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ABSTRACT

Aims. Our main targets were to improve the understanding of the main properties of G316.8—0.1 (IRAS 14416—-5937) radio source
where the DBS 89-90-91 embedded clusters are located, to identify the stellar population present in this region, and to study the
interaction of these stars with the interstellar medium.

Methods. We analyzed some characteristics of the G316.8—0.1 radio source consulting the SUMSS to study the radio continuum
emission at 843 MHz and the HI SGPS at 21 cm. We also used photometric data at the JHK bands in the region of DBS 89-90-91
clusters obtained from the VVV survey and supplemented with 2MASS catalogue. The investigation of possible stars associated with
the H II region was complemented with the astrometric analysis using the Gaia Early Data Release 3. To study the young stellar objects
we consulted the mid-infrared photometric information from WISE, Spitzer—GLIMPSE Surveys, and MSX point source catalog.
Results. The photometric and astrometric research carried out in the IRAS 14416-5937 region allowed us to improve the knowledge
about the DBS 89-90-91 embedded clusters and their interaction with the interstellar medium. In the case of DBS 89 cluster, we iden-
tified 9 astrophotometric candidate members and 19 photometric candidate members, whereas for DBS 90-91 clusters we found 18
candidate photometric members. We obtained a distance value for DBS 89 linked to G316.8—0.1 radio source of 2.9 + 0.5 kpc. We also
investigated 12 ClassI YSOc, 35 ClassII YSOc, 2 MYSOc and 1 CHII region distributed throughout the IRAS 14416—-5937 region.
Our analysis revealed that the G316.8—0.1 radio source is optically thin at frequencies > 0.56 GHz. The HII regions G316.8—0.1-A
and G316.8—0.1-B have similar radii and ionized hydrogen masses of ~ 0.5 pc and ~ 35 M, respectively. The ionization parame-
ter computed with the younger spectral types of adopted members of DBS 89 and DBS 90-91 clusters, shows that they are able to
generate the H II regions. The flux density of G316.8—0.1-B H I region is lower than the flux density of G316.8—0.1-A HII region.
Conclusions. A photometric and astrometric research looking for the members of the DBS 89-90-91 embedded clusters has been
carried out. We could identify the earliest stars of the clusters as the main exciting sources of the G316.8-0.1 radio source and we
have also estimated the main physical parameters of this source. We improve the knowledge of the stellar components present in
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Sagittarius-Carina arm of our Galaxy and its interaction with the interstellar medium.
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In recent years, technological advancements have made multi-
wavelength and homogeneous survey data for many star forma-
tion regions in the Galactic Plane. Special cases are the Vista
Variables in the Via Lactea (VVV; Minniti et al.|[2010, [Saito
et al.|[2012) survey and the Gaia Early Data Release 3 catalog
(Gaia EDR3; |Collaboration et al.|[2020). The former has deeper
and better spatial resolution images at near-infrared (IR) bands
(JHK) than the Two Micron All Sky Survey (2MASS;|Skrutskie
et al.[|2006) ones, allowing to obtain photometric data of fainter
objects with lower error values (Corti et al.|2016). On the other
hand, Gaia data provide the best astrometric measures at the mo-
ment (see reference (Collaboration et al.|[2020| for details).

In particular, the fourth Galactic quadrant is a stellar nurs-
ery region where the G316.8—0.1 radio source is present. It is
associated with the IRAS source 14416—-5937 which nests the
DBS 89-90-91 embedded clusters (Dutra et al.|[2003). All of
them revealed an active star-forming region and several studies
have been performed over it up to date. Most of the works were
focused on the study of the interstellar medium (ISM). For ex-

ample (Caswell & Haynes| (1987) analyzed the velocities of hy-
drogen recombination lines with 5 GHz observations and con-
tributed to the knowledge of the spiral structure of our Galaxy.
Caswell et al.| (1995) searched the Galactic methanol masers
with 6.6 GHz observations and they concluded that this HII
region has strongly variable features, and some weak features
have been confirmed at velocities of —41 and =37 km s~! at sev-
eral epochs. Later, Bronfman et al.| (1996) identified a diversity
of molecular lines using 98 GHz observations, whereas |Busfield
et al|(2006) found some maser sources analyzing 96 GHz data.
More recently, Samal et al.| (2018) and |Dalgleish et al.[ (2018)
studied G316.8—0.1 using multi-wavelength observations. In
particular/Samal et al.| (2018)) classified it as a bipolar H II region,
whereas, [Dalgleish et al.| (2018)) compile an important number of
masers detection. Subsequently, Watkins et al|(2019) analyzed
the origin of the filamentary configuration present in the HII re-
gion and its influence on stellar feedback.

On the other hand, Shaver et al.|(1981) and |Vig et al.| (2007)
carried out global studies including radio, optical and IR obser-
vations. In particular, Shaver et al.| (1981) provided one of the
first approaches to the identification of the exciting source of
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Table 1. Region properties and their associated objects

Region properties

Region A Region B Region C Reference
@ 2000 14:45:21.4 14:45:03.0 14:45:19.3 This work
072000 -59:49:25.2 -59:49:30.0 -59:50:36.7 This work
Radius [’] 1.3 1.0 0.8 This work

Associated objects

Radio source G316.8-0.1 — A G316.8-0.1 - B - Vig et al.[(2007)
IRAS source 14416-5937-A 14416-5937-B - Vig et al.|(2007)
Embedded cluster DBS 90-91 DBS 89 DBS 90 (partial) |Dutra et al.| (2003))
Astrometric group - group B group C This work (Sect.|3.2.2))

612000

Q2000

612000

Q000

Fig. 1. JHK false—color VVV image of 7’ X 5’ size and centered at @ o000 = 14:45:12.2, 6 2000 = -59:49:27.6. a) White curves are radio continuum
flux levels at 843 MHz (SUMSS) revealing the presence of two peaks "A" and "B" of G316.8-0.1 radio source and identified by |Vig et al.|(2007).
The white ellipse at the right-bottom corner indicates the corresponding radio beam size. Red circles represent the locations and mean sizes given
by Dutra et al.| (2003) for embedded clusters DBS 89-90-91. b) Yellow circles indicate the adopted "Region A", "Region B", and "Region C"
used along our work to study different stellar populations (see Sects.[3.2.1]and [3.2.2] for details). These regions were used to build the photometric
diagrams showed in Fig.[7] Centers for DBS 89-90-91 clusters are presented with white crosses.

the HII region, whereas [Vig et al.| (2007) analyzed photometric
information of the bright (J < 15) young star population, and
the properties of the gas and dust in the region. Therefore, [Vig
et al.| (2007) could obtain some parameters regarding the interac-
tion between the star population and the ISM. |Vig et al.| (2007)
also identified two peaks, named A and B, in both the IR obser-
vations of the IRAS source 14416—5937, and the radio data of
G316.8-0.1. Additionally, it can be noticed that looking at the
coordinates and sizes given by Dutra et al|(2003), DBS 90-91
clusters are located around peak A, whereas DBS 89 is located
at the SW of peak B. (see Fig. [[]and Table ).

Taking into account the recent information from the sur-
veys indicated before, and since there are few known bipolar
H1I regions in the Galaxy, the investigation of G316.8—0.1 radio
source zone with new data and taking a global view is relevant
to better understanding the different processes involving young
stars and their connection with the environment. In particular,
Samal et al.| (2018) indicate that they were not able to identify
the exciting source of the G316.8—0.1. Therefore, we performed
a deep and detailed photometric and astrometric study of the star
populations in the zone of the DBS 89-90-91 embedded clus-
ters complemented with information of the surrounding ISM,
and re-analyzed their fundamental parameters.

The structure of the paper is the follows. Observational data
are presented in Sect. 2. Different surveys with radio data and
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photometric/astrometric information are briefly described. The
analysis of our results is in Sect. 3. Finally, the discussion and
conclusions are presented in Sect. 4 and 5, respectively.

2. Observational Data
2.1. Photometric data

We used photometric data of the objects located in the field
of view (FOV) presented in Figs. [T] and 2} We used the JHK
stacked images of the VVV survey and downloaded them from
the VISTA Science Archive (VSA websiteEI). The selected
images were obtained on April 3", 2010 with an exposure time
of 10 seconds in each band. The region under study has a high
level of stellar concentration with a highly variable background
in the IR. Then, we performed PSF photometry (Stetson||1987)
on the VSA images using IRAFE| DAOPHOT package to com-
pute instrumental magnitudes. The obtained photometric tables
were aperture-corrected for each filter to carry them to a final
aperture size of 17 pixels in radius. Tables of different filters
were combined using DAOMASTER code (Stetson|[1992)). The
calibration was carried out using the 2MASS catalog and the

! http://horus.roe.ac.uk/vsa/
2 IRAF is distributed by NOAO, which is operated by AURA under a
cooperative agreement with the NSF.
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Table 2. Calibration coefficients used for infrared observations together
with the corresponding root-mean-square (rms) fit values.

x=0 x=1 x=2 rms
Jjx  +1.49+0.02 +098+0.01 -0.02+0.01 0.07
h, +148+0.15 +097+0.01 +0.06+0.01 0.09
k, +1.62+030 +096+0.02 +0.10+0.02 0.09

following transformation equations:

Jinst = Jo+ 1J + jo (J — H)
hinst = ho +hH+ h (H— K)
kinst = k() + le + k2 (H - K)

where JHK are the 2MASS magnitudes, and ( jhk);,, are the in-
strumental ones. The coefficients (jhk), (x = 0, 1,2) were com-
puted using the FITPARAMS task of IRAF PHOTCAL pack-
age. The obtained values are shown in Table 2| We also used
2MASS catalog to complement the magnitudes of the bright
stars (J < 13.5, H < 12, K < 11).

Additionally, we included the optical photometric data (G,
Gpp, and Ggp bands) given by the Gaia EDR3 covering the FOV.
Since the studied objects can significantly change their fluxes
between optical (Gaia) and IR bands, we did not consider pho-
tometric error constraints for optical bands, but a wide range of
error (e < 0.5) for near-IR bands.

We also considered the mid-IR photometric information
from the following catalogs: a) WISE (Cutri|2014) at 3.4, 4.6,
12, and 22 um bands (W, W,, W3, and Wy, respectively); b)

Spitzer—GLIMPSE (Benjamin et al|2003) at 3.6, 4.5, 5.8, and
8.0 um bands; and c¢) Midcourse Space Experiment (MSX;

at 8.3, 12.1, 14.7, and 21.3 um bands with a spa-
tial resolution of ~18". For WISE and GLIMPSE catalogs we
selected sources with photometric uncertainty < 0.2 mag in all
bands and a relation signal-to-noise > 7 for WISE sources. In
the case of MSX point source catalog (Egan et al.|2003), sources
were selected with variability and reliability flags zero and flux
quality Q > 1 in all bands.

We employed then the STILTSﬂ tool to manipulate tables and
to crossmatch the optical Gaia data, the near-IR 2MASS/VVV
data, and mid-IR WISE data in the FOV. In this procedure, we
considered a maximum searching distance of 1" to match objects
among 2MASS, VVV, and Gaia catalogs and a distance of 4" for
the WISE catalog. Additionally, to minimize possible mistaken
associations between near-IR and mid-IR catalogs, we consid-
ered a difference lower than five magnitudes between the K and
W) bands. We obtained a catalog with photometric information
for 3350 point objects in the FOV (see Fig. [T).

The photometric errors in the catalog were those provided
by the DAOPHOT, DAOMASTER codes and the corresponding
source catalogs.

2.2. Radio data

We study some characteristics of the G316.8—0.1 radio source
consulting suitable surveys. We employed the Sydney University
Molonglo Sky Survey (SUMSS; Bock et al[1999) that provides
data with radio continuum emission at 843 MHz with a synthe-
sized elliptical beam, 45"cosec 6] X 45". We used them to study
the density flux intensity, the angular size of G316.8-0.1 radio
source and, to confirm that in the environment close to this HII

3 http://www.star.bris.ac.uk/~mbt/stilts/
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Fig. 2. Decovolved radio continuum image at 843 MHz (SUMSS) of
the same size and center as Fig. [T] Selected regions A, B, and C (see
Sect3:2.1)) are indicated by large yellow circles. Red and blue lines
show the section, extension e inclination of the cuts made in different
parts of the HII region. Symbols indicate the identified members in each
studied region and identified YSOs in the surrounding. Green symbols
correspond to MS stars and red ones to stars with probable IR excess.
Yellow and orange symbols indicate Class I and II YSOs, respectively.
Circles correspond to those identified using K band and WISE data, tri-
angles those using only WISE data, and squares using GLIMPSE data.
Big red squares indicate objects listed in Table[B-3] Green symbols with
blue edges are the astrophotometric members presented in Table[C.2]

Table 3. Typical uncertainties values for the 5-parameter solutions at
different Gaia magnitudes (G).

Upos Upix Upm

[mas] [mas] [mas yr!']
G<15 0.01-0.02 0.02-0.03 0.02-0.03
G=17 0.05 0.07 0.07
G=19 0.4 0.5 0.5
G=21 1.0 1.3 1.4

Note: Columns give the uncertainties for position
(tpos), parallax (up;y), and proper motion (u,y,).

region there were no other radio H1I regions (Fig. 2). The South-
ern Galactic Plane Survey (SGPS; McClure-Griffiths et al.|2005)
HT datacube provides data of the Galactic plane over the fourth
quadrant with 22 angular resolution, AV = 0.82 km s~! veloc-
ity resolution, and 0.2 K rms noise brightness temperature (7).
With this survey, we study the kinematic distance to G316.8—0.1

(Fig. B).

2.3. Astrometric data

The astrometric analysis of the region was performed using the
Gaia EDR3. The reference epoch for Gaia EDR3 is 2016.0 and
the catalog is essentially complete between G = 12 and G = 17
magnitude.

The astrometric data include the five astrometric parameters
(position, parallax, and proper motion) for 1468 billion sources.
The uncertainties in position, parallax, and proper motion ac-
cording to the G magnitude are given in Table[3|(Cindegren et al|
2021)). The parallax zero point deduced from the extragalactic
sources is about —17 pas (Lindegren et al.[2021)). The probabilis-
tic distances derived from the parallax are obtained from

Jones et al.| (2021).
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Temperature [k]

Galactic latitude [dgr]

Radial Velocity (LSR)[km/s]

Fig. 3. Radio image at 21 cm (SGPS) of HI emission distribution of the
G316.8-0.1 radio source (1 ~ 317°). HI absorption in the line of sight is
indicated with blue and green colors. Contours have a spacing of 28 K
being the first at =78 K. Colour bar shows the colors associated with
different HI brightness temperature values in Kelvin units

We adopted a circular region with centre at (@;2000, 9.72000) =
(14:45:12.0, -59:49:12.0) and 3.0’ in radius. Then, we selected
898 stars from Gaia EDR3 of which 801 have the five astromet-
ric parameters necessary for our analysis. To ensure the quality
of the astrometric results, we make a selection of the stars taking
into account the following criteria: i) the RUWE parameter < 1.4
(Cindegren et al|2021)) because this value is a quality indicator
of the astrometric solution; ii) stars with Dup parameter equal to
1 are not selected because this value indicates probable astromet-
ric or photometric problems; iii) the values of the components of
the proper motion are between -20 and +20 mas yr~' because a
previous visual inspection of the Vector Point Diagram (VPD) of
the region showed low proper motions for the possible embedded
clusters; iv) stars without magnitude G have not been included;
V) systematic errors in the proper motion due to the angular scale
of the studied region were also analyzed. In our sample, no star
had a proper motion within uncertainties smaller than the sys-

tematic error given in Table 7 of [Lindegren et al| (2021). With
these conditions, the sample is reduced to 754 sources.

3. Analysis and Results

3.1. Interstellar medium

Following (2007), G316.8—0.1 radio source main

peaks, A and B, are associated with those of the IRAS source
(see Table [T). Since SUMSS radio data have a relatively low
spatial resolution, we carried out a deconvolution procedure over
them to obtain a more detailed picture of the zone (Fig. [2). The
Richardson-Lucy method (Richardson|[1972} [Lucy|[1974) was
applied since it is able to preserve the flux information. Then,
we obtained some characteristic profiles of the resulting image,
choosing those including peaks A and B (see Figs. 2] and [).
The shape of G316.8—0.1—-A is approximately circular with a
deconvolved angular size of , = 6, = 66", obtained from
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Fig. 4. HI profiles obtained with: (a) diagonal cut at 1 = 316°.79, indi-
cated with a red line in Fig. |Zt (b) cut at 1 = 316°.81, indicated with a
blue line in Fig. 2} HPBW of G316.8—0.1—A profile is the deconvolved
angular size of it; (c) cut at 1 = 316°.77, indicated with a blue line in
Fig.[2l HPBW of G316.8—0.1-B profile is the angular size of the part
along the galactic plane; (d) cut at I = 316°.79, indicated with a blue
line in Fig. [2} HPBW of G316.8—0.1-B profile is the angular size of
the part perpendicular to the galactic plane. Red slashed lines represent
the adopted background levels.
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Fig. 5. Flux density measured at five different frequencies (see Sect.[3.1)
for all the G316.8—0.1 HII region. Red curve indicates the best-fitted
radio spectrum of a thermal free—free emission model the indicated pa-
rameters. Only filled squares were used in the fits. Dashed vertical line
shows the turnover frequency (v,) value.

the measured half-power beam width (HPBW). The cut made
to G316.8—0.1-A and shown in Fig. @b has a double peak (see
Sect. [4.3] for details). The shape of G316.8—0.1-B is irregular
and something elongated along the Galactic plane. Its decon-
volved HPBWs values at each axis are 6, = 141" and 6, = 38",
whereas the corresponding geometric mean is (6;x8,)'/% ~73".
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The flux density at 843 MHz was estimated for both regions.
Using tvstat AIPY| task, we obtained the background average
flux density, Sy, = 2.6 x 1072 Jybeam™', from the mean flux
density values at three different positions near these sources. The
root mean square of S, was rmss, = 5.2 X 1072 Jybeam™!
and it was used to distinguish the signal from the noise. The
lower isophote presented in Fig. [2|corresponds to 0.5 Jy beam™!,
more than 3 times the rmsg,, value. We obtained the density flux
value of each source and then subtracted the same S, value for
both regions. The results were S,g4 = 18 Jy and S zg = 9 Jy
for sources G316.8—0.1—-A and B, respectively. The density flux
value measured across all HII region was S, = 28 Jy.

When an ionized gas cloud is examined over the entire fre-
quency range, the received signal will be affected by opacity de-
pending on the frequency of the energy. At high frequencies, the
plasma must become optically thin and the spectrum of the ob-
served radio emission will become approximately flat. This is
the behavior observed with the flux density measured at three
different frequencies (see Fig. [5).

The spectral index @ (S ~ v™®) can be obtained from the
measured flux density at two different frequencies, v; and v,
(@ = log(S1/S2)/log(v2/vy)). Using vi = 843 MHz, §,; = 28
Jy and v, = 1415 MHz, §,, = 32 Jy (Shaver et al.|[1981)), we
obtained @ = —0.26. We estimated another value of spectral in-
dex, @ = 0.05, using v; = 1415 MHz, §,; = 32 Jy and v, =
4850 MHz, S,, = 30 Jy (Kuchar & Clark|[1997). The value of
S, =37.5 Jy for v = 843 MHz (Vig et al.|[2007) was discarded
because is higher than our estimation probably due to it was ob-
tained in a larger region (~ 30 arcmin”) and does not correspond
to the study region of this work. With the goal to obtained the
best adjust of the all flux density shown in Fig[5|we incorporated
two additional values, S, = 22.3 Jy at v, =408 MHz and S, =
28.7 Jy at v, = 5000 MHz, both results of the Shaver & Goss
(1970) work.

We employed the 21 cm line emission map of the SGPS to
study the HI absorption in the line of sight, which is indicated
in Fig. [3| with blue and green colors. This absorption could be
a consequence of the temperature difference between the HII
region and the distribution of the HI gas. The former has a con-
tinuum temperature (7.) higher than the T, of the HI gas. In this
case, A and B components of G316.8—0.1 radio source could
not be angularly resolved therefore only a global study could
be done, obtaining the same radial velocity measure for both. In
order to determine the approximate radial velocity of this radio
source, we obtained the “on” source profile in the brightest re-
gion of this using the HI data cube. Later, we obtained the “off”
profile by doing the average profile with the ones obtained in
three regions in the environment of the source. Assuming that
the “on” and “off”” spectra both sample the same gas, subtraction
from one another removes the common emission. Fig. [p] shows
the “on”—“off” profile. The absorption feature observed in this
figure at —44 km s~! Local Standard of Rest (LSR) radial ve-
locity, corresponds to a kinematic distance of 3.3 + 0.6 kpc for
sources G316.8—0.1—-A and B, according to the galactic rotation
model of Brand & Blitz] (1993). These results are in agreement
to that obtained by |Caswell et al.| (1995)). The value of the radial
velocity at —44 km s~T matches pretty well with the '*CO (1-0)
molecular line (emission, MOPRA telescope) and HI 21 cm
data (absorption, SGPS survey) of the G316.8—0.1 obtained of
the Red MSX survey (Busfield et al.|2006). |Longmore et al.
(2007) at ~ 24 GHz with the Australia Telescope Compact Array
(ATCA) measured the radial velocity, Vg, of the NH3(1,1) and

4 http://www.aips.nrao.edu/index.shtml
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Fig. 6. Relative intensity of the G316.8—0.1 ("on—source") subtracted
from the average of three sources of its environment ("off—source").
Higher intensity absorption would indicate the location of the HII re-
gion. Vertical line at —40 km s~! shows the velocity of *CO (1-0)
molecular line (emission) detected with the MSX survey by Busfield
et al.|(2006). Horizontal light blue line shows the zero value from which
the absorption intensity is measured.

NH3(2,2) molecular lines, with a spectral resolution of 0.2 and
12.7 km s7!, respectively, and NH3(4,4) and NH;3(5,5) molec-
ular lines, with spectral a resolution of 0.8 km s~!. The results
obtained by them varies from —37.3 + 0.3 to —42.2 + 0.8 km s'.

To estimate other physical parameters of these regions we
adopted the Gaussian model presented by Mezger & Henderson
(1967). We computed the Stromgreen linear radius (R;) as the
deconvolved source angular size and the HII region distance of
2.9 kpc (see Sect. [A.1).

Additionally, we obtained the electronic density (N,), the to-
tal mass of ionized hydrogen (Mpy;;) and the emission measure
(EM) using equations and numerical values of each factor pub-
lished by Mezger & Henderson| (1967). We assumed, for both
regions, the same electronic temperature (7,) value of 5400 K,
obtained by (Caswell et al.| (1995). The calculated values for all
of these parameters are shown in Table ]

We estimated the optical depth, 7, using the integral of the
absorption coefficient along the line of sight. For the radio do-
main, Mezger & Henderson|(1967) have given the following use-
ful expression valid for frequencies smaller than 10 GHz:

7, ~ 8235 x 1072 T, 139 y~2! f N2dl. (D

The integral of the square of the electron density along the
line of sight is the EM. We computed the frequency at which 7
= 1, known as turnover, employing for this the EM value 0.4 X
10% pc cm™® corresponding to all the G316.8—0.1 radio source.
A typical frequency of turnover for free—free emission is 1 GHz
and we obtained a value of v = 0.56 GHz.

3.2. Stellar population methods

As is revealed by near IR images (see Fig. [I), embedded clus-
ters DBS 89-90-91 are characterized by a relevant HII back-
ground emission. An overdensity of bright stars is evident for
DBS 89. However, DBS 90 and DBS 91 are fainter and a high
absorption dust lane (SDC G316.786—-0.044; Peretto & Fuller|
2009) is present between them.
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Table 4. Physical parameters of radio sources G316.8—-0.1-A and B

ID Rg My N, (10°)  EM (10%) u On1IR

[pc] [Ms] [em™] [pcem™]  [pcem™]  []

G316.8—-0.1-A 043+009 36+9 2.1+0.10 28+04 71 £ 15 1.0
G316.8-0.1-B 0.50+0.11 32+8 12+0.09 1.0+0.2 57 + 12 1.2

To study the stellar population associated with these embed-
ded clusters, we selected three circular regions identified as Re-
gion A, Region B and Region C. Regions A, and B were defined
to include most of the cluster probable members. Therefore, their
location and sizes were obtained using an iterative procedure
looking for star overdensities in the IR image (Fig. [I) and the
maximum amount of cluster members after to apply our photo-
metric method (see Sect. [3.2.1)). Region C was defined as a result
of our astrometric analysis. This analysis takes into account that
a stellar group must show an over-density in the sky as well as
in the VPD. In Sect.[3.2.21 we show how we first detect the over-
density in the VPD and then identify the over-density in the sky
by visual inspection. Final adopted centers and sizes for each
region are presented in Table [1| and plotted on Fig. |1} It can be
noticed that whereas Region A includes G316.8—0.1—-A radio
source peak, Region B is located to the west of G316.8—-0.1-B
peak.

3.2.1. Photometric analysis

Photometric color—color and color—magnitude diagrams (TCDs
and CMDs) of the point objects located in Regions A and B
are presented in Fig. [7p-f. All CMDs in each region clearly re-
vealed the presence of differential reddening. We studied these
diagrams and classified the objects following a procedure based
on the computation of several reddening—free parameter values
(see Baume et al.|2020|for details), the photometric information
at Gaia bands, and following the color conditions from WISE
bands given by Koenig et al.| (2012). Therefore, we could carry
out a selection of different kinds of objects: a) early main se-
quence (MS) stars, b) objects with IR color excess and c) objects
identified as class I and class II YSOs. The remaining objects
were not classified and they were considered as field stars.

In the above procedure we used, as a reference, the MS val-
ues given by [Sung et al.|(2013)); Koornneef] (1983)), and the pho-
tometric relationships for Gaia filters indicated in its official Web
pageﬂ We also considered a normal interstellar reddening law
(Ry = Ay/Ep_y = 3.1) and the reddening model given by Wang
& Chen| (2019). The adopted extreme values for color excesses
are presented in Table E] as Ep-vymin and Eg_yymqx. Both bor-
der values were used to identify MS stars, while only the lower
one was used to select objects with IR color excess (IR objects).
Values for the other color indices (E;cpin and Ejcpay) Were com-
puted using the [Wang & Chen| (2019) model. These border val-
ues are indicated also in the photometric diagrams by the loca-
tion of the shifted MS (E;cin) and the point of the reddening
vector (Ejcmax)-

The upper MS has an almost vertical shape over the IR
CMDs not allowing to estimate precise distance values. After
trying several distances (from 2.2 to 3.4 kpc), we obtained the
same objects with Gaia EDR3 photometric information as prob-
able members for Region B. However, for each distance, we ob-
tained a different set of objects with IR information as probable

3 https://gea.esac.esa.int/archive/documentation/GEDR3/
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cluster members. Finally, we considered the distance value of 2.9
kpc obtained with the astrophotometric analysis (see Sect. [4.1).
These CMDs provided also an estimation of the foreground color
excess E(p_yymin 0f the studied young stellar populations. The ex-
cess values confirmed that Region A objects are much more red-
dened than Region B ones as was previously suggested by Fig.[I]

For these clusters, and following |Vig et al.| (2007) analy-
sis, the spectral types of the adopted MS stars and IR objects
were estimated de-reddening their positions in a J vs J — H dia-
gram. Since this diagram avoids the use of K band, possible IR
excesses problems are minimized. However, this procedure de-
pends on the precision with which the distance is known, provid-
ing in our case an approximate result. Therefore, we performed
only a rought classification using the four labels O~, O*, B~ and
B*, where O/B letters indicate O and B type stars, and -/+ signs
mean early/late stars inside each type.

The amount of different kinds of objects identified for each
studied cluster and the corresponding adopted spectral types are
presented in Table[5]and Table[A.T] respectively.

To look for YSO candidates in the surroundings of IRAS
14416—-5937 source, we searched in a region centered at (1,b) =
(316°.8, -0°.06) within a 0.1 degrees radius circle. We adopted
the YSO candidates classification scheme described in [Koenig
et al.|(2012),|Gutermuth et al.|(2009) and |Lumsden et al.|(2002),
for the WISE, GLIMPSE, and MSX data, respectively.

For the WISE sources, we used the WISE All-Sky
Source Catalog (Wright et al.| 2010). We selected sources
with photometric flux uncertainties lower than 0.2 mag and a
signal-to—noise ratio greater than 7 in the W1, W2, and W3
bands. Following the criteria of Koenig et al.| (2012) for these
sources, we first discarded the non—YSO sources with excess
IR emission, such as PAH—emitting galaxies, broad—line active
galactic nuclei (AGNs), unresolved knots of shock emission, and
PAH-emission features. After that process, from the 248 sources
from the list, only 34 were kept, of which we detected eight
WISE Class I sources (i.e. sources where the IR emission arises
mainly from a dense envelope, including flat spectrum objects).
Regarding Class II sources (i.e. pre-main sequence stars with op-
tically thick disks), we detected 26 candidates. As the last step,
we also rejected one Class II source (J 144552.74-59541) whose
magnitudes satisfied (W), — W3 < -1.7 x (W3 — W4 + 4.3)), be-
cause according to |[Koenig et al.[ (2012) it could be considered
to not have sufficiently reddened colors, we obtained 25 class II
sources.

The GLIMPSE sources were kept if their photometric uncer-
tainties were lower than 0.2 mag. in all four IRAC bands (3.6,
4.5, 5.8, and 8.0 um), taking these constraints into account, a
total of 217 sources were selected. After applying the criteria
of |(Gutermuth et al.| (2009) we detected four Class I and ten
Class IT YSO candidates. All the detected YSO candidates but
two were detected also by [Vig et al.| (2007). It is worth men-
tioning that these authors carried out the search for YSOs in
areas slightly different (~ 30% bigger) from the one used in
this work. Samal et al.| (2018) detected the same four Class I
YSO candidates. In addition, we searched in the MSX Point
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Source Catalog (PSC; [Egan et al.| (2003))) looking for massive
YSOs (MYSOs) and compact HII (CHII) regions candidates
following the criteria of Lumsden et al.| (2002). We selected
the sources with variability and reliability flags with values of
0 and flux qualities above 1 in all four MSX bands (8, 12, 14,
and 21 um). Only two sources from 32 fulfill these criteria. One
of these is an MYSO (G316.8083—00.0500) and the other is a
CH1I candidate. Neglecting the constraints of variability and re-
liability flags, we additionally identified the MSX MY SO candi-
date G316.8112—-00.0566, already cataloged by Busfield et al.
(2006). All WISE, GLIMPSE and MSX YSO candidates are

listed in Tables [B.T} [B.2] and [B.3] respectively.

3.2.2. Astrometric analysis

Astrometric data (position and proper motion) show that a star
cluster is represented by an over—density in the sky as well
as in the VPD. The astrometric method of analysis of these
over—densities allows us to carry out an independent identifi-
cation of their members and a determination of their astrometric
parameters.

First, we analyzed the VPD over—density adopting the math-
ematical model suggested by |Vasilevskis et al.| (1958) and the
technique based upon the maximum likelihood principle devel-
oped by|Sanders|(1971). This model assumes that the proper mo-
tion distribution (®;(uy;, ty;)) of the region selected consists in
the overlapping of two bivariate normal frequency functions.

D;(ris tyi) = P1i(xis fyi) + G2, Myi), ()
where ¢y; is a circular distribution for cluster stars, ¢»; is an el-
liptical distribution for field stars, p.;, pty; are the i—th star proper
motion in x and y, respectively. (see Fig.[9).

The circular and elliptical distributions take the following
form

Ne
ilMxis Hyi) = 57— X
b1 (/1 Hy ) 202

c

i = o) + (i — frye)
X exp [_ (i = Hxc) 2(#) My ) ] 3)
202
and
Ny

G2i(Wxis fyi) = p —

O xfOyf

(txi = fxp)* (i = fyp)?
X exp [— j; - = y;f , “)
z(o-xf) 2(U-yf)

where the symbols o f, o, are the elliptical dispersion for the
field stars, o, the circular dispersion for the cluster stars, ticf, ty s
the field star mean proper motion, and py., p,. the cluster mean
proper motion. N, is the number of cluster members, and N the
number of field stars. These parameters were found by applying
the maximum likelihood principle. Before applying the model,
the VPD of the N stars was rotated over angle 3 to make its axes
coincident with the field distribution ones (see Fig.[9])

Then we could determine the membership probability for the
i—th star from:

A 1i(Wis Myi)

Pi(phyis pryi) = .
’ D;(Lxis fhyi)

&)

Therefore, the N, stars with the highest P;(u,;, p1,;) values are
considered as members.

This method makes it possible to remove most of the field
stars from the sample. The percentage of stars that have been re-
moved depends on the distribution of the stars’ proper motions.
To know the degree of effectiveness we evaluated the member-
ship using the index E that follows|Shao & Zhao| (1996)).

NYN Pill1-P]
E=1-—7— : ©)
SN P YN =P

When the moving group and the field stars are perfectly sep-
arated, we obtain the maximum value of E = 1, therefore E is an
estimate of the contamination of the selected sample. Therefore
we applied the analysis to the 754 stars selected from the Gaia
EDR3 catalog. (see Sect.[2.3) and we obtained the following pa-
rameters: (1,C08., is,, O, N (see Table [6). From equation [3]
we calculated the membership probability for each star and we
identified the 110 probable proper motion members (see Fig.[9).
The resolution of equation (6) gave E = 0.73 indicating a good
separation between the field stars and those of the moving group.

In order to identify embedded clusters, we applied then
the other astrometric condition that characterizes them, the
over—density in the sky.

In Fig.[I0] the position of stars following the gaussian ellipti-
cal distribution is presented with green filled symbols (353 stars)
and the 110 possible proper motion members are presented with
yellow hollow symbols. The analysis of this chart allowed us
to identify two possible stellar groups, field stars with the same
proper motion. one of them denominated group B with 18 stars
(indicated with yellow filled symbols and identified with the em-
bedded cluster DBS 89) and another denominated as group C
with 13 stars (represented with blue filled symbols). The astro-
metric members of each of these groups are presented in Table
[C.T]and their astrometric parameters in Table[6] The astrometric
analysis did not detect any spatial over—density in Region A.

3.2.3. DBS89 members

The comparison of the 18 possible astrometric members with the
19 possible photometric ones shows the following results for the
DBS89 embedded cluster: a) there are nine stars in common be-
tween both analyzes that we have denominated astrophotometric
members (see Table [QD, b) the photometric members identified
as 2MASS stars J14445838-5948416 and J14450022-5949489
in Table[A.T] are not astrometric members, ¢) for the rest of the
possible photometric members presented in Table[A.T| there was
not found any counterpart in Gaia EDR3 and d) the astromet-
ric members identified as "nm" in Table[C.T]are not photometric
members.

3.2.4. Energetic balance

To study if the embedded clusters DBS 89-90-91 could have
generated the H I region, we computed the excitation parameter
u = Rg N2* of G316.8-0.1. This represents the amount of Ly-
man photons that had to be absorbed by the HI to originate the
H I region (see Table d).

Additionally, the knowledge of the amount of Lyman pho-
tons emitted by the brightest stars of DBS 89-90-91 is impor-
tant to evaluate their capacity to generate the H Il region. There-
fore, we computed the ionization parameter (U) given by Wilson
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Table 5. Main Parameters of the embedded clusters

ID Vo=My  Egvimin E®B-vimax  Jiim MS IR U
[mag] [mag] [mag] [mag] stars objects [pccm™2]
DBS 89 12.24 2.5 5.5 16 11 116
DBS 90-91 12.24 5.0 7.5 16 8 109
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Fig. 7. Gaia and IR photometric diagrams for Regions A, B and C. Symbols meaning as in Fig.[2| but in this case hollow blue circles correspond
to objects in Table[C.1] Light gray circles indicate no classified stars and most of them are field population (See Sect.[3.2.1] for details). Particular
objects described in Sect. [4.3|are identified. Green and blue curves are the MS (see text) shifted according to the adopted distance modulus with
and without absorption/reddening, respectively. Red lines indicate the considered reddening path. Adopted reddening values for Region A/C and

Region B are those presented in Table[5|for DBS 90-91 and DBS 89 respectively.
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Fig. 8. Spitzer color image centered at G316.8—0.1 radio source (chl =
violet, ch2 = cian, ch3 = yellow, ch4 = red). Large yellow hollow circles
indicate Regions A, B and C presented in Fig.[T} Symbols are YSOs as
presented in Fig. 2] This is, yellow and orange symbols indicate Class
I and II YSOs, respectively. Circles correspond to those identified us-
ing K band and WISE data, triangles those using only WISE data, and
squares using GLIMPSE data. Big red squares indicate objects listed

in Table [B.3] Bubbles S109, S110 and S111 presented by [Churchwell
(2006) are identified.

Table 6. Astrometric parameters of the stellar groups

Stellar HUaCOSO, s, [o N,

group [masyr~'] [masyr~!] [mas yr!]
O1i(yis fty)) =518 £0.06 -2.87+0.06 0.48+0.01 110
group B -521+005 -2.81+0.05 044+0.01 18
group C -523+£0.06 -292+0.06 0.40=+0.01 13

Notes: Columns gives the mean proper motion components
(1 COS0,, Us,), the circular dispersion (07.) and number of mem-.
bers.

3N,
U=3241x10""9 [ —= |
% \#7axT,)

where a,(T,) is the total recombination coefficient of hydrogen
excluding captures to the ground level. The value of a,(T,)
coefficient was computed using the expression of (1978)
and the T, = 5400 K (Caswell et al.|1995)). For ionization param-
eter (U), the number of Lyman ionization photons provided by
earlier stars than B* (Sternberg et al.[2003)) of possible members
of DBS 89-90-91 was calculated. We considered atmosphere
models for hot stars with solar metallicity and Luminosity Class
V. We decided to use spectral type (ST) B 1.5 for B~ stars,
ST = O8 for OF stars and ST = OS5 for O~ stars. Embedded
cluster DBS 89 (Region B) has eleven B~, two O*, and two O~
stars, and all of them contribute a U value of ~ 116 [pc cm™2].

)

Embedded cluster DBS90-91 (Region A) has five B~ stars
and the particular Objs 1, 2, and 3 described in Sect. The
spectral type of these Objs is possibly B~ (Obj 1), O~ (Obj
3), and Wolf-Rayet (WR) (Obj 2). studied
the ionizing fluxes of WR stars and the Lyman continuum flux
appears independent of the WR spectral type being 47.44 <
Q < 50.51. Since adopted for Obj 2 one ST
earlier than O6 we decided to assign this the number of Lyman
ionization photons provided by ST O5. In this way, DBS 90-91
contribute to the interstellar medium with the Lyman ionization
photons of six B~ and two O~ stars resulting a U value of ~ 109
[pc cm™2]. If we only considered the Lyman ionization photons
of WR star as ST = O35, the U value would be ~ 86 [pc cm™2].
After that, we compare parameters ¢ and U and we found U >>
4 being the relation % = 1.2, if we take into account the WR star

probable member of DBS 90-91 and % = 2.0, if we consider
the DBS 89 embedded cluster.

4. Discussion
4.1. DBS89 cluster distance

The distance of a star forming region is not easy to estimate, in
particular in the fourth Galactic quadrant because of the ambigu-
ity in distance. The research carried out in the G316.8—0.1 HII
region, with observations obtained by different authors at differ-
ent spectral ranges, proposed a distance value in the range from
2.5 (Caswell & Haynes|1987) to 3.3 kpc (Caswell et al.[1995)). To
resolve the kinematic distance ambiguity, [Busfield et al|
searched some types of '3CO and H spectral profiles of MYSOs
observed with Mopra 22 millimetre wave telescope combined
with SGPS HI data.

Now we could estimate an astrometric distance to the
DBS 89 cluster using the [Bailer-Jones et al.| (2021)) distance cat-
alog obtained from Gaia EDR3 parallaxes and selecting the 9
astrophotometric adopted members presented in Sect.[3.2.3]

Studies by Bailer-Jones et al.| (2021)) in Gaia EDR3 show that
for stars with a fractional error f = o,/m < 0.1, the inverse of
parallax gives us a good estimate of the distance. For the cases in
which it is greater, it is convenient to use the Bailer-Jones et al.|
distance catalog where they use a three—dimensional
model of the Galaxy, and include the interstellar extinction and
the magnitude limit of Gaia. To infer the distance they develop
two models: the geometric model where they use parallax and
its error; and the photogeometric model where, in addition to
parallax, they use the color and apparent magnitude of the star.
We must take into account that the distances provided by [Bailer-|
Jones et al| (2021) in their catalog has incorporated the parallax
zero point correction of —0.017 mas yr~! derived by
(2021).

According to [Bailer-Jones et al.| (2021), those distances cor-
responding to 0.1 < f < 1 constitute the most important result
of their work. However, the analysis shows that using data with
a low fractional parallax error allows to restrict the uncertainty
in distance.

Then, to select the best data we limit the f value to f <
0.5. Applying this condition we do not consider the first two
stars in Table for the distance calculation (EDR3 number
5878925503633099264 and 5878925709791531776).

Finally, to calculate the distance, we must choose between
the two methods proposed by [Bailer-Jones et al.|(2021) (geomet-
ric and photogeometric). Although we are in a region with high
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Fig. 9. VPD of the 754 stars studied using astrometric Gaia data. Panel b) present a zoomed view of the central part of panel a). Ellipse and
slashed circle represent the enclosed curves for the selected objects for the field and clusters populations, respectively (see Sect@). Green dots
are the 353 stars selected from the Gaia EDR3 catalog and the yellow hollow symbols represent the 110 possible members obtained in this paper.
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Fig. 10. Finding chart of probable astrometric members. Hollow yel-
low symbols and green dots have the same meaning that in Fig. [0] Full
yellow and blue symbols indicate the astrometric members of group B,
and group C, respectively (see Sect.[3.2.2). Selected regions A, B, and
C (see Sect[3.2.1) are indicated by large slashed black circles.

absorption, as all fractional errors are greater than 0.20, we con-
sidered that the incorporation of apparent magnitude and colour
improves our final result. Table[C.2]shows the median of the ge-
ometric distance posterior (rgeo) and the median of the photo-
geometric distance posterior (rpgeo). The value obtained for the
average distance is rpgeo = 2.9 + 0.5 kpc. This value is in agree-
ment with that obtained by Busfield et al.| (2006) resolving the
ambiguity problem.

4.2. Is group C associated with G316.8—0.1 H Il region?

Our astrometric analysis (see Sect. [3.2.2)) revealed a group of
stars with similar proper motion values and lose spatial concen-
tration. This group covers the indicated Region C which overlaps
the already identified Region A. We calculated the distance to
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this group of stars taking into account the same selection criteria
applied to determine the distance of DSB 89 cluster. Then, of the
13 possible members, 6 were eliminated by f > 0.5. The remain-
ing 7 members provided an average distance value rpgeo = 3.1 +
1.0 kpc. To evaluate the reliability of this group, we built the pho-
tometric diagrams of objects located in Region C (see Fig. [7jg-1).
These diagrams show that all the astrometric identified stars in
Region C are suffering a much lower reddening value than the
adopted for the embedded clusters associated with G316.8-0.1
HII region. Therefore, this group C seems to belong to the fore-
ground field population.

4.3. Particular objects

Some point objects deserve some special comments. They
are those 2MASS identified as J14452143-5949251 (Obj 2),
J14452450-5950084 (Obj 3), and J14452625-5949127 (Obj 1).
The location of these objects is shown in detail in Fig. [TT] and
their main features are the following:

— Obj 1: The spatial location of this object is only 14" eastward
of the main peak of the radio source G316.8-0.1-A and is
also almost coincident with the molecular clump C1 identi-
fied by |[Samal et al. (2018)). On the other hand, its location
over the JHK photometric diagrams is consistent with an
early B—type star. It is not clear to identify the corresponding
WISE and MSX counterparts for this object. We adopted the
WISE J144526.30-594914.0 and MSX G316.8112-00.0566
(both at 1.3", see Table [B3) for this role. It must be noticed
that in K band images of VVV also appeared an elongated
feature in this place. This feature was considered as a prob-
able jet by [Samal et al| (2018)). We classified the adopted
WISE counterpart as a class I YSO and its MSX counter-
part was considered as a massive YSO (MYSO) by Busfield
et al.| (2006). Additionally, the main peak of G316.8-0.1-
A has an arc shape that resembles a bow—shock (see Mac
Low et al.||{1991)). Under this situation, this peak could be a
consequence of UV radiation provided by the B—type star
and the presence of an accretion disk (Cesaroni et al.[2016)).
This picture provides support to a monolithic star formation
process given by |Krumholz et al.| (2009) since they found,
using 3D simulations, that the radiation pressure of massive
objects could not halt accretion. It must also be noticed that
most of the masers in the HII region listed by | Dalgleish et al.
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(2018) are located in the surroundings of this object. Since
maser emission is associated with a coherent velocity field as

a disk, a jet, or an expanding shell (Moscadelli et al.|2000),

this fact reinforces the previous scenario.

— Obj 2: In this case, this object has a location coincident with
the secondary peak of the radio source G316.8-0.1-A and
the molecular clump C2 identified by [Samal et al.| (2018).
We classified its WISE counterpart (J144521.58-594925.3)
as a class IT YSO. This object has been identified as IRS10
by[Shaver et al.|(1981) and considered as a probable O 6 type
star and the exiting source of all the HII region. A similar

classification was achieved by (2007) that adopted

is as a star earlier than O 6. More recently, this object was
considered by [Anderson et al| (2014) as a WR candidate
and a "colliding wind binary" (CWB). This conclusion was
based on its location on the JHK photometric diagrams and
to be adopted as the counterpart of the Chl~J144519-5949,
source detected in the X—ray ChIcAGO survey.

— Obj 3: This object has a similar location to the previous one
over the JHK photometric diagrams and its WISE counter-
part (J144524.21-595007.6) was also classified as a class II
YSO. It could be another WR star (Mauerhan et al.|201T),
but in this location, there is neither a radio peak nor an X-ray
emission. Therefore, we classified this object as a dubious
early O-type star (O7).

4.4. Are DBS 89-90-91 the exciting clusters?

In Sec[3.2:4] we presented the comparison between U and y pa-
rameters. The obtained u parameter for G316.8—0.1-A radio
source was i = 71 pccm™2 and the number of Lyman ionization
photons provided in the best case by WR star (Obj 2), probable
member of DBS 90-91, is U = 86 pc cm™2 resulting in this way
U > p. This result shows that DBS 90-91 embedded cluster with
only the WR star could generate the G316.8—0.1—-A HII region.

G316.8—0.1-B H1I region has ¢ = 57 pc cm~2 and the num-
ber of Lyman ionization photons provided by earlier stars mem-
bers of DBS 89 is U = 116 pc cm~2, resulting in this way U > p.

Both  results indicate that G316.8-0.1-A and
G316.8-0.1-B are limited by density, and according to
the expression (1 — (%)3), there is an excess of ~ 72% of Lyman
photons in the former case, and ~ 88% in the later. These
photons are not ionizing the gas but they are absorbed by the
dust and it is heated by them (Kurtz et al.|[1994).

With our investigation about the stellar members employ-
ing 2MASS, VVV and Gaia EDR3 data we propose that the
earliest stars of DBS 89-90-91 clusters are responsible for the
G316.8-0.1 A and B regions.

The presence of YSOs in star-forming regions is indicative
of ongoing star-formation activity. The study of filaments has at-
tracted much attention being the original mater and host zone
of star formation. Several studies have been carried out showing
the role and importance that has the filaments in the star for-

mation processes (Schisano et al|2014}; [Zhang et al|2019; [Zav-
lagno et al.|2020). In our study, is striking the distribution of the

YSOs shown in Figure[8] There can be appreciated that some of
them are seen projected onto the dark parental filament identified
by [Samal et al| (2018), while most of them are seen projected
onto the arcs of the 8§ um emission that comes from the photo-
dissociated region (PDR). These findings are in agreement with
that observed by other authors (e.g. Bhadari et al|2022).
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Q12000

14"45m32.7°

Fig. 11. Spitzer color image at the core of G316.8—0.1—A radio source
(chl = blue, ch2 = green, ch3 = red) showing the three particular ob-
jects described in Sect. [£3] Light blue symbols indicate masers given
by [Dalgleish et al| (2018). White curves are radio continuum flux levels
at 843 MHz (deconvolved SUMSS) revealing the presence of a double
peak.

5. Conclusions

In this work, we carried out a multiwavelength study of the DBS
89-90-91 embedded clusters region, we determined their stellar
members and their interaction with the ISM. From an astropho-
tometric analysis, we have confirmed that DBS 89, linked to
G316.8-0.1 radio source, is located at a distance of 2.9 + 0.5
kpc from the Sun.

From the photometric analysis of the region, we identified
26 OB-type star member candidates, ten Class II, and one Class
I YSOc. Among the 26 stars, nine would be astrophotometric
members of DBS 89, eight would be only photometric members
of DBS 89, and the remaining nine sources would be photomet-
ric members of DBS 90-91.

We detected several Class I and Class II YSOcs, two
MYSOs, and one CH II distributed throughout the G316.8-0.1
radio source. Some of them are seen preferably projected onto
the photodissociated region and others are seen projected onto
the dark parental filament. The presence of several YSOs located
in the regions under study allows us to conclude this is an active
star-forming region.

We have also estimated the main physical parameters of the
HII region and identified the earliest-type stars of the embed-
ded clusters as their main exciting sources. With all these results
was possible to improve the knowledge about the stellar compo-
nents present in the Sagittarius-Carina arm of our Galaxy and its
interaction with the ISM.
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Table A.1. Probable members of embedded clusters DBS 89 (Region B) and DBS 90-91 (Region A+C) from photometric observations. Equatorial
coordinates, JHK magnitudes, approximate spectral classification and adopted object types are presented.

Cluster 1D @ 12000 972000 J H K SpT Obj. type Notes
[h:m:s] [o:7:7] [mag] [mag] [mag]

DBS 89 2MASS J14445838-5948416 14:44:58.4  -59:48:41.7 15.06 13.85 12.93 B* IR Gaia
2MASS J14450022-5949489 14:45:00.2  -59:49:49.0 14.30 12.90 12.31 B~ MS Gaia
2MASS J14450056-5949055 14:45:00.6  -59:49:05.7 13.17 12.40 12.05 B~ MS Gaia
2MASS J14450217-5949281 14:45:02.2  -59:49:28.3 14.21 13.17 12.64 B~ MS Gaia*
2MASS J14450222-5949405 14:45:02.2  -59:49:40.7 12.35 10.91 10.36 B~ MS Gaia*
2MASS J14450240-5949199 14:45:02.4  -59:49:20.2 13.39 12.48 12.03 B~ MS Gaia*
2MASS J14450275-5949302 14:45:02.7  -59:49:30.3 15.21 12.93 10.59 (o IR
2MASS J14450306-5949518 14:45:03.1 -59:49:52.0 15.67 14.06 13.09 B* IR
2MASS J14450320-5949440 14:45:03.2  -59:49:44.2 11.94 10.86 10.34 B~ MS Gaia*
2MASS J14450460-5949095 14:45:04.6  -59:49:09.9 13.73 12.66 12.18 B~ MS Gaia*
2MASS J14450455-5949373 14:45:04.6  -59:49:38.4 13.35 11.92 10.37 - YSOII
2MASS J14450497-5949286 14:45:05.0  -59:49:28.4 15.51 13.09 11.41 B~ IR
2MASS J14450498-5949434 14:45:05.0  -59:49:44.0 11.78 10.17 9.49 o* MS Gaia*
2MASS J14450518-5948498 14:45:05.2  -59:48:49.9 15.71 13.54 10.95 o~ IR
2MASS J14450519-5949046 14:45:05.2  -59:49:04.5 14.85 13.12 11.94 B~ IR
2MASS J14450584-5949317 14:45:05.8  -59:49:31.9 11.83 10.22 9.44 o* MS Gaia*
2MASS J14450647-5950131 14:45:06.5  -59:50:13.3 13.96 12.99 12.57 B~ MS Gaia*
2MASS J14450714-5949243 14:45:07.3  -59:49:23.7 16.97 14.99 13.80 - YSO II
2MASS J14450973-5949588 14:45:09.7  -59:49:59.0 13.46 12.50 12.12 B~ MS Gaia*

DBS 90 -91 2MASS J14451515-5950030 14:45:15.2  -59:50:02.9 16.87 14.69 13.69 B* MS
2MASS J14451625-5950578 14:45:16.3  -59:50:57.6 16.49 14.25 13.14 B~ MS
2MASS J14451843-5949499 14:45:18.6  -59:49:49.2 15.46 12.64 10.62 - YSOoII
2MASS J14451858-5949434 14:45:18.6  -59:49:43.4 15.13 13.27 12.31 B~ MS
2MASS J14451892-5950201 14:45:18.9  -59:50:20.1 16.13 14.39 13.52 B* MS
2MASS J14451905-5951161 14:45:19.0  -59:51:15.9 16.27 12.57 10.53 - YSOonn
WISE J144519.27-595026.8 14:45:19.4  -59:50:27.3 18.58 16.54 15.33 - YSOII
2MASS J14451967-5951002 14:45:19.7  -59:51:00.1 17.08 14.68 13.57 B* MS
2MASS J14452039-5950210 14:45:204  -59:50:21.0 16.99 14.74 13.52 B* MS

2MASS J14452137-5950387 14:45:21.4  -59:50:39.0 17.59 13.84 11.75 -
2MASS J14452143-5949251 14:45:21.5  -59:49:25.3 14.12 10.95 9.30 WR - CWB (?) YSOII Obj2/C2

2MASS J14452167-5951185 14:45:21.7  -59:51:18.5 16.49 13.62 11.56 - YSOII

2MASS J14452265-5949521 14:45:22.7  -59:49:52.2 15.85 14.07 12.70 B~ IR

2MASS J14452336-5950224 14:45:23.4  -59:50:23.1 15.83 13.14 11.69 - YSOII

2MASS J14452373-5949375 14:45:2377  -59:49:37.5 15.46 13.57 12.61 B~ MS

2MASS J14452450-5950084 14:45:24.4  -59:50:08.0 14.26 10.43 8.58 o~ (7)) YSOII Ob;j3
2MASS J14452625-5949127*" 14:45:26.3  -59:49:12.8 14.84 12.72 11.60 B~ (") YSOI Objl /C1
2MASS J14452664-5949118 14:45:26.6  -59:49:11.9 14.68 12.80 12.02 B~ MS

Notes: "SpT": Approximate spectral classification from photometric data (see Sect.@for details).

"Obj. type": Adopted object nature from our photometric analysis (see Sect.@for details).

"Notes": "Gaia" indicates objects with GAIA EDR3 information. In particular, * symbol indicates those probable astrometric cluster members detailed in Table@
Obj1, Obj2 and Obj3 indicate the particular objects described in Sect. @and showed in Fig. @ C1/C2 indicate objects located at radio source G316.8—0.1-A
peak and probably associated, respectively, with C1/C2 molecular clumnps identified by|Samal et al.|(2018).
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Table B.1. YSO candidates identified from WISE catalog.

ID @ 12000 072000 Wi W, W3 Wy Class
[h:m:s] [°:"] [mag] [mag] [mag] [mag]
J144452.89-594832.2 14:44:52.9 -59:48:32.3 9.34 8.33 200 -1.59
J144502.32-595057.9 14:45:02.3 -59:50:58.0 10.81 9.67 202 -2.16
J144524.67-595226.2 14:45:24.77 -59:52:26.2 11.63 10.52 493 0.84
J144524.71-595212.5 14:45:24.7 -59:52:12.6 11.37 10.36 4.68 2.04
J144526.42-594759.4  14:45:26.4 -59:47:59.5 11.77 10.62 2.46 1.85
J144526.54-595202.4  14:45:26.5 -59:52:02.5 11.65 10.51 591 0.85
J144528.02-595208.8  14:45:28.0 -59:52:08.8 11.37 10.27 5.05 0.86
J144528.43-595009.1 14:45:28.4 -59:50:09.1 6.31 529 -052 -359 1
J144435.72-594826.3  14:44:35.7 -59:48:26.4 1092 10.50 5.86 414 10
J144436.33-594954.8 14:44:36.3 -59:49:54.8 11.58 10.66 6.61 433 11
J144442.06-595016.5 14:44:42.1 -59:50:16.6 943 8.48 6.94 220 1I
J144442.44-594819.2 14:44:42.4 -59:48:19.2 11.06 10.57 5.96 405 1II
J144445.82-595206.6  14:44:45.8 -59:52:06.6  10.25 9.94 6.67 203 1I
J144447.96-595026.2 14:44:48.0 -59:50:26.2 9.72 9.31 4.53 062 1I
J144448.57-594840.4 14:44:48.6 -59:48:40.4 10.06 9.16 4.79 086 1II
J144458.00-595134.9 14:44:58.0 -59:51:35.0 10.59 10.23 5.51 076 1I
J144504.33-595431.3  14:45:04.3 -59:54:31.4 11.07 10.55 5.81 262 10
J144509.35-594535.5 14:45:09.3 -59:45:35.,5 10.76 10.23 5.34 318 1I
J144512.42-595314.6  14:45:12.4 -59:53:14.6 10.60 10.14 5.39 088 1I
J144514.56-595256.6  14:45:14.6  -59:52:56.6 8.88 8.24 5.16 1.08 1II
J144536.69-594956.4  14:45:36.7 -59:49:56.4 7.08 6.32 4.96 201 I
J144542.16-595349.0 14:45:42.2 -59:53:49.1 9.00 8.56 7.31 267 10
J144543.72-595021.8 14:45:43.7 -59:50:21.9 10.21 9.82 5.01 1.10 1II
J144545.22-595140.9 14:45:45.2 -59:51:409 11.64 10.98 6.11 347 1
J144547.61-595201.1 14:45:47.6 -59:52:01.2 10.25 9.64 5.16 257 10
J144549.11-594601.7 14:45:49.1 -59:46:01.8 8.13 7.78 5.77 362 1II
J144549.31-595201.2 14:45:49.3 -59:52:01.2 11.07 10.61 5.98 217 1
J144551.08-595151.8 14:45:51.1 -59:51:51.9 1234 11.82 7.32 367 1I
J144553.25-594736.1 14:45:53.2 -59:47:36.1 9.33 8.95 6.73 287 1I
J144556.29-595304.6  14:45:56.3 -59:53:04.7 11.26 1091 7.94 475 1
J144556.32-595352.8 14:45:56.3 -59:53:52.8 11.77 11.15 6.96 554 10
J144559.05-595307.1 14:45:59.0 -59:53:07.2 11.10 10.68 6.66 460 1II
J144601.88-595218.8 14:46:01.9 -59:52:18.8 11.16 10.74 8.22 595 1

bl b e e

Table B.2. YSO candidates identified from GLIMPSE catalog.

ID @ 12000 5]2()()() 3.6 qum 4.5 Hm 5.8 pum 8 pqm Class
SSTGLMC... [h:m:s] [°::"] [mag] [mag] [mag] [mag]
G316.7582-00.0030*+  14:44:52.6  -59:47:39.4 14.62 12.51 11.13 1024 1
G316.7627-00.0115*%+  14:44:56.3 -59:48:00.3 10.95 8.88 7.72 6.68 1
G316.7676-00.0141*+  14:44:58.9 -59:48:01.3 14.28 11.86 10.69 1034 I
G316.8152-00.0380*+  14:45:24.3  -59:48:06.7 12.02 10.94 9.88 9.06 1

G316.7409-00.0014* 14:44:44.9 -59:48:00.5 11.62 11.10 10.67 1025 1I
G316.7235-00.0497* 14:44:47.1 -59:51:04.4 9.50 9.24 8.69 836 1I
G316.7557+00.0079* 14:44:49.3 -59:47:07.5 12.98 12.02 11.34 1079 1I
G316.7113-00.0885 14:44:49.6  -59:53:29.6 11.63 11.08 10.35 931 1I
G316.7655+00.0087* 14:44:53.4  -59:46:49.8 10.32 9.84 9.36 8.80 1II
G316.7687-00.0084* 14:44:58.3 -59:47:41.2 12.88 12.09 11.58 10.67 1I
G316.8026+00.0261* 14:45:05.9 -59:44:56.4 11.97 11.72 11.28 982 1I
G316.7595-00.0710* 14:45:07.0 -59:51:19.3 12.12 11.53 11.16 10.65 1I
G316.7651-00.0760* 14:45:10.4 -59:51:27.1 11.09 10.57 10.08 9.60 1II
G316.8288+00.0288 14:45:16.7 -59:44:07.6 11.74 11.08 10.30 956 1I
Notes: * detected by |Vig et al.| (2007)

+detected by Samal et al.| (2018))
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Table B.3. YSO candidates and one CH II region identified from MSX catalog sources.

I D & 12000 5]2000 8 pum 12 pqm 14 qm 21 Hm Type
[h:m:s] [°:":"] Uyl [yl Uyl Uyl
G316.8083-00.0500**  14:45:23.8 -59:48:56.5 393 2879 48.24 106.27 MYSO
G316.8112-00.0566++ 14:45:26.4 -59:49:13.4 14.05 3574 41.55 18847 MYSO
G316.8028-00.0131 14:45:14.0 -59:47:049  0.87 2.11 1.48 4.87 CHII

Notes: ** detected in PSC singleton catalogs. Consist of sources that were detected once when
multiple coverages of a field were taken.
++ Detected in the PSC when not considering conditions of the variability and reliability flags.
Identified by Busfield et al.|(20006)

Table C.2. Gaia EDR3 astrometric parameters of DBS 89 astrophotometric members.

ID Gaia ID 2MASS Ug COSO Us G Vs fo f rgeo  rpgeo
5878925.... J144.... [mas yr‘l] [mas yr‘l] [mag] [mas] [mas] [pc] [pc]

503633099264 50584-5949317 -4.7745 -2.115 18.5 0.0501 0.2334 4.66 4005 4409
709791531776  50217-5949281 -4.799 -2.714 19.6  0.6851 0.3978 0.58 3221 5343
503620821120 50498-5949434 -4.759 -2.148 182 0.4277 0.1920 045 3159 3107
503620808704 50973-5949588 -5.201 -3.611 182 0.4047 0.1798 0.44 4993 2342
499327763456  50647-5950131 -4.661 -2.698 18.6 0.5566 0.2109 0.38 3033 3219
709791805824  50320-5949440 -4.927 -2.627 16.9 0.2405 0.0866 0.36 3567 3527
709791532928  50240-5949199 -4.675 -2.626 17.9 0.3854 0.1353 035 2863 2766
705486190208  50460-5949095 -4.909 -2.216 19.0 09958 0.2674 0.27 1223 3011
709779257984  50222-5949405 -5.220 -2.454 17.5 0.4569 0.1196 026 2103 2095

Notes: Gaia EDR3 and 2MASS are identifications, p,cosé and ps the proper motions, G magnitude, 7 stellar
parallax, o, error of the stellar parallax, f parallax divided by its standard error, rgeo median of the geometric
distance posterior and rpgeo median of the photogeometric distance posterior explained in Sect. .1] (Bailer-Jones

et al.|2021).
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Table C.1. Adopted astrometric members for group B and group C.

ID GAIA EDR3 @ 72000 072000 HUo COSO Us G Group Probability Photometric
58789.....uuueenn. [h:m:s] [0:7:7] [mas yr‘l] [mas yr‘l] [mag] member
24777773276800 14:45:18.6  -59:50:58.4 -4.647 -2.677 18.7 C 0.88 nm
24713359096320 14:45:21.4 -59:50:56.6 -5.691 -3.461 17.2 C 0.80 nm
24777773273344  14:45:16.5 -59:50:56.3 -5.333 -3.144 18.7 C 0.92 nm
24747718835584  14:45:23.6  -59:50:45.0 -5.043 -2.51 15.8 C 0.92 nm
24782066273280 14:45:16.4  -59:50:41.8 -5.177 -2.446 20.0 C 091 nm
24679003008768 14:45:14.8 -59:50:41.1 -4911 -2.450 19.5 C 0.90 nm
24782067303680 14:45:17.7 -59:50:40.8 -5.837 -3.030 20.0 C 0.85 nm
24812133023488 14:45:22.9 -59:50:34.1 -5.968 -3.199 17.6 C 0.75 nm
24782066278016 14:45:16.8 -59:50:30.4 -5.421 -2.541 20.2 C 0.91 nm
25499327763456  14:45:06.5 -59:50:13.3 -4.661 -2.698 18.6 B 0.89 m
24777773277184  14:45:189 -59:50:28.4 -4.810 -2.715 20.2 C 0.91 nm
24777770939008 14:45:19.6  -59:50:17.4 -5.294 -2.888 19.0 C 0.94 nm
24816438317952 14:45:24.1  -59:50:15.7 -4.707 -2.455 18.8 C 0.86 nm
25537992826496 14:45:16.7 -59:50:11.3 -5.082 -3.614 14.6 C 0.81 nm
25503620808704  14:45:09.7 -59:49:59.0 -5.201 -3.611 18.2 B 0.82 m
25671126446592 14:45:01.9 -59:49:57.0 -5.478 -1.997 20.3 B 0.70 nm
25671126444544  14:45:00.9 -59:49:56.6 -5.526 -2.472 18.4 B 0.81 nm
25671122242176  14:44:02.7 -59:49:54.6 -5.623 -2.642 17.8 B 0.72 nm
25671124141696 14:45:01.4 -59:49:52.4 -4.714 -3.433 19.0 B 0.93 nm
25499323551104 14:45:02.7 -59:49:51.9 -5.032 -3.604 17.8 B 0.91 nm
25709791805824  14:45:03.2 -59:49:44.2 -4.927 -2.627 16.9 B 0.73 m
25503620821120  14:45:05.0 -59:49:44.0 -4.759 -2.148 18.2 B 0.69 m
25709779257984  14:45:02.2  -59:49:40.7 -5.220 -2.454 17.5 B 0.82 m
25503622488832  14:45:07.9  -59:49:39.0 -5.950 -2.562 20.7 B 0.89 nm
25503633099264 14:45:05.8 -59:49:31.9 -4.745 -2.115 18.5 B 0.90 m
25499323563648 14:45:08.0 -59:49:29.3 -5.917 -3.282 18.1 B 0.88 nm
25709791531776  14:45:02.2 -59:49:28.3 -4.799 -2.714 19.6 B 0.79 m
25709791532928 14:45:02.4 -59:49:20.1 -4.675 -2.626 17.9 B 0.73 m
25705486188544  14:45:03.8 -59:49:18.5 -5.348 -2.571 19.4 B 0.78 nm
25499323569152  14:45:07.4  -59:49:17.7 -5.258 -2.793 17.0 B 0.83 nm
25705486190208 14:45:04.6  -59:49:09.9 -4.909 -2.216 19.0 B 0.89 m

Notes: Columns gives the Gaia EDR3 identifier, position (a, 8) 2000, proper motion components (u,cosd, is) and G magnitude
from Gaia EDR3, belonging region, probability and photometric members.
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