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Abstract. Using optical photometric observations from 1.3-m Devasthal Fast Optical Telescope and deep near-
infrared (NIR) photometric observations from TANSPEC mounted on 3.6-m Devasthal Optical Telescope, along
with the multi-wavelength archival data, we present our study of open cluster Kronberger 55 to understand the
star-formation scenario in the region. The distance, extinction and age of the cluster Kronberger 55 are estimated
as ~3.5 kpc, E(B — V) ~ 1.0 mag and <5 Myr, respectively. We identified Young Stellar Objects (YSOs)
based on their excess infrared (IR) emission using the two-color diagrams (TCDs). The mid-infrared (MIR)
images reveal the presence of extended structure of dust and gas emission along with the outflow activities in
the region with two peaks, one at the location of cluster Kronberger 55 and another at 5'.35 southwards to it. The
association of radio continuum emission with the southern peak, hints towards the formation of massive star/s.
The Herschel sub-millimeter maps reveal the presence of two clumps connected with a filamentary structure in
this region, and such configuration is also evident in the '2CO(1-0) emission map. Our study suggests that this
region might be a hub-filament system undergoing star formation due to the ‘end-dominated collapse scenario’.

Keywords.

1. Introduction

The recent advancement in the IR and sub-millimeter
(sub-mm) data provided by space-based telescope, such
as Herschel and Spitzer, has taken us towards commend-
able observational progress to study star formation.
Recently, using high-resolution images of Spitzer and
Herschel, many authors have shown that the cold
interstellar medium (ISM) have filamentary structures
around the birthplace of stars (e.g., Churchwell et al.
2006, 2007; André et al. 2010). The role of the fil-
aments in the star-formation processes is yet to be
known. The zones, where filaments either merge or
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collide with each other, are considered as appropriate
environment for the formation of star clusters (André
et al. 2010, 2014; Nakamura et al. 2012, 2014; Hen-
shaw et al. 2013; Dewangan et al. 2017, 2019; Bhadari
et al. 2022; Maity et al. 2022). These zones are known
as ‘hub’ and such system is known as ‘hub-filamentary
system’ (HFS). Along with HFSs, isolated filaments
also exist in our galaxy, which are associated with star-
forming activities. The end-dominated collapse (EDC;
or edge-collapse) process is associated with such iso-
lated filaments, where two clumps/cores are expected
to be produced at ends of the filament through high
gas acceleration (Bastien 1983; Pon et al. 2012; Hoe-
mann et al. 2022). This scenario is of interest for many
recent investigations, which is possible after the avail-
ability of high quality Herschel data along with velocity
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information from the CO maps (Goicoechea et al. 2015;
Dewangan et al. 2016, 2022b; Wang & Hwang 2020).
But, till now, such process has been reported in a few
star-forming sites (e.g., Dewangan et al. 2017, 2019;
Bhadari et al. 2020, 2022).

For the present study, we have selected a less explored
open cluster Kronberger 55 (¢ = 23"53M23% and § =
+62°46'54") (Dias et al. 2002; Kronberger et al. 2006),
which seems to be embedded in filamentary structures
with signatures of star-formation activities (cf. Figures 1
and 2). Dias et al. (2002) reported the distance, redden-
ing and age of this clusteras 1.26 kpc, E(B—V) = 1.13
mag and 400 Myr, respectively. Tadross (2009) reported
its age as 400 £ 20 Myr, its distance as 1.20 £ 0.06 kpc
and interstellar reddening (Ep_y) as 1.13 £ 0.11 mag
by using the Two Micron all Sky Survey (2MASS) data.
Recently, Kharchenko et al. (2016) did a global survey
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of star clusters based on the uniform cluster membership
estimated using the 2MAst (i.e., 2MASS with astrome-
try) catalog, a merger of the 2MASS data and PPMXL (a
catalog of proper motions, positions, 2MASS and opti-
cal photometry of 900 million stars and galaxies, which
aims to be complete down to V = 20). The estimated
distance, reddening and the age of this cluster were
reported as 1.99 kpc, Eg_y = 0.96 mag and 24 Myr,
respectively. However, above estimations are affected
by larger uncertainties by the shallow photometric com-
pleteness (V ~ 20 mag, J ~ 15.3 mag) and high
extinction around the Kronberger 55 cluster. A deeper
imaging data can help us to characterize the faint low-
mass young stars still embedded in the molecular cloud.
Hence, we present a detailed analysis of this cluster
and the surrounding region by using deep optical /near-
infrared (NIR) data observed through the 1.3-m/3.6-m

22+4im (R)  + 3.6 um (G) -_F'OptTcaI V (B)

T 52m305

DFOT) of 18'.5 x 18'.5 region (field-of-view of the optical observations) overlaid with the isodensity contours generated
from the 2MASS catalog (cyan) and NVSS 1.4 GHz radio continuum contours (white). The lowest level for the isodensity
contours is 40 above the mean stellar density (i.e., 3 stars arcmin—2) with a step size of 1.25 stars arcmin~2, whereas for the
generation of radio map, it is 1.2 mJy with a step size of 0.186 mJy. Blue squares represent the region selected to be observed
using TANSPEC and are termed as R1 and R2, whereas magenta circle represents active region of the cluster.
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Figure 2. The color—composite images for the zoomed-in view of R2. The left panel is the color—composite image (red: /.;
green: V and blue: B bands) of DFOT and the middle and right panels are color-composite images (red: K;; green: H and

blue: J bands) of 2MASS and TANSPEC, respectively.

telescopes at Devasthal, Nainital, India (Kumar et al.
2018) along with mid-infrared (MIR)/radio maps from
various data archives.

The structure of the paper is as follows: Section
2 describes the observed data and the followed data
reduction procedures along with the used archival data.
Section 3 describes the estimation of the basic parame-
ters of this cluster along with the surrounding physical
environment. In Section 4, we have discussed the star-
formation scenario of this cluster and in Section 5, we
have concluded our study.

2. Observation and data reduction

2.1 Optical photometric observation and data
reduction

Optical observation of the region was done on 13 Octo-
ber 2021 with 1.3-m Devasthal Fast Optical Telescope
(DFQOT), Nainital (Sagar et al. 2012), in broadband
UBVI, filters using 2K x 2K CCD (plate scale =
0.54 arcsec per pixel) camera which has a field-of-view
(FOV) of 18'.5 x 18.5. Few flat and bias frames were
also taken along with the science frames. The image
processing and photometric measurements were done
through image reduction and analysis facility (IRAF)
reduction packages along with DAOPHOT-II routines
(outlined in Pandey et al. 2020). The instrumental mag-
nitudes of the stellar objects were calibrated by standard
stars located in SA95 (Landolt 1992). The procedure
outlined by Stetson (1992) was followed for the same.
Following are the calibration equations obtained by
least-square linear regression:

u="U+4 (4.691 £ 0.006) — (0.093 £ 0.005)(U — B)
+ (0.611 £ 0.006) X/, (D

b =B + (2.900 £ 0.005) — (0.126 £ 0.003)(B — V)

4+ (0.284 £ 0.009) X g, 2)
v=1V+4(2.290 £ 0.003) + (0.101 &= 0.002)(V — 1.)

4+ (0.130 £ 0.005) Xy 3)
and
ic =1, + (2.516 £ 0.007) — (0.061 + 0.004)

X (V —1.)+ (0.058 £ 0.014) X ;. 4

Here, U, B, V and I, represent the standard magnitudes,
whereas u, b, v and i represent the instrumental magni-
tudes normalized for corresponding exposure time; and
Xv, Xp, Xy and X; represent the airmass in corre-
sponding bands. The left panel of Figure 3 represents
the error versus magnitude plots for these bands.

The extracted magnitudes are also compared with
archive ‘APASS’.! The difference between APASS and
present standard magnitudes is negligible, i.e., 0.01 £
0.06 mag and 0.06 & 0.10 mag, for V and B bands,
respectively. We have reached up to detection limits
of 21.66, 21.86, 20.19, 20.31 in U, B, V and I,
bands, respectively, having photometric error <0.1 (cf.
Figure 3).

2.2 NIR photometric observation and data reduction

NIR observations complement optical measurements,
these can be employed to extend optical observations to
the most opaque regions of molecular clouds as longer
wavelength can have less extinction. NIR photometric
observation of regions R1 and R2 (cf. Figure 1) was
done using the TIFR-ARIES Near Infrared Spectrome-
ter (TANSPEC; Sharma et al. 2022), which is mounted

IThe AAVSO photometric all-sky survey, https://www.aavso.org/
apass.
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Figure 3. Photometric error versus magnitude plots in U,
B, V, I. bands for 1.3-m DFOT having a FOV of 18'.5x 18'.5

and in J, H and K bands for TANSPEC on 3.6-mm DOT
having a FOV of 1’ x 1.

on the main port (Cassegrain focus) of the 3.6-m Dev-
asthal Optical Telescope (DOT) and hasaFOV of 1’ x 1/
(with plate scale = 0.245 arcsec per pixel), which is
well suited for the area of the cluster region Kronberger
55 (cf. Section 3.1). The observation was carried out
in seven-point dithered pattern in J, H and K bands
with 10 s exposure time. The total integration time for
the observation was 35 min for each band. Few dark
and flat frames were also taken during the same night.
Sky frames were generated by median combining the
dithered frames in J, H and K bands individually. The
basic image processing and photometry was done using
the packages available within IRAF. Due to crowded
target field, we performed PSF photometry to obtain
the instrumental magnitudes. For the calibration pur-
pose, we have selected only isolated sources and then
compared their instrumental magnitudes with 2MASS.
The obtained calibration equations are as follows (see
also Sharma et al. 2022):

(J —H) = (0.86 £0.16) x (j —h) —0.09 £0.21,
)
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(H—-K;)=(1.17£0.28) x (h —ks) +0.76 £0.12,

(6)
(J—Ks)=(1.00£0.14) x (j —kg) +0.51+0.20
(N
and
J—j)=(=0.10£0.14) x (J — H) —2.80 = 0.14,
®)

where J, H and K, are the standard magnitudes of
the stars taken from 2MASS, whereas j, & and k; are
the instrumental magnitudes from TANSPEC observa-
tions. Figure 3 represents the error versus magnitude
plots for the calibrated magnitudes. We can reach 20.5,
19.5 and 18.5 mag in J, H and K bands, respectively,
for the stars having S/N > 10 (error <0.1 mag). For
comparison, we have shown the images taken from the
DFOT, 2MASS and TANSPEC observations for the
Kronberger 55 cluster region in Figure 2. Clearly, the
TANSPEC observations (stellar profile FWHM ~ 0.7
arcsec) are much deeper and can resolve faint stars as
compared to the DFOT/2MASS observations (stellar
profile FWHM ~ 2 arcsec). Here, it is worthwhile to
note that this cluster is detectable in NIR bands, but not
in optical bands (cf. Figure 2), therefore, it might be a
young cluster still embedded in its parental molecular
cloud (Lada & Lada 2003).

2.2.1 Completeness of NIR photometric data  The
obtained photometric data might not be complete due to
several components, e.g., crowding of stars, detection
limit of the instrument, nebulosity, etc. Thus, it becomes
pivotal to determine the completeness of the data. To do
so, we evaluate a factor called completeness factor (CF)
through ADDSTAR routine in DAOPHOT enforced in
the IRAF software package by introducing some arti-
ficial stars (for details, refer Sharma et al. 2008). The
frames generated through ADDSTAR routine are then
reduced with the same parameters as that of the original
frames. CF is given as the ratio of total number of stars
recovered to the total number of added stars in different
magnitude intervals. Figure 4 shows the completeness
in J and H bands as a function of magnitude. We reach
up to a detection limit of 18.9 and 18.0 mag in J and H
bands, respectively, with CF >80%.

2.3 Archival data

We have used various archival data sets (images and
catalogs), such as: The NRAO VLA Sky Survey’

2https:// www.cv.nrao.edu/nvss/postage.shtml.
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Figure 4. Completeness factor as a function of magnitude
derived from the artificial star experiments (ADDSTAR).

(NVSS; Condon et al. 1998), Herschel>* (Molinari
etal. 2010b), Spitzer,” 2MASS® (Skrutskie e7 al. 2006),
Wide-field Infrared Survey Explorer’ (WISE; Wright
et al. 2010) and Canadian Galactic Plane Survey®
(CGPS; Taylor et al. 2003) for the characterization and
identification of Young Stellar Objects (YSOs) and to
get the impression of star formation in the region. The
sources with photometric error <0.1 in the photometric
catalogs are used for our further analysis.

3. Result and analysis
3.1 Structure of Kronberger 55 cluster

To get an insight of the structure of the Kronberger 55
open cluster, a stellar number density map was gener-
ated for the sample of stars from 2MASS covering an
area of 18'.5 x 18'.5. The stellar surface density maps
have been generated by applying the nearest neighbor
(NN) method as explained in Sharma et al. (2016) and
also in Gutermuth et al. (2005). The radial distance has
been varied such that it encompasses the 20th nearest
star with a grid size of 6”. In this method, at each sam-
ple position [Z, j] in a uniform grid, the projected radial
distance ry (i, j) to the Nth nearest star is measured.

3http://archives.esac.esa.int/hsa/whsa/
4http:// www.astro.cardiff.ac.uk/research/ViaLactea/.

5https:// irsa.ipac.caltech.edu/data/SPITZER/GLIMPSE/overview.
html.

6https:// irsa.ipac.caltech.edu/Missions/2mass.html.
7https:// irsa.ipac.caltech.edu/Missions/wise.html.

8https:// www.cadc-ccda.hia-iha.nrc-cnrc.ge.ca/en/cgps/
https://www.cadc-ccda.hia-iha.nrc-cnrc.ge.ca/en/cgps/.
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For the present study, we have taken N = 20. The local
stellar surface density p (i, j) at each grid position [, j]
is computed as follows:

p@, j) = )]

Ty J)

Figure 1 represents the color—composite image of
the region generated using WISE 22 pm (red), Spitzer
3.6 um (green) and 2MASS K (2.17 um) (blue) band
images, which have been overlaid with the stellar sur-
face density maps (cyan contours) and the NVSS 1.4
GHz radio continuum contours (white contours). The
lowest level for the isodensity contours is 40 above
the mean stellar density (i.e., 3 stars arcmin?) with a
step size of 1.25 stars arcmin?, whereas for the gen-
eration of radio map, it is 1.20 mJy with a step size
of 0.186 mly. From the stellar density contours, it is
evident that Kronberger 55 is a small cluster of stars
with circular morphology. The center of this cluster is
aJ2000 = 23h53m105, 872000 = +62°46/55" and the
radius is 0.76 .

The WISE 22 pum emission near Kronberger 55 clus-
ter (cf. Figure 1) is an indicative of the distribution
of warm gas/dust and may be due to the feedback
from young massive star/s, whereas WISE 12 um
hints towards poly-aromatic hydrocarbon (PAH) emis-
sion featuring at 11.3 pm, these are strong indications
towards star formation in this region (Kaur et al. 2020;
Panwar et al. 2020). Furthermore, the MIR emission
at 3.6 um wavelength points towards the distribution
of gas and dust. The diffuse radio emission (ionized
regions) towards the south direction of Kronberger 55
cluster suggests the presence of massive star/s having
strong UV emission. Therefore, it seems that Kron-
berger 55 is a young cluster embedded in the nebulosity
of a molecular cloud showing star-formation activities.

3.2 Extinction, distance and age of cluster

Since we were not able to find the optical counterparts
of the sources in Kronberger 55 cluster (1" x 1’ par-
ticularly), so we have selected a bigger ‘active’ region
showing star-formation activities based on the distri-
bution of gas and dust surrounding the Kronberger 55
clusters (ractive region < 3/, refer Figure 1) for the extrac-
tion of various parameters using optical data.

We have used (U — B) versus (B — V) optical two
color diagrams (TCD) to estimate the extinction towards
the cluster Kronberger 55 (cf. left panel of Figure 5).
We have shown the distribution of the stars lying within
active region with black dots along with the zero-age
main sequence (ZAMS, the blue dotted curve), which


http://archives.esac.esa.int/hsa/whsa/
http://www.astro.cardiff.ac.uk/research/ViaLactea/
https://irsa.ipac.caltech.edu/data/SPITZER/GLIMPSE/overview.html.
https://irsa.ipac.caltech.edu/data/SPITZER/GLIMPSE/overview.html.
https://irsa.ipac.caltech.edu/Missions/2mass.html
https://irsa.ipac.caltech.edu/Missions/wise.html
https://www.cadc-ccda.hia-iha.nrc-cnrc.gc.ca/en/cgps/
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Figure 5. Left panel: (U — B) versus (B — V) TCD for all the optically detected sources in the Kronberger region
(Factive region < 3"). Red open circles are cluster member stars identified within rcgye region < 3’. The dotted blue curve
represents the intrinsic Zero Age Main Sequence (ZAMS) for Z = 0.02 by Pecaut & Mamajek (2013). The continuous red
curve represents ZAMS shifted along the reddening vector for E(B — V) = 1 mag. Right panel: V versus (V — I.) CMD
for similar sources. The ZAMS (Pecaut & Mamajek 2013) (magenta dashed curve corrected for the distance of 2.0 kpc and
blue solid curve corrected for the distance of 3.5 kpc) corrected for reddening of E(B — V) = 1 mag are also shown.

we have taken from Pecaut & Mamajek (2013). We have
also shown the stars located within the Kronberger 55
cluster boundary by red circles. Since there is a large
spread in the distribution of stars along the reddening
vector, it indicates differential reddening in the region.
The ZAMS has been shifted along the reddening vector
by a slope of E(U — B)/E(B — V) = 0.72 (which
corresponds to Ry = 3.1) to attain the distribution of
star representing minimum reddening along the clus-
ter direction. For reddening analysis, we have chosen
only those stars whose spectral type is A or earlier.
There are several factors which have led to this choice,
such as, distribution of binary stars, error in photome-
try, metallicity, pre-main sequence (PMS) stars, rotation
(see Golay 1974; Phelps & Janes 1994). In such a way,
the minimum reddening value (E (B — V) min) was found
to be 1.0 mag, which has been shown by a red curve.
The approximate error in this estimation is 0.05 mag.
The procedure to estimate the error has been outlined
in Phelps & Janes (1994).

Many previous studies have reported different val-
ues of distance and age for this cluster (as described
in Section 1). In this study, we have derived these val-
ues by using the classical method of isochrone fitting
by using the optical CMD (Sharma et al. 2006; Friel
et al. 2014; Perren et al. 2015; Bossini et al. 2019;
Pandey et al. 2020; Kaur et al. 2020). The right panel
of the Figure 5 represents the V versus (V — I.) CMD
for the stars lying within the active region. The stars
located within the cluster boundary are shown with red

circles. The dashed magenta curve is ZAMS (Pecaut
& Mamajek 2013) corrected for a distance of 2 kpc
and E(B — V) = 1.0 mag (Kharchenko et al. 2016).
Clearly, this distance value seems to be under-estimated
as usually ZAMS is fitted to the lower envelope of the
MS. The ZAMS seems to be better fitted to the lower
envelope of the MS at a distance of 3.5 kpc (blue solid
curve). This visual fitting of ZAMS to MS is done,
where there is a bend in the MS, it is based upon var-
ious factors, e.g., evolutionary effects, distribution of
binary stars, rotation, etc. (refer Golay 1974; Phelps &
Janes 1994 for further details). Earlier Lumsden et al.
(2013) and Ma et al. (2021) have estimated the distance
of G116.3274-00.639-045.90 molecular cloud and an
H 1 region G116.3282+4-00.6627, which are located
(marked as M1 in the upper left panel of Figure 8)
exactly at the same position as that of Kronberger 55,
at a distance of 3.5 kpc, which is best matched with our
estimated distance.

We have also tried to estimate the age of the cluster
by isochrone fitting to the CMD of cluster stars (Sharma
et al. 2007). Since this cluster seems to be of young age
(see Section 3.1), probability of finding young PMS
low-mass stars, is high in this cluster. The age can thus
be constrained based on the PMS turn-on point or frac-
tion of stars with disc to those without disc stars in the
cluster. Since, for the latter, there is no well-calibrated
relation in the literature, we will concentrate on the PMS
turn-on point in the CMD. To get this point, we need
a clean sample of stars belonging to cluster without
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Figure 6. V versus (V —1.) CMD for (a) stars found within
Kronberger 55 (Factive region < 3"), (b) stars found within field
or reference region and (c) statistically cleaned V versus
(V — 1) CMD, which are over-plotted with the isochrone
(solid blue curve) taken from Pastorelli et al. (2019) for
5 Myr, and the evolutionary tracks (solid red curves) of
different masses taken from Siess et al. (2000). All the
isochrones have been corrected for a distance of 3.5 kpc and
reddening E(B — V) = | mag.

any contamination from the foreground/background
sources. Therefore, we have statistically subtracted the
field CMD (having equal area as of cluster) from the
cluster CMD, to get the real cluster CMD (for details,
refer Sharma et al. 2007, 2012, 2017; Jose et al. 2013).
In the left-panel of Figure 6, we have shown V versus
(V — I.) CMD for the stars located within the active
region, in the middle-panel, we have shown the CMD
for reference field region (7.2 < r < 7.8, r is the
distance from the center of the cluster). In the right-
panel, we have plotted the statistically cleaned V versus
(V —1.) CMD for the cluster region, which clearly indi-
cates the presence of PMS stars. The dashed magenta
curves in the figure are PMS for 0.1 and 5 Myr and the
red curves are the PMS for stars having different masses
(Siess et al. 2000). The isochrones are corrected for a
distance of 3.5 kpc and reddening of E(B — V) = 1
mag. From this distribution, it seems that the most of
the stars in the active region are low mass PMS stars
having ages <5 Myr.

To further confirm the age of stars in this region, we
have plotted in Figure 7, the J versus (J — H) CMD
of the stars located in the Kronberger 55 cluster region,
which are detected in our deep NIR photometry on the
TANSPEC data taken with 3.6-m DOT. We have also
shown the location of young pre-main sequence stars
showing excess IR emission (cf. Appendix). Most of
the disc bearing stars have ages 0.5-3 Myr (Evans et al.
2009). We can clearly see the distribution of low-mass
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Figure 7. J versus (J/ — H) CMD generated using
TANSPEC data for the stars lying within Kronberger 55
region. The red solid curve represents the isochrone for 5
Myr age taken from Pastorelli et al. (2019). The isochrone
has been corrected for a distance of 3.5 kpc and extinction
(E(B—V) = 1.0 mag). Young pre-main sequence stars with
excess IR-emission are shown with red asterisks.

young PMS stars age embedded in the nebulosity of
this regions. Thus, confirms our age estimation (age <5
Myr) of Kronberger 55 cluster.

3.3 Physical environment around Kronberger 55
cluster

The high-resolution IR, sub-mm and radio observations
help us to better understand the distribution of young
stars, gas, dust and ionized gas, etc. (Deharveng et al.
2010; Dewangan et al. 2017).

The upper left panel of Figure 8 represents the color—
composite image of the region generated using the
Herschel 500 um (red), 350 um (green) and 250 um
(blue) band images. These MIR images show the pres-
ence of extended structure of dust and gas emission
in the region with two peaks, one at the location of
cluster Kronberger 55 and another at 5.35 southwards
to it. Both of these peaks have also cold IRAS point
sources associated with them, i.e., IRAS 23507+6230
and IRAS 2350646224 (Lundquist ef al. 2016) termed
as S1and S2, respectively (shown by green ‘x’ symbol).
AnH1iregion ‘G116.3282+4-00.6627 overlapping with
S1 is also reported by Lumsden et al. (2013) (termed as
M1 and shown by magenta ‘+’ symbol).
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Figure 8. Upper left panel: Color—composite image (red: Herschel 500 pm; green: Herschel 350 wm and Herschel 250 pm)
of the region overlaid with the locations of IRAS sources S1 and S2 (shown by green ‘x’) along with an H 11 region M1 (shown
by magenta ‘+’), which overlaps with S1. Upper right panel: Spitzer ratio map of 4.5 um/3.6 um emission, smoothened
using Gaussian function with a radius of two pixels. The location of identified class I and class 1 YSOs are also marked
by yellow and blue asterisks, respectively. The inset 1 represents the zoomed-in view of the ratio map, where Kronberger 55
is located, whereas the inset 2 represents the zoomed-in view of the ratio map, where radio emission takes place. Lower
left panel: Herschel column density map. Lower right panel: Herschel temperature map overlaid with the isodensity
contours (cyan) generated from the 2MASS catalog and NVSS 1.4 GHz radio continuum contours (white). The blue square

represents R2.

The upper right panel of Figure 8 represents the
Spitzer ratio map of 4.5 um/3.6 um emission, which
is smoothened using Gaussian function with a radius
of two pixels. Since, 3.6 and 4.5 m bands have same
point spread function, so they can be divided directly
(refer Dewangan et al. (2017) for further details). This
map imparts some bright and dark regions. The 4.5
um (indicated by brighter regions in the map) holds
a prominent Br-a emission at 4.05 um and a molecular
hydrogen line at 4.693 pm, whereas 3.6 um (indi-
cated by darker regions in the map) holds the PAH

emission at 3.3 pum, which indicates towards the pres-
ence of photo-dissociation region (PDR), which might
have been produced due to the presence of massive
star/s. The inset 1 of this panel represents the zoomed-
in view of the ratio map, where Kronberger 55 is
located, whereas the inset 2 represents the zoomed-in
view of the ratio map, where the radio emission takes
place. We can see bright patches near the Kronberger
55 cluster and at southern radio peak, which sug-
gests the effect of outflow activities from YSOs in the
region.
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The lower left and right panels of Figure 8 represent
the Herschel column density (Np,) and temperature
map, respectively (resolution ~12") procured for EU-
funded ViaLactea project (Molinari et al. 2010b) adopt-
ing the Bayesian PPMAP technique on the
Herschel data (Molinari et al. 2010a) at 70, 160, 250,
350 and 500 um wavelengths (Marsh et al. 2015, 2017).
Both these maps have been overlaid with isodensity and
radio contour (cf. Section 3.1) along with the region R2.
The column density map shows filamentary structures
around Kronberger 55 with two peaks at the loca-
tion of IRAS sources. Various authors have studied the
dark/molecular clouds and found that the star formation
takes place in the regions of high extinction/column
density (Cambrésy 1999; Lada et al. 1999; Cambrésy
et al. 2002; Lombardi et al. 2006; Lada et al. 2010).
Near peaks in the column density map, the temperature
map also shows dust emission warmer (i.e., Ty ~ 21—
24 K) than the surroundings. The outflow activities as
seen by bright patches in the Spitzer ratio map, are coin-
cident with the warm dust emission, thus confirms the
effect of young stars in the region.

4. Discussion

Kronberger 55 cluster is found to be located in a region
showing signatures of recent/active star-formation activ-
ities. It is estimated to be located at a distance of 3.5
kpc, similar to that reported for molecular clouds in
the region (Ma et al. 2021). This confirms associa-
tion of this cluster with the distribution of molecular
clouds. The cluster is also found to be of very young
age, i.e., <5 Myr and has young disc bearing PMS stars
with excess IR-emission. Matter from the disc of these
stars is accreted on to the stellar surface and at cer-
tain instances, they show enhanced accretion rates or
jets/outflow activities (Orlando ef al. 2011). As we can
see bright patches in the Spitzer ratio map, it suggests
excess 4.5 um emission or Br-a/Hy emission due to
the shocked region produced by the outflow activities
of young stars.

There is also distribution of cold/warm gas and dust
in the region as seen in the WISE MIR images. The Her-
schel maps show similar distribution having extended
emission with two strong peaks in the region. The clus-
ter Kronberger 55 lies on one of these peaks and the
other peak shows diffuse radio emission. Both these
peaks also show the bright patches in the Spitzer ratio
map, suggesting the effects of outflow activities. The
temperature maps are also correlated with these bright
patches, thus confirming the effect of young stars in
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Figure 9. Left panel: Herschel 160 ;wm image of the region
showing two dominant peaks connected through a filamen-
tary structure. Right panel: Cartoon diagram depicting EDC
scenario in an HFS.

the region. The radio emission in the southern peak
hints towards the formation of massive star/s. The Kro-
nberger 55 cluster lack radio emission suggesting the
formation of low mass stars there. This is further con-
firmed by the distribution of low-mass young stars in
the cluster region through our deep NIR observations.

This region seems to have two peaks in the molecu-
lar structure with surrounding extended regions. These
extended regions, to some extent, looks like filamen-
tary structures (a region of low aspect ratio and high
column density) identified in various other regions in
Herschel maps (see Dewangan et al. 2022a). Usually,
the filamentary structures are associated with a hub sys-
tem (aregion of very high column density with spherical
geometry, Myers 2009). Population of young stars (both
massive and low mass stars) have been reported in these
hubs in our Galaxy (Dewangan er al. 2020; Kumar
et al. 2020; Wang et al. 2020). We have also found
similar distribution in our studied region, but with two
separate hubs showing star-formation activities and are
connected through a filamentary structure. This kind of
distribution is an HFS with EDC scenario. In Figure
9, we have shown the Herschel 160 xm image along
with a cartoon diagram depicting EDC scenario in our
studied region. Clearly, we can see two peaks show-
ing star-formation activities, which connected through
a filamentary structure.

To further explore the existence of observed config-
uration as seen in the sub-mm maps, we examined the
CGPS '2CO(1-0) line data. In this relation, we pro-
duced an integrated intensity map (or moment-0 map)
of the '2CO emission, which is integrated over a veloc-
ity range of [—50.1, —42.7] km s~! (cf. Dewangan et al.
2021). This velocity range is obtained from the study
of velocity profile, which is not shown in this paper.
The moment-0 map shows the distribution of molecu-
lar emission, revealing a connection of two molecular
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Figure 10. (a) The CGPS '2CO(1-0) molecular emission
map integrated over a velocity range of [—50.1, —42.7] km
s~1. (b) pv diagram along the white arrow marked in panel
(a). The zero-point in this diagram corresponds to the south-
ern end of the arrow.

condensations (Figure 10a). The physical association of
the molecular condensations is also seen in the position—
velocity (pv) map (Figure 10b), which is produced along
an axis passing through both the condensations (see an
arrow in Figure 10a). Note that such molecular configu-
ration is similar as seen in the Herschel maps. However,
due to the coarse beam size of the CGPS 2CO(1 — 0)
line data, we cannot resolve the HFS towards the north-
ern condensation as reported in the Herschel maps.
Hence, the resolution of the CGPS line data is not
enough to obtain more insights into the velocity struc-
tures of the condensations and their connecting filament.
Hence, this work is a scope of our future study.

5. Conclusion

We performed a detailed analysis of the Kronberger 55
open cluster and its surrounding region using optical
observations taken with 1.3-m DFOT having a FOV

J. Astrophys. Astr. (2023) 44:52

of 18.5 x 18.5 and deep NIR observations taken
with TANSPEC having a FOV of 1’ x 1" mounted on
3.6-m DOT along with multiwavelength archival data
sets. We have studied the structure, environment of this
cluster and derived the fundamental parameters. The
major results of this study are as follows:

1. The structural parameters of this cluster have
been derived by using isodensity contours and
found that the Kronberger 55 cluster shows cir-
cular morphology. The core radius of this cluster
is found to be 0.75 arcsec (~0.76 pc).

2. The J versus (J — H) CMD plotted using deep
NIR data of TANSPEC reveals the distance,
extinction and age of the cluster Kronberger 55
as ~3.5 kpc, ~1.0 mag and ~5 Myr, respectively.

3. We have identified a total of 22 YSOs using
TANSPEC on the basis of excess IR emission
within Kronberger 55 cluster, out of which nine
are class I and 13 are class II, which cause outflow
activities around Kronberger 55 cluster.

4. We have analyzed the physical environment
within 18".5 x 18".5 FOV around Kronberger 55
using MIR to FIR images along with NVSS radio
continuum. We have found that there is emission
of extended dust and gas around Kronberger 55
cluster and in southwards location to this cluster
along with PAH emission. The southwards loca-
tion also depicts NVSS 1.4 GHz radio emission.

5. The Herschel temperature map traces shell-like
structure in a temperature range of ~21-24 K
around Kronberger 55 and the same in south-
wards location, which shows extended dust and
gas emission. High column density is also seen in
these two regions in the Herschel column density
map.

6. In the Herschel sub-mm images, this region
seems to have clumps with a surrounding fila-
mentary structures. These clumps are undergoing
active star formation.

7. Using the CGPS >CO(1-0) line data, the molec-
ular map at [—50.1, —42.7] km s~! supports the
existence of two molecular condensations and
their connecting filament as seen in the Herschel
maps. But, the resolution of the CGPS line data
is not sufficient to resolve the HFS towards the
northern molecular condensation.

8. Our study suggests that this region might be an
HFS, where the EDC scenario plays a role in the
formation of young stars.
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Appendix. Identification of YSOs in the region

Stars which are still in the PMS phase, exhibit excess
IR emission due their circumstellar disk. Thus, YSOs
are generally classified on the basis of their IR excess

emission. We have used the GLIMPSE360 catalog of
Spitzer Science Centre (SSC) by applying the updated
classification scheme of Gutermuth et al. (2009) and
the MIR data of ALLWISE catalog of WISE by apply-
ing the scheme given in Koenig & Leisawitz (2014)
for the identification of YSOs. The [K—[3.6]]g ver-
sus [[3.6]-[4.5]]op TCD (see left panel of Figure 11)
gives five class 11 YSOs in our region. Whereas, the
([3.4]-[4.6]) versus ([4.6]-[12]) TCD (see right panel of
Figure 11) gives only three class 1 YSOs. The YSOs
having their counterparts in Spitzer catalog, have been
combined. In such a way, we have obtained six class I
YSOs in total.

We have classified the YSOs in region R1 and R2
using TANSPEC data on the basis of classification
scheme given by Ojha et al. (2004). A total of 13 class
1 YSOs were identified in region R1, whereas 22 YSOs
were identified in region R2 using TANSPEC, out of
which nine were class T and 13 were class II.

In such a manner, we have identified 41 YSOs in the
18'.5 x 18'.5 region.
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