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Abstract
We have carried out a quantitative analysis of the 1◦× 1◦ region near star-forming site AFGL
5157 using ’Minimal Spanning Tree’ (MST). The analysis reveals that this region consists of
five major clusters. The cluster radii of the cores and active regions were found to be varying
between 0.75–2.62 pc and 2.77–4.58 pc, respectively, for these regions, while the aspect ratio
varies between 0.71 to 7.17. This hints towards the clumpy as well as elongated clusters in
the region. We calculated structure parameter Q for each region which varies between 0.41–
0.62 and 0.23–0.81 for the cores and ARs, respectively. This shows the existence of fractal
distribution in all the cores and ARs except the core of the [HKS2019] E70 bubble.
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1. Introduction
The formation of stars occurs in a group of clusters and associations, and it is assumed that

they cannot be formed in isolation (Lada and Lada, 2003). Observational analyses of embedded
star-forming regions reveal that the distribution of stars is generally elongated, clumpy, or both
(Allen et al. 2008; Koenig et al. 2008). This distribution is correlated with the distribution of
dense molecular gas of natal clouds (Allen et al., 2008). The degree to which a cloud can form
a group or association of stars is majorly governed by the dense material in the molecular cloud
(Lada and Lada, 2003). The star formation scenario and the physical processes affecting the
star formation in the region can be well understood by the mapping of young stellar objects
(YSOs; Koenig et al. 2008). Various surveys of molecular clouds reveal that approximately
75% of the embedded young stars exist in groups their clusters have equal to or more than 10
members (Zinnecker et al., 1993; Allen et al., 2007). The quantitative structural analysis of
these clusters; the sizes, densities, and morphologies of young stellar cores: can be used to
examine the theoretical models of star formation (Kuhn et al., 2014).
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Figure 1: Color-composite image (Red: WISE 22 µm; Green: WISE
3.4 µm; Blue: 2MASS H band, 1.65 µm) of 1◦ × 1◦ region overlaid
with the locations of five clusters (blue circle).

2. Source Selection
Active star-forming regions in molecular clouds generally consist of young star clusters

(YSCs), mid-infrared (MIR) bubbles, clouds/filaments, and massive stars. Previous studies
have suggested that the expansion of bubbles associated with the H II regions can trigger 14 to
30% of the formation of the stars (e.g., Deharveng et al. 2010, Kendrew et al. 2012).

For the present study, we have selected a poorly explored region of 1◦×1◦ which consists of
five clusters: AFGL 5157 (α = 05h 37m 48s and δ =+31◦59

′
44

′′
), MIR bubble [HKS2019] E70

(α = 05h 38m 19s and δ =+31◦44
′
22

′′
), [FSR2007] 0807 (α = 05h 36m 39s and δ =+31◦49

′
20

′′
),

[KPS2012] MWSC 0620 (α = 05h 39m 20s and δ = +31◦30
′
58

′′
) and an H II region IRAS

05221+3115 (α = 05h 36m26s and δ =+31◦17
′
43

′′
).

Figure 1 shows the color-composite image (Red: WISE 22 µm; Green: WISE 3.4 µm;
Blue: 2MASS H band, 1.65 µm) of 1◦× 1◦ region overlaid with the locations of five clusters
(blue color). The WISE 22 µm represents the distribution of warm gas. The MIR emission in
3.4 µm wavelength indicates the distribution of gas and dust. All these features coincide with
the locations of identified clusters indicating strong evidence of star formation activities.
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Figure 2: (left) MST connections in the core (blue) and AR (green)
and the locations of YSOs (blue dots for the YSOs in the core and green
dots for the YSOs in AR). The isolated cores and ARs are also enclosed
by the Convex hulls using cyan and yellow lines, respectively. The lo-
cations of the identified YSOs are also marked by black dots. (right)
Histogram of the MST branch lengths.

3. Extraction of the Cores and the Active Regions (ARs)
Assuming that the five clusters in the region might be fragmented from the same molecular

cloud, we isolated them by applying an empirical technique ’Minimal Spanning Tree’ (MST;
Gutermuth et al. 2009). This technique finds edges with minimum weight in each iteration
and then adds them to the MST. The advantage of this technique is that it isolates the subgroups
without biasing or smoothening and prevents basic geometry (Cartwright and Whitworth, 2004;
Gutermuth et al., 2009; Pandey et al., 2020). We used this technique on the identified YSOs
based on excess IR emission. The MST is plotted in the left panel of Fig. 2, which points
towards five subgroups in the region having different concentrations of YSOs. The dots and
lines in different colors are representing the YSOs and the MST branches, respectively. We
chose a surface density threshold stated as critical branch length to isolate the subgroups by
plotting a histogram between MST branch lengths and MST branch numbers (right panel of
Fig. 2). The histogram peaks at a relatively small spacing than large spacing which indicates
the existence of significant subgroups. If the sources have a branch length less than the critical
branch length, then they are considered part of the same cluster.

These sub-groups are enclosed by selecting a point where the shallow-sloped segment has
a gap in the distribution of MST branch lengths. These regions are termed as ’active regions’
(AR). It is considered that these regions have moved out of the core (overdense regions) because
of dynamic evolution. The critical branch lengths are 100 and 125 pixels for the cores and ARs,
respectively. The YSOs and MST connections in the cores and ARs are represented by blue
and green dots and lines, respectively, in the left panel of Fig. 2. The isolated cores and ARs
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Table 1: Properties of the Identified Cores and ARs. We list central position of the sub-
regions (Region), the total number of enclosed YSOs (Ntot), the number of enclosed Class I

YSOs (NI), the number of enclosed Class II YSOs (NII), the number of the vertices of the
convex hull (V ), the radius of the cluster (Rcluster), the circle radius (Rcirc), the aspect ratio
and the Q parameter.

Region Ntot NI NII V Rcluster Rcirc Aspect Q
(pc) (pc) Ratio parameter

For Cores
AFGL5157 52 2 50 9 2.62 3.39 3.96 0.62

[HKS2019] E70 12 0 12 5 2.59 2.19 0.71 0.50
[FSR2007] 0807 (C1) 16 4 20 7 1.29 1.82 2.00 0.55
[FSR2007] 0807 (C2) 7 2 5 4 0.89 1.02 1.31 0.44

[KPS2012] MWSC 0620 25 5 20 9 2.61 3.10 1.41 0.39
IRAS 05221+115 10 0 10 5 0.75 2.00 7.17 0.24

For ARs
AFGL5157 60 2 58 7 3.57 4.58 1.64 0.38

[HKS2019] E70 15 1 14 6 2.59 3.53 1.86 0.81
[FSR2007] 0807 30 5 25 9 2.56 2.80 1.20 0.61

[KPS2012] MWSC 0620 36 10 26 7 3.95 5.27 1.78 0.37
IRAS 05221+115 13 3 9 4 1.44 2.77 3.70 0.23

are enclosed by the Convex hulls using cyan and yellow lines, respectively. All the clusters
are found to have a single core, whereas [FSR2007] 0807 is found to have two cores which
are termed C1 and C2. The locations of all the identified YSOs are shown by black dots. We
have also calculated the radius of the cores and ARs (Rcluster), Rcirc, and aspect ratio. Rcirc is
expressed as half of the distance between the two most distant hull points, whereas the aspect

ratio is R2
circ

R2
cluster

. The evaluated parameters of identified regions are given in Table 1.

The shape of the cluster may not always be circular. So, the cluster area is redefined by
convex hull, which is a polygon enclosing all points of a grouping with internal angles less
than 180◦ between two contiguous sides (Schmeja and Klessen 2006, Sharma et al. 2020). The
convex hull is used to evaluate the area of the cluster Acluster (Sharma et al., 2020), given as:

Acluster =
Ahull

1− nhull
ntotal

where Ahull is the hull area, nhull is the total number of hull vertices and ntotal is the number of
points lying inside the hull. Rcluster is the radius of the circle whose area is equal to Acluster.

4. Result and Conclusion
We examined the spatial distribution of the YSOs in the 1◦×1◦ region near the star-forming

site AFGL 5157. MST analysis of the region reveals the presence of five major clustering in the
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region. We have determined the basic structural parameters of these regions and found that the
radius of the cluster varies between 0.75 pc to 2.62 pc with a mean value of 1.74 pc. In contrast,
the aspect ratio varies between 0.71 to 7.17. Thus this region consists of clumpy as well as
elongated clusters. We also calculated structure parameter Q for each region (see Table 1) and
found that it varies between 0.41-0.62 and 0.23-0.81 for the cores and ARs, respectively. The
large Q values (i.e., > 0.8) are related to the centrally condensed spatial distributions, whereas
small Q values (i.e., < 0.8) are related to the fractal substructures (Dib and Henning, 2019).
This shows the existence of fractal distribution in all the cores and ARs except the core of
[HKS2019] E70. Since [HKS2019] E70 has Q > 0.8, thus it has a centrally condensed spatial
distribution.
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