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Abstract

We present an analysis of multiwavelength observations of the dark globule DC 314.8-5.1, using data from the
Gaia optical, Two Micron All Star Survey near-infrared, and Wide-field Infrared Survey Explorer mid-infrared
surveys, dedicated imaging with the Spitzer Space Telescope, and X-ray data obtained with the Swift X-Ray
Telescope (XRT). The main goal was to identify possible pre-main-sequence stars (PMSs) and young stellar
objects (YSOs) associated with the globule. For this, we studied the infrared colors of all point sources within the
boundaries of the cloud. After removing sources with nonstellar spectra, we investigated the Gaia parallaxes for the
YSO candidates and found that none are physically related to DC 314.8-5.1. In addition, we searched for X-ray
emlssmn from PMSs with Swift-XRT, and found no 0.5-10keV emission down to a luminosity level
<10*" ergs™ typlcal of a PMS with mass >2 M. Our detailed inspection therefore supports a very young,
prestellar core” evolutionary stage for the cloud. Based on archival Planck and IRAS data, we moreover identify
the presence of hot dust, with temperatures 100 K, in addition to the dominant dust component at 14K,
originating with the associated reflection nebula.

Unified Astronomy Thesaurus concepts: Interstellar medium (847); Molecular clouds (1072); Young stellar objects

nd

(1834); Pre-main sequence stars (1290); Infrared astronomy (786); X-ray astronomy (1810)

1. Introduction

The physical state of molecular clouds at a given evolutionary
stage is strongly dependent on the development of star formation
within such systems (for a review see, e.g., Heyer & Dame 2015;
Klessen & Glover 2016; Jgrgensen et al. 2020). The interactions
of young stellar objects (YSOs) with their host clouds are
substantial in the early stages of star formation. Stars form when
the dense cores of these clouds collapse, with the infall of
material resulting in the gravitational potential energy heating
the material and increasing its density up to ~10°-10° cm ™
(Jgrgensen et al. 2020). The main effects of star formation are
the processing of the dust within the cloud, the disruption of
the cloud structure, and the heating of the cloud material
(Strom et al. 1975). These processes continue as the system is
altered and disrupted by the evolving young star.

Consequently, there is much interest in studying clouds prior to
the onset of star formation, in particular prestellar cores (see Bergin
& Tafalla 2007 for a review). Much study has been done on the
already known prestellar cores, TMC-1 and L134N, but a lot of
this was restricted to the submillimeter and radio end of the
electromagnetic spectrum (Bergin & Tafalla 2007). Kirk et al.
(2005) did a survey for prestellar cores, detecting 29 cores with
submillimeter observations, and established some basic character-
istics expected of such prestellar cores, such as an average
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temperature of 10K, volume densities of bright cores of
10°-10° ¢cm™> and intermediate cores of 10*-10° cm73, and
additionally, they constrained the radial density profiles and
lifetimes of such cores. The filamentary structure of molecular
clouds down to the internal structures of dense cores was further
studied by André et al. (2014).

It is with this context in mind that we examined the prestellar
nature of the dark globule DC 314.8-5.1. Originally classified
as a compact dark globule (Hartley et al. 1986), it has a
serendipitous association with a field star that illuminates
reflection from the cloud. Whittet (2007) concluded, from
Infrared Astronomical Satellite (IRAS; Beichman et al. 1988)
and Two Micron All Sky Survey (2MASS; Skrutskie et al.
2006) data, that the cloud is at the onset of low-mass star
formation and further discussed the basic properties of the
system. Whittet performed a 2MASS survey of an elliptical
region with radii 7 x 5 covering the extent of the cloud to
identify potential YSOs, and found only two candidates out of
the sample of 387 sources. One was excluded as an old star
with significant dust reddening and the other remained a viable
YSO candidate, hereafter referred to as “C1.”

In Kosmaczewski et al. (2022), we showed the presence of
divergent conditions for DC 314.8-5.1 as compared to molecular
clouds with ongoing star formation. In particular, our study of the
Spitzer Space Telescope Infrared Spectrograph (IRS; Houck et al.
2004) mid-infrared spectra revealed a surprisingly large cation-to-
neutral ratio of polycyclic aromatic hydrocarbons (PAHs), which
could be explained by lower-energy cosmic rays (CRs) ionizing
the cloud’s interior, in addition to photoionization by the star (see,
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Table 1
Source Associations
Source
Name R.A. (J2000)  Decl. (J2000) Gaia Parallax Distance Identification Identification Method Reference
[hh:mm:ss] [dd:mm:ss] (mas) (pc)
@) @ 3 @ (&) © Q) ®)
DC 314.8-5.1 14:48:29.00 —65:15:54.00 Cloud center Visual extinction map Hartley et al. (1986)
HD 130079 14:49:16.55"  —65:15:18.72* 2298 +0.019  431.732 BYV star Spectral classification Whittet (2007)
S 14:48:16.72 —65:21:45.60 Background galaxy Color—color® This work
2RXS 14:48:33.73 -65:17:38.90 Unknown X-ray This work; Boller et al.
(2016)
TYC 9015-926-1 14:48:17.13 —65:12:33.05  2.167 £0.015  456.6731 Background star Photometric Hgg et al. (2000)
measurement
Cl 14:47:5220  —65:16:01.00  0.073 £0.096 66703339 Background star SED® This work; Whittet (2007)
c2 14:48:29.39 —65:14:48.52  2.262 £ 0.059 436711 Class III/field star SED® This work
C3 14:49:07.96 —65:17:56.41  2.441 +£0.310 442773 Field star SED¢ This work

Note. Columns: (1) Object name; (2) R.A.; (3) decl.; (4) Gaia parallax; (5) distance from the Gaia parallax and reported by Bailer-Jones et al. (2021); (6) source
identification; (7) identification method; (8) references for columns (6) and (7).

? R.A. and decl. for HD 130079 are based on the Swift UVOT data reported in this work.
® Source detected in this work by Swift-XRT and identified with the aid of WISE color—color diagrams.
¢ Sources selected in this work to have color—color cuts consistent with the spectral energy distribution (SED) of prestellar objects.

in this context, Bamba 2009). However, to confirm this, one must
perform a deeper search, to rule out pre-/YSOs.

In this paper, we expand on YSO identification methods for
this system, utilizing data from dedicated observations with
Spitzer and the Neil Gehrels Swift Observatory (Swift;
Burrows et al. 2000), as well as from archival Wide-field
Infrared Survey Explorer (WISE; Wright et al. 2010), 2MASS,
and Gaia (Gaia Collaboration et al. 2021) surveys. The main
goals of the multiwavelength data analysis presented here are:
(1) to identify YSO candidates utilizing infrared and optical
imaging, (ii) to test for the presence of pre-main-sequence stars
(PMSs) that exhibit no optical /infrared counterparts, and (iii)
to characterize the diffuse emission seen at microwave and
infrared frequencies.

2. Multiwavelength Overview

The DC 314.8-5.1 dark globule is located approximately 5°
below the Galactic plane in the southern constellation Circinus
(see Table 1). The B9V field star HD 130079, located near the
cloud’s eastern boundary, illuminates a reflection nebula
(Whittet 2007). The association of HD 130079 with
DC314.8-5.1 was established by van den Bergh & Herbst
(1975), who identified the presence of the reflection nebula
through a survey of southern globules with the Cerro Tololo
Observatory. van den Bergh & Herbst (1975) further
characterized the host cloud through absorption around the
reflection nebulae, determined from the density of field stars.
Later, Bourke et al. (1995b) used NH; observations to
determine the physical characteristics (density, temperature,
mass) of isolated dark clouds, including DC 314.8-5.1.

The parallax value for HD 130079 in Gaia Early Data
Release 3 (EDR3; Gaia Collaboration et al. 2021) is
2.2981 4+ 0.0194 mas. Bailer-Jones et al. (2021) used the Gaia
data and additional analyses to estimate the distance to the star
as 431.7733 pc. Using this value as the distance to the cloud,
the cloud’s ~7’ x 5’ radial angular dimensions translate to
projected linear sizes of 0.9 pc x 0.6 pc, while the mean core
number density of atomic hydrogen and the total cloud mass

inferred from the extinction characteristics (see Whittet 2007)
become ~7 x 10* cm ™ and ~160 M., respectively.

2.1. Planck

The left panel of Figure 1 presents the Planck map of the
DC 314.8-5.1 region at 353 GHz; the Planck emission peak is
offset by 1/4 to the east from the nominal center of
DC 314.8-5.1, per Table 1.

DC 314.8-5.1 is listed in the Planck Catalogue of Galactic
Cold Clumps (PGCC; Planck Collaboration et al. 2016a) as
PGCC G314.77-5.14. The Planck team created cold residual
maps by subtracting a warm component from individual maps
(at given frequencies) as described in Planck Collaboration
et al. (2011). As such, cold sources will appear as positive
departures, signifying lower temperatures than the surrounding
background. The modeling of the cloud on the Planck 857 GHz
cold residual map with an elliptical Gaussian returns FWHMs
along the major and minor axes of 836 + 0/34 and
460 £+ 019, respectively. Through fitting a modified black-
body, E, o< BAT) x (v/vp)?, to the Planck photometric band
fluxes, a dust temperature of 7= 14 £+ 1 K and spectral index
8=1.8+0.2 were derived.

The Planck Collaboration et al. (2016a) estimate of the
distance to DC 314.8-5.1 from near-infrared extinction is
400 =£ 370 pc. When combined with the Planck photometry, the
resulting mass estimate and mean density for the cloud are
10+ 14 M, and 892 + 544 cm >, respectively. For compar-
ison, using the Gaia-measured distance, ~432pc, and con-
sidering only the error in the Planck flux measurement, we
derive a mass of 12.0+0.8 M.. Though somewhat uncon-
strained, these are both below the corresponding estimates by
Hetem et al. (1988) and Whittet (2007) of 25 and 50 M.,
respectively.

2.2. IRAS

The Point Source Catalog for IRAS has angular resolutions
of 0/5, 0!5, 1/0, and 2/0 for 12, 25, 60, and 100 um,
respectively. The catalog has completeness down to levels of
0.4, 0.5, 0.6, and 1.0 jansky (Jy) at 12, 25, 60, and 100 pm,
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Figure 1. DC 314.8-5.1 as seen by Planck at 353 GHz (left panel) and IRAS at 60 xm (right panel). The white dashed ellipse (with radii of ~7' x 5’) denotes the
globule, with the central position marked by a black “x.” The star HD 130079 is marked with a black open circle to the east of the cloud center.

respectively (Beichman et al. 1988). At the adopted distance of
the cloud these correspond to monochromatic luminosities of
22 % 10°* ergs™ (~0.58 L.) at 12 um, 1.3 x 10* ergs™!
(~0.34 L) at 25 ym, and 6.7 x 10°% erg s~ (~0.18 L) at 60
and 100 pm (Beichman et al. 1988).

Three point sources were identified in the IRAS Point Source
Catalog coincident within 10’ radius around the center of
DC314.8-5.1, namely IRAS 14451-6502, IRAS 14437-6503,
and IRAS 14433-6506; and no sources were identified in the
Faint Source Catalog (Beichman et al. 1988). Source
IRAS 14451-6502 is associated with HD 130079, with high-
quality detections in the first three bands and moderate-quality
detection in the 100 um band, see Table 1. IRAS 14437-6503
was identified in Bourke et al. (1995a), along with HD 130079,
to be associated with DC 314.8-5.1. However, IRAS 14437-
6503 corresponds to the Gaia DR3 source 58490393345
15066624 with a Gaia-measured parallax of 0.073 & 0.0967
corresponding to a distance measured by Bailer-Jones et al.
(2021) in the range 4.4-10.4 kpc and as such is not physically
related to the cloud. IRAS 14433-6506 is located at the outskirts
of the cloud and associated with the Gaia DR3 source
5849037788326819072 with a Gaia-measured parallax of
0.866 £ 0.027 corresponding to a distance measured by Bailer-
Jones et al. (2021) of ~1.1 kpc and as such is determined to not
be associated with DC 314.8-5.1.

The right panel of Figure 1 presents the 60 ym IRAS map of
DC 314.8-5.1, with an angular resolution of ~1' (Beichman
1988). The far-infrared intensity is shifted to the east of center
by ~3!5, likely due to heating by HD 130079.

2.3. ROSAT

A weak X-ray point source is present in the second ROSAT
All-Sky Survey (2RXS), with the survey having an effective
angular resolution of 1/ 8 (Boller et al. 2016), suggesting that
DC 314.8-5.1 could be an X-ray emitter. The source position
for ROSAT J144833.7-651738 is 1! 8 to the south of the cloud
center (see Figure 6 in Appendix B), but still contained within
the cloud’s boundary per Table 1 denoted as “2RXS.” The low
photon count of 8 44 counts in the 0.1-2.4 keV band of the
ROSAT position-sensitive proportional counters (PSPCs) is
insufficient for any meaningful spectral modeling.

2.4. Spitzer

The Spitzer Space Telescope observational data for this
work, obtained from the NASA/IPAC Infrared Science
Archive (IRSA), were originally acquired with the Infrared
Array Camera (IRAC; Fazio et al. 2004) and the Multiband
Imaging Photometer (MIPS; Rieke et al. 2004, Proposal
ID 50039; P.1.: D. Whittet). DC 314.8-5.1 was observed for a
total of 6 hr in 2008 October in five infrared bands: 3.6, 4.5,
5.8, and 8.0 um with IRAC, and 24 yum with MIPS, with
angular resolutions of ~2” and ~6”, respectively.

Due to the presence of many bright sources within the field,
we performed artifact correction utilizing the IRAC artifact
mitigation tool, by following a procedure similar to that in the
Spitzer Data Cookbook,’ and additional tools listed within, to
produce mosaic maps in each band. The resulting 5.8 ym IRAC
image is shown in the upper right panel of Figure 2, while all
four IRAC images are shown in Appendix A as Figure 5.
Reduction of the MIPS data similarly followed recipe 22 in the
Spitzer Data Cookbook using MOPEX (Makovoz et al. 2005).
The resulting MIPS 24 um map of the region is shown in the
top left panel of Figure 2.

2.5. WISE

WISE was an all-sky survey mission covering the entirety of
the Northern and Southern hemispheres. The telescope
obtained measurements in four bands (W1-W4) centered at
3.4, 4.6, 12, and 22 pm with resolutions of 6”1, 6”4, 6”5, and
12", respectively (Wright et al. 2010).

2.6. Digitized Sky Survey

The spatial extent of DC314.8-5.1 was delineated by
Whittet (2007) based on the spatial distribution of opacity seen
in the Digitized Sky Survey (DSS) image, shown here as
Figure 2, bottom left panel. We note that the maximum visual
extinction of the cloud core, A,, according to Whittet is =>8.5
mag through the center of the core and decreases toward the
outer regions.

? https://irsa.ipac.caltech.edu/data/SPITZER /docs /
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Figure 2. DC 314.8-5.1 region as seen at different wavelengths. Top left: Spitzer MIPS 24 um log-scaled intensity mosaic map; top right: Spitzer IRAC 5.8 ym log-
scaled intensity mosaic map; bottom left: DSS red linear scaled image (700 nm); bottom right: Swift UVOT M2-2250 A band log-scaled map. In each panel, the white
dashed ellipse denotes the globule with the central position marked by a white “x.” The green ellipses mark UVOT-detected sources with HD 130079 marked on the
left and TYC 9015-926-1 marked near the northern boundary of the globule. “C1” marks the YSO candidate identified by Whittet (2007). “C2” and “C3” mark the
potential YSO candidates identified in this work. The X-ray source detected with Swift-XRT is indicated by “S” with a cross.

2.7. Swift-XRT and UVOT

Swift Target of Opportunity observations of DC 314.8-5.1
were obtained with the Swift X-Ray Telescope (XRT)
instrument (Burrows et al. 2000), as well as the Ultraviolet
Optical Telescope (UVOT; Roming et al. 2005) filter of the
day, in this instance the UVM2-2250 A band (Proposal ID:
16282, Requester: E. Kosmaczewski). The target was observed
for 3ks on 2021 September 26. Swift-XRT observations were
taken in photon counting mode. Three Swift-XRT images were
produced utilizing the Swift-XRT data products generator: the
entire spectral range from 0.3 to 10 keV, the soft band from 0.3
to 2.0 keV, and the hard band from 2 to 10 keV. The procedure
for image creation followed Evans et al. (2020).

The resulting UVOT M2-2250 A band image of the
DC 314.8-5.1 region is shown in the bottom right panel of
Figure 2. The XRT maps of the cloud are shown as Figure 3,
including the full-band image from 0.3 to 10 kev (top panel),

the soft-band image from 0.3 to 2.0 keV (bottom left), and the
hard-band image from 2 to 10 keV (bottom right). Images have
been smoothed to aid in visualization (Joye & Mandel 2003),
utilizing a Gaussian profile with a radius of 6 px, and o =3 px.

Source detection was performed for each of the three Swift-
XRT Point Source Catalogue energy bands (i.e., 0.3-1.0keV,
1-2keV, 2-10keV), as well as for the total energy range
(0.3-10 keV), following Evans et al. (2020). No sources were
found within the individual narrow bands, and only one low-
significance source, denoted hereafter as “S,” was detected
within the total energy range. The location of the source S (see
Table 1) places it at, or just beyond, the periphery of the cloud.
The error in the position measurement is 6”9, and the off-axis
angle of the XRT source is 5/ 8. The source was detected with
C=_8counts including background counts, with average
background B~ 0.5 counts. The corresponding errors, calcu-
lated according to Gehrels (1986), as appropriate in the regime
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of very low photon statistics (see Evans et al. 2014), are

oc =10+ JC+ 075 ~ 40 (1)

and analogously oz~ 2.1, leading to a signal-to-noise ratio
(S/N) for the detection of

C—-B
Voo + op

The source “S” can be seen at a low level in the hard-band
image but it is not distinguishable in the soft-band image (see
bottom panels in Figure 3), which may indicate a hard X-ray
spectrum for the source. However, the low photon numbers
prevent further characterization of its spectrum. An additional
peak can be seen in the lower left just outside the cloud core in
the total (top panel) and soft band (bottom left panel) in
Figure 3. However, this peak fails to meet o > 1 and as such is
not discussed further here.

S/N = ~ 1.6. )

The Swift UVOT source extraction was performed utilizing
the standard “uvotdetect” routine (Roming et al. 2005). We
detected a total of 38 sources to a detection threshold of 5o.
Only two sources (see the bottom left panel of Figure 2) are
detected within the extent of the cloud, with the brightest being
HD 130079. The second source is a star, TYC 9015-926-1, in
the northern region of the cloud, see Table 1. It has a Gaia-
measured parallax of 2.167 & 0.015 mas, corresponding to a
Bailer-Jones et al. (2021) distance range of 453.4 — 459.7 pc.
Therefore, this object is a (somewhat) nearby star located
behind the cloud.

3. Identification of YSOs

The evolutionary progression of the infrared emission of
YSOs is such that the wavelength of the blackbody peak
emission migrates toward the near-infrared as the YSO ages,
while the far-infrared excess (due to the surrounding dusty disks
and/or envelopes) decreases (see, e.g., Greene et al. 1994;
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André et al. 2014). This results in the population of the youngest
YSOs, ie., Class O sources, emitting almost exclusively in the
submillimeter/far-infrared range. On the other hand, Class I-III
sources, which emit efficiently at shorter wavelengths, should, if
present, manifest in the analyzed mid-infrared surveys (see in
this context Evans et al. 2009; Gutermuth et al. 2009). Class I
sources are deeply embedded protostars with infalling, dense
envelopes, characterized by a rising or flat mid-infrared
spectrum. ClassII sources denote YSOs that are pre-main-
sequence stars with gas-rich optically thick disks and ongoing
accretion onto the central star, and a decreasing mid-infrared
spectrum. Finally, Class IIT YSOs have gas-poor disks and very
little infrared excess due to dust, and are notoriously difficult to
separate from young main-sequence stars. We also discuss here
the so-called “transition disk” objects, which are YSOs without
an inner disk but containing an optically thick outer disk (André
et al. 2014).

3.1. Class 0 Source Limits

The Point Source Catalog for IRAS identified no candidate
sources within our system down to luminosity levels 6.7 x
10°% ergs™' (~0.18 L) for 60 and 100 zm, see Section 2.2. This
luminosity level indicated that our study is sensitive to YSO
Class 0 sources down to core masses ~0.1 M. (Dunham &
Vorobyov 2012). The lack of any source detections associated
with the cloud, with the exception of HD 130079, strongly
suggests the absence of YSO Class O sources within the system.

3.2. Spitzer IRAC and 2MASS Source Examinations

The Spitzer IRAC mapping data, for the observed frame time
of 12 seconds, effectively probe down to flux levels of 52 uJy
at 8 um and 6.1 pJy at 3.6 um with a spatial resolution of ~2”
(Fazio et al. 2004). At the distance of the cloud (432 pc), these
limits correspond to monochromatic luminosities of
~4.4 % 10%° ergs™' and ~1.2 x 10* ergs™', respectively.
The observed 3.6 um range (3.1-3.9 um), in particular, is
rather close to the peak of the blackbody emission component
in Class I-III sources, and as such the latter value should serve
as a good proxy for the limiting luminosity of YSO candidates,
with the bolometric correction of the order of a few at most
(see, e.g., Lada 1987). In other words, in the Spitzer IRAC
mapping data, we are sensitive to YSO Class I-III luminosities
as low as ~10~* L., so that any young star with a core mass
down to 0.01 M., (see Dunham & Vorobyov 2012), should
easily be detected.

We performed a search with a radius of 5’ around the central
position of the cloud, see Table 1, with the Spitzer Enhanced
Imaging Products (SEIP) source list in order to identify
potential YSOs. We restricted our sample to a signal-to-noise
S/N>5 in all four IRAC bands, excluding unresolved
extended sources and excluding sources with only upper limits
in any band (sources detected in only some bands are
considered in the follow-up selection). This returned a total
of 1319 sources within the sampled region.

First, we applied the color criteria from Gutermuth et al.
(2009), Appendix A.1 therein, to the sample of 1319 sources.
This removed 132 star-forming galaxies (SFGs) and 256 active
galactic nuclei (AGNs), resulting in a sample of 924 potential
YSOs. None of these sources met the criteria to be identified as
a Class I or Class II YSO as defined in Gutermuth et al. (2009).
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Second, we investigated sources with lower significant
detections, following the cuts presented in Winston et al.
(2019), Appendix A.2 (Equations (17)-(20)). Specifically, we
investigated those sources that are lacking robust (S/N < 5)
detections in IRAC 5.8 yum or IRAC 8.0 ym, but still show
S/N > 5 detections in IRAC 3.6 um and IRAC 4.5 um, with
the requirement that they also have significant (o < 0.1 mag)
detections in 2MASS bands H and K,. However, we find no
sources within this sample that meet the color criteria needed
for a YSO detection as defined in Winston et al. (2019).

Further, we searched for deeply embedded protostars, in the
so-called “Phase 3” cuts adopted by Gutermuth et al. (2009),
Appendix A.3 therein. We included sources from SEIP that
lack detections in IRAC 5.8 yum or IRAC 8.0 ym bands, are
bright in the MIPS 24 yum band, and have strong (S/N > 5)
detections in IRAC 3.6 um and IRAC 4.5 ym. Our selection
returned 164 sources, including some previously flagged as
AGNs based on the IRAC color cuts. However, only three
sources met the MIPS 24 yum band brightness criteria of
[24] <7 mag. None of these three sources satisfied the
remaining criteria to be identified as a YSO, and as such this
selection returned no candidate sources.

Finally, we comment here on the remaining sources not
classified in the first Gutermuth et al. (2009) cuts adopted here;
see the right panel in Figure 7 of Appendix C. Sources that fall
in this range are often consistent with Class III sources (see
Dunham et al. 2015; Anderson et al. 2022, for further
discussion). However, these regions of infrared colors are
heavily contaminated by asymptotic giant branch (AGB)-type
background stars. Dunham et al. (2015) estimated that
contamination in the ClassIIl type sources by background
stars ranges from 25% to 90% in their sample. In order to
disentangle background stars from true ClassIII sources, we
further inspected these remaining 923 sources with Gaia,
below.

3.3. Gaia Parallax Measurements

We inspected the remaining 923 IRAC sources unidentified
by the Gutermuth et al. (2009) cuts, which are likely
background stars or Class III candidates (see Section 3.2),
with the Gaia source catalog (Gaia Collaboration et al. 2021).
Gaia parallaxes provide precise measurements with a spatial
resolution of 0”4 and so are capable of separating individual
objects even when clustered on the sky.

The source “C1,” not identified above as a bona fide YSO,
but previously identified as a potential candidate by Whittet
(2007), has a Gaia-measured parallax of 0.073 £ 0.096 mas.
The Bailer-Jones et al. (2021) catalog marks the distance to this
star as 6.677372 kpc, which is far beyond DC 314.8-5.1.

We looked at a sample of Gaia sources within the same
region inspected by IRAC, out to a radius of 5’ around the
central position of the cloud, see Table 1. We additionally
constrained the list of Gaia sources to those having a parallax
measurement (within the error bounds) coinciding with the
parallax for HD 130079, i.e., 2.2981 £ 0.0194 mas. To cross-
check with the 923 IRAC sources, we investigated each IRAC
source for any “good” Gaia source within the IRAC spatial
resolution of ~2” (Fazio et al. 2004). This resulted in a sample
of 27 potential Class III/field star sources. We further cross-
checked this sample with the Bailer-Jones et al. (2021) catalog
for measured distances consistent with HD 130079 (~427-
435 pc). We identified two sources, SSTSL2 J144829.
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39-651448.5 and SSTSL2 J144907.95-651756.4, corresponding
to the Gaia DR3 sources, numbers 35849036757534689536 and
5849041288680373504, with appropriate distance measure-
ments, denoted hereafter as “C2” and “C3,” as in Table 1.

3.4. Pre-main-sequence Stars in Swift-XRT Data

PMSs are established X-ray emitters, with corresponding X-ray
luminosities 10-10,000 times above the levels characterizing the
old Galactic disk population (e.g., Preibisch & Feigelson 2005;
Montmerle et al. 2000). They are routinely detected with the
Chandra X-ray Observatory in molecular clouds because their keV
photons penetrate heavy extinction (e.g., Wang et al. 2009; Kuhn
et al. 2010). The bright members of PMS populations revealed by
such studies are typically well modeled assuming a plasma in
collisional ionization equilibrium, using the Astrophysical Plasma
Emission Code (APEC; Smith et al. 2001), with temperatures of
the order of a few to several keV, low metal abundances, and
0.5-10keV luminosities of the order of 10** ergs™".

Here, we compare the expected X-ray levels of PMSs in
DC 314.8-5.1 with X-ray luminosity of the source “S” detected
in the Swift-XRT pointing. We calculate the Galactic hydrogen
column density in the direction of DC 314.8-5.1, utilizing the
NHtot tool provided through HESEARC (HI4PI Collaboration
et al. 2016). Given that the source is only at a distance of
432 pc, the resulting values of Ny ga~3.2 X 10" cm™? is
likely an overestimation for the real column density along the
line of sight. Nonetheless, in all the flux estimates below we
conservatively adopt the value Ny ga =3 X 10> em™2

In addition to the Galactic diffuse interstellar medium (ISM)
fraction, we take into account the intrinsic absorption within
the cloud. For this, assuming the cloud’s mean gas density of
10*cm™ and a spatial scale of 0.3pc, the correszpondin
column density is estimated at the level of Ny, =~ 10 2em 2.
Again, this should be considered as an upper limit for the
intrinsic absorption value.

For the APEC spectral model with temperature kT =2keV,
metallicity Z=0.2Z., and the absorbing column densities as
estimated above, the 0.3—-10keV XRT observed count rate

integrated over all solid angle, 4.171% x 10~3 countss ',

corresponds to an unabsorbed flux of Fyz_jgrev =~ 4717 x
10713 ergem ?s™'. The isotropic intrinsic luminosity of
Lo3s_10kev = 0.975% x 103" ergs™" would be 2 x 107 L, if
at the distance of DC 314.8-5.1. However, by decreasing the
intrinsic column density down t0 Ny ~ 10?! em ™2, as would be
a more appropriate estimate at the far outskirts of DC 314.8-5.1,
the implied intrinsic luminosity decreases to Lo3_ 1o xev = 4.913) x
10% ergs™' ~107° L.

For comparison, main-sequence high-mass stars are
established sources of soft X-ray emission, characterized by
an  approximately linear luminosity scaling  with
bolometric photospheric emission, log(Lyx/Lyo) ~ —7 (Giidel
& Nazé 2009). Yet PMSs are relatively brighter in X-rays,
especially in the low-mass range. Indeed, the recent analysis by
Getman et al. (2022) showed that, for PMS systems with
masses of 0.1 — 2 M, the ratio log(Lx/Lye) can be found in a
broad range from < —4 up to 2 —2, with the median just below
the saturation level'® of —3. This ratio, however, falls rapidly
above 2 M..,.

1 1 cool young stars characterized by rapid rotation, the coronal X-ray
luminosities powered by magnetic activity are observed to saturate at the
log(Lx/Lvo) = —3 level (Vilhu & Walter 1987; Stauffer et al. 1994).
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Figure 4. Top: SED of the DC 314.8-5.1 system, based on observations with
Planck (filled black circles), IRAS (red crosses), and WISE (open red circles).
Dark red solid and dashed curves represent modified blackbody models for the
emission of cold (14 K) and warm (160 K) gas within or on the surface of the
cloud, respectively; the black solid curve denotes the superposition of the two.
Bottom: SED of HD 130079 from ground-based telescopes and the Gaia
survey (small blue stars), WISE (open red circles), and finally with the Swift
UVOT (big blue star). The dark blue dotted—dashed curve corresponds to the
intrinsic emission of the field star HD 130079, modeled as a blackbody with the
temperature 10,500 K and a total luminosity of 3 x 10°® erg s~'; the dark blue
solid curve illustrates this intrinsic emission subjected to the interstellar
reddening. See Section 4 for a description.

During the first few million years, the X-ray luminosity of
PMSs appears to be approximately constant, declining with
time at later evolutionary stages, and again more rapidly as
stellar mass increases (Getman et al. 2022). Only a small
fraction of the <2 M, systems appears brighter than 3 x
10** erg s—! in X-rays, and those cases are believed to represent
super- and mega-flaring states (e.g., Getman & Feigelson 2021).
More than 75% of the more massive (2 — 100 M) systems, on
the other hand, exceed 3 x 10*° erg s~!. As such, at the Swift-
XRT luminosity level of Los_jokey =~ 4.9731 x 1030 ergs™!,
we are unlikely to detect single PMSs, other than the brightest
super/mega-flaring sources.

The search for possible infrared counterparts for the Swift-
XRT source “S” returns two WISE/2MASS sources, with
~8"-9" separations from the position of source “S.” The WISE
colors for J144815.66-652141.9 (W1 — W2 = —0.62 and W2 —
W3 > 4.18) indicate that the object could be a background
luminous infrared galaxy (LIRG) or a starburst galaxy. The
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WISE colors of J144818.35-652144.7 (W1 — W2 = —0.31 and
W2 — W3 > 2.37), on the other hand, are consistent with a
regular star-forming galaxy (see Wright et al. 2010). One of
these two sources is a likely counterpart of the Swift-XRT
source “‘S,” although neither of them represents a viable PMS
candidate.

Furthermore, ROSAT J144833.7-651738, detected with a
448.83 s exposure by ROSAT and discussed above in
Section 2.3, is not observed with the 3 ks observation by
Swift-XRT, see Figure 3. A comparison of the ROSAT and
Swift-XRT maps is shown in Figure 6 of Appendix B. This
lack of a detection may indicate that ROSAT
J144833.7-651738 is an artifact of the 2RXS analysis, or
potentially a transient/variable source.

4. Discussion

YSOs can be separated from background stars due to the
presence of infrared excesses, primarily in the 1-30 ym range
(Evans et al. 2009). As such, if present and related to the cloud,
YSOs may appear as optical /infrared point sources, for which
parallax distances should be similar to the distance of
DC314.8-5.1. In this context, we investigated the point
sources located within the spatial extent of DC 314.8-5.1 that
survived the selection cuts applied following Winston et al.
(2019) and Gutermuth et al. (2009) and with appropriate Gaia
parallax and Bailer-Jones et al. (2021) distances. Two sources
were identified in this way as potential ClassIII candidates:
“C2” and “C3.”

Dunham et al. (2015) proposed the [3.6] — [24] < 1.5 color
values for separating likely Class III sources from AGB field
stars. Utilizing this cut, and the 3o upper limit for the 24 ym
fluxes, we found color values of —0.66 and 2.35 for C2 and C3,
respectively. We can, however, rule out the likelihood of “C3”
being a Class IIT YSO based on its location near the outer edge
of the core region. This is because, on the outskirts of the
cloud, we expect a lower level of extinction ~2-3 (see
Whittet 2007; Kosmaczewski et al. 2022), and so for a Class III
source in the evolutionary stage, we would expect to see some
evidence of an optical/near-IR reflection nebula (van den
Bergh & Herbst 1975; Connelley et al. 2007). The lack of a
detectable reflection nebula for “C2,” on the other hand, is
unsurprising because “C2” is located near the central region of
the core with extinction levels >8.5 mag (Whittet 2007). Yet
this region is also the coldest region (see left panel of Figure 1)
with a Planck-measured temperature of ~15K. A ClassIII
source would be expected to produce significant heating of the
dust surrounding it, and that is not seen in DC 314.8-5.1 using
available observations (Strom et al. 1975). For these reasons,
we consider the identification of “C2” as a Class III YSO to be
unlikely. However, detailed spectral modeling combined with
deeper X-ray measurements would be necessary to substantiate
this claim (see Dunham et al. 2015).

The lack of any robust YSO detections further supports the
prestellar state of DC 314.8-5.1, as discussed in Whittet (2007)
and Kosmaczewski et al. (2022). However, younger YSOs
(Class 0) and sources that are still heavily embedded within
their cores may not be detectable by mid-infrared excesses
(Evans et al. 2009; Karska et al. 2018). In order to exclude the
presence of such objects deep far-infrared, CO, and/or X-ray
observations are needed (Grosso et al. 2000).
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The short Swift-XRT exposure we have obtained is sensitive
to sources within the cloud down to an unabsorbed 0.5-10 keV
luminosity level of <10*' ergs™'. Given this level, only the
brightest PMSs could be detected and, among the low-mass
(<2 M,,) systems, only young flaring objects would be seen. A
much deeper X-ray imaging observation would be needed to
constrain the potential PMS population in DC 314.8-5.1 (Kuhn
et al. 2010; Getman et al. 2022).

The spectral energy distribution (SED) of DC314.8-5.1,
within the spectral range from microwaves up to UV, has three
main components: the thermal emission of the dominant cold
dust, the emission of a warm dust photoionized and heated by
the field star, HD 130079, and the photospheric emission of
HD 130079 itself. These are presented in Figure 4.

We consider the cloud components and the HD 130079
starlight separately (top and bottom panels of Figure 4,
respectively). For the microwave segment of the cloud SED,
dominated by cold dust, we take aperture fluxes from the Second
Planck Catalogue of Compact Sources (PCCS2E; Planck
Collaboration et al. 2016b) at 143, 217, 353, 545, and
857 GHz. In the infrared range, dominated by the radiative output
of the warm dust in the cloud’s regions adjacent to the star, we use
fluxes from the IRAS Point Source Catalog v.2.1 at 12, 25, 60,
and 100 pm, and the WISE fluxes at 3.4, 4.6, 12, and 22 pm, all
corresponding to the infrared source IRAS 14451-6502 associated
with HD 130079 (see Section 2.2). Indeed as seen in Figure 1, the
IRAS and (to a lesser extent) the Planck images display a
maximum peak shifted away from the center of DC 314.8-5.1.
The different apertures and resolutions of the Planck (5), IRAS
(1), and WISE (6”"-12") instruments could be important though.
These differences are particularly relevant in the case of the IRAS
versus WISE comparison and could explain the lower WISE
fluxes when compared to the IRAS photometry within the
overlapping wavelength range of 12-25 ym.

We have calculated several model curves for the cold
thermal component using a modified blackbody emission
BAT) x (v/vp)”. Our findings indicate that the best-matching
model corresponds to a temperature of 7= 14 K, consistent
with the PGCC model fit, and a spectral index of 3=1.5 (see
the dark red solid curve in Figure 4; see Section 2.1). The far/
mid-infrared (roughly 7-70 pm) emission of the system is a
complex superposition of the continua from multitemperature
dust, molecular lines, and PAH features, all generally
decreasing in intensity with distance away from the photo-
ionizing star DC 314.8-5.1 (see Kosmaczewski et al. 2022). As
a basic representation of the entire spectral component, we
adopt the simplest model, which consists of a single modified
blackbody. This time, the model has a temperature of 160 K, a
spectral index of §=2.0, and a normalization adjusted to
match the 12-25 ym IRAS fluxes (see the dark red dashed
curve in Figure 4).

While the temperature of the cold component is precisely
constrained by the multiwavelength (143-857 GHz) Planck
data in conjunction with the IRAS 100 yum photometry, the
warm component’s temperature lacks such precision. As
previously emphasized, using a single modified blackbody to
approximate the hot dust emission in the system is a basic,
zero-order approximation. It is worth noting that the IRAS
60 pum flux, which surpasses both the cold (14 K) and warm
(160K) blackbody emission components, indicates the
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presence of gas with intermediate temperatures in the system.
As such, this model is meant to be primarily illustrative.

For the SED representing the HD 130079 starlight, the near-
infrared (filters JHKL) and optical (UBV) fluxes follow directly
from the compilation by Whittet (2007, see Table 1 therein),
with the addition of the G-band flux from the EDR3
(Gaia Collaboration et al. 2021), and the UV 2250 A flux
measured from the newly obtained Swift UVOT observations
(see Section 2.7). The photospheric emission of HD 130079 is
modeled here assuming a simple optically thick blackbody
spectrum with the temperature 7, = 10,500 K, such that the
bolometric stellar luminosity is L, = 47R? osgT? ~ 3 x
103 ergs™', for the stellar radius R, =2.7 X R., and the
distance of 432 pc. This intrinsic emission (denoted in Figure 4
by the dark blue dotted—dashed curve) is next reduced by
interstellar reddening using the Cardelli et al. (1989) empirical
extinction law with the coefficients as given in Equations (2)-
(5) of Cardelli et al., and values for Ez_y (= 0.395) and Ry (=
4.5, in excess over the averaged ISM value of 3.1) adopted
from Whittet (2007). The reddened starlight (given by the solid
dark blue curve in Figure 4) matches the near-infrared—to-UV
fluxes of the star including the 3.4 and 4.6 pm WISE fluxes and
the Swift UVOT 2250 A flux, even though no stellar photo-
spheric reddening was included in this simple model.

The mass of the Planck source PGCC G314.77-5.14 has
been estimated in Planck Collaboration et al. (2016a) as

2
mM=-LF o1 1am, 3)
HVBI/(T)

based on the measured 857 GHz flux density F,, integrated over
the solid angle = 76> /4 (where 6 is the geometric mean of
the major and minor FWHMs), which is effectively half the
provided PGCC flux, with the dust opacity value
k,=0.1(v/1 THZ)2 cm? g_1 adopted from Beckwith et al.
(1990). Meanwhile, Whittet (2007) estimated the mass of the
core of the globule to be 2>50M,. when updated for the
distance of 432 pc. However, this discrepancy might not be
significant, keeping in mind that the Planck estimate provides
upper 20 (95%) and 30 (99%) confidence limits of 68 M, and
115 M., respectively. These limits arise solely from uncertain-
ties in flux and distance estimates and do not account for the
uncertainty in the dust opacity function, &, (see in this context
the discussion in Beckwith et al. 1990, specifically Section Ille,
and also D’Alessio et al. 2001).

The mass of the cloud—as an isolated dark cloud at high
Galactic latitudes—can also be estimated from the excess
absorption seen in X-rays toward the cloud (see in this context
Sofue & Kataoka 2016) and from the high-energy ~-ray data as
measured by Fermi’s Large Area Telescope (LAT; see Mizuno
et al. 2022, and references therein). In the former case, a much
deeper X-ray observation would be needed to estimate the
absorbing hydrogen column density across the cloud. Con-
cerning the latter, we note that in the Fermi High-Latitude
Extended Sources Catalog by Ackermann et al. (2018), the
integrated 1 GeV-1TeV fluxes of resolved high-confidence
sources in the LAT data extend down to a few/several
%107 cm ™2 s™". Further, those that appear pointlike lie about
one magnitude lower, with a median of 2.5 x 1079 cm2s7 "
An estimate for the flux expected from DC 314.8-5.1 due to the
interactions with high-energy CRs (assuming no CR
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overdensity with respect to the CR background) is

F(>E,)~2 x 1071

M/10° MG( E, )—”
(D/kpc)? \1 TeV
~2x10710cm—2g! 4

(see Gabici 2013). In the above, we use M =160M.,
corresponding to the tofal mass of the cloud (Whittet 2007,
updated distance D =432pc), and E,=1GeV. This level of
emission may be detected in dedicated Fermi-LAT studies,
leading to a robust estimate of the mass in this prestellar,
condensed dark cloud.

5. Conclusions

In this paper, we have discussed the multiwavelength
properties of the dark globule, DC 314.8-5.1, through
dedicated observations with the Spitzer Space Telescope and
the Swift-XRT and UVOT instruments, supplemented by the
archival Planck, IRAS, WISE, 2MASS, and Gaia data. This
investigation of the characteristics of the system, over a wide
range of the electromagnetic spectrum, has led to the following
conclusions.

1. We have further supported the idea that DC 314.8-5.1 is
a prestellar core, with no conclusive ClassI-III YSO
candidates present within the extent of the system down
to luminosities as low as ~10~* L., translating to a
stellar core mass down to 0.01 M. (see Dunham &
Vorobyov 2012). We do, however, maintain one possible
candidate Class IIT YSO object (“C2,” see Table 1), albeit
unlikely due to the lack of heating seen in that region of
DC 314.8-5.1. Furthermore, we exclude any younger
Class 0 YSO candidates down to luminosities of
~0.18 L., translating to a core mass of ~0.1 M, (see
in this context Barsony 1997).

2. With the Swift-XRT observations, we probed for any
potential PMS population down to a luminosity level of
§1031 ergs'. This level would have detected a typical
PMS of mass >2 M., while being capable of only
detecting the brightest (flaring) low-mass (<2 M) PMSs.
Deeper observations would be needed to reject the
presence of lower-mass objects. Furthermore, CO
observations of this system could also test for the
presence of the youngest, Class 0, protostars (Kirk
et al. 2005, and references therein).

3. We investigated the SED of the DC 314.8-5.1 system as
well as the nearby illuminator HD 130079. Our analysis
confirmed the presence of warm dust, with temperatures
2100 K, in addition to the dominant 14K dust
component. This warm component manifests itself in
the IRAS photometry, particularly within the 12-25 ym
range.

4. We comment on the variation in mass estimates of
DC314.8-5.1, ranging from ~12 M., based on the
Planck photometry, up to 250 M, following from the
visual extinction characteristics, for the core of the
globule. We point out that the discrepancy may be due to
errors in the flux measurement, variations in the
methodology, and the uncertainties of the opacity model
for this particular system. We also note in this context
that the cloud should be detectable in high-energy ~-rays
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with Fermi-LAT, given the estimate for the total mass of
the globule of ~160 M.

Hence, DC 314.8-5.1 remains a prestellar cloud core. This
makes it an ideal candidate for deeper observations, particularly
in high-energy X-rays and y-rays.
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Appendix A
Mid-infrared Images of DC 314.8-5.1

In Figure 5, we present the dedicated Spitzer IRAC images
of the DC 314.8-5.1 region at 3.6, 4.5, 5.8, and 8.0 um with a
spatial resolution of ~2" (Fazio et al. 2004). As is visible in the
figure, the superior spatial resolution of the Spitzer instrument
allows for the detection of individual point sources within
DC 314.8-5.1. Additionally, the diffuse emission of the cloud
and some faint irregular structure can be seen in the bottom
right panel of Figure 5.

Figure 5. Spitzer IRAC-band maps of the DC 314.8-5.1 region. Top left: channel 1 at 3.6 um; top right: channel 2 at 4.5 pm; bottom left: channel 3 at 5.8 ;sm; bottom
right: channel 4 at 8.0 um. The white dashed ellipse marks the optical extent of DC 314.8-5.1. The color bar is set with a minimum of zero and a maximum value of
200 MJy sr™! on a log scale. The field star HD 130079 is marked in the left of each image, “C1” marks the YSO candidate identified by Whittet (2007), and “C2”

marks the YSO candidate identified in this work.
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Appendix B
ROSAT and Swift-XRT Comparison

In Figure 6, we compare the ROSAT full-band 0.1-2.4 keV
image of the DC314.8-5.1 region with the corresponding
images from the Swift-XRT soft band 0.3-2.0 keV as well as the
hard band 2-10keV, including for reference the MIPS 24 um
image of the region. We note that, assuming the emission model
specified in Section 3.4, the PSPC 0.1-2.4 keV count rate for
ROSAT J144833.7-651738 of 0.0175 4 0.0082 counts s '
would correspond to the Swift-XRT PC 0.3-10keV count rate
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of (19.7+£9.2) x 1073 countss™! for Nipine =~ 10?2 cm ™2, and
(13.14+6.2) x 10 counts s~ ' for Nygjn =~ 10*' cm ™2, while the
estimated XRT 0.3-2.0keV count rate for the source “S” is
41718 x 1073 counts s ', and the 3¢ upper limit at the nominal
position of the center of the cloud/ROSAT source, calculated
with The Living Swift-XRT Point Source Catalogue online
tool,ll is ~3 x 1073 counts s~ '. The Swift-XRT images have
been smoothed for visualization purposes to more closely
resemble the resolution of the ROSAT observation using a
boxcar with a width of 2r + 1 pixels and a radius (r) of 3 pixels
(Joye & Mandel 2003).
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Figure 6. Top left: Spitzer MIPS 24 ym image of the DC 314.8-5.1 region. The color bar spans from a minimum of 23.5 to 100 MJy sr™ " on a log scale. White
contours in the following panels represent MIPS emission, with levels set at 24.1, 25.05, and 26 MJy sr~'. Top right: ROSAT full-band 0.1-2.4 keV image of the
same region, with Spitzer MIPS contours superimposed. The color bar shows a range of 0.6-2.5 smoothed counts on a square-root scale with a Gaussian smoothing,
see Appendix B. Bottom: Swift-XRT hard-band 2—10 keV and soft-band 0.3-2.0 keV images of the same region (left and right, respectively), smoothed with a boxcar
kernel, see Appendix B. Spitzer MIPS contours are superimposed in white for reference. The color bar shows a range of 0-0.05 smoothed counts on a linear scale.

i https: //www.swift.ac.uk/LSXPS/
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Appendix C
IRAC-2MASS Color Cuts

We utilize the criteria presented in Gutermuth et al. (2009)
and Winston et al. (2019) to select YSO candidates in
DC314.8-5.1 based on Spitzer IRAC mapping data, as
outlined in Section 3.2. The top left panel of Figure 7 displays
the full extent of the Spitzer sample in the region, in which
1319 sources are detected within 5’ of the center of
DC314.8-5.1, as well as the first selection cut to remove
star-forming galaxies. Figure 7 further displays the selections
done on the sample to remove contaminating sources,
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beginning with the removal of star-forming galaxies (top
panels), then AGNs, and finally unresolved PAH and shock
emission (bottom left and right panels, respectively). We
further show the final selection, identifying Class I and Class II
YSOs, in Figure 8. Sources that fall outside the YSO selection
regions (923 sources) are unidentified in the selection and
assumed to fall under the Class III or field star category. Given
that these remaining sources are heavily contaminated with
AGB stars in similar samples (see Dunham et al. 2015), we
further cross-correlated with Gaia-measured distances and
further discussed them in Sections 3.3 and 4.
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Figure 7. IRAC color—color diagram with selection cuts from Gutermuth et al. (2009). Top left: a total of 1319 sources from the SEIP query of 5 radius from the
optical center of DC 314.8-5.1. It is overlaid with the first selection cut, red dashed lines showing the removal of star-forming galaxies (SFG). Top right: second SFG
selection cut; removed sources are marked as red diamonds. Bottom left: AGN selection cut with AGN-like sources marked in blue. Bottom right: selection cut in
order to remove Galactic-scale unresolved shocks and unresolved sources of PAH emission; sources of PAH emission are marked with green pentagons; no

unresolved shock sources were selected.
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Figure 8. IRAC color—color diagram with YSO selection criteria from Gutermuth et al. (2009). The black marked regions display the final selection cuts identifying
YSO Class I and II sources. Sources outside the delineated regions are undefined in this selection.
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