial velocity map (Fig. 2) clearly indicates that
NGC2579 and ESO370-9 are at a similar distance. From
the measurements of the radial velocity v sg (CO) = 68.3 +
0.3 kms~!, from CO observations obtained by Brand et al.
(1987) (for BBW 138), visr (5 GHz) = 64 kms™!, from radio
recombination lines H 109« and H 110« by Caswell & Haynes
(1987) (for the object refereed by 254.676 +0.229), and vy sr
(Ha) = 63 kms~!, the mean velocity of the velocity plateau from
the present papers (see Sect. 4), we have calculated a kinematic
distance of 7.4 + 1.4 kpc for NGC 2579 by means of the rota-
tion curve for the Galaxy from Brand & Blitz (1993) assuming
the solar galactocentric distance R = 8.5 kpc and velocity @ =
220 kms~!. This kinematic distance is entirely compatible with
the photometric distance estimated by us.

The distance of the nebula can also be estimated from the
observed fluxes in Balmer lines assuming no leakage of ionizing
photons from

hvyg afp(H, Te) Q(H®)
D=
47 ag(HO, T,) F(HB) 10<H5)°

where hvyg is the energy of the HS photon, aer;(Ho,Te) is

®)

the effective recombination coefficient for HB and ap(H, T.)
is the total recombination coefficient to excited levels of H.
Comparing the integrated Ha flux obtained in this paper (see
Sect. 2.3) with the HB flux of log F(HB) = —10.72 (in units of
erg cm~2 s~') from Copetti (2000), we calculate a global ex-
tinction of ¢(HB) = 1.91 (from the stellar photometry we get
c(HB) = 1.5E(B - V) = 1.96, and from the spectroscopy at
selected positions c(HB) ~ 1.6). The total rate of ionizing pho-
tons Q(H®) was obtained adding together the values shown in
Table 9 for individual stars. Although we have to make strong

assumptions in this method, we obtained a comparable distance
of 10.5 kpc, only 40% higher than the photometric distance. This
distance estimate is also strongly dependent on the adopted pa-
rameters for O stars, and the uncertainties on Q(H®) are high. For
example, based on the models of Martins et al. (2005) we would
derive about half of the ionizing photon flux obtained from the
calibration with the spectral type by Schaerer & de Koter (1997).
More importantly, inverting the arguments, we can show that, as-
suming the photometric distance obtained for the pair NGC 2579
and ESO 370-9, stars 2, 3, 4, and 5 may be solely responsible
for the required budget of ionizing photons. For a distance of
7.6 kpc (and c(HB) = 1.91), from the observed Ha fluxes we de-
rive log Q(H®) = 49.40 for NGC 2579 and log Q(H®) = 48.46
for ESO 370-9 (in units of s'), while from the spectral types we
estimate log Q(H®) = 49.71 and 48.64, respectively. These fig-
ures may be considered compatible, since errors of the order of
0.30 dex are expected for O(H").

6. Discussion

NGC 2579 is an interesting object not only due to its high surface
brightness but especially because of its location in the Galaxy.
The estimated heliocentric distance of D = 7.6 kpc corresponds
to a galactocentric distance of R = 12.8 kpc. With a moder-
ate interstellar extinction of about 0.5 mag in V per kilopar-
sec, NGC 2579 may contribute significantly to the studies of
the abundance gradients in the outer Galaxy, since it has been
very difficult to find in this part of the Galaxy objects bright
enough to allow direct abundance determinations (Fich & Silkey
1991; Vilchez & Esteban 1996). In fact, NGC 2579 is one of the
most distant Galactic H I region for which the emission line ra-
tio [0 111](2 4959 + 15007)/ 14363 has been already measured.
The metal abundances measured in NGC 2579 are slightly lower
(by 24% in mean and by 20% for the O/H) than those in the
Orion Nebula. The helium abundance is lower than in Orion by
7%. From the comparison of the oxygen abundances of these
two nebulae alone we would derive a shallow abundance gradi-
ent of —0.02 + 0.01 dex/kpc for the galactocentric distance range
8.8 < R (kpc) < 12.8. A more complete investigation of the im-
pact of the chemical composition determination of NGC 2579 on
the abundance gradients in the Galaxy will be present elsewhere.
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6.1. The nature of ESO 370-9

ESO 370-9 is a roughly elliptical 40” x 50” ringed nebula with
a star in the middle. Because of this morphology it has been
misclassified as a planetary nebula. With a mean linear diam-
eter of 1.6 pc it is comparable in size with the largest plan-
etary nebulae. However, ESO 370-9 is definitively too massive
to be a planetary nebula. Assuming an electron density of N, =
440 cm™ (the integrated [STI] density from Table 5), an elec-
tron temperature of T, = 10* K, a Lyman continuum photon flux
of log Q(H®) = 48.46 (in units of s™!), an ionized helium abun-
dance of y* = 0.05 and a total helium abundance of y = 0.1, we
estimate a mass of M = 28 M, using the expression

_ mp(1+4y)  QH
~ (I+yH)apH%T.) Ne

; C))

where m, is the proton mass. Besides, the chemical abundances
of ESO370-9, especially the relative abundance of nitrogen to
oxygen of N/O = (.10, are more typical of H1I regions. Planetary
nebulae usually present higher N/O abundance ratios, on average
by a factor of 5 and in extreme cases by a factor larger than
10 (Peimbert & Torres-Peimbert 1971; Kingsburgh & Barlow
1994; Perinotto et al. 2004). So, we conclude that ESO 370-9is a
small and relatively low excitation H Il region ionized by a single
08.5V star located at a distance similar to that of NGC 2579
(7.6 kpc), which leaves the possibility that these two objects
are physically associated.

7. Conclusions

We have presented the first comprehensive optical observational
study on the nebular and stellar properties of the Galactic HII re-
gions NGC 2579 and ESO 370-9, which includes the determi-
nation of electron temperature and density, chemical composi-
tion, and the study of the density and radial velocity structures
of the nebulae. We have also pursued the identification and spec-
tral classification of the ionizing stars, and the determination of
their distances. The nature of ESO 370-9, usually misclassified
as planetary or reflection nebula, is discussed. The main conclu-
sions are:

1. The chemical abundances of He, N, O, Ne, S, and Cl mea-
sured in NGC 2579 are slightly lower than those in the Orion
Nebula, the metal abundances by about 24% on average and
the helium abundance by 7%, which is consistent with the
chemical composition gradient in the Galaxy.

2. NGC 2579 is ionized by three O stars of spectral types OS5V,
06.5V, and 08V, while ESO370-9 is ionized by a single
08.5V star. These stars are entirely capable of being solely
responsible for the required ionizing photon fluxes estimated
from Balmer recombination lines, although other cooler stars
should be present.

3. NGC 2579 and ESO 370-9 are at a similar distance. We have
estimated from spectroscopic parallax a heliocentric distance
of 7.6 = 0.9 kpc for both objects, which corresponds to a
galactocentric distance of 12.8 + 0.7 kpc (for R, = 8.5 kpc).
A similar kinematic distance of 7.4 + 1.4 kpc was derived
from the Ha velocity field.

4. NGC 2579 presents a steep density gradient, with the elec-
tron density ranging from about 1800 cm™3 at the brightest
eastern-central areas to less than 100 cm™ at the outer parts.
Both the velocity and density structures of NGC 2579 sug-
gest that a “blister” or “champagne” flow is taking place in
the nebula.
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5. The estimated mass of gas of 28 M for ESO 370-9 indi-
cates that it can not be a planetary nebula. With a diameter of
~1.6 pc, ESO370-9 is a small and relatively low excitation
H1I region ionized by a single O8.5V star. It is located at
about the same distance as NGC 2579.

6. The Galactic H1I region NGC 2579 has been neglected for a
long time due to identification problems which persisted un-
til recently. It has been misclassified as planetary or reflec-
tion nebula and confused with other objects. Because of its
high surface brightness, angular size of few arcminutes and
relatively low interstellar extinction, it is an ideal object for
investigations in the optical range. Besides this, its location
at the outer Galaxy and its high excitation make NGC 2579
an essential object for the studies of the Galactic chemical
abundance gradients.
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