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ABSTRACT

Aims. NGC 6334 and NGC 6357 are amongst the most active, optically visible Galactic star-forming complexes. They are composed
of several H 1I regions that have a significant impact on their surrounding. The aim of this paper is to present a kinematic study of the
optical H 11 regions that belong to NGC 6334 and NGC 6357.

Methods. We use Fabry-Perot interferometer observations of the He line, which cover NGC 6334 and NGC 6357. These observations
allow us to analyse the He line profiles to probe the kinematics of the ionised gas of both regions. We complement the He observations
with multi-wavelength data to specify the nature of the H 11 regions.

Results. We determine the dynamical nature of the optical H II regions that belongs to NGC 6334 and NGC 6357. In NGC 6334,
GUM 61 is an expanding wind shell-like H II region, GUM 64b exhibits a champagne flow, GM1-24 is the Ha counterpart of two
larger regions and H 11 351.2+0.5 is, in fact, composed of two H 11 regions. In NGC 6357, H 11 353.08+0.28 and H 11 353.09+0.63 are
probably stellar wind-shaped bubble H 1I regions, while H 11 353.42+0.45 is a classical photo-ionised H II region. We suggest that,
at large scale, star-formation seems to be triggered where large/old H II regions intersect. Inversely, stellar formation seems to have
already started in the NGC 6334 north-east filament, irrespective of any evident external H 1I region impact. While NGC 6357 shows
more complicated kinematics, NGC 6334 is characterised by a more active stellar formation.

Key words. HII regions — ISM: individual objects: NGC 6334 — ISM: individual objects: NGC 6357 — ISM: kinematics and dynamics

1. Introduction

High-mass (O- or B-type) stars play a major role in the energy
budget and enrichment of galaxies through the development of
their H 1T regions. The study of the H 1T regions allows us to
quantify the impact of massive stars on their environment (e.g.
triggered star-formation, dispersion of the molecular surround-
ing material, formation of pillars). H 1T regions can be found
isolated or grouped into very active star-formation complexes,
which makes their impact on the local interstellar medium more
or less significant. Deharveng et al. (2010) and Thompson et al.
(2012) show that H 11 regions can display an accumulation of
dense material at their edges and, sometimes, contain condensa-
tions in which subsequent star formation can occur (e.g. Brand
et al. 2011). Observations made with Herschel confirm that
H 1 regions can trigger the formation of stars on their edges (e.g.
Zavagno et al. 2010a,b). During their evolution, H II regions
display different aspects: from hyper/ultra compact (size <0.1 pc

* The Ha data (FITS cubes) are only available at the CDS via
anonymous ftp to cdsarc.u-strasbg. fr (130.79.128.5) or via
http://cdsarc.u-strasbg. fr/viz-bin/qcat?]/A+A/587/A135

Article published by EDP Sciences

and electron density n, > 3000 cm™), which is exclusively
seen in radio, to classical evolved H 1I regions (size >1 pc and
ne ~ 100 to 1000 cm™3), which are observable in Ha (when
extinction is faint). When the expanding H 1II region breaks its
natal molecular cloud it may form a “blister” H II region, which
flows away like a “champagne flow” (see Tenorio-Tagle 1979).
Sometimes, H 11 regions display bubble-like (or shell-like) mor-
phology. This type of morphology appears when the stellar wind
drives a shock inside the Stromgren sphere, forming a dense
shell which can trap all the ionizing flux from the star (e.g.
Comeron 1997). On the other hand, Tremblin et al. (2012a,b),
emphasise that the expansion of the ionized gas from a H 11 re-
gion into a molecular cloud, and the associated turbulence, are
important parameters for the formation of dense continuous lay-
ers, as well as pillars and globules in the interaction zone.

To better understand the impact of H 11 regions on the local
interstellar medium and on subsequent star formation, in this pa-
per we present a study of the kinematics of the ionized gas in
NGC 6334 and NGC 6357 star-forming complexes. Our goal is
to clarify the nature (blister, shell-like or bow-shock H 11 region,
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supernova remnant etc.) of the radio and optical H II regions that
belong to them.

2. General overview

A general overview of NGC 6334 and NGC 6357 is pre-
sented in Fig. 1 with the H II region catalogs of Langston et al.
(2000) and Anderson et al. (2014) overlaid. The Langston et al.
(2000) radio (at 8.35 GHz and 14.35 GHz) regions are mainly
extended H II regions (with a size larger than 4’). Anderson
et al. (2014), by combining radio and mid-infrared Wide-Field
Infrared Survey Explorer (WISE) observations, produced a cat-
alog! of H 1 regions and candidate H 1 regions down to a size
of 0.2". Several of these regions are common in both catalogs. In
Table A.1, we provide the correspondance between them and we
indicate if an associated Ha emission is observed on the AAO-
UKST He image (Parker et al. 2005).

NGC 6334 (I = 351.2°, b = +0.7°) is a well studied re-
gion (as reviewed by Persi & Tapia 2008). At SIMBA-1.2 mm
(Munoz et al. 2007), the central part of NGC 6334 consists
of a 10 pc long filament that is associated with large extinc-
tion (Russeil et al. 2010) and seen as a very intense molec-
ular and dust ridge (e.g. Zernickel et al. 2012; Russeil et al.
2013). Optically, NGC 6334 is a grouping of the well-known
optical H 11 regions GUM61, GUM 62, GUM 63, GUM 64,
HII 351.2+0.5, and GM1-24 (Persi & Tapia 2008). GUM 61 ap-
pears as a particular region since its optical emission (see Fig. 5
in Carral et al. 2002) follows a quite regular filamentary lattice
morphology. This kind of unusual filamentary structure in a cir-
cumstellar shell has been interpreted by van Marle & Keppens
(2012) as instabilities that develop when massive star stellar
winds collide with the circumstellar medium.

In Fig. 1 (upper panel) the optical H 11 regions have radio
emission counterparts that allows us to follow their extension
toward extinct area. Inversely, large radio emissions have no or
a very faint Ha counterpart but they have their border clearly
underlined by the 8 ym emission that traces PAH (Polycyclic
Aromatic Hydrocarbon) while several compact radio sources
have been noted with a strong 8 um and/or 22 um counterpart.
The molecular emission associated with NGC 6334 has a mean
velocity of —4 km s~!, which is in agreement with the mean ion-
ized gas velocity of ~—3 km s~! (Caswell & Haynes 1987).

NGC 6357 (I = 353.4°, b = +0.6°) is a large H1I re-
gion, which exhibitis an annular morphology in the radio
and optical (e.g. Lortet et al. 1984). The brightest H II re-
gion (G353.2+0.9) is a sharp boundary that faces the mas-
sive open cluster Pismis 24. In addition, four distinct optical
H 11 regions can be noted (HII 353.42+0.45, HII 353.08+0.28,
HII 353.09+0.63, and HII 353.24+0.60) with different morphol-
ogy (Fig. 1, lower panel). Amid them HII 353.09+0.63 is clearly
powered by the stellar cluster AH03J1725-34.4. The velocity
of NGC 6357 is ~—4 km s~! (ionized gas, Caswell & Haynes
1987), which is similar to the mean velocity of NGC 6334 and
strongly suggests that both regions are at the same distance. We
adopt a distance of 1.75 kpc (see Lima et al. 2014; Persi et al.
2008; Russeil et al. 2010).

3. Observations and data

3.1. Ha data

Data cubes (x, y, 4) were obtained in 1994 with a 36 cm
telescope located at ESO — La Silla Observatory, which was

! http://astro.phys.wvu.edu/wise
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equipped with a scanning Fabry-Perot interferometer and a pho-
ton counting camera. The interference order of the Fabry-Perot
interferometer used is 2604 at Ha wavelength, which provides a
spectral sampling of 5 kms™! for a spectral range of 115 kms™!
and a typical velocity accuracy of 1 kms™' (le Coarer et al.
1992). The interference filter used is centred at 6562 A, with
aFWHM 11 A.

Each data cube that was obtained has a pixel size of 9” x 9”
and a field of view of 38" x 38’. The spatial coverage of
NGC 6334 and NGC 6357 requires six and eight fields respec-
tively. Figures 2 and 3 show the mosaic of observed fields. The
contrast of these figures has been adapted to underline the faint
and diffuse emissions but a better view of the central high inten-
sity areas can be seen in Figs. 10, 12, and 13.

A complete description of the instrument, including data ac-
quisition and reduction techniques, can be found in le Coarer
et al. (1992). Our data reduction follows the procedures de-
scribed in Georgelin et al. (1994). The night-sky lines (geocoro-
nal Ha and OH) are modelled by the instrumental function, the
nebular lines being modelled by Gaussian profiles that have been
convolved with the instrumental function. The Ha line profiles
are complicated. This is illustrated by Fig. 4 where the two up-
per panels are typical Ha profiles from diffuse ionized hydrogen.
Three nebular components around -5, —19, and +9 km s7! are
required to fit the profiles (in addition to the geocoronal Ha
and OH nightsky lines) with each one corresponding to a dif-
ferent layer of ionized hydrogen that is present along the line
of sight. Generally each component exhibits a similar velocity
over the observed area, which enables us to follow it quite eas-
ily despite its highly varying intensity. As an example, in Fig. 4,
the lower panel shows the profile integrated through 18" x 18”
region in the central part of GUM 61. Because of the high inten-
sity of the nebula, the profile is dominated by the nebular emis-
sions with velocity —5 (component A), +24 (component B), and
+41 kms~!' (component C), respectively. From this profile de-
composition and following Rozas et al. (2006), one can estimate
an expansion velocity of about ~23 kms~!, which is in agree-
ment with Johnson (1982), who finds an expansion velocity of
18 kms™!,

3.2. Ancillary data

We complement our Ha observations with the following public
data:

3.2.1. SGPS and MGPS data

The Southern Galactic Plane Survey (SGPS)? is a survey of the
21 cm continuum and H I spectral line emission in the fourth
quadrant and parts of the first and third quadrants of the disk
of the Milky Way (McClure-Griffiths et al. 2005, Haverkorn,
et al. 2006). The SGPS consists of two surveys: a low-resolution
(FWHM = 15’) survey that was completed with the Parkes 64 m
radio telescope and a high-resolution (FWHM = 2’) interfero-
metric survey that was completed with the Australia Telescope
Compact Array (ATCA). The data have been combined to pro-
vide a data set that has an angular resolution of about 2 arcmin,
a spectral resolution of 0.82 kms™', and a sensitivity limit of
~1.6 K in the line.

2 Data-cubes and images of NGC 6334 and NGC 6357 have been re-
trieved from http://www.atnf.csiro.au/research/HI/sgps/
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Fig.1. Ha (red), GLIMPSE-8 um (green), and SIMBA-1.2 mm (blue) composite image of NGC 6334 (upper panel) and NGC 6357 (lower panel).
The quoted coordinates are galactic coordinates. The overlaid isocontours are from SGPS radio emission. The purple and cyan circles show the
H 11 regions from Anderson et al. (2014) and Langston et al. (2000) respectively. For NGC 6357, the position of stellar clusters Pismis 24 (red
diamond) and AHO03J1725-34.4 (blue diamond) are also indicated.

A135, page 3 of



http://dexter.edpsciences.org/applet.php?DOI=10.1051/0004-6361/201424484&pdf_id=1

A&A 587, A135 (2016)

-6/11/-19

3/.19/12 -6/-19/11
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Fig. 2. He image of NGC 6334 (Galactic coordinates are indicated on the figure). The image was obtained by adding A maps over the full spectral
range, flat-fielding, and then correcting for distortion. This is equivalent to a photograph obtained through a filter with a 10 A bandwidth. The
central and most intense field is surrounded by a white square, while the other fields are labelled from F1 to F5. The numbers indicated on the
image give the velocities of the three components that were fitted to the profile (ranked by decreasing intensity order) at this (central) position.
When the number is followed by an asterisk or a hat symbol, this means that the fitted Gaussian has a FWHM that is significantly larger or thinner

than 25 kms™!, respectively.

The Molonglo Galactic Plane Survey® (MGPS) is a radio
continuum survey (Green et al. 1999) made using the Molonglo
Observatory Synthesis Telescope (MOST) at 843 MHz. The
resolution is 43” x 43" cosec |d|. The typical sensitivity is
1-2 mJy/beam (10). The positional accuracy is 1-2". Almost
all of the unresolved or barely resolved objects are extra-galactic
sources while the extended, diffuse emission is associated with

3 http://www.astrop.physics.usyd.edu.au/MGPS/
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thermal complexes, discrete H II regions, supernova remnants,
and other structures in the Galactic interstellar medium.

3.2.2. ThrUMMS and HOPS data

ThrUMMS is a map of most of the fourth quadrant of the Galaxy
with Mopra in four molecular species (2Co, 3co, C'®0, and
CN), at 72" angular resolution, 0.1 km s velocity resolution
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Fig.3. Same as for Fig. 2 for the region NGC 6357.

and ~1.5 Kkms~' sensitivity. The data-cubes that are available
at longitudes [ = 350° and / = 352° do not cover NGC 6334 and
NGC 6357 because the galactic latitude ranges of the survey is
from —0.5° to +0.5° only. However we retrieved the '>CO data-
cubes * to determine the large-/medium-scale Galactic plane ve-
locity components that are present along the line of sight.

The HOPS survey (Walsh et al. 2011) is a multi-line survey
of the southern Galactic plane with Mopra observing simultane-
ously (with Av = 0.34 kms~") in 16 molecular species at the fre-
quency 27.5 GHz, including the H69« line. Owing to the limited

4 http://www.astro.ufl.edu/~peterb/research/thrumms/
rbank/

latitude coverage, NGC 6334 and NGC 6357 are not covered ex-
cept for part of the H 11 regions G353.08+0.28 and G351.2+0.5.

4. Preliminary data analysis
4.1. HI absorbtion spectra

To identify and determine the velocity components involved in
the Ha profiles, we first identify the different gas layers that are
present along the line of sight for both regions. Following the
method of Strasser et al. (2007), we determine, from the SGPS,
the absorbtion spectrum in the direction of the brightest parts
of the continuum emission of NGC 6334 and NGC 6357. We

A135, page 5 of 26
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Fig.4. Examples of He profile decomposition. The x-axis is the Vi
(in kms™!) and the y-axis is the intensity (in arbitrary units). The geo-
coronal He and OH night-sky lines are the components noted 1 and 0,
while the nebular lines are noted from 2 to 4 (their sum is the square-
dotted line). The lower panel shows, as an example, the profile from
GUM 61 central area (see text).

extracted the average spectrum (“on” spectrum) from these po-
sitions and the average spectrum for background areas (“off”
spectrum). The background areas are at about 20’and 30" from
NGC 6334 and NGC 6357, respectively (see Fig. A.1). The opti-
cal depth (e™) spectrum is then obtained by subtracting the “off”
spectrum from the “on” spectrum and dividing this by the off-
line continuum emission. The results are presented in Fig. 5. We
are able to extract two and four spectra (with good signal/noise),
respectively, in the direction of NGC 6357 and NGC 6334. The
absorption spectra allow us to identify and study the foreground
layers of HI gas. From these kinds of spectra we can determine
the HI column density (Strasser et al. 2007):

N = 1.83 10'8><TS><AV><ZTV (1

where T is the spin temperature (we assume a typical value,
T = 125 K, following Foster and MacWilliams 2006) and AV is
the velocity channel width (0.82 kms™!). The visual extinction
is derived by assuming the dust to gas ratio: Nyj/Ay = 1.5 X
10*! cm~? mag™! (Bohlin et al. 1978).

For NGC 6357 the absorption spectra are very complicated
and very broad below +10 kms~! while distinct features around
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Fig. 5. HI absorption spectra. The individual extracted spectra are iden-
tified (by a number) as in Fig. A.1

—10kms™!, +14 kms™! (+12 km sl and +16 kms™! in spec-
trum 1 and 2, respectively), and +5 kms™' (+4 kms™! and
+6 kms™! in spectrum 1 and 2, respectively) can be noted.
We find a total Ngp ~ 9.9 x 10?! cm™ (Ay ~ 6.6 mag) for
NGC 6357. Radhakrishnan et al. (1972) also noted the presence
of a +6 kms™! feature, which they attributed to a cold cloud
in the foreground. They emphasised that this cloud covers an
area of many square degrees since this +6 kms~! feature is also
observed in the direction of several dozens of sources that are
situated, in projection, close to the galactic centre.

For NGC 6334 the absorption spectra show a clear feature
around -4 km s™!, which is in agreement with its systemic veloc-
ity. The column density of this layer is Ny ~ 4.1 x 10?! cm™2
(Ay ~ 2.7 mag). Features are noted also around +6 and
+9 kms~! that can be attributed to the foreground cloud noted
by Radhakrishnan et al. (1972). These foreground layers ex-
hibit Mgy ~ 2.3 x 10! ecm™2 4y ~ 1.5 mag). Two other
foreground components can be noted around —8.5 and —15 to
—18 kms™!, accounting for Ay ~ 0.4 each. However, we note
that some features are only seen toward some of the pointings,
which suggests that the extinction is patchy in the foreground
of NGC 6334. The total extinction deduced for NGC 6334 is
Ay ~5.1.

These Ay values are in agreement with the ones established
from OB stars photometry (Russeil et al. 2010): 4.3 mag and
5.9 mag, respectively, for NGC 6334 and NGC 6357.
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NGC 6334.

4.2. Nature of the radio regions

We want to determine the nature of the ionized gas regions
that belong to NGC 6334 and NGC 6357 star-forming com-
plexes. First, we follow Cohen et al. (2007) to characterise the
nature of the radio sources. Because supernova remnants show
deficit of PAHs, they have low 8 um emission when compared
to H 11 regions. Cohen et al. (2007) determine an empirical
8.0 um/843 MHz ratio of 0.14 for SNRs while this ratio is in gen-
eral higher than 12 for H 11 regions (median values are between
20 and 60 depending on the H 11 regions type). Figure 6 shows
this ratio for the radio sources in NGC 6334 and NGC 6357.
They all have ratios larger than six. A ratio lower than 12 is
found here for only three regions: GUM 61 (which is a very
particular region as discussed in the next sections) and two com-
pact sources in NGC 6357, which are located in the direction of
pillars (as seen on 8.0 um image). While sources in NGC 6357
do not exhibit a particularly large ratio, few sources with a ra-
tio higher than 60 are found in NGC6334 and GM1-24, the re-
gion G351.41+0.64 (well known as the ultracompact H 1I region
NGC 6334-1), which exhibits the largest value (Fig. 6). Cohen
et al. (2007) interpret these extreme values as the result of optical
thickness in the radio wavelength or being due to the fact that the
region’s exciting star(s) is strongly embedded in dust. The sec-
ond explanation is favoured as Tapia et al. (1996) who observed
a very young embedded massive star cluster in NGC 6334-1.

In other words, to determine if ionized gas emission is ther-
mal (H 11 region) or synchrotron (e.g. supernovae remanent), we
evaluate the spectral index following Reich and Reich (1988).
We construct spectral index maps (Fig. 7) using radio contin-
uum emission at two wavelengths: the 843 MHz MOST image
and 1.38 GHz SGPS. After alignment, the 843 MHz map is con-
volved and resampled to the same resolution and pixel size as
the 1.38 GHz map. Both maps are converted from Jy/beam to
temperature scale. Because the absolute zero level of each in-
volved image is not known, we determine the relative offset fol-
lowing Reich and Reich (1988) to compute a reliable spectral
index map. We chose to scale the 843 MHz map to the 1.38 GHz
one.

The spectral index is then calculated from:

@ =2-10g(T(v))/T(v2))/ log(v2/v1), (2)

where v = 1.38 GHz, v, = 843 MHz, and « is the spectral index
of the flux density (S, oc v*).

For non-thermal emission, « is expected to be negative (@ <
—0.1) while for thermal emission, « is expected to be —0.1 (if
optically thin) or larger (if optically thick). We evaluate a typical
spectral index error Aa ~ 0.2 from the intrinsic uncertainties
of the radio map and the uncertainty on the offset. In addition,
we have to bear in mind that some of the larger scale flux has
implicitly been filtered out.

In addition to SNR, non-thermal extended radio emission
was observed towards star-forming complexes and, at smaller
scale, towards Wolf-Rayet nebulae. For example, non-thermal
emission was observed in W43 and attributed to the winds from
luminous stellar objects which, accelerating relativistic elec-
trons, produce synchrotron emission (Luque-Escamilla et al.
2011). A negative spectral index was also observed towards
the Wolf-Rayet nebula WR 21a and interpreted as being due to
a colliding-wind process (Benaglia et al. 2005). Finally, unre-
solved collimated thermal ionized jets are expected to exhibit a
spectral index between 2 and —0.1 (Reynolds, 1986).

For both regions we note that the spectral index changes
from place to place, which is indicative of varying physical con-
ditions. In NGC 6357 (Fig. 7, lower panel), non-thermal emis-
sion is found in the filamentary structures that faceing the cluster
Pismis 24 and the region H 11 353.09+0.63 which has been ex-
cited by the cluster AH03J1725-34.4.

In the NGC 6334 (Fig. 7, upper panel), the extended feature
seen around / = 351.69°, b = +0.92° corresponds to the well-
known supernova remnant SNR351.7+0.8 (Green et al. 2006),
which is located well behind NGC 6334 (Tian et al. 2007).
Considering the optical H 1I regions, which are expected to be
evolved H 1T regions, we note that all, except GUM61, have
a positive mean spectral index, which suggests more or less
optically thick thermal continuum emission. GM1-24 exhibits
patches of emission with a negative index at the location of the
radio source G350.50+0.9. A particular region is GUM 61. Its
spectral index suggests a non-thermal emission as already noted
by Carral et al. (2002).

Embedded in the NGC 6334 dust ridge, five compact ra-
dio sources also exhibit a negative spectral index (this kind
of negative spectral index has been also observed recently by
Rodriguez et al. 2014 for the radio source NGC 6334 A) but their
8.0 um/843 MHz ratio suggests that a supernova remnant nature
is unlikely. Because the ridge is clearly a star-forming region
(e.g. Carral et al. 2002; Russeil et al. 2010), their non-thermal
emission could be attributed to shocks that were induced by out-
flows and/or winds.

5. Ha Kinematics of the regions
5.1. General aspects

For NGC 6357 the kinematics of the molecular gas spans be-
tween —10 and +2.5 kms~! (Cappa et al. 2011) with a main ve-
locity at —4 km s~! (Massi et al. 1997) while, for NGC 6334,
this is between —13 and +3 kms~' with a main velocity at
—4 kms™! (Kraemer & Jackson, 1999). In the direction of
NGC 6334, CO surveys (Dame et al. 1987, Robinson et al.
1988; Kraemer & Jackson 1999) show, in addition to the ve-
locity of NGC 6334 and NGC 6357, components at Vi, ~ —25,
—40 and —125 kms™', respectively. Because these components
are not seen in HI absorption spectra (see Sect. 4.1) they can
be attributed to background layers. From CO longitude-velocity
plots (Bitran et al. 1997), a molecular component is also noted
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Fig.7. Spectral index maps (in galactic coordinates) of NGC 6334 (up-
per panel) and NGC 6357 (lower panel). The green and red isocontours
trace @ < —0.2 and @ > —0.2, respectively. The main H II regions and,
for NGC 6357, the cluster Pismis 24 (blue diamond in the upper panel)
are indicated.

around +9 kms™! (extended from b = +0.25° to b = +2.25°
and [ = 350° to [ = 354°) while the molecular complex, to
which NGF 6334 and NGC 6357 belong, is well identified at
~-5kms™".

The analysis of ThrtUMMS !2CO data (Fig. A.2) allows us
to specify the molecular distribution between b = —0.5° to
b = +0.5°. We note a narrow-line component around +6 km s~
a broad-line component around —20 kms~' (more intense at
low/negative latitudes) and several broad features with velocity
that is more negative than —40 kms~!. In addition, a compo-
nent at —5 kms™', for / = 350°-351.9°) can be clearly asso-
ciated with NGC 6334. For [ = 352°-354°, two peaks around
+1kms™! (b =-0.5°-+0.5°) and -3 kms~! (b > 0.2°), respec-
tively, are noted. The last one can be associated with NGC 6357,
while the former one is a different emission along the line of
sight as a result of its latitude extension.

Optical dark clouds (Otrupcek et al. 2000), in the longitude
range between NGC 6334 and NGC 6357, are found with veloc-
ity ~+6.2kms~! with quite constant intensity (T, ~9.4K)and
narrow width (FWHM ~ 1.3 kms™!). Such quiescent clouds,
observed up to b = 4.4°, belong to a foreground molecular
layer. Dark clouds with velocities around —20 km s~ (FWHM
between 3.1 kms™' and 8.6 kms™!) and with velocities between
—4.2and 0.4 kms™! (FWHM ~ 2kms™! to 8.6 kms™) are also
found in directions pointing close to NGC 6334 and NGC 6357.

Foreground clouds are also detected in several molecular
species towards NGC 63341 (e.g. Zernickel et al. 2012) as H,O
(-6.3 kms™', -0.3 kms~!, and +6.2 kms™!, Emprechtinger
et al. 2010) or CH (-3 kms™!, 0 kms~!, +6.5 kms™', and
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+8 kms™!, Van der Wiel et al. 2010) absorption components.

Emprechtinger et al. (2013) interpret the +0 kms™' as a com-
ponent that most likely originates in the local environment of
NGC 6334-1, associating the other features with foreground
clouds. The OH absorption feature at +6 kms~! is also reported
towards several NGC 6334 cores (Brooks & Whiteoak 2001) and
on the line of sight of the pulsar PSR B1718-35, which is located
to the east of NGC 6334 (Minter 2008). The HI data (Sect. 4.1)
also confirm that the gas layer around +6 kms~! is foreground.

The above results can be summarised as follows:

1. The ~+6 kms™! velocity component is a foreground ex-
tended layer of gas that is not related to NGC 6334 and
NGC 6357.

2. The origin of the diffuse component around —20 kms~' is
not clear, but it probably originates from the galactic plane.

3. Velocity components around and more negative than
—40 km s~'are due to background emissions.

4. Velocities between —11 kms™' and 0 kms™' trace the
NGC 6334 and NGC 6357 complex. When seen in absorb-
tion, they trace clouds that reside in the local environment of
the regions.

In the following, we aim to determine the kinematics using the
Ha data cubes, but we have to bear in mind that the galactic lon-
gitude of NGC 6334 and NGC 6357 makes the analysis difficult.
This is because, as a result of the galactic longitude of the regions
(near the galactic center direction), the typical internal velocities
(~+6 kms~' around the systemic velocity) and systemic veloc-
ities (~—4 to —9 km s™!) have similar values. In addition, in He,
the local component, located around 200 pc (see, e.g. Russeil
et al. 20053), is expected to have a velocity of =5 kms™!, which
is also similar to the mean velocity of NGC 6334 and NGC 6357,
which are located farther away.

To understand the kinematics of the H II regions we use,
three approaches to analyse the Ha data in the following
sections:

1. To increase the S/N, the first approach consists of extracting
and decomposing the Ha profiles in area delimitating con-
spicuous structures (see Sect. 5.2). The velocity of the three
components is indicated in Figs. 2 and 3, while their FWHM
is forced on 25 kms~! except in a few positions where a
larger/narrower Gaussian is required.

2. Towards the central zone of NGC 6334 and NGC 6357, the
intensity is high and the velocity field is very complicated.
For these zones, we adopt a second approach (see Sect. 5.3)
to determine the velocity field, which is to extract and de-
compose the profiles through a regular grid (45" x 45" cells).
The decomposition was led with an automatic process that
consists of the y?> minimizing, using the routine “Minuit”
(Nelder & Mead 1965). We impose and fit the profiles with 3
nebular (Gaussian) components. We then produce a velocity
field and FWHM maps from this automatic profile decom-
position (Figs. 8 and 9).

3. The third approach consists of studying the velocity dis-
persion (o) versus intensity plots (see Sect. 5.4). In addi-
tion to the central field, the automatic fitting is applied to
fields F5 and F4 of NGC 6334 and NGC 6357 (Figs. 2
and 3). To arrive at an adequate S/N in these fields, we ex-
tracted the profiles throught a regular grid of 11 x 11 pixels
(99” x 99” cells).
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Fig. 8. Panel A): NGC 6334 with the name of the different regions and an intensity isocontour Panel A) is used as reference to the other panels.
The galactic coordinates are also indicated. NGC 6334 intensity (panels B1), C1), and D1)), velocities (panels B2), C2), and D2)) and FWHM

(panels B3), C3), and D3)) maps of the three components. Intensity is in arbitrary units while velocities and FWHMs are in km s

5.2. General Ha analysis
5.2.1. NGC 6334

The first step to analyse the kinematics of the region is to de-
termine the number and the kinematics of the diffuse emis-
sions that are present along the line of sight. Figure 2 shows
the Ha emission with a high contrast to highlight the faint

-1

diffuse emissions. The Ha profiles from the diffuse emission
that surrounds the main region (Fig. 2, fields F1 to F5) are de-
composed into three components (of mean velocity —6 km s,
—20 kms~!, and +8 kms~!) which are indicated (sorted by
decreasing intensity) at the position of the features. Generally,
we note that the positive velocity component, which is the
faintest one most of the time, is also not systematically
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Fig. 9. Same as for Fig. 8, but for NGC 6357. The position of Pismis 24 is indicated by the white cross.

required to perform the fit, suggesting it is inhomogeneously
distributed.

Field F1: This field, which shows no structured features, is
ideal for identifying the different diffuse emission layers present
along the line of sight. The decomposition of profiles (illustrated
in Fig. 4, upper panel) gives the three components at the mean
velocities of =5 kms™!, =19 kms™! and +8 kms™!, and with
a quite constant intensity throughout the field. The most intense
is the —5 kms™! component with a typical intensity of 3.5 and
7 times larger than the —19 kms~' and +8 kms~' components.
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Field F2: In this field the three components have mean
velocities of —7.5 kms™!, —25 kms™!, and +7 kms™'. In
particular the elongated Ha feature around /,b = 351.302°,
—0.137° (17h23m45.6s, —36°19719.2”) has a velocity of
—~12 kms™'. We also note two extinction patches around
LLb = 351.449°, —-0.077° (17h23m54.5s, —36°09'52"”) and
I,b = 351.075°, —=0.110° (17h22m06.2s, —36°22’06") towards
which all the components are strongly attenuated, suggesting
that these extinction features are in front of, and not related to,
NGC 6334.
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Field F3: This field is to the north of the most intense
part of NGC 6334. The three components are found at mean
velocities of =4 kms™, =19 kms~!, and +11.5 km s~!. The last
two have quite constant intensity through the field, while the
—4 kms~! component is more variable as can be seen by the
smooth emission features on the image.

Fields F4 and F5: The field F4 covers the western border
of the extented H 1T region GUM 63. The He intensity is high
and dominated by the emission of the H I region with a mean
velocity of —10 kms~'. The field F5 covers the H II region
GM1-24, for which we can determine a systemic He velocity of
-9 kms™!, as well as a strong extinction area. Several positions
exhibit smaller (FHWM = 20 km s~!) He line width. They corre-
spond to GM1-24 edges and several positions along the northern
edges of the strong extinction area. This type of narrow line can
underline a strong interaction between the ionized and molec-
ular gas at these positions. Indeed, Westmoquette et al. (2013)
show that narrow He lines are found toward pillars and seem
to originate from gas near to (deeper, denser) neutral/molecular
layers that is just being ionized. This interpretation is in agree-
ment with the location of the compact source G350.615+0.832
at the GM1-24 edge in this type of narrow Ha line area.

According to Sect. 5.1, the +8 kms~'and the —25 kms™!
Hea emission can be attributed to foreground and background
layers, respectively, while the —6 kms™! is the diffuse emission
belonging to the same layer as NGC 6334.

5.2.2. NGC 6357

We follow the same approach as for NGC 6334 to analyse the
diffuse emission Ha profiles. Figure 3 shows the Ha emission
with a high contrast to highlight the faint diffuse emissions and
the components’ velocities are indicated (sorted by decreasing
intensity) at the position of the features. Generally, we note
that the kinematics of NGC 6357 are clearly more complicated
than for NGC 6334, as also suggested by its strong filamentary
morphology (as seen in Ha). In addition, Cappa et al. (2011)
identified several molecular clouds in the direction of NGC 6357
with velocities of between —12.5 and +2.5 kms~!. In particular
we notice their shell A and cloud C with a velocity of between
~7.5and +2.5 kms™!.

Field F1: We start the analysis with this field because it is
the farthest from NGC 6357 itself and it only shows diffuse
features. Three components with mean velocities +3 kms™!,
—21kms~!, and +11 kms~! are observed. With the most intense
features in this field being at +3 kms™!, it is difficult to know
if they are related to the +6 km s~! foreground layer, to an other
gas layer, or to NGC 6357. We favour the second explanation
since the morphology of these emissions is very different to the
ones observed towards NGC 6357. The +11 kms~! is encoun-
tered in other fields in better agreement with the larger scale
+6 kms~! foreground layer, and Cappa et al. (2011) detected
12CO emission with a velocity of between 0 and +2.5 kms™!.

Fields F2, F3, and F4: These fields allow us to probe
the Ha kinematics of diffuse layers, filamentary and patchy
structures, as well as the H 11 regions, H 1 353.08+0.28 and
H 11 353.42+0.45. The filamentary structures and patches all
have the same mean velocity of —8 kms™ with an additional
positive velocity component always observable. This can
be interpreted as tracing the wing of the line instead of an
unrelated layer present on the line-of-sight. In He the region

H 11 353.42+0.45 has a quite spherical morphology with its
intensity centrally peaked. The exciting star of this region is
identified by Gvaramadze et al. (2011) as a running away star.
Its systemic velocity is —5 kms~!. The +14 kms~' component
(Fig. 3) represents only 5% intensity of the —5 kms~' one. In
He, the region H 11 353.08+0.28 appears as a bright Ha rim,
on its west side, and a fainter more diffuse emission on the east
side (Fig. 13). A large portion of the region, as seen in radio
(Fig. A.3), is not optically visible because of extinction. Thanks
to the H69«a, line we can follow its kinematics in the faded parts
and note that the Ho and H69« velocities are in agreement and
give a systemic velocity of —3 kms™!.

Field F5: Three diffuse components around —2 kms™!,

—16kms™!, and +8.5 kms~! are observed in this field. They are
mainly diffuse components. The +8.5 kms~! is present only in
the northern part of the field.

Field F6: In this field, corresponding to the eastern edge of
NGC 6357, filamentary and patchy structures are noted with
a strong velocity mixing: some filaments and patches are at
~8 kms~!, while others are around —22 and —14 kms~!. This
suggests that this area is kinematically complex and could be
the most impacted by the large energy that is issued from the
central parts.

Field F7: This field, corresponding to the northern edge
of NGC 6357, is dominated by Ha patches with velocities
of between —3 and —8 kms~'. An additional component at
—25km s~ 'is seen everywhere with large intensity increases (x5)
in the patches underlining a systematic blue wing for the Ha line.
The large arc-like structure, around [,b = 353.538°, +0.767°
(17h26m14.37 s, —33°57’48.7") shows a large velocity gradi-
ent, as underlined by the —3 km s~'and —22 km s~'velocities on
its northern and southern sides, respectively.

In Fields F6 and F7, some profiles have very large FWHM
(30 to 35 kms™!) and in a few places, up to four components
are required to perform the fit with, for some of them, extreme
(~—43 kms™!) velocities. The velocity-mixing of the filaments
and patches in fields F6 and F7 suggests a 3D geometry and
strong Ha profiles asymmetry.

5.3. Central zone kinematics

For this analysis, we follow Rozas et al. (2006) who observe that
the Ha profile from extra-galactic H II regions usually needs to
be decomposed with three Gaussian components: a bright, cen-
tral component and two roughly symmetric fainter components
(also considered as line wings), displaced to higher (absolute)
velocities. They interpret the main emission component as com-
ing from the bulk of the H 11 region while the wings are attributed
to an expanding shell. The expansion velocity of the regions is
then defined as the mean velocity of the wings with respect to
the central kinematic component. Here, because we observed
the larger scale diffuse Ha emission, we suppose that the most
intense component traces the main gas motion, while the other
two are either diffuse layers, when observed apart from H 11 re-
gion, or tracing the line wings, when observed in the direction of
the individual H 11 regions.
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5.3.1. NGC 6334

The automatic fitting process, applied to the central zone, al-
lows us to analyse the kinematics (Fig. 8) of the regions GUM63,
GUM64b, GUM61, and H 11 351.2+0.5.

GUM64b: In Fig. 8B2 a clear velocity gradient from
—S5kms™' to—11kms™' (orientated North-West to South-East),
is clearly visible for GUM64b. This behaviour is typical of gas
flow for a region in its “champagne” phase (Tenorio-Tagle 1979;
Bodenheimer et al. 1979). The morphology of the flow suggests
that its ionizing star(s) is/are located near or in the molecular
cloud ridge.

GUMG61: Figure 8B3 shows a quite constant FWHM
throughout all the fields except towards GUMG61 where the
FWHM is larger, changing from FWHM = 29.5 kms™'at [,b =
351.007°, +0.651° (defining the kinematic centre position) to
FWHM = 25 kms 'on the edges. In Fig. 8B2, a systemic ve-
locity of =9 kms™! can be deduced. In Fig. 8C2, the second
component shows a velocity gradient from 6 to 10 km s™!, which
is associated (panel C3) with a small but noticeable FWHM in-
crease (from the north-east to the south-west). This suggests that
in addition to the global expansion there is a flow motion in the
opened direction of the nebula. The component at —22 km s~
(Fig. 8D2) shows no significant velocity variation. Towards the
optical centre, the automatic fitting process gives a different pro-
file decomposition from the one given in Fig. 4, but the deduced
expansion velocity is similar.

In summary, GUM 61 is a bubble in expansion but with a
kinematic centre that is different from the optical emission centre
(for which the exciting stars were supposed to be the HD319703
binary). This kinematic centre is in better agreement with the
geometric centre of the region as seen in radio and Herschel
70 um emission (Russeil et al. 2013), which are not sensitive
to the extinction (Fig. A.4). In addition GUMS61 is catalogued
by Churchwell et al. (2007) as the “broken ring” CS94 (radius
5.26’ and shell thickness 0.91”), whose centre is in agreement
with our kinematic centre.

Hir351.2+0.5: From Fig. 8B1, H 11 351.2+0.5 is the bright-
est H 11 region. This exhibits (Fig. 8B2 and B3) a main compo-
nent with a constant FWHM (23.5 kms™!) and a velocity be-
tween —8.5 kms™' and —13 kms™! (east edge) in agreement
with the radio line velocities (Fig. A.3). However, from Fig. §B2
one can kinematically distinguish the central zone (~—9 kms™!)
from the east (~—13 kms™!) and west (~—10 kms™!) sides.
This small but noticeable velocity difference could be due to
the fact that H 1 351.24+0.5 can be divided into two H II re-
gions, seen from WISE 22 um (Fig. A.4) emission correspond-
ing to each of these two sides. Hot stars are identified to-
wards these two H I regions: HD156738 (O6I1I((f)), Sota et al.
2014) and ALS 4095 (Ble, from Neckel 1978). The eastern
region is the largest one. It corresponds to the brightest part
of H1r 351.240.5 in Fig. 8C1 and DI and to a velocity de-
composition of —13 kms™' (in Fig. 8B2) and —19 kms™' (in
Fig. 8D2). This location is also detected in H69« (Fig. A.3)
suggesting that it is a dense area. On the Spitzer-8 um image,
it corresponds to a zone located between a bright rim and the
small (Reg = 0.66”) infrared bubble CS90 (Churchwell et al.
2007) within H 11 351.2+0.5. The binary star HD156738 (Sana
et al. 2014) is centred in CS 90 and could have formed this
bubble. The second H 1I region is also identified as an infrared
bubble (MWP1G3511314+005267, Reg = 1.47’) by Simpson
et al. (2012) centered on ALS 4095. However the size of these
bubbles is small compared to the full ionized gas extension
of H1Ir 351.2+0.5 (Reg ~ 5.6”), which suggests they could

A135, page 12 of 26

be evolving inside a previously ionized region. We can esti-
mate a rough and global expansion velocity of 10 kms™' for
H 11 351.2+0.5 in agreement with Johnson (1982) who gives an
upper limit expansion velocity of 6 kms™!.

GUMG63/GUMG64c: Defined here as the 34 arcmin size ex-
tended emission north-west to the ridge, its kinematics is dif-
ficult to interpret. The Fig. 8B2 shows velocities between
-5kms™! and -9 kms~! and all the filaments have a velocity
of around —8 kms~'. The —5 kms~! velocity is found around
I,b = 351.239°, +0.832° (17h19m38s, —35°49719") a location
corresponding to an infrared dark cloud (Dutra and Bica 2002).
The fact that no extinction is noted in Ha suggests that the ion-
ized gas is either at the front of the dark cloud or that the dark
cloud could be a cavity that is filled by ionized gas (we note no
structured emission toward the dark cloud from WISE-22 um
to Herschel-500 um emission). However, no organised motion,
like expansion or flow, can be detected for the GUM63/GUM64c
area.

5.3.2. NGC 6357

The automatic fitting procedure applied to the central zone in
Fig. 9 embables us to analyse the kinematics of the ionized gas
in directions around Pismis 24 and the regions H 11 353.09+0.63
and H 11 353.24+0.60.

The ionized gas around Pismis 24: In panel Fig. 9B2,
the well-known stellar cluster, Pismis 24 is located within a
—2kms™! ionized gas patch surrounded by a semi-ring like ve-
locity feature at —8 kms™' (panel B2). This feature corresponds
spatially to the CO shell A and cloud C of Cappa et al. (2011)
detected between —7.5 and +2.5 kms~!. The velocity and spa-
tial agreement between the ionized and CO gas underlines their
interaction. In Fig. 9B3, the west side of NGC 6357 exhibits nar-
rower FWHM, which spatially corresponds to the brightest part
of shell A (Cappa et al. 2011). This suggests a strong interaction
between the ionized and molecular gas at this position. The Ha
brightest part of NGC 6357 is the region around /, b = 353.184°,
+0.896° (17h24m45.8s —34°11’04.1"") facing Pismis 24 where
pillars are observed (e.g. Bohigas et al.2004). This position is
clearly visible in the three components with velocities around
-3 kms™', +11 kms~!, and —28 kms™! respectively. These
velocities match the higher spatial resolution Ha observations
of the pillar by Westmoquette et al. (2012) but they could more
closely trace the velocity of the small blister region that is lo-
cated about 20" north of the pillar. In this way, the region would
present internal motion of about 19 kms~!.

Hir 353.09+0.63: This region exhibits (Fig. 9B2) a cen-
tral velocity of —3 kms~' while its west and east edges are
at =7 kms~', which could indicate the interaction of this
H 11 region with two adjacent molecular clouds, as seen in
Fig. 8 of Cappa et al. (2011). Bearing in mind that the second
(+10 kms™!) and third (=27.5 km s~!) Ha components have sig-
nificant intensities only in the central part (panels C1 and D1),
we estimate an expansion velocity of about 18 kms™'.

H1 353.24+0.60: This region exhibits (Fig. 9B2) a sys-
temic velocity of ~—2 kms~!. Figures 9B2 and C2 suggest
a kinematical centre (b ~ 353.26°, 0.57°) offset respec-
tively to the brightest Ha emission, which is in better agree-
ment with the CS61 IR-bubble centre (Churchwell et al. 2007).
This could be due to extinction, since from the radio contin-
uum map this region shows a different morphology (ring-like)
from its very patchy Ha aspect. Given the fact that the sec-
ond (+10 kms™") Ha component has significant intensity only
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(panel C1), we determine a minimal expansion/gas flow velocity
of about 10 kms™".

5.4. Optical H Il regions velocity dispersion

Non-thermal motions in H IT regions are due either to turbu-
lence or large-scale velocity gradients. Such velocity gradients in
H 11 regions are usually associated with the “champagne” effect
or the expanding shell that is attributed to strong stellar winds.
Another approach for studying the kinematics of ionised gas is to
use the velocity dispersion (o) versus intensity plot (Io plot) as
a diagnostic of the evolution status and the nature of the regions
(Munoz-Tufién et al. 1996).

In these Io plots, so far performed for extragalactic H 11 re-
gions complexes, Mufioz-Tufién et al. (1996) and Moiseev and
Lozinskaya (2012) show that the low density turbulent ISM ap-
pears as a low intensity vertical band, while the shell-like struc-
tures (as SNR and WR) can be distinguished as narrow inclined
vertical bands (the younger the shell, the longer the strip) and
H 11 regions are expected to draw horizontal features (see Fig. 6
of Moiseev and Lozinskaya 2012).

Following Moiseev and Lozinskaya (2012), we trace each
cell’s profile in this kind of Io plot for the fields that cover the
brightest parts of NGC 6334 and NGC 6357 (Figs. 10 to 13). For
this we converted the FWHM into velocity dispersion (oops =
FWHM]/2.3548) and corrected it (02 = 0%, _—02, —c % ) for the

obs ~ “ nat ther

natural width (0 = 3 kms™!, O’Dell & Townsley 1988) and
for the thermal width o, linked to the temperature of the re-
gion (T = 6500 K and 6100 K for NGC 6334 and NGC 6357 re-
spectively, taken from Schraml & Mezger 1969). For each field,
we divide the plot into a high and low dispersion regime when
o is respectively larger and smaller than o, (where oy, is the
intensity-weighted dispersion), and into high and low intensity
emission when the flux is respectively larger and lower than the
mean flux value in the field (see the color coding in Figs. 10
to 13). Till now, the velocity dispersion of H 11 regions has been
studied in extra-galactic H II regions or H II regions complexes
(e.g. Lagroisetal. 2011; Rozas et al. 2006; Relafio et al. 2005) by
probing their kinematics at a scale of several tens to several hun-
dreds of parsecs. This is the first time that this approach has been
applied to galactic H 11 regions. For extra-galactic H 1I regions,
the mean o is 10-50 kms™' (Arsenault et al. 1988, Moiseev &
Lozinskaya 2012; Rozas et al. 2006; Blasco-Herrara et al. 2010).

In Figures 10 to 13, we note that the majority of the positions
have o less than the typical sound speed expected for ionized gas
(~10kms~"). We can estimate that 3% to 34% of the profiles ex-
hibit o > 10 kms~!, while for the diffuse emission (Figs. A.8
to A.11) this is between 25% and 70% (with a mean value of
50%). The central part of NGC 6357 (Fig. 12) appears as the
most turbulent area. In Figs. A.8 to A.11, which is traced for
pure diffuse components (belonging to gas layers present along
the line of sight), and the part of the fields covering the surround-
ings of the H 1 regions in Figs. 10 and 11, we confirm that the
vertical distribution at low intensity is attributed to the diffuse
emission and that o reaches maximum values in such diffuse
medium, which is similar to extra-galactic studies.

GUM61 and H 1 353.09+0.63 (Figs. 10 and 12) ex-
hibit vertical features that confirm that they are shell-like
regions. Inversely (Figs. 10 and 13) the regions GUMO64b,
H 1 351.2+0.5, H 11 353.08+0.28 and H 11 353.42+0.45 exhibit
horizontal features, which suggests that they are typical H 11 re-
gions. In addition, we note that the points corresponding to
H m 351.2+0.5 (Fig. 10) are, in general, below the GUM64b
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Fig.10. Top: NGC 6334 central area o versus flux diagram. Fluxes
are in arbitrary units. The horizontal line is o, (see text). Bottom: the
location of the zones identified by different colors on the o — flux plot
overlaid on the image. North is up and East is to the right. In this field
12% of the profiles show ¢ > 10 kms™!. The positions where o >
10 kms™! are underlined in cyan. In both panels, the points overlaid
with square, lozenge and circle symbols belong to GUM 61, GUM 64b,
and H 11 351.2+0.5 respectively.

ones, which is in agreement with an increase of o with the
H 11 region expansion.

Following Lagrois et al. (2011), for individual H 1I regions
we compare (Fig. 14 and Table 1) the one-standard deviation of
the centroid distribution o of the main Ho component (which
quantifies the velocity variation on the plane of the sky) with
the non-thermal velocity dispersion, o, issued from the line
width. Lagrois et al. (2011) plotted o versus o for models
(for different inclination angles) of H I regions with champagne
flow only or with champagne flow perturbed by an expanding
wind-blown bubble. We clearly see (Fig. 14) that GUMG6I is
strongly wind-dominated. However, by comparing He and ra-
dio emission, we note that H 11 353.08+0.28, H 11 353.24+0.60,
and GUMBS61 are affected by extinction, which suggests we can-
not follow the velocity variation on the full sky extension of the
H 1 region. As aresult, their o) may have been underestimated.
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Fig.11. Same as Fig. 10, but for GM1-24. In this field, 7% of the pro-
files show o~ > 10 kms™'.

Assuming a 100% underestimation of o], we can conclude that
H 11 353.08+0.28 could also be a wind-dominated H II region.

6. Discussion

From our previous analysis we suggest that optical H I re-
gions impact the local ISM differently. In NGC 6334, we
saw that GUM 61 is probably an expanding wind-driven shell
H1 region, GUM 64b is an H 1 region in “champagne”
phase, and H 1 351.240.5 is the grouping of two H1I re-
gions. In NGC 6357, the four well-defined H II regions can
be listed: HII 353.42+0.45 is a centrally peaked H I re-
gion (associated with a run-away star), H 11 353.08+0.28 and
H 11 353.09+0.63 (which are probably wind-dominated H 1I re-
gions), and H 11 353.24+0.60 (which exhibits a very patchy mor-
phology in Ha). H I1 353.09+0.63 is powered by the cluster
AHO03J1725-34.4, while H 11 353.08+0.28 seems to be pow-
ered by a single source (Townsley et al. 2014). In Table 1,
we summarise the properties of the radio sources (from MGPS
and SGPS surveys) and the optical H II regions located in
NGC 6334 and NGC 6357. Some radio sources correspond to
optical H 11 regions but, because of extinction, the coordinates
of the optical H II regions can be offset from the radio ones.
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Fig.12. Same as Fig. 10, but for the central part of NGC 6357. The
points overlaid with circles belong to H 11 353.09+0.63. In this field
34% of the profiles show o > 10 kms~!.

For every source, we give the size, systemic velocity, mean
spectral index, and expansion/internal motion velocity from Ha
and SGPS radio data cubes. To characterise the optical H II re-
gions, we also used the Spitzer/GLIMPSE 8 pm images to note
the photo-dissociation region (PDR) morphology that surrounds
them. In Fig. A.7, we give an overview of the stellar cluster dis-
tribution in NGC 6334 and NGC 6357, compiled by Morales
et al. (2013).

Because optical H 11 regions are the most evolved objects in
these fields, we expect them to be the main shaping agent of
the surrounding interstellar medium. Consequently, H 1I regions
allow us to follow larger scale and older star-formation history
than is probed with young stellar objects census (e.g. Willis et al.
2013; Fang et al. 2012 and Povich et al. 2013).

NGC 6334: In this part, we will refer to the region posi-
tion (Fig. 1) in the Galactic coordinate system. The east and
west sides of the ridge will be relative to the longitude ranges
I = 351.45°-352.2° and [ = 350°-351°, respectively. The
structure of NGC 6334 is dominated by a well-defined molec-
ular ridge (e.g. Russeil et al. 2013), where the most recent and
most active star-formation is located, as traced by compact radio
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Fig.13. Same as Fig. 10, but for the field F4 of NGC 6357. The
points overlaid with lozenges and circles belong to H 11 353.08+0.28
and H 11 353.42+0.45, respectively. In this field, 3% of the profiles show
o> 10kms™.

sources and young stellar clusters. The ridge is globally parallel
to the Galactic plane, but at a mean latitude b = 0.6°. Most of
the optical H 11 regions are located around this ridge. However,
on a larger scale we note differences between the east and west
sides of the ridge.

The “west side” exhibits (Fig. 1) both large and compact
H 1 regions, as well as several thin dust/gas filaments, as defined
from Herschel data in Russeil et al. (2013). Identified in radio,
several of these large H 11 regions show a faint Ha counterpart.

Part of G350.710+0.642 can be observed in Ha, while it
traces a large cavity at 8 um, which is partly filled with WISE-
22 pm emission. This cavity joins GUM 61 on its “open” side
and could be impacted by its expansion.

G350.239+0.654 is also observed in Ha as a faint round (ra-
dius of ~6.3 arcmin) H 1I region. At its centre there is the star
LSS 4034 (Neckel 1978), whose photometric information (Reed
1998) suggests it is a B0.5 V/IV star with a distance of between
1.23 and 1.78 kpc. Small dark filaments can be seen in front of
it at 8 um, suggesting it is probably also linked to the NGC 6334
complex.
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Fig. 14. The o versus o diagram. The solid line indicates the linear
regression (the dashed line highlight the extremes of the distribution)
througth the distribution of simulated H 11 regions for different incli-
nation angles from Lagrois et al. (2011) and Arthur & Hoare (2006).
The vertical dash-dotted line indicates the separation between H II re-
gions in champagne phase perturbed (on the right) or not (on the left) by
an expanding wind bubble. The squares show the optical H 1I regions
listed in Table 1. The arrows indicate the possible shift resulting from
the extinction effect.

GM 1-24 appears in He as a north-east to south-west elon-
gated emission made up of two diffuse bright emissions that are
located on each side of the radio source G350.50+0.95 and its
neighbour H 11 region G350.482+00.951. At 8 um, each of these
parts shows a half-ring structure that is open perpendicularly
to the galactic plane, which suggests that they are two differ-
ent regions that correspond to the radio regions G350.617+0.983
and G350.401+1.037, respectively. The north-east Ho emission
can be associated with the cluster [DBS2003]123. Both, the ra-
dio source G350.50+0.95 and the H 11 region G350.482+00.951
are visible in Ha as a very compact region at velocity
—-10.2 kms™' and —9.2 kms~!, respectively, and can be as-
sociated with the clusters [DBS2003]122 and [DBS2003]121
(Morales et al. 2013), respectively. Classified by Morales
et al. (2013) as a deeply embedded cluster, partially embed-
ded cluster, and emerging-exposed cluster for [DBS2003]122,
[DBS2003]121 (1.5 Myr old) ,and [DBS2003]123 (2.5 Myr
old), respectively, they underscore the age gradient in this
part of GM1-24. From this point of view, the formation of
G350.50+0.95 may have been triggered by the interaction of
these two regions.

A suggestion of triggered star-formation can also be detected
on the “west side” area because compact H 1I regions are prefer-
entially located at the edge and/or at the intersection of larger
radio H 11 regions. This is the case for G350.870+0.762 and
G350.889+0.728, which are found at the intersection between
GUM 61 and G350.710+0.642, G350.675+0.832 (which is lo-
cated at the G350.710+0.642 — G350.617+0.983 intersection)
and G351.153+0.622 (a WISE compact source that is associated
with a compact Ha emission for which we can determine a Ha
velocity of —9.7 km s7!) at the GUM 61 — HII 351.2+0.5 -
NGC 6334-V intersection.

The “east side” corresponds to a cold, rather thick gas fila-
ment, as defined using Herschel data in Russeil et al. (2013), a
group of H 11 regions (between / = 351.65° and 351.76°) and a
string of small H 1T regions seen at 8 ym and 22 um (Fig. 1).
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Close to the ridge, we first note two small Hoe H T regions
(G351.462+0.556 and G351.479+0.644) with an Ha velocity of
—~7kms~! and -8 km s~!, respectively. They exhibit a bow-shock
morphology at 70 um (see Fig. A.5) which is similar to the bow-
shock features listed by Gvaramadze et al. (2011), suggesting
that they could be run-away stars coming from NGC 6334.

At ~0.3° from the ridge edge, we note a group of H II re-
gions: G351.69+0.67, G351.68+0.61, and G351.65+0.51 and
G351.766+0.492. All of them have a WISE-22 um coun-
terpart and are catalogued as infrared bubbles by Simpson
et al. (2012). Except G351.69+0.67, all exhibit He counterparts
and, inversely, only G351.766+0.492 is radio-quiet. At 8§ um,
G351.69+0.67 is strong and has a broken bubble-like morphol-
ogy, while G351.68+0.61 is a more compact radio source that
probably formed at its edge. G351.65+0.51 is considered by
Gvaramadze et al. (2011) as a bow-shock feature due to a run-
away O8/BO III/V star that is from the cluster AH03J1726-34.4
in NGC 6357. However this group of H II regions (Fig. A.6)
can be considered as an independant star-forming region since
it is located along a large IR bubble (MWP1G351660+005114,
Simpson et al. 2012) whose shape is underscored by a high
column density feature. The radio region G351.65+0.51 itself
shows a stratified dust emission with a faint PDR (traced by the
8um emission) and an off-centred strong WISE-22 um in spatial
agreement with the Ha emission and an arc-like column-density
feature.

Further away from the ridge, a string of small H II regions
(G352.132+00.663, G352.060+00.636, G351.922+00.638),
which can only be seen at 8§ yum and 22 um, is noted along
the filament. All of them have IRAS colours, which suggests
that they are probably UCHII regions (Wood & Churchwell
1989), but only G352.132+00.663 exhibits radio emission. They
are catalogued as NIR-bubbles by Churchwell et al. (2009)
and Simpson et al. (2012), but when not seen in Ha, they
are certainly still strongly embedded. The presence of these
H 11 regions suggests that massive star formation has already
started along this cold gas/dust filament.

Finally, at about 0.33° to the north of the ridge (at b ~
+1°), there are G351.261+1.016 and G351.359+1.014. The re-
gion G351.261+1.016 exhibits a small but clear Ha counterpart
(with velocity —11 km s~!) while G351.359+1.014, bathed in
the more diffuse Ha emission, is identified in radio by Langston
et al. (2000). Both regions are located inside the medium scale
Ha emission attributed to GUM 63. Morales et al. (2013)
identify an emerging exposed cluster ([DBS2003]99) towards
G351.261+1.016 that is associated with the IR-bubble CS87.

NGC 6357: The morphology of NGC 6357 is well differ-
ent from NGC 6334. Its global kinematics suggests it is more
turbulent than NGC 6334. In parallel, the large scale, patchy
and filamentary, and kinematically complex Ha emission lo-
cated to the north suggests that a previous energetic event (such
as strong wind, jets or supernova) could have occurred. This is
also strongly suggested by the lack of infrared counterpart.

The ionized gas is dominated by the influence of the stel-
lar cluster Pismis 24 that hosts stars of O3 type (Massey et al.
2001), which have shaped the large cavity well known as CS 61
(Churchwell et al. 2007). Two radio sources (G353.19+0.90 and
G353.19+0.84) are located on the northern edge of the cavity.
G353.19+0.90 has a clear Ha counterpart while G353.19+0.84
is not optically visible and is located at the basement of the
well-known fingers that face Pismis 24 (e.g. Westmoquette et al.
2012).

As already noted, four individual optical H II regions
can be distinguished: Hm 353.09+0.63, Hm 353.24+0.60,
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Huo 353.42+0.45, and Hm 353.08+0.28. Except for
H 1w 353.42+0.45, the three other regions exhibit a bubble
or semi-bubble morphology in radio and are also listed by
Churchwell et al. (2007) as CS59, CS63, and CS62 for
H 1 353.2440.60, H 1353.09 +0.63, and H 11 353.08+0.28,
respectively. Despite similar annular morphology in radio,
these regions exhibit different optical and kinematic aspects.
H 11 353.24+0.60 has a very irregular and patchy morphology.
The B2 III spectral type of the probable exciting star HD319788
(Crampton 1971) suggests that this region is more evolved.
H 11 353.08+0.28 exhibits a semi-ring morphology and could be
wind-dominated as noted in Sect. 5.4, while H 11 353.09+0.63
has a shell-like kinematic and is excited by the stellar cluster
AHO03J1726-34.4 (Dias et al. 2002). It also exhibits three
compact radio sources on its edge that could have been triggered
by its expansion. Inversely, H 1 353.42+0.45 has a regular
morphology and a radio spectral index that is in agreement
with thermal emission. The exciting star of this region has been
identified by Gvaramadze et al. (2011) as a run-away star that
was expelled from the cluster AH03J1726-34.4.

Two other regions, G353.308+0.069 and G353.160+1.042,
are classified by Gvaramadze et al. (2011) as run-away stars.
G353.308+0.069 is identified by Gvaramadze et al. (2011) as a
run-away star that has been expelled from the cluster Pismis 24.
Its Ha velocity of —6 km s™! confirms that it belongs to
NGC 6357. G353.160+1.042 corresponds to a strong Ha emis-
sion with velocity of —11 km s~!. It has a faint but clear slightly
extended radio counterpart. Because it is located within a strong,
larger scale Ha emission, it is difficult to distinguish it, but at
8 um a faint rim and few small filaments surrounding a compact
source can be detected, as displayed in Fig. 11 of Gvaramadze
etal. (2011).

The final noticeable Ha features are the medium-scale fila-
ments seen in Fig. 3 (Fields F4 and F2). Assuming they trace a
circular morphology, they may delineate a large circular struc-
ture of 30 arcmin diameter centred on [, b = 353.343°, +0.288°
(17h27m38s, —34°23’31””), but with no infrared counterpart it
could be an old and diluted supernova remnant. From this per-
spective, the regions H 11 353.42+0.45 and H 11 353.08+0.28
would be located on its edge, which suggests a possible link.

7. Conclusions and perspectives

Combining multiwavelength information with Ha kinematics,
we obtained the following results:

1. We clarified the nature of the radio sources, showing that
they are thermal H II regions or compact H 11 regions with
possible interacting wind. In particular, the compact radio
sources located along the NGC 6334 cold dust ridge exhibit
a negative spectral index, which can be interpreted as being
due to colliding wind interaction.

2. We determined the nature of the optical H 1l regions: GUM
61 is an expanding shell-like H II region, GUM 64b exhibits
a champagne flow, GM1-24 seems to be the Ha counterpart
of two larger regions, H 11 351.2+0.5 is in fact composed
of two H 11 regions, H 11 353.08+0.28 and H 11 353.09+0.63
are probably also wind-bubble H I regions, and finally
H 11 353.42+0.45 is a classic H II region.

3. Thanks to their bow-shock features, two new probable run-
ning away stars were detected towards the north-east end of
the NGC 6334 ridge. We anticipate that ESA-Gaia observa-
tions will help us to clarify the motion of these stars.
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4. NGC 6357 shows a more complex kinematics than
NGC 6334. Conversely, NGC 6334 shows more active star-
formation (as traced by the numerous compact H 1I regions
we can detect) than NGC 6357.

The next step is to compare our results with the distribution and
the characteristics of the dense and massive cores/clumps that
have been detected in the sub-millimetre and far-infrared from
the ATLASGAL (Schuller et al. 2009) and Herschel-HOBYS
(Motte et al. 2010) surveys (e.g. Tigé et al., in prep.).
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Appendix A: Additionnal figures and tables

Fig. A.1. HI continuum images (in Jy/beam) of NGC 6334 (up) and
NGC 6357 (down). The background and “on source” areas (identifica-
tion number) are indicated.
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Fig. A.2. '2CO average profiles extracted from ThrUMMS data cubes.
The profiles are averaged over b = —0.25° to —0.5° (top), b = —0.2° to
+0.1° (middle) and b = 0.2° to 0.5° (bottom) and | = 350° to 351.9° and
| = 352° to 354°, respectively. The profiles are vertically-shifted from
each other to better compare them.
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5 arcmin

5 arcmin

Fig. A.3. He (green) and H69« (red) composite image (North up, East
left) of HII 351.2+0.5 (upper panel) and G353.08+0.28 (lower panel).
The black and magenta numbers gives the radio line and the optical Ha
line velocity, respectively. Note that G351.2+0.5 is only partly covered
by the HOPS survey.
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3 arcmin

5 arcmin

Fig. A.4. Composite image (North up, East left) of GUM 61 (upper
panel) and H 11351.2+0.5 (lower panel). In the upper panel, the RGB
colors are: ATCA continuum 1.6 GHz (Mundz et al. 2007), Hershel —
70 um (Russeil et al. 2013), and UKST Ha (Parker et al. 2005), en-
hanced with isocontours. In the lower panel the colours are: Spitzer —
8 um in green and UKST Ha (Parker et al. 2005) in blue. The iso-
contours trace the WISE-22 ym emission (the final isocontour under-
lines the saturated area). The red and magenta crosses indicate the stars
HD156738 and ALS 4095, respectively (see text).
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Fig. A.S. Bow-shock features around G351.462+0.556 and G351.479+0.644. Spitzer-14 image is the 8 ym image.

22 microns

10 arcmin

/
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Fig. A.6. Multiwavelength view (galactic coordinates orientation) of the group of H 11 regions (G351.65+0.51, G351.69+0.67, G351.68+0.61, and
G351.766+0.492). Blue dashed circles indicate the radio sources while the green and yellow circles underline the 8 um bubbles. The lower-right
image combines Spitzer-8 um (green) and WISE-22 ym (red) images. The magenta isocontours underline the Ha emission. Similar to Gvaramadze
et al. (2011), the bow-shock aspect of G351.65+0.51 can be seen on the WISE-22 ym image (red arrow in the upper-right panel).
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Fig. A.7. AAO-UKST Ha image of NGC 6334 and NGC 6357. The clusters listed by Morales et al. (2013) are overlaid (green circles). For most
of them their name is indicated in red.
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Fig. A.8. Same as for Fig. 10 for the two other fitted components.
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Fig. A.9. Same as for Fig. 11 for the other fitted component.
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Fig. A.10. Same as for Fig.12 for the two other fitted components.
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Fig. A.11. Same as for Fig. 13 for the two other fitted components.
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Table A.1. Langston et al. (2000) and Anderson et al. (2014) H 11 regions in NGC 6334 and NGC 6357.
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Langston et al.

Anderson et al.

Ha/H 11 region association

GPA Ident. HRDS Ident.
NGC 6357
352.87+1.21 352.794+1.360 Ha?
352.95+0.93 352.838+0.934 Ha
- 353.037+0.452 Ha?
- 353.048+0.553 H 11 353.09+0.63
- 353.063+0.529 H 11 353.09+0.63
- 353.088+0.449
- 353.091+0.857 pismis 24
353.10+0.35 353.0762+0.287 H 11 353.08+0.28
- 353.160+1.042 Ha
353.19+0.67 353.272+0.591 + 353.037 0.581  H 11 353.24+0.60
353.20+0.92 353.194+0.910 Ha
353.24+1.04 353.235+1.060 Ha
353.37+0.74 - Ha
- 353.308+0.069 Ha
- 353.383+0.430 H 11 353.43+0.44
353.42+0.45 353.435+0.426 H 11353.43+0.44
- 353.452+0.324
353.58+0.86 - Ha?
NGC 6334
- 350.239+0.654 Ha
- 350.401+1.037 GM1-24
- 350.482+0.951 compact Ha in GM1-24
- 350.505+0.956 compact Ha in GM1-24
350.59+0.97 350.617+0.983 GM1-24
- 350.675+0.832 Ha
- 350.706+0.998
- 350.715+1.044
350.77+0.68 350.710+0.642 Ha
- 350.870+0.762
- 350.889+0.728
- 350.958+0.358 Ha
350.99+0.67 350.994+0.654 GUM 61
- 351.016+0.856 GUM 63
351.06+0.98 - GUM 63
- 351.094+0.799 GUM 63
- 351.153+0.622 Ha
- 351.169+0.703 GUM 63
351.21+0.44 351.129+0.449 H1m351.2+0.5
- 351.246+0.673 GUM 63
- 351.261+1.016 GUM 63
- 351.311+0.663 GUM 63
351.34+0.71 - GUM 63
- 351.348+0.592 GUM 63
351.36+1.01 351.359+1.014 GUM 63
- 351.367+0.640 GUM 63
351.39+0.74 351.382+0.737 GUM 64c
- 351.420+0.638 GUM 63
- 351.423+0.650 Ha
- 351.462+0.556 Ha
- 351.479+0.644 Ha
- 351.650+0.510 Ha
- 351.676+0.610 Ha
- 351.692+0.671
- 351.766+0.492 Ha

351.834+0.756
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