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ABSTRACT

The relative proper motions and tangential velocities of four stars from the cluster NGC 2180 are
investigated using Gaia DR3 data. Our approach is to subtract the mean proper motion of the fields (the
stars within a 1” radius around each target star) and the cluster from the motion of the target stars to
calculate the relative proper motions with respect to their field and the cluster, respectively. From the
relative proper motions of the target stars with respect to the field stars and the distance to the center of
the cluster, we estimated the relative tangential velocities of our target stars. We use the astrometric
excess noise information to filter the field stars from star-like objects, such as unresolved binaries. To
eliminate foreground contaminations of the field stars used to figure out the relative proper motions of the
target stars, we made a parallax cut, Color Magnitude Diagram (CMD) cut, and proper motion (PM)
selection. The flight times of the target stars to the cluster NGC 2180 (kinematic ages) are calculated
using angular separations from the cluster and their relative proper motions with respect to the cluster. All
of the target stars have kinematic ages less than the age of the cluster. The stars, ID1 and ID3 have and
with respect to their fields, which corresponds to the relative velocities respectively. These two stars
could be runaways from the cluster because they have flight times from the cluster agreed with late
ejection from the cluster and have larger proper. The remaining two stars, ID 2 and ID 4 have and with
respect to the fields, which corresponds to the relative velocities and respectively, and could not be
runaways as they have smaller proper motions, although their flight times to the cluster agreed with late
ejection from the cluster.

Keywords: Stars, Runaway stars, Proper motion, NGC 2180.

1. INTRODUCTION

A star cluster is described as gravitationaly bounded group of stars for some period of time and
share a common origin. Galactic Plane star clusters were well-known to classical astronomers
such as Claudius Ptolemy of the 2nd century and Abd al-Rahman al-Sufi of the 10th century
(Collinder, 1931; Mark Allison, 2006). Star clusters are of great astrophysical significance for
evaluating stellar evolution and dynamic models, investigating the mechanism of star formation,
calibrating the extragalactic distance scale and, most significantly, calculating the age and

evolution of the Galaxy (El-Depsey et al., 2023; Noormohammadi et al., 2023). While only a
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small portion of stars are contained in stellar clusters in our galaxy, they are important
astronomical objects that can be very useful to obtain a better understanding of stars
(Burningham et al., 2003; Hartmann et al., 2011).

There are two different types of stellar clusters: open (sometimes also called galactic
clusters) and globular clusters. Globular and open clusters are very distinct from one another in
almost every respect. Open clusters are relatively young, while globular clusters are older stars
(Catharine Garmany, 1994; Yadav, 2023). Open clusters are composed of 100 - 1000 loosely
bounded stars. The loose state makes them star structures which are potentially short-lived. They
have an estimated dimension of 10pc. Open clusters are formed along the gaseous and dust-rich
Galactic plane and the stars distributed in an approximately spherical structure of up to a few
parsecs in radius (Bica et al., 2004; Richard Larson and Beatrice TINSLEY, 1978).

Open clusters often have no determinable shape or structure, and are usually irregular and
loosely shaped, as opposed to globular clusters that are spherical in nature and densely packed
with stars. These clusters are relatively young objects made up of population-I stars and are stars
of the early type . They are found in our galaxy mostly in the spiral arms of the galactic disk
(Aidelman et al., 2018; Mark Allison, 2006; Ahumada and Lapasset, 1995).

Globular clusters are much more closely bound than open clusters that lead to their
spherical form with far greater star concentration in their central region. Globular clusters are
usually made up of very old stars of Population |1 just a few hundred million years younger than
the universe which are mostly yellow and red, with masses below two solar masses, but few rare
blue stars exist in globular, thought to be formed by stellar mergers in their dense inner regions;
these stars are known as blue stragglers (Guzik Joyce et al., 2023; Balona et al., 2013). In our
Galaxy, globular clusters are distributed roughly spherically in the galactic halo, around the
Galactic Center, orbiting the center in highly elliptical orbits. GC are of great interest as nearby
representatives of simple stellar systems whose stars share the same age and initial chemical
composition and they are also close enough to identify the cluster. (Michael Kuhn et al., 2017;
Banerjee Sambaran and Kroupa Pavel, 2017).

The disrupting open cluster NGC 2180 has been first observed and described as a cluster
by W. Herschell (Dreyer, 1888). In order to maximize the cluster/background contrast, the
CMDs have been built with stars extracted within 10 degree for NGC 2180. This cluster can be

recognized as a cluster by the presence of the main sequence and a group of bright giants. The
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recent study open clusters NGC 2180 highlighted as a possible cluster remnant candidate
because the age of the cluster is above 600 million years and its over all distance from the
galaxy. The NGC catalogue classified this object as an open cluster, in Orion, and the cluster
demonstrates signs of star erosion and mass segregation (redistributing stars of different masses
and distances) from tidal forces tugging at the cluster. This cluster lies at a distance
approximately 0.1 kpc, with an estimated age of 710 million years (Myr), observed stellar mass
of myps~ 47Mg, core radius of 0.7pc and a diameter of 9.5 pc it is relatively young for a
remnant, it is still relatively large. So it is actually closer to the galactic plane than many normal
open clusters. NGC 2180 is believed to be a halfway-house object, an old evolved cluster, but
not yet a fully blown remnant (Jeffrey Silverman et al., 2013; Bonatto et al., 2004; Anthony-
Twarog et al., 1991).

Our motivation to work with Gaia DR3 is that Gaia provides the proper motion of the
target stars along with proper motions across the full field of the NGC 2180 to a new
combination of precision and density (Gaia Collaboration, 2022). This allowed us to work
differently, by obtaining proper motion differences with respect to the local NGC 2180 motion
within each subfield (by imposing a 10 arc sec radius area around each of the target stars) and
with respect to the cluster NGC 2180.

In this study, we crossmutchdasd the coordinates of the high In This study, we cross
matched the coordinates of the star members of the cluster NGC 2180 with higher proper
motions with Gaia coordinates and only four of these stars match within a 0.01°” radius. We
calculated the relative proper motions of these four stars (our target stars) of NGC 2180 cluster
with respect to their fields stars and with respect to the cluster using Gaia DR3 (Gaia
Collaboration, 2022). Field stars are stars within 10” (10 arc minute) radius from each target
stars. We made a photometric selection to isolate stars within the NGC 2180 cluster region.

To exclude foreground contamination of the member stars of each subfield, we used
techniques like parallax cut, CMD cut and proper motion cut (PM) cut, for details refer
(Teklehaimanot and Gebrehiwot, 2023). Together with the relative proper motions and tangential
velocities, the flight times of the target stars to the NGC 2180 cluster were calculated and used to

identify runaways from this cluster.

© CNCS, Mekelle University 225 ISSN: 2220-184X



Efrem Ambaye Kahsay and Yikdem Mengesha Gebrehiwot (MEJS) Volume 16(2):223-235, 2024

The origin of the data we used and the Gaia DR3 data analysis process including the
selections that we performed to obtain the final samples of field stars are described under

methodology and the main results of this work are analyzed and discussed in the later sections.

2. METHODOLOGY

2.1 Gaia DR3 data selection

In this work, we used the Gaia DR3 data from Gaia archive available in the home page
(https://gea.esac.esa. int/archive/) to identify the field stars around each target stars by imposing
10" (10 arc minute) radius. We select four stars, that have coordinates cross matched with Gaia
coordinates, from the local NGC 2180 cluster to study their relative proper motions with respect
to the fields and the cluster itself. The mean proper motion of the corresponding field stars and
the cluster are subtracted from the proper motion of the target star to obtain the star’s motion
with respect to its field stars and the cluster. To use the Gaia DR3 data, we cross-match the
coordinates of the target stars with Gaia DR3 data and extract their proper motions and their Gaia
DR3 ID as presented in table 1.

Table 1. The Gaia DR3 coordinates and proper motions of the target stars. The first and second columns of this
table are the ID we give and Gaia DR3 ID respectively. The parallax & in mas and uncertainties (values
in brackets), coordinates in a. and 9 for target stars are presented in columns 3 - 5 respectively; and the
proper motions and uncertainties in o and O for target stars are presented in columns 6 and 7
respectively.

ID DR3 1D b4 a 0 Ha Hs

1 3318219787895607168 0.96(0.03) 92.56815 4.85719  2.46(0.03) -3.52(0.03)
2 3318235524655811968 1.03(0.04) 92.39738 4.95767 1.11(0.05) -2.12(0.04)
3 3318217172257699200 1.07(0.07) 9258337 4.80296 2.31(0.07) -4.79(0.06)
4 3318222193077506816 1.06(0.03)  92.29356 4.71367  2.56(0.03) -3.50(0.03)

2.2 Gaia DR3 Data Analysis

The proper motions of the field stars within 10 arc minutes radius area around each of our target
stars are extracted from Gaia DR2 data . We used the astrometric excess noise (exclude stars
with non-zero astrometric excess noise value) to select stars which are consistent with the star
models and exclude contamination like unresolved binaries. We incorporate only stars with
parallax and proper motion information consistent with the cluster NGC 2180 in each sub-fields
using different data cutting methods adopted from (Gebrehiwot and Teklehaimanot, 2022). We
made a parallax cut to the field stars to identify the cluster NGC 2180 members of the field stars
and eliminate the foreground contamination using parallax information.
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We plotted a color magnitude diagram(CMD), Bp vs Bp - Rp, of the new sample to
enable us to visually inspect the field star members of the cluster NGC 2180 by choosing young
and massive main sequence stars restricted with equation 1. The CMD of field stars of the four
target stars are presented in figure 1 (the upper panel, from left to right, is for starl and star 2 and
the lower panel is for star 3 and star 4 respectively). The red squares in figure 1 represent the
field stars with astrometric excess noise value of 0, the blue circles represent the field stars
filtered by parallax selection, and the green dots represent the field stars filtered by CMD
selection using equation 1 to choose the young and massive main sequence star members of the
cluster NGC 2180 and to minimize the back ground contaminations.
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Figure 1. The color magnitude diagram for the 10 arcminute radius field stars centered around the target star with
the Gia DR3 data. The complete sample of the field stars with astrometric excess noise value of 0 are
shown in red solid square, the field stars filtered by parallax cut are shown in blue circle, and the field
stars with CMD cut using Equation 1 corresponds to the green dotes.
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Finally, we used the proper motion information to further clean the foreground
contamination of the parallax cut and Color Magnitude Diagram (CMD) cut sample. We plotted
a Point-Vector Diagram and eye selected the densest clump of stars as shown in figure 2,

removing any outliers and these are the final samples of each fields.
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Figure 2. Proper-motion diagram of the field star. The densest clump with green dotes at the center are stars
remaining after applying the parallax cut and are selected field stars to determine the mean proper
motion of each fields.

After the above selection processes, we identified the cluster NGC 2180 members of each
sub-fields that move together in the sky. Then, we generated the average (mean) of the proper
motions of each field stars and this local field motion is then subtracted from the proper motion

of the target star to obtain the star’s motion with respect to its neighbors.

3. RESULT AND DISCUSSION
The relative proper motions of each target stars are estimated by taking the differences between

the proper motion of the target stars and the mean of each field stars as shown in table 2.
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Table 2. The calculated mean proper motions field stars and proper-motion differences between the target and field
stars.The first columns of this table is the given ID. The proper motions and uncertainties (values in
brackets) in a and o for target stars are presented in columns 2 and 3 respectively;, The number of field
stars in each sub-field, the calculated mean proper motions and uncertainties (values in brackets) in o and o
for field stars are presented in columns 4, 5 and 6 respectively; the values of the proper motion differences
between the target star and the mean of the field in o. and 0 are presented in column 7 and 8 respectively.

ID Ha T N £tars ”é u{;‘ A”“ Aué‘

1 2.46(0.03) -3.52(0.03) 1123 0.35684(0.127) -1.06808(0.172) 2.5472(0.041) -2.6859(0.099)
2 1.11(0.05) -2.12(0.04) 1038 0.43052(0.139) -0.51861(0.289) 2.47345(0.048) -1.7194(0.204)
3 2.31(0.07) -4.79(0.06) 1048 -0.20397(0.157) -0.91800(0.288) 2.3560(0.003) -4.0190(0.105)
4 256(0.03) -3.50(0.03) 1012 0.52753(0.484) -0.82523 (0.768) 0.4924(0.4506) -2.6708(0.712)

The standard errors of the proper motion in right as ascension and declination for the
target stars (the values in brackets in table 2 columns 2 and 3 respectively) are taken from Gaia
DR3, whereas the standard errors of proper motion in right ascension and declination (the values

in brackets in table 2 columns 5 and 6 respectively) for each sub-fields are determined from the

€
’ f
Nstars

are the standard errors of proper motion in right ascension and declination deviation, and the

, Where, € and N/

standard deviation of sub-field star by using uncertainty equation stars

number of selected stars in each sub-field stars respectively. As N A

stars Of stars increases, the

uncertainty in mean proper motion of the sub-field stars decreases, which is strongly agreed with
statistical assumptions.

The standard errors of the relative proper motions in right ascension and declination (the
values in brackets in table 2 columns 7 and 8 respectively) are calculated using the quadratic sum

of the errors of the target stars and the mean of the sub-fields using equation 2.

2 2

20pq 2 2Aus

— _ 2Alg __ 285 2
Eap = 2 > €rua > > €Erus (2)
Aug+Aug Apg+Aus

In similar manner, we also calculated the relative proper motions of our target stars with

+

respect to cluster NGC 2180 mean proper motion, which is pgcus = (1.43 + 0.47)mas/yr and
Usclus = (—0.56 + 0.39)mas/yr (Gaia Collaboration 2022). Subtracting the mean proper

motion of NGC 2180 from the proper motion of each target stars we calculated the relative
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proper motion with respect to the cluster and we used these relative proper motions to estimate
the kinematic age of our target stars.

Table 3. The calculated relative proper motions, tangential velocities and kinematic age of the target stars.

ID  Apg[maslyr]  Apg[maslyr] ATV [kmi/s] ATV 4[km/s] R [KPC]  Tgin[Myr]

1 3.702(0.154) 2.479(0.849) 17.018(3.284) 11.399(2.907) 0.1281  0.1123
3.012(0.246) 0.408(0.770) 13.689(2.853) 1.854(3.499) 0.4805  0.2591
4659(0.181) 3.211(0.589) 21.656(3.423) 14.928(2.741) 0.4805  0.0089
2.716(1.409) 1.696(0.836) 13.129(2.833) 8.201(4.042) 0.1815  0.2213

Bl

Table 3 presents the given ID, the relative proper motions and uncertainties (values in
brackets) relative to the field stars (Apg) and the mean proper motion of the cluster (Ap;) of the
target stars, the relative tangential velocities with respect to the mean motion of the cluster
(ATV,), the calculated angular distance from NGC 2180 (R,) in KPc using equation 3, and the
flight time to the cluster NGC 2180 (tk;y,) using Equation 4 from columnl - 6 respectively.

We calculated the angular distance of each target stars from NGC 2180, using the
distance between two points with celestial coordinates (o, Ox) and (ay, Jy), according to

equation 3.

R = \/(ay — 0x)?(c088y)? + (8y — 6,)2.  mmmmmemmemeeeeee- 3)
Taking the assumption that all the target stars are escaping from the cluster NGC 2180
and the proper motions align along the position angle to the cluster, the flight times or kinematic

ages of each target stars, presented in the last column of table 3 were calculated using equation 4.

Rl

Tkin = (4)

Where, R is the angular distance to the cluster in KPc, Apg is the relative proper
motions of the target star in mas/yr, and tg;, the kinematic age in years.

The calculated flight time to the cluster (tk;, in Table 3 ) of the target stars are much
smaller than the age of NGC 2180 (~710 Myr), which is estimated by (C. Bonatto et al., 2004).
Accordingly, all the target stars have ejection scenario consistent with recent ejection from the
cluster NGC 2180. The relative proper motion of the stars with ID 1 and ID 3 are larger than that

of the remaining two stars, as presented on figure 3.
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Figure 3. Right ascension vs declination of the target stars and the cluster at the center (the blue) diamond. The
length of the arrows from the target stars are scaled by the relative proper motion of the target stars with
respect to the filed stares.
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Figure 4. The relative proper motion in right ascension vs relative proper motion in declination of the target stars
with respect to the cluster.

The relative proper motions of our target stars with respect to cluster NGC 2180, with
objects that deviate from the origin (0,0) indicate larger differences in proper motion from the
mean motion of the cluster are shown in figure 4. The stars ID 1 and ID 3 deviates significantly
larger from the origin (0,0) than the other two stars, confirmed that stars 1D1 and ID 3 could be
runaway stars in the tangential plane of the cluster NGC 2180 with relative proper motions

Ape < 4.659 mas/yr which corresponds to a tangential velocity of < 22 km/s.

4. CONCLUSION
The relative proper motions and tangential velocities of four stars, from the NGC 2180 cluster,

are calculated to verify if the stars are runaways and ejected from the tangential plane of the
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cluster. The target stars have relative proper motions Aps < 4.659 mas/yr and Apgy < 3.211
mas/yr with respect to the field stars and the cluster respectively, that corresponds to tangential
velocities < 22km/s and <15km/s with respect to the field stars and the cluster respectively. Two
of the stars, ID 1 and ID 3 are runaways as these stars have uy = (3.702 + 0.154)mas/yr and
tr = (4.659 + 0.181)mas/yr with respect to their fields, which corresponds to the relative
velocities V; = 17.018 km/s and V; = 21.656 km/s respectively and the estimated traveled
distance of the stars in their life span consistent with late ejection scenario from the tangential
plane of the cluster NGC 2180. This result is consistent with the criteria proposed for minimum
runway velocity in the galactic plane (Carretero-Castrillo et al., 2023).

The other two Stars, ID 2 and ID 4 have pg = (3.012 + 0.246)mas/yr and p; =
(2.716 + 1.409)mas/yr with respect to the fields, which corresponds to the relative velocities
Vr = 13.689 km/s and V; = 13.129 km/s respectively, could not be runaways from the cluster
NGC 2180 as they have relatively smaller relative proper motions and tangential velocities with
respect to the field stars and the cluster NGC 2180, although the estimated flight times to the

cluster or the kinematic age agreed with late ejection from the cluster.

5. ACKNOWLEDGEMENTSES

This work has made use of data from the Euro pean Space Agency (ESA) mission Gaia
(https://www.cosmos.esa.int/gaia), processed by the Gaia Data Processing and Analysis Consortium
(DPAC, https://www.cosmos.esa.int/web/gaia/dpac/consortium).Funding for the DPAC has been
provided by national institutions, in particular the institutions participating in the Gaia Multilateral
Agreement. This research has made use of the VizieR catalogue access tool and the SIMBAD database

operated at CDS, Strasbourg,France, and NASA’s Astrophysics Data System Bibliographic Services.

6. CONFLICT OF INTERESTS

No conflict of interests.

7. REFERENCE
Ahumada, J & Lapasset, E. 1995. catalogue of blue stragglers in open clusters. Astronomy and

Astrophysics Supplement Series, 109: 375-382.

© CNCS, Mekelle University 232 ISSN: 2220-184X



Efrem Ambaye Kahsay and Yikdem Mengesha Gebrehiwot (MEJS) Volume 16(2):223-235, 2024

Aidelman, Y., Lydia Sonia Cidale, Zorec J & Jorge Alejandro Panei. 2018. Open clusters-I11.
fundamental parameters of B stars in NGC 6087, NGC 6250, NGC 6383, and NGC 6530
B-type stars with circumstellar envelopes. Astronomy & Astrophysics, 610: A30.

Anthony-Twarog, Barbara, J., Heim Eric, A., Twarog Bruce, A & Caldwell Nelson. 1991. A BV
Photographic and CCD Analysis of the Intermediate-Age Open Cluster NGC 3680.
Astronomical Journal, 102: 1056-10609.

Balona, L. A., Medupe, T., Abedigamba, O. P., Ayane, G., Keeley, L., Matsididi,
M., Mekonnen, G., Nhlapo, M. D & Sithole, N. 2013. Kepler observations of the open
cluster NGC 6819. Mnras, 430(4): 3472-3482.

Banerjee Sambaran & Kroupa Pavel. 2017. How ca n young massive clusters reach their present-
day sizes? Astronomy & Astrophysics, 597: A28.

Bica, E., Bonatto, C & Carlos, M. D. 2004. Discovery of three optical open clusters in the
galaxy. Astronomy & Astrophysics, 422(2): 555-562.

Bonatto, C., Bica, E & Pavani, D. B. 2004. NGC 2180: A disrupting open cluster?. Astronomy
and Astrophysics, 427: 485-494.

Burningham, B., Naylor, T., Jeffries, R & Devey, C. 2003. On the nature of Collinder 121:
insights from the low-mass pre-main sequence. Monthly Notices of the Royal Astronomical
Society, 346(4): 1143-1150.

Carretero-Castrillo M., Ribo, M & Paredes, J. M. 2023. Galactic runaway O and Be stars found
using Gaia DR3. American Academy of Pediatrics, 679: A109.

Catharine, D Garmany. 1994. Ob associations: Massive stars in context. Bulletin of the American
Astronomical Society, 23(5): 1468.

Collinder, P. 1931. On Structural Properties of Open Galactic Clusters and their Spatial
Distribution.  Plates. Annals of the Observatory of Lund, 2: B64-B79,
https://ui.adsabs.harvard.edu/abs/1931AnLun...2...64C.

Dreye, J. L. E. 1888. A New General Catalogue of Nebul{\ae} and Clusters of Stars, being the
Catalogue of the late Sir John F. W. Herschel, Bart, revised, corrected, and enlarged.
MmRAS..49....1D, https://ui.adsabs.harvard.edu/abs/1888MmRAS..49....1D.

El-Depsey, M. H., Hendy, Y. H. M., Shokry Ahmed, Abdelbar Ahmed, M & Beheary, M. M.
2023. Study of solar neighborhood open cluster NGC 6475 and 11 possible members B-
type stars. Journal of Astrophysics and Astronomy, 44(2): 65.

© CNCS, Mekelle University 233 ISSN: 2220-184X


https://ui.adsabs.harvard.edu/search/q=author:
https://ui.adsabs.harvard.edu/search/q=author:
https://ui.adsabs.harvard.edu/search/q=author:
https://ui.adsabs.harvard.edu/search/q=author:
https://ui.adsabs.harvard.edu/search/q=author:%22Balona%2C+L.+A.%22&sort=date%20desc,%20bibcode%20desc
https://ui.adsabs.harvard.edu/search/q=author:%22Medupe%2C+T.%22&sort=date%20desc,%20bibcode%20desc
https://ui.adsabs.harvard.edu/search/q=author:%22Abedigamba%2C+O.+P.%22&sort=date%20desc,%20bibcode%20desc
https://ui.adsabs.harvard.edu/search/q=author:%22Ayane%2C+G.%22&sort=date%20desc,%20bibcode%20desc
https://ui.adsabs.harvard.edu/search/q=author:%22Keeley%2C+L.%22&sort=date%20desc,%20bibcode%20desc
https://ui.adsabs.harvard.edu/search/q=author:%22Matsididi%2C+M.%22&sort=date%20desc,%20bibcode%20desc
https://ui.adsabs.harvard.edu/search/q=author:%22Matsididi%2C+M.%22&sort=date%20desc,%20bibcode%20desc
https://ui.adsabs.harvard.edu/search/q=author:%22Mekonnen%2C+G.%22&sort=date%20desc,%20bibcode%20desc
https://ui.adsabs.harvard.edu/search/q=author:%22Nhlapo%2C+M.+D.%22&sort=date%20desc,%20bibcode%20desc
https://ui.adsabs.harvard.edu/search/q=author:%22Sithole%2C+N.%22&sort=date%20desc,%20bibcode%20desc
https://ui.adsabs.harvard.edu/search/q=author:
https://ui.adsabs.harvard.edu/search/q=author:
https://ui.adsabs.harvard.edu/search/q=author:
https://ui.adsabs.harvard.edu/search/q=author:
https://ui.adsabs.harvard.edu/search/q=author:
https://ui.adsabs.harvard.edu/search/q=author:
https://ui.adsabs.harvard.edu/search/q=author:
https://ui.adsabs.harvard.edu/search/q=author:
https://ui.adsabs.harvard.edu/search/q=author:
https://ui.adsabs.harvard.edu/search/q=author:

Efrem Ambaye Kahsay and Yikdem Mengesha Gebrehiwot (MEJS) Volume 16(2):223-235, 2024

Gaia Collaboration, 2022. VizieR Online Data Catalog: Gaia DR3 Part 6. Performance
verification (Gaia Collaboration, 2022). VizieR Online Data Catalog: 1/360. Originally
published in: Astronmy and Astrophys,
https://ui.adsabs.harvard.edu/abs/2022yCat.1360....0G.

Gebrehiwot, Y. M & Teklehaimanot, B. T. 2022. The study of runaway candidate stars in the 30
Doradus region: Using Gaia DR2 data. New Astronomy, 82: 101455.

Guzik Joyce, Baran, A. S., Sanjayan, S., Nemeth, P., Hedlund, A. M., Jackiewicz, J
& Dauelsberg, L. R. 2023. Variable Blue Straggler Stars in the Open Cluster NGC 6819
Observed in the Kepler "Superstamp™ Field. The Astronomical Journal, 165(5): 188.

Hartmann, M., Debattista, V. P., Seth, A., Cappellari, M & Quinn, T. R. 2011. Constraining the
role of star cluster mergers in nuclear cluster formation: simulations confront integral-field
data. Monthly Notices of the Royal Astronomical Society, 418(4): 2697-2714.

Jeffrey, M. S., Nugent, P. E., Gal-Yam, Avishay., Sullivan, M., Howell, D. A., Filippenko, A.
V., Arcavi, I., Ben-Ami, S., Bloom, J. S., Cenko, S. B., Cao, Yi., Chornock, R., Clubb, K.
l., Coil, A. L., Foley, R. J., Graham, M. L., Griffith, C. V., Horesh, A., Kasliwal, M. M.,
Kulkarni, S. R., Leonard, D. C., Li, W., Matheson, T., Miller, A. A., Modjaz, M., Ofek, E.
0., Pan, Yen-Chen., Perley, D. A., Poznanski, D., Quimby, R. M., Steele, T. N., Sternberg,
A., Xu, Dong & Yaron, O. 2013. Type la supernovae strongly interacting with their
circumstellar medium. The Astrophysical Journal Supplement Series, 207(1): 3 (15pp),
doi:10.1088/0067-0049/207/1/3.

Mark Allison. 2006. Star clusters and how to observe them. London: Springer-Verlag,
Astronomers' observing guides, ISBN 1846281903.

Michael, A. Kuhn, Nicol’as Medina, Konstantin, V. Getman, Eric, D. Feigelson, Mariusz
Gromadzki, Jordanka Borissova & Radostin Kurtev. 2017. The structure of the young star
cluster NGC 6231. 1. stellar population. The Astronomical Journal, 154(3): 87.

Noormohammadi, M., Khakian Ghomi, M & Haghi, H. 2023. The membership of stars, density
profile, and mass segregation in open clusters using a new machine learning-based method.
Monthly Notices of the Royal Astronomical Society, 523(3): 3538-3554.

Richard, B. Larson & Beatrice, M. TINSLEY, 1978. Star formation rates in normal and peculiar
galaxies. The Astrophysical Journal, 219: 46-59.

© CNCS, Mekelle University 234 ISSN: 2220-184X


https://ui.adsabs.harvard.edu/search/q=author:
https://ui.adsabs.harvard.edu/search/q=author:
https://ui.adsabs.harvard.edu/search/q=author:%22Guzik%2C+J.+A.%22&sort=date%20desc,%20bibcode%20desc
https://ui.adsabs.harvard.edu/search/q=author:%22Baran%2C+A.+S.%22&sort=date%20desc,%20bibcode%20desc
https://ui.adsabs.harvard.edu/search/q=author:%22Sanjayan%2C+S.%22&sort=date%20desc,%20bibcode%20desc
https://ui.adsabs.harvard.edu/search/q=author:%22Nemeth%2C+P.%22&sort=date%20desc,%20bibcode%20desc
https://ui.adsabs.harvard.edu/search/q=author:%22Hedlund%2C+A.+M.%22&sort=date%20desc,%20bibcode%20desc
https://ui.adsabs.harvard.edu/search/q=author:%22Jackiewicz%2C+J.%22&sort=date%20desc,%20bibcode%20desc
https://ui.adsabs.harvard.edu/search/q=author:%22Jackiewicz%2C+J.%22&sort=date%20desc,%20bibcode%20desc
https://ui.adsabs.harvard.edu/search/q=author:%22Dauelsberg%2C+L.+R.%22&sort=date%20desc,%20bibcode%20desc
https://ui.adsabs.harvard.edu/search/q=author:
https://ui.adsabs.harvard.edu/search/q=author:
https://ui.adsabs.harvard.edu/search/q=author:
https://ui.adsabs.harvard.edu/search/q=author:
https://ui.adsabs.harvard.edu/search/q=author:
https://ui.adsabs.harvard.edu/search/q=author:
https://ui.adsabs.harvard.edu/search/q=author:
https://ui.adsabs.harvard.edu/search/q=author:
https://ui.adsabs.harvard.edu/search/q=author:
https://ui.adsabs.harvard.edu/search/q=author:

Efrem Ambaye Kahsay and Yikdem Mengesha Gebrehiwot (MEJS) Volume 16(2):223-235, 2024

Teklehaimanot, B. T & Gebrehiwot, Y. M. 2023. A and F spectral type runaway star candidates
in the 30 Doradus region. New Astronomy, 106: 102128.

Yadav, R. K. S., Dattatrey Arvind, K., Rangwal Geeta, Subramaniam Annapurni, Bish, D &
Sagar, Ram. 2023. UOCS XIII. Study of the FUV bright stars in the open cluster NGC
2420 using ASTROSAT. arXiv e-prints. arXiv:2312.06483,
https://ui.adsabs.harvard.edu/abs/2023arXiv231206483Y.

© CNCS, Mekelle University 235 ISSN: 2220-184X



