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ABSTRACT

Optical imaging and spectroscopy of G353.2+0.9, the brightest part of the giant H II region
NGC 6357, shows that this H II region is optically thin, contains ~ 300 Mg of ionized gas and is
probably expanding into the surrounding medium. Its chemical composition is similar to that found in
other H II regions at similar galactocentric distances if temperature fluctuations are significant. The
inner regions are probably made of thin shells and filaments, whereas extended slabs of material, maybe
shells seen edge-on, are found in the periphery. The radio continuum and He emission maps are very
similar, indicating that most of the optical nebula is not embedded in the denser regions traced by
molecular gas and the presence of IR sources. About 10%% UV photons per second are required to pro-
duce the HB flux from the 11.3’x10’ region surrounding the Pis 24 cluster that is south of G353.2+0.9.
Most of the energy powering this region is produced by the 03-7 stars in Pis 24. Most of the 2MASS
sources in the field with large infrared excesses are within G353.240.9, indicating that the most recent
star forming process occured within it. The formation of Pis 24 preceded and caused the formation of
this new generation of stars and may be responsible for the present-day morphology of the entire NGC

6357 region.
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I. INTRODUCTION

NGC 6357 contains several H II regions of differ-
ent ages (Massi, Brand & Felli 1997). According to
Chini & Kriigel (1983), NGC 6357 is characterized by
an abnormal reddening law. The brightest H II region
in NGC 6357 at all wavelengths is G353.240.9. The
sharp southern boundary of this region faces the mas-
sive open cluster Pis 24 (Pismis 1959), which contains
a couple of the brightest and bluest stars known (stars
N35 and N57), classified as 03.5If and O3.51IL(f*) by
Walborn et al. (2002). These stars produce more than
enough energy to ionize and heat G353.24+0.9. For this
reason the Pis 24 cluster is thought to be the exciting
source of this region (e.g. Neckel 1978; Lortet, Testor
& Niemela 1984; Massey, DeGioia-Eastwood & Water-
house 2001). Massey et al. (2001) give a distance of
2.56 kpc to Pis 24.

There are several luminous near-infrared sources
with K-band excesses embedded in the nebulosity (Persi
et al. 1986). Some coincide with compact radiocon-
tinuum VLA sources(Felli et al. 1990). Massi et al.
(1997) found molecular gas located behind G353.2+0.9
or north of the sharp boundary facing Pis 24.

To further understand the properties of NGC 6357
we obtained an optical spectrum of its brightest H II re-
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TABLE 1
DENSITY AND TEMPERATURE

Ratio N, (cm™?)
S IIj6717/6731 ] 0.68 2460
Cl 111]5518/5538 1.00 1790

‘ T, (°K]
N 11](6548+6584)/5755 951 9700
O 11T)(4959+5007)/4363 272 9200

gion, G353.2+0.9. Taking full advantage of the bright-
pess of G353.24-0.9 we also produced images of this
region in several emission lines and inspected the bidi-
mensional behaviour of several physical parameters.
Finally, JHK images and photometry were retrieved
from the All Sky Data Release of the Two Micron All
Sky Survey (2MASS) image archive and catalog. These
were supplemented by mid-infrared data from the Mid-
course Space Ezperiment (MSX). A full account of this
work can be found in Bohigas et al. (2004). In this
contribution we present our main results.

II. OPTICAL SPECTROSCOPY

Spectroscopy between 3650 and 7300 A was obtained
with the RC spectrograph at the 4 m telescope in
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CTIO. The plate scale is 0.49” /pix. The mean spec-
tral resolution and dispersion are ~ 3 pixel and 1.21
A /pixel, respectively.

The effect of the abnormal reddening law (Chini &
Kriigel 1983) on the optical spectrum of G353.240.9
was considered. The relative strengths of the Balmer
series lines were satisfactorily reproduced up to He us-
ing the standard extinction law (Seaton 1979, Ry =
3.2) and assuming I(Ha)/I(HB) = 2.85. With Ry = 3.5
(the abnormal extinction value) the unreddened rela-
tive line intensities at the blue end of the spectrum are
up to ~ 15% smaller. Because of this a slightly smaller
O*2 temperature (8800 vs. 9200 K) is found. The net
result is that differences between the abundances de-
rived from the abnormal and normal extinction laws
are within the experimental errors. Thus, the entire
analysis was made with Seaton’s (1979) extinction law.
Temperatures and densities of the region are given in
Table 1. Abundances determined with and without
temperature fluctuations are presented in Table 2.

Large beam observations of radio recombination
lines yield temperatures between 6500 K from H109«
and 8100 K from H166c and a mean environmental
density of ~20 cm™3 (Azcérate, Cersosimo & Colomb
1987, who identify the region as RCW 131). Tem-
peratures and densities in G353.2+0.9 are significantly
larger (Table 1), which implies that the region is over-
pressurized and probably expanding.

Abundances in G353.24+0.9 can be compared to
those found in the Lagoon Nebula (M 8), which is 6
kpc from the galactic center (NGC 6357 is 6.5 kpc
away). Esteban et al. (1999) determined the chemical
composition of M 8 using permitted lines (when avail-
able) and considering temperature fluctuations. With
the exception of helium, abundances in M 8 are signif-
icantly larger than those in G353.24+0.9 when no tem-
perature fluctuations are considered (Table 2). If we
consider the effect of fluctuations, assuming # = 0.05
and using equations (12) and (13) from Peimbert &
Costero (1969), we find a much better agreement. It
is worth noticing that the mid-infrared data furnished
by Giveon et al. (2002) and their equations for the
neon and argon abundances (equation 10), lead to Ne
~ 1.2x10™% and Ar ~ 3.3x107%, very close to those
found when temperature fluctuations are considered.
All these indicates that substantial temperature fluc-
tuations may be present in G353.2+0.9.

III. OPTICAL IMAGING

Narrow-band images were obtained at Las Cam-
panas Observatory using the 40 inch telescope (LCO-
40). The plate scale is 0.69” /pixel and image quality
was ~ 2 pixel (FWHM of stellar images) during the
whole observing run. We took images of the region for
the most intense emission lines, as well as their nearby
continuum. These images were flux-calibrated using
our spectral data. In Fig. 1 we show a bias and flat
field-corrected image of the region in [S IT[]9069 A. The

TABLE 2
ABUNDANCES
Element =0 £=005
He 0.107 0.107
O x107* 2.48 5.31
N x10-3 5.16 8.79
S %1076 6.32 11.3
Ne x105 4.04 10.2
Ar x108 2.31 4.32

Fig. 1.— Bias and flat field-corrected image of the region
in [S IT1]9069 A. Larger fluxes are depicted in black. The
field-of-view is 11.3'x10’. North is up, east is to the left.

field-of-view is 11.3/x10’. The image is nearly centered
on the brightest stars in the Pis4 cluster.

A C(HB) image was produced from the Ho/H@B im-
age assuming that this ratio is equal to 2.85 throughout
the region and using Seaton’s (1979) extinction law.
Extinction is usually larger in the brightest regions.
The flux-calibrated H@ image was dereddened using the
C(Hp) frame, and we find that the extinction corrected
Hp flux is I(HB) ~ 5 x 1078 erg cm~2 s™!. This result
is consistent with other measurements (eg Felli et al.
1990; Copetti 2000). About 8x10%° ionizing photons
per second are required to produce this flux at a dis-
tance of 2.56 kpc. The rate of UV photons produced
by the two earliest-type stars in the Pis 24 cluster (N35
and N57) is ~ 2 x 10°Y (Vacca et al. 1996), more than
enough to maintain the ionization of G353.2+0.9 and
the surrounding gas.

An electron density (N,) map was obtained from the

continuum-subtracted [S 116724 A over [SI1)6731 A im-
age ratio using the following fit (Pérez-Tijerina, E., pri-
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Fig. 2.— [N II|6584/Ha image. Continuum was sub-
tracted from the [N I1]6584 A and He frames. The field-of-
view is 6’ x6’. North is up, east is to the left. Larger ratios
are depicted in black.

vate communication):

I([S T1]6717) 0.988

> = (.444 1
T(S 11]6731) t T opnN, —665y

The map was limited to those regions with a signifi-
cantly large signal-to-noise ratio. The mass of ionized
hydrogen was derived from the HS intensity and the
electron density maps using the following formula

4rD*myI(HPB)

MHT) =
(H) FE4o < Ng >

(2)
where D is the distance to the object, mg is the hy-
drogen atom mass, I[(HB) is the extinction-corrected
Hp flux, E4 is the weakly temperature-dependent ef-
fective recombination emissivity and < N, > is the
mean electron density. In the region included in the
density map the mass of ionized hydrogen is close to
290 Mg . From the remaining reddening-corrected
Hf flux emerging from the entire 11.3'x10’ field, we es-
timate an additional H* mass close to 2x 10°/ < N, >
Mg , where < N, > is the mean electron density in
the region surrounding G353.24+0.9. If < N, > = 20
cm~3 (Azcérate et al. 1987), the mass of ionized hy-
drogen in the 11.3'x10" field centered at and including
G353.2+0.9 is close 10* Mg, .

The extension of the emitting region along the line
of sight, defined by the parameter [, can be estimated

from
I (.0 "
47 E4o < N, >2 tan?d

where @ is the field-of-view of a pixel (0.69”). Uncer-
tainties in this parameter are large since it depends on
the square of the density. The largest depths of the
emitting gas are found in the southern and southwest-
ern edge, where [ ~ 1 - 5 pc. On the contrary, in the
innermost parts of the nebula and in the bright ex-
tended filaments, [ ~ 1073 pc. These numbers may
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Fig. 3.— H — K vs. J — H diagram of near-infrared
sources within the limits of G353.2+0.9 (filled circles) and
those between this region and the Pis 24 star cluster (open
symbols). Circles with a cross are optically bright OB-type
stars in Pis 24. The continuous line marks the locus of
main sequence (Koornneef 1983). The two parallel dashed
lines represent the standard reddening vectors for late and
early-type stars; their length corresponds to Ay = 20.

be incorrect by a factor of 10 or maybe more, but the
large difference is probably real, and it indicates that
the inner regions of the nebula are either filaments or
thin shells, whereas extended slabs of material, possibly
shells seen edge-on, are seen in the periphery.

In Fig. 2 we present a [N II}6584/Ho image of the
region. As can be seen, the nitrogen lines are clearly
more intense away from the exciting stars (larger ra-
tios, depicted in black), showing that the side of the
nebula facing the Pis 24 cluster is more highly excited.
This is supported by an RGB image of the same region
(not shown) with R = [S II}6724 A, G = Ha and B =
[O I11]5007 A. This is an additional evidence that most
of the energy powering this H II region is provided by
this cluster. Most of the material in the region between
the cluster and G353.2+0.9 has been swept-up by stel-
lar winds, which accounts for the very faint emission in
this direction.

IV. INFRARED PHOTOMETRY

In Fig. 3 we present an H — K vs. J — H diagram
of near-infrared sources in the region (all data from
2MASS). Notice that a large number of sources, all of
them located within G353.2+0.9 (filled circles), have
significant near-infrared excessess (E(H — K > 0.35
assuming they are early-type stars). It can be shown
from an H vs. H — K that these are embedded B0-B5
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main sequence stars. This shows that the most recent
star formation region is located within G353.24+0.9. It
is worth mentioning that the mid-infrared MSX im-
age shows absolute and local maxima coinciding with
the near-infrared point sources, a result that is inter-
preted as evidence that the dust grains are heated lo-
cally. In this context it is worth noticing that several
of the small-scale features in the ionized gas distribu-
tion are closely related to the embedded near-infrared
source population, which indicates that some local ion-
ization also occurs within the nebula.
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