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OPEN A detailed analysis of the Czernik

38 cluster and its associated tidal
tail, utilizing Gaia DR3 and 2MASS

Nasser M. Ahmed

This study provides a thorough investigation of the open cluster Czernik 38, employing photometric
and astrometric data from Gaia DR3 and 2MASS. Our analysis refines the fundamental parameters

of the cluster, including its structure, kinematics, evolutionary status, age, and morphology. To
evaluate membership, we utilized the pyUPMASK Python package in conjunction with the HDBSCAN
algorithm. The main focus of this research is our novel method of assigning a membership probability
at each radius, instead of using a singular value for the entire cluster. One of the main outcomes of
our research indicates that there is an elongated structure and a leading tidal tail that aligns with

the orbital trajectory of the cluster. This tidal phenomenon arises due to orbital differential rotation.
Furthermore, we have discovered a new star cluster located 32 arcmin from the center of Czernik. This
cluster may serve as a companion to the Czernik 38 cluster in a binary cluster system or a complex
colliding system; we will explore this further in subsequent research. According to Gaia, the distance
modulus of the cluster and the color excess E(Ggp — Grp) are measured at 12.69+ 0.08 mag and
2.40 £ 0.04 mas, respectively. Additionally, from 2Mass, the distance modulus is 12.87 4- 0.93 mag,
while the color excess E(J — K,) is 0.89 & 0.2 mag. Moreover, the cluster age is determined to be
115.04 20.3 Myr. The components of proper motion (ut, cos d, p1s) and the parallax (zo) are found as
-2.41 +0.328 mas yr—1, -5.263 + 1.063 mas yr—!, and 0.21 + 0.083 mas, respectively. The calculated
mean Gaia distances are roughly 3580.4 & 230.5 pc, which is in agreement with the photometric data
from the Gaia and 2Mass data, within the error. There are 37 stars that exhibit radial velocity with
average 46.1 + 8.54km s, which allows us to derive orbital parameters using the galpy python
package. As a result, the cluster is moving parallel to the Galactic plane towards the Galactic center. We
have identified a novel category of pre-main sequence stars that form a distinct branch in the right of
Color-Magnitude Diagram (CMD). These stars exhibit lower temperatures and surface gravity compared
to main sequence stars. This implies that there exists a significant rate of star formation within the
Czernik 38 cluster. Furthermore, we have discovered many faint blue stars in Czernik 38, as well as in
the newly identified clusters, which could potentially be white dwarf stars.

Keywords Star cluster, Gaia DR3, CMD, Parallax, Proper motion, Distance, Membership, Mass function,
Tidal tail, Binary cluster

Open clusters (OCs) are significant in improving our insight into stellar evolution and the structure of galaxies.
These gravitationally bound groups of stars, which share similar ages and chemical abundances, are crucial for
elucidating the formation history of the disc of the Milky Way. They are formed from stars that developed under
almost identical physical conditions and within a short time frame, thereby acting as exceptional indicators of
the physical and dynamic states of the interstellar medium. They usually consist of several dozen to thousands
of stars situated at comparable distances. OCs are particularly useful for studying the structure, kinematics, and
various properties of the Milky Way'™, e.g..

Czernik 38 is a rich open star cluster and it is discovered by>. It resides in the direction of the boundary of
the Carina-Sagittarius spiral arms, directed toward the Scutum-Crux arm, with coordinates oc = 18" 49™ 48s
and ¢ = +4° 58’ 10” (J2000.0), which corresponds to Galactic coordinates of [ = 37.17° and b = 2.62° (located
in the first Galactic quadrant. It is located in the area of the high stellar-density background; see Fig. 1. A
significant characteristic of it is a considerable reddening, which suggests that it is positioned within or behind
the Sagittarius arm. Therefore, this imposes a constraint on the determination of the distance.
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Fig. 1. The Czernik 38 cluster’s position (blue “+” symbol) is superimposed on the AlaDin
(PanSTARS?) footnotehttps://aladin.cds.unistra.fr/aladin.gml image depicting the Carina-Sagittarius spiral
arm. Take note of the dim area, which is composed of the dust and dense gaseous.

Despite the significant position and richness of Czerink 38, there exists a litel regarding investigations of it.
According to®, the only parameter noted is the cluster’s angular diameter of 10”7. suggested that the cluster is at
least 1 Gyr old and at a heliocentric distance of 1.28 Kpc. Furthermore, he has determined that the color excess
E(B-V) is 1.09+0.02 mag. While® has determined that color excess E(B-V), the age and distance are 1.25 + 0.10
mag, 600 Myr and 1.9 Kpc, respectively.

One of the significant characteristics of OCs is the existence of tidal tails. These tidal tails are stellar structures
that extend from the main body of the cluster, arising from the gravitational interactions between the cluster
and the Galactic potential or a giant molecular cloud’. In young OCs (ages S 100 Myr), these structures could
be the result of the remnants of the giant molecular clouds (GMCs) from which the clusters developed or due
to rapid gas expulsion!®!!, e.g.,. In older clusters (ages = 100 Myr), mechanisms such as two-body relaxation or
external forces, including disk shocks, are likely responsible for the stripped stars observed in tidal tails'2 Several
young OCs have been documented with tail-like formations, including IC 2391, IC 2602, NGC 2451 A, and NGC
254710, Furthermore, a growing number of older OCs have been identified with tidal tails, such as Hyades'>-15
and NGC 6774!1. Recently'®, conducted a study on tidal tails using Gaia EDR3 data and discovered 72 OCs
exhibiting tidal tails; however, Czerink 38 was absent from their findings related to tidal tails.

Numerous techniques exist in the literature for identifying the tidal tail in OCs, including the work of'?, who
employed a machine-learning algorithm to detect an extended structure beyond the tidal radius. Moreover!®,
has developed an innovative technique for tracking escape stars originating from nearby clusters, utilizing the
radial velocity data provided by Gaia. Others notable attempts to detect tidal tails of OCs; NGC 7257, IC
47562, Ruprecht 1472! NGC 2506%%, NGC 2516/NGC 66332 and Alpha Persi**.

Most of these methods have identified S-shaped structures, which are characterized by leading and trailing
tails. However, in this study, we have observed the tidal tail as only a leading tail in front of the cluster and aligned
with the direction of motion. Additionally, in our previous investigations of the King 13 cluster®®, we reported
similar findings. We have implemented a novel technique for identifying cluster members by integrating the
pyUpmask probability with the King model.

Gaia DR3’s data presents outstanding accuracy in 5D astrometry, including the evaluation of positions,
proper motions, and parallax, as well as thorough photometric measurements. The present study explores the
key astrophysical features of Czernik 38, making use of the astrometric and photometric data available from Gaia
DR3%°, In addition, we analyze the orbital parameters and kinematic characteristics of this system. Furthermore,
the cluster’s morphology is examined, with a focus on identifying any features related to tidal tails.

Furthermore, we investigate two critical issues that significantly influence the research in the field of open
star cluster studies. The first topic addresses the limitations of data (Section "The data limits"), and the second
topic concerns the cutoff value for membership probability (Section "The probability cut-off value").

The paper is organized as follows. Section “Data” outlines the criteria used to extract the initial data sample
from Gaia DR3. The cluster’s structure, along with its radial density profile, is described in Section "Radial density
profile and cluster structure". In Section “Membership determination”, we present the astrometric analysis,
cluster membership determination, and the identification of the cluster’s center. The photometric properties
of the cluster members, as well as the detection of the tidal tail, are discussed in Sections "The photometry of
Czernik 38 cluster". The cluster kinematics and dynamics analysis will be in Section "The cluster dynamics and
kinematics". The details of tidal tail in Czerink 38 cluster will be given in Section "The morphology and the tidal
tail of Czernik 38". Finally, the main conclusions are summarized in Section "Summary and conclusions".
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Data

In this study, we utilize two comprehensive and complementary datasets, Gaia DR3 and 2MASS, to examine the
open cluster Czernik 38. These datasets provide a robust foundation for identifying cluster members, extracting
astrophysical parameters, and examining the structure and kinematics of the cluster. Below, we present a
summary of the essential characteristics and significance of these datasets in relation to the current research.

Gaia DR3 data

We retrieved data for Czernik 38 from the Gaia DR3 catalog®®. The dataset comprises proper motions (ft cos d,
1s) and and parallaxes in addition to sky positions (¢, 6), with a limiting magnitude of G = 21 mag. The Gaia
DR3 dataset supplies astrophysical parameters for many celestial bodies, derived from measurements of
parallaxes, broad-band photometry, and mean radial velocity spectra. The parallax errors in Gaia DR3 range
from 0.02 to 0.07 milliarcseconds (mas) for sources with G' < 17 mag, increasing to 0.5 mas at G = 20 mag and
up to 1.3 mas at G = 21 mag. Similarly, proper motion errors range from 0.02 to 0.07 mas yr~* for G < 17 mag,
reaching 0.5 mas yr~ ' at G = 20 mag, and up to 1.4 mas yr~ " at G = 21 mag, see Fig. 2.
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Fig. 2. The graph depicting G magnitude in relation to the errors of parallax, proper motion, and G
magnitude.

Scientific Reports |

(2026) 16:6336 | https://doi.org/10.1038/s41598-025-32463-3 nature portfolio


http://www.nature.com/scientificreports

www.nature.com/scientificreports/

282.2

»
N
°

6.0

360
5.5

300
5.0

© 4.5 240

4.0 180

3.5 120

3.0

No. of stars in every square grid .03x.03 deg.
No. of stars in every square bin 0.05x0.05 deg.

279.0 279.5 280.0 280.5 281.0 281.5 282.0 282.5

282.4 282.6 282.8

a a

(A) The surface number density of the Czernik 38 cluster (.03x.03°), (B) The surface number density of 2 degrees field of view which

within 35 arcmin.

indicates Cze 38 cluster is on the borders of Carina-Sagittarius spiral
arms. The white circle could be a new cluster.

Fig. 3. The surface number density of Czernik 38 using the data of Gaia DR3.
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Fig. 4. The proper motion in right ascension, declination, and parallax in the field of Czernik 38.

The catalog contains G magnitudes for approximately 1.806 billion sources, G pp magnitudes for around
1.542 billion sources, and Grp magnitudes for approximately 1.555 billion sources. Fig. 3 shows the surface
number density of Czernik 38 derived from Gaia DR3, while Fig. 4 shows histograms of the proper motions
(4o cOS 6, ps) and parallax (w), in the field of Czernik 38.

The data limits
While processing Gaia data it is important to note that inaccurate data clipping can lead to significant issues
and erroneous outcomes when assessing cluster parameters such as core radius, the number of member stars,
cluster mass, and overall cluster size, among others. Furthermore, the King model is capable of distinguishing
the background level from member stars, which allows for minimal clipping. We restrict the Gaia data to a
parallax range of 0.03 to 0.9 mas. The inappropriate clipping of data not only diminishes the field stars but also
decreases the number of cluster member stars. For instance, in Fig.5, we illustrate the radial density profile
(RDP) of unselected stars under the parallax condition 0.1 < w < 0.35.

This figure shows that the clipping data is mostly overdensity of member stars. Acquiring the RDP of
unselected stars is essential for assessing whether any structural features or overdensity persist.

When computing averages for any variable or parameters influenced by random errors, it is essential to
recognize that these averages are based on data that satisfies a relative error threshold of 10%. For instance,
regarding the mean parallax, we set forth the following condition:

| Aw |
w

< 10%, where Aw =@ — jiw

where Aw is the parallax error in Gaia archive.
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Fig. 5. The black dots indicate the number stars density of selected stars, in case of the parallax condition
0.1 < @ < 0.35, the red squares signify the stars that have not been selected.

In contrast, if any parameter or variable shows features of a Gaussian distribution or is approximately similar

to it:
—Aw?
N~ N, eXp( i ) (1)

2 o2

Consequently, it is frequently observed that values exhibit considerable inaccuracies. Therefore, we cannot
eliminate the data; instead, we can apply the Gaussian function fit to calculate the mean value.

In our research, the distributions of parallaxes and proper motions exhibit a close resemblance to a Gaussian
distribution. As a result, we implemented a minor truncation of the data, selecting parallax values that lie within
the range of 0.03 to 0.9 mas. Furthermore, we computed the average values of parallaxes and proper motions by
applying a Gaussian distribution fit to these datasets, see Fig. 16 in Section "The cluster dynamics and kinematics".

2MASS Data

The Two Micron All-Sky Survey (2MASS?%;) utilized two automated 1.3m telescopes, located at Mt. Hopkins,
Arizona (USA) and the Cerro Tololo Inter-American Observatory (CTIO) in Chile.Each telescope was equipped
with a three-channel camera, which included a 256 x 256 array of HgCdTe detectors in every channel. The
2MASS catalog provides photometric measurements in the J (1.25 um), H (1.65 um), and K (2.17 pm) bands,
covering millions of galaxies and nearly half a billion stars. The catalog’s sensitivity reaches magnitudes of 15.8
in], 15.1in H, and 14.3 in K, at a signal-to-noise ratio (S/N) of 10.

Radial density profile and cluster structure

To analyze the cluster structure and construct the radial density profile (RDP), the first step is to accurately
determine the cluster’s center. The primary objective is to locate the region with the highest stellar density. To
achieve this, we generated a two-dimensional histogram of star counts in right ascension («) and declination
(6) using data from the Gaia DR3 database. By utilizing the histogram2d function from the numpy package,
we identified the cell containing the maximum number of stars. This method was conducted again in Section
“Membership determination’, with a focus exclusively on member stars, revealing no significant differences. To
determine the size of the cluster, we created the RDP of Czernik 38 by dividing the observed area into concentric
rings. The number of stars in each ring, N;, was counted, and the star density was calculated as n; = N;/A;,
where A; represents the area of the i-th ring (W(R?H - R?)). In this context, R;+1 and R; represent the outer
and inner radii of each ring, respectively, with the ring radius being defined as:

Py = % (2)
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The stellar density function n¢(r), which denotes the overall stellar density (comprising both field stars and
members of clusters), is:

ne(r) = npg + ne(r), 3)

where the background star density is nyq and the cluster member stars density is 7 (7).
One of the famous profile for cluster stars density that was created by King (1966) is as follows:

j— no
’I’LC(T) - 1 + (7’/7‘5)27 (4)
where 7, nyg, and n, denote the core radius, background density, and central density, respectively. The core
radius, 7., signifies the distance from the center of the cluster at which the stellar density, n.(r), reaches half
of the central density n,. An additional parameter, the limiting radius 7, was introduced by?. This radius is
determined by comparing n.(r) in equation 4 to the background density threshold, 3044, defined as:

Mo

1 + ('rli”m/rc)2

nc(rlim) = = 30597 (5)

where o4 is the uncertainty in n44. The limiting radius is then calculated as:

Mo
= Tey | —2 — 1.
Tlim T SUbg (6)

In Equation 4, the term for cluster radius is absent, which may occasionally result in imprecision. An alternative
density function formula found in the literature incorporates this cluster radius, enhancing its accuracy, and it is:

1 1 ’
m(r)=q "o th V14 (r/re)? - VI+ (rafre)? | e @
Nbg, > T,
and k is:
-8B
k=g (1 (®)
14+ (re/re)?
and
B
ne(re) =k

1 1
V2 /1 (rafro)?

This is an earlier version of the equation 4, which was proposed by*® (3 = 2). However, in this context, we will
introduce the 3 index in place of 2. We fit the RDP of the cluster with the equation 7, allowing 3 to take on only
the values 1 or 2.

In this research, the optimal fit occurs at 5 equal to 1; however, this is not universally applicable, as the fitting
value is affected by the steepness of the density profile of the cluster. In some cases, 3 can equal 2, leading to a
better fit. The term r; is a misnamed tidal radius in literature. But it is the cluster radius at which the cluster
star density drops to zero. This model offers improved accuracy over Equation 4 (see Fig. 6), In addition, the
Equation 7 can be very helpful for knowing the total number of stars in a cluster. The stellar density nc(r;) in the
i-th ring can be used to estimate the number of member stars in that ring:

Neiyi = ne(rs) - As, 9)

By summing the cluster density profile up to 7.;, we can estimate the total number of cluster members inside
this radius:

Tel

Na = [Ny =g - Ai]. (10)

r=0

This N term represents the total number of cluster members that can significantly limit the probability cutoff
value, as it will be discussed in section "The probability cut-off value".

The structural parameters of Czernik 38 were determined b;f fitting the King model to the RDP. The
background density, nyg, was found to be 11.6 0.03 stars arcmin ™ “ (indicated by the blue dashed line in Fig. 6).
The central density, core radius, and cluster radius were determined to be 22.334 2.24 stars arcmin~2, 1.19 +
0.02 arcmin, and 14.36% 7.63 arcmin, respectively (see Table 1). Furthermore, the total number of member
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Fig. 6. The radial density profile (RDP) of the two clusters. The solid black line and the dashed red line
illustrate the King model fits with B = 1 and B = 2, respectively, while the dashed blue line corresponds to

the King model.
g Tbg Te Tel/Tlim
Ref. No.arcmin—2 | No.arcmin—2 | arcmin arcmin
This work, Eq. 7 | 22.33£2.24 11.610.03 1.1940.02 | 14.3617.63
This work, Eq. 4 | 22.91 14.56 2.56 4.2 +0.87
7 11.6 £ 0.6 150+0.1 1.3£0.09 |4.0

Table 1. King model fit parameters.

stars IN.; were estimated as 938 =+ 61 stars. The uncertainties in the fitted parameters were estimated using the
covariance matrix obtained from the curve fit function in the scipy package (https://scipy.org/).
To quantify the compactness of Czernik 38, we calculated the star density contrast:
No

=1+ .
™ (1)

For Czernik 38, 6. was found to be 3.03 £ 0.02, significantly lower than the typical values for compact clusters
(7 < 8. < 23) reported by*!, based on the fact that Czernik 38 is a sparse cluster.

Membership determination

The assessment of fundamental parameters for star clusters is commonly complicated by the presence of field
star contamination. Historically, the determination of cluster membership relied on photometric and kinematic
data. In light of the astrometric data provided by the Gaia survey, the reliability of kinematic approaches for
ascertaining membership has seen substantial improvement. Proper motion and parallax data are particularly
effective in distinguishing field stars from cluster members, as stars in a cluster tend to share similar kinematic
properties and distances®. In this study, we utilized Gaia DR3 proper motion and parallax data to identify
cluster members.

The membership method: HDBSCAN algorithm
We used the Unsupervised Photometric Membership Assignment in Stellar Clusters (UPMASK) algorithm,
developed by**. This approach is a non-parametric and unsupervised, eliminating the necessity for prior selection
of field stars. A refined version, available as the pyUPMASK Python package (https://github.com/msolpera/pyU
PMASK)*, builds upon the initial algorithm by integrating various clustering techniques from the scikit-learn
library (https://scikit-learn.org/stable/)*. This library includes more than a dozen different clustering methods
for unlabeled data, which are all available to use in pyUPMASK, such as Hierarchical Density-Based Spatial
Clustering of Applications with Noise (HDBSCAN), OPTICS, KMS, Gaussian Mixture Models (GMM) and
Mini Batch K-means (MBK), their references are in**. This allows for more flexible analysis of unlabeled data.
In this study, we employed the HDBSCAN algorithm as described by*’, which has been implemented
in Python by’. The HDBSCAN algorithm is considered one of the fastest clustering algorithms currently
available, representing an advancement over both DBSCAN and OPTICS. Notably, DBSCAN operates under
the premise that the criteria for clustering, specifically the density requirement, is uniform across the entire
dataset. Consequently, DBSCAN may encounter difficulties in effectively identifying clusters that exhibit
varying densities. HDBSCAN overcomes this limitation by loosening the uniformity assumption and exploring
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various density levels via the creation of an alternative representation of the clustering problem. Furthermore,
it primarily utilizes a k-means clustering algorithm, which is a technique for classifying data based on its
closeness to specified center points. Moreover, It is effective at identifying and removing noise in a data set.
Then, HDBSCAN is one of the most widely used and cited clustering algorithms.

In this research, we employed the pyUPMASK package alongside the HDBSCAN algorithm to determine
the membership probabilities of stars located within the cluster. Gaia DR3 data («, 9, 1o cos 9, ps and w) for
approximately 130,238 stars within a 50 radius were used as input. Fig. 7 shows the total number of stars, N(>
P), as a function of their probability of membership P.

The probability cut-off value

A cut-off probability of 50% is frequently employed for determining membership; nevertheless, this threshold
may not always be suitable. The appropriate cut-off is influenced by the method applied, as well as factors
including the density of the surrounding field and the distance separating the star from the cluster center.
Moreover, the optimal probability threshold may differ from one cluster to another. Thus, it is vital to thoroughly
assess the determination of the probability cut-off, as an inaccurate threshold could cause the misclassification
of members within the cluster. Recent investigations have adopted differing probability cut-off values. For
instance!®, implemented the same technique (HDBSCAN) as we did, with a probability cut-off established at
50%. On the other hand*, and*’ applied UPMASK with a probability cut-off of P> 70% and the GMM model
with P > 80%, respectively. Thus, the choice of the probability cut-off value remains a subject of ongoing debate.
Furthermore, in the majority of studies, the RDP of these member stars identified at this specific probability cutoff
value does not align with the king profile, presenting a significant and crucial contradiction.

To tackle this problem in our study, we adopt the approach by using a radius-dependent cut-off value (see
Fig. 8). The fitted King profile model also plays a significant role in this process. Each individual ring i has an
associated probability P; that results in a stars number identical to the number of stars inferred from the King
model fit N ;, see equation 9. The approach is mathematically:

Npi(P > P;) = Ne; (12)

where P; is the probability in the i-th ring, giving the number of member stars as Np;, which should match the
number of stars from the King model, N¢;,;, as shown in Fig. 8. For example, if there are 100 member stars in
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Fig. 7. The number of stars as function of membership probability, the output of pyUPMask code.

Scientific Reports |

(2026) 16:6336 | https://doi.org/10.1038/s41598-025-32463-3 nature portfolio


http://www.nature.com/scientificreports

www.nature.com/scientificreports/

1.0 1 o
D 60
c
=
> o
."_.: 0.9 1 % 50 |
o) .
g £
) £ %0
E 0.8 1 e g0 0e®, 0 ° o o E
0y %00 . ,0%% 0%000% 0, 7}
o L -
- ) ° O 30
s | g
=
Q 0.7 -
a2 € |
£ Y=
o (-]
1S
= 0 +
0.6 -g 10
g ® P changes wth radius
+ P>80.0% °
°l — King model
0.5 T T T T T T T T T T T T T T T T
(] 2 4 6 8 10 12 14 ] 2 4 6 8 10 12 14
Radius in arcmin Radius in arcmin

Fig. 8. “Our methodology involves analyzing the Probability P; at every ring as a function of the radius ;.

shell 7, as determined by the King fit, the probability cut-off values P; will also result in the same number, 100
stars. The left panel of Fig. 8 illustrates the relationship between P; and r;. The indices of these member stars in
ring i are provided in Python as:

Index; = (P>=P;)

where P denotes the probability values obtained from the pyUPMASK code.

The King density profile is a significant tool for confirming the reliability of the membership separation
method and the complete number of cluster members. In opposition, an inaccurate membership separation
technique or a faulty probability cut-off may lead to an overestimation or underestimation regarding the number
of member stars.

What accounts for the difference in the number of member stars in comparison to others?
Our members’ findings have been compared with those in references?** and*!, yielding a significant discrepancy;
see Fig. 9. But what accounts for this? Thus, there are two explanations for this inconsistency.

The primary reason for the issue, which pertains to our membership technique, is to not associate the
probability with the King profile, as explained in section 4.2. In other words, the members they found did not
conform to their king model fitting, resulting in a fundamental contradiction that led to inaccuracy in assigning
their members. This is despite the fact that the overdensities of stars are a crucial characteristic of OCs, and these
overdensities often align with the King profile. The difficulty does not stem from the method itself, but from the
decision regarding the probability cut-off value, which is supposedly what yields the King profile.

The second reason is the limitation of the data, as outlined in Section "The data limits". Inappropriate or
excessive data trimming will reduce both field stars and members as well.

The identification of a new open star cluster

Initially, during the preliminary data analysis, we perform a survey in two dimensions by establishing the surface
number density (cell size i5.05x.05°), as illustrated in Fig. 3B. We have identified a clump of stars at the coordinates
a = 282.10° and 6 = 4.56°, located 32 arcmin distant from Czerink 38. Additionally, its star number density
closely aligns with the King profile, as illustrated in Fig. 6B, prompting us to consider the possibility that this
may represent a new cluster.

In the second step, we create the probability map with o and ¢ within 50 arcmin, ensuring that the
membership probability exceeds 80% to obtain members with a high probability, as illustrated in Fig. 10. This
probability reveals the existence of two groups of stars, which indicates that they share nearly the same distance
and proper motion. The green solid circle represents the Czerink 38 area, whereas the dotted blue circle indicates
a new cluster area. It appears that they denote a binary cluster or a complicated colliding system within a dense
concentration of stars and interstellar matter, and we aim to delve deeper into this captivating subject in future
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Fig. 9. The density profile of member stars in the cluster is represented. The red dots are the Gaia DR3
probable member stars density, while the solid line illustrates the fitting of the King star density model for the
cluster, derived from equation 7. The triangles are members from*! while the squares are members from*2. The
open circles are members from®. Neither of these groups follows the King model.
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Fig. 10. This diagram shows the distribution of member stars that have a probability greater than 80% within
50 arcmin from the center of Czerink 38. There are two groups of stars are found. The green solid circle
represents the Czerink 38 area, whereas the dotted blue circle indicates a new cluster area.

studies. Furthermore, regarding the photometric characteristics of this new cluster, it shares the same age,
reddening, and distance as Czerni 38. For further details, please refer to the next Section "The photometry of

Czernik 38 cluster".

The photometry of Czernik 38 cluster
In the context of OCs, color-magnitude diagrams (CMDs) make use of empirical isochrones to evaluate against
theoretical models of stellar evolution***>. CMDs serve as effective tools for estimating key parameters such as
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distance, age, and metallicity of a cluster. Additionally, by comparing observed CMDs with theoretical isochrones,
valuable insights into the masses of stars within the cluster can be obtained. The theoretical isochrones utilized
in this research were obtained from the CMD 3.7 (http://stev.oapd.inaf.it/cgi-bin/cmd), using PARSEC version
1.25s%.

Extinction
A precise interstellar dust extinction law is critically important for interpreting observations. The extinction
coeflicients for each passband depend on the sources spectral energy distribution, interstellar matter, and
the extinction itself. Both the color excess ratio (CER), E(A — A1)/ E(A\2 — A1), and the relative extinction,
Ax/Ax,, are key indicators of the extinction law.

We follow the producer of*” and use the method presented in*3, we compute the extinction coefficients in the
Gaia, 2MASS and BV bands using the relation Ay = a Ay . For example:

AG/AV = 0.789, ABP/AV = 1.002, ARP/AV = 0.589

For 2MASS bands:
AjJAy =0.243, A, /Ay =0.078, Ap/Ay =0.131

For the BV observations, we adopt the extinction law values from*® and™:
AU/AV = 1.558, AB/AV = 1.326, AR/AV = 0.81 and A[/AV = 0.56
By employing these values, the relationship between extinction and color excess can be delineated as follows:

Ac =188 x E(Ggp — Grp)
Ay =31xE(B-V) (13)
Ay =1.473 x E(J — K,)

The color excesses can be correlated with one another as follows:

E(Ggp —Grp) =129E(B-V) (14)
E(Gpp —Grp) =25E(J—K;)

Through isochrone fitting, we derive the color excess and, as a result, the extinction. The intrinsic distance
modulus (m — M)o can be computed using the equation provided:

(m—M), =(m—-M),, —Ax (15)

obs
where m is the apparent absorbed magnitude, M is the absolute magnitude, and A, is the extinction in the A
band. The expressions (m — M), and (m — M) qps correspond to the intrinsic and observed distance modulus,
respectively. Ultimately, we can derive the isochrone distance d;so as:

(m — M)o + 5 16
(m— M), = 5 log(diso) — 5, diso = 10 5 (16)
The color-magnitude diagram (CMD)
Using the photometric data from Gaia DR3 for stars in Czernik 38, the color-magnitude diagram (CMD) is
presented in Fig. 11A. The CMD is fitted with theoretical isochrones from®. One of the numerous advantages
of Gaia is its high precision in measuring parallaxes and distances. The geometric distance determined using
Gaia data is 3580.4 £ 230.5 pc, please refer to Section "The proper motion, distance and cluster kinamtics" and
see Fig. 16. This distance value limits the isochrone fitting, particularly when the cluster exhibits significant
reddening. Only the young age isochrone yields this distance.

We have determined that the intrinsic distance modulus and the color excess E(Ggp - Grp), are 12.69+
0.08 mag and 2.40 % 0.04 mag, respectively. The true distance modulus (m — M) and the extinction in the
G band (Ag) were calculated using the equation provided in Section “Extinction”. These results correspond to
an isochrone-based distance d;so of 3448+ 362 pc. Furthermore, the fitted isochrone indicates a cluster age of
approximately 115.0= 20.3 Myr, with a metallicity of Z= 0.0152 ([M/H]= 0.0151 dex).

The CMD for the new cluster is depicted in Fig. 11B, with the same isochrone of Czernik 38. This suggests
that the new cluster has comparable age, distance, and color excess to Czernik 38. Consequently, this could
imply that both clusters are a binary system. We intend to investigate this fascinating topic further in our future
research.

There is a notable inconsistency regarding the age and distance results in relation to the published values’.
suggested that the cluster is at least 1 Gyr old and at a distance of 1.28 Kpc. On the other hand?, has concluded
that the age and the distance are 600 Myr and 1.9 Kpc, respectively. Neither of them has a parallax value. The
precise astrometry data from Gaia fundamentally altered our understanding of this cluster.

As depicted in Fig. 12, Gaia color-magnitude diagrams (CMDs) from various regions are employed to assess
the consistency of interstellar material within the cluster and to investigate any potential structures as well.
Despite its simplicity, this figure is of considerable importance. The investigation shows that the color excess
E(Gpp — Grp) is not uniform throughout the cluster. Overall, these figures are responsive to any phenomena
associated with radius or position.
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Fig. 11. The Gaia and 2MASS CMDs of Czernik 38 and the Gaia CMD of the new cluster.
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Fig. 12. The color-magnitude diagram (CMD) for the Czernik 38 cluster was investigated at different radii to
determine the homogeneity of reddening. The color excess E(Gep — Grp) is not the same in entire cluster.

In order to construct the 2MASS CMD as illustrated in Fig. 11C, we first identified the member stars utilizing
the Gaia astrometry and proper motion data. Subsequently, we correlated these stars with the 2MASS data, and
thereafter, we applied the same isochrone depicted in Fig. 11A to fit the data. The distance modulus and the color
excess E(J — K) are determined to be 12.87 + 0.93 mag and 0.89 + 0.2 mag, respectively. The isochrone fits
of the Gaia and 2MASS CMDs demonstrate remarkable consistency with minimal error. Furthermore, the ratio
of E(Gep — Grp) to E(J — K) satisfies equation 14.

Moreover, in relation to the photometric properties of this new cluster, we have fitted its data using the
same isochrone as Czernik 38. The findings indicate that it possesses the same age, reddening, distance, and
configuration as Czerni 38, suggesting the possibility that they may constitute a binary system.
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The right branch of CMD or red stars

On the right side of both Gaia and 2MASS CMDs, approximately one-third of cluster member stars form a
branch that is nearly parallel to the main sequence, as depicted in Fig. 11. It is worth noting that these member
stars are the result of the pyUPMASK, HDBSCAN techniques, indicating that they possess proper motion and
distance characteristics similar to those of main sequence stars. Additionally, we have identified the same trend
in our prior studies which did not include further discussion in these works, such as the King 18 cluster®> and
the King 13 cluster®, both of which are considered young clusters. Thus, the existence of this type of star in these
clusters might be linked to their young age rather than being coincidental or field stars. In this research, we will
confront this issue and seek to confirm whether these stars are indeed part of the clusters or if they are field stars,
using astrometric and physical methods. In any situation, we will obtain more details concerning these stars.

Initially, we can derive the RDP of these stars, as illustrated in the left panel of Fig. 13. This diagram indicates
a distinct overdensity of these stars. Furthermore, we display the probability with respect to the radius, as
depicted in the right panel of Fig. 13. This figure demonstrates that these stars possess high probability values.
Consequently, the two panels illustrated in Fig. 13 suggest that these stars may be potential member stars,
although this is not conclusive. Therefore, we will look for additional evidence.

We can generate the CMD diagram for the stars that are most likely to be members. Initially, we create the
CMD for members whose probability exceeds 80%, utilizing the HDBSCAN clustering algorithm available in
pyYUPMASK, as illustrated in Fig. 14A. To further validate our results, we present the CMD using a different
clustering approach, the Voronoi technique in pyUPMASK, for members whose probability surpasses 93%, as
demonstrated in Fig. 14B. Consequently, the two clustering algorithms indicate that the majority of right branch
stars, or red stars, are most likely members.

With respect to the physical parameters such as effective temperatures and surface gravity, Fig. 15A presents
the G magnitudes plotted against the effective temperatures, which are obtained from>. This impressive figure
indicates that the stars on the right branch are cooler compared to the main sequence stars. Although these stars
are relatively cool, but they have luminosities comparable to that of main sequence stars. This denotes that they
have large surface areas. That result is consistent with the lower surface gravity detected by Gaia GSP-Phot for
these right branch stars when compared to main sequence stars, as represented in Fig. 15B. Regardless of the
accuracy, there is a clear general trend.

Moreover, we have matched our members with APOGEE-2 DR17 data®! One star has been matched, depicted
as a square in Fig. 11A, exhibiting temperature, distance, and log surface gravity measurements of 4071.3K, 4607
pc, and 1.427, respectively, which are in agreement with prior results. Furthermore, the newly identified cluster
contains two stars that are represented as squares in Fig. 11B.

As a result of previous, the hydrogen burning phase in these stars has yet to begin. These stars could be
classified as type of pre-main sequence stars. This suggests a significant rate of star formation, which aligns with
the notion of being a young cluster. It is unreasonable for a young star cluster situated in a dense gas region
to lack any stars undergoing formation. In contrast, this characteristic of high star formation in this cluster is
consistent with its young age, its high reddening value, and its unique location in the high density of stars and
dense gasses.
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Fig. 13. The left panel displays the RDP of stars located to the right of CMD. Meanwhile, the right panel
illustrates the plot of probability in relation to the radius.
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Fig. 14. CMDs of the most probable members, using HDBSCAN and Voronoi technique. This figure shows
that the right branch stars and faint blue stars among stars which are the most likely member stars rather than
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Fig. 15. The triangles represent the red stars, which are distinguished by their reduced surface gravity and
cooler environments compared to main sequence stars. This indicates that they are pre-main sequence stars
rather than field stars.
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In addition, we would like to emphasize that the right branch stars or the red stars are found in the new
cluster as well, but with a higher ratio than that of the Cernik 38 cluster. Thus, it is crucial that we examine the
new cluster more thoroughly and in greater detail.

In summary, this study has effectively shown that the right branch stars or red stars are part of the Czernik
38 cluster, while also emphasizing certain characteristics of these stars. However, it is crucial for these stars to
undergo spectroscopic analysis to investigate this matter in greater detail. This procedure adds further depth and
enhances the research concerning star formation and their underlying physics.

The faint blue stars
At present, there are two primary methods for determining the age of stellar populations: the main-sequence
(MS) evolution theory, which utilizes cluster isochrones, and the white dwarf (WD) cooling theory. A white
dwarf found in a young open cluster is a stellar remnant that has developed from a massive progenitor star in a
relatively young star cluster, which constitutes a rare but important find for astrophysicists. Then, the existence of
white dwarfs within these relatively young clusters offers significant insights for research on the stellar evolution.
In current work, we have found that a number of stars appear to be fainter and bluer than the main sequence
stars; see Table 2, which are indicated by stars in the rectangle in Fig. 11A. Additionally, they can be also found
in the newly formed cluster as shown in Fig. 11B. Moreover, these stars are most probable member stars, as
indicated in Fig. 14. These stars could potentially be young white dwarfs based on their locations in the Color-
Magnitude Diagram (CMD). Interestingly, the correlation between G magnitude and the color Gpp — GRrp is
nearly the same in both clusters, as seen in Fig. 11, particularly since they share the same age and the same place.
It is important to note that these stars are found beyond a radius of 2 arcmin, as depicted in Fig. 12. Moreover,
the same pattern is found in the young open clusters Stock 12 and ASCC 113%4,

The cluster dynamics and kinematics

OCs are outstanding markers for tracing the evolution of the Galactic disc. The release of Gaia DR3 allows for
the investigation of their Dynamics and Kinematics with an unprecedented level of precision and accuracy. The
center of the cluster is located at 282.45 £ 0.05 and 4.97 £ 0.05, which corresponds to the Galactic coordinates
1=37.17 £ 0.05 ° and b= 2.63 =+ 0.05 °.

The proper motion, distance and cluster kinamtics

The components of proper motion and parallaxes are modeled using Gaussian distributions, as illustrated in
Fig. 16. The average values have been determined to be fto cos § = —2.41 =+ 0.328 mas yrfl, s =—5.263 + 1.063
mas yr~ ' and @ = 0.221, respectively. To enhance the accuracy of parallax measurements, the parallaxes are
adjusted according to the methodology outlined in*’, implemented through Python code (gaiadr3_zeropoint).

@ é radius |G Gpp — GRp | Prob.
Gaia DR3 ID Deg. Deg. | Arcmin | Mag. | Mag. Percentage (%)

1 | 4282131257964030720 | 282.488 | 4.897 | 4.269 20.178 | 2.074 80.20
2 | 4282131532836314368 | 282.467 | 4.905 | 3.113 20.351 | 2.250 81.61
3 | 4282142184355749760 | 282.322 | 4.878 | 8.248 20.184 | 2.247 81.57
4 | 4282142218715486080 | 282.337 | 4.890 | 7.104 20.494 | 2.284 80.17
5 |4282143112068635264 | 282.388 | 4.924 | 3.470 20.455 | 2.230 81.43
6 | 4282143283872510720 | 282.463 | 4.921 | 2.219 20.576 | 1.449 78.82
7 | 4282143627464635904 | 282.431 | 4.947 | 0.575 20.514 | 2.114 76.58
8 | 4282144039781979008 | 282.318 | 4.935 | 7.362 20.037 | 2.054 80.31
9 | 4282144653966298112 | 282.402 | 4.976 | 2.771 20.719 | 2.274 78.22
10 | 4282144761336523008 | 282.393 | 5.002 | 4.206 20.438 | 1.777 82.55
11 | 4282147716274076800 | 282.385 | 5.004 | 4.615 20.561 | 1.976 80.48
12 | 4282225300559148800 | 282.552 | 4.942 | 6.716 20.426 | 1.622 80.75
13 | 4282225468068170496 | 282.534 | 4.939 | 5.677 20.343 | 1.519 80.25
14 | 4282237154668950144 | 282.485 | 4.942 | 2.730 20.282 | 2.259 77.61
15 | 4282237257748183424 | 282.487 | 4.959 | 2.887 20.513 | 2.059 80.67
16 | 4282238013662465280 | 282.507 | 5.002 | 5.051 19.970 | 2.331 81.08
17 | 4282238322900207616 | 282.422 | 4.989 | 2.569 20.165 | 1.980 76.15
18 | 4282238666497611648 | 282.433 | 5.013 | 3.830 20.398 | 2.037 80.48
19 | 4282239005803014144 | 282.491 | 5.036 | 5.990 20.018 | 2.312 80.30
20 | 4282239010094969856 | 282.487 | 5.040 | 6.073 20.617 | 1.868 80.34
21 | 4282239319332654336 | 282.487 | 5.069 | 7.649 20.250 | 2.129 80.55
22 | 4282240796801415296 | 282.493 | 5.080 | 8.429 20.235 | 1.845 81.79
23 | 4282242033752085376 | 282.377 | 5.061 | 7.659 20.433 | 2.305 79.58

Table 2. List of descovered white dwarfs.
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Table 3. Some parameters of Czernik 38,, compared to others.

After applying a Gaussian distribution to the resulting histogram, Fig. 16 reveals that the mean parallax () is
0.21 £ 0.083 mas. The detailed results are presented in Table 3. Table 3 also presents a comparison between our
results and previously published values, showing good agreement overall.

Parallaxes () play a crucial role in ascertaining distances; however, they do not directly convert to distances.
This is due to the nonlinear relationship that exists between them, as well as the measurement noise that impacts
distant stars. Even slight absolute errors in parallax may cause substantial uncertainties in distance calculations.
In addition, while parallax can result in negative values, distances are not able to achieve this. A more effective
method might involve using an explicit probabilistic approach to estimate distances®. provide distances catalog
of 1.47 billion stars in Gaia EDR3, using probabilistic approach. Also, we fit the histogram of these members
distances with Gaussian distribution. The mean distance to the cluster is found as 3580.4 & 230.5 pc, see Fig. 16.
This value is consistent with the results obtained from photometric data within the estimated errors.

It is well-known that the stars in the cluster move at almost the same speeds. The tangential velocities of OCs,

calculated from absolute proper motions (1 = \/ (tha c0s §)2 + (ps)?) and parallaxes (w) or distances, allow

identification of the type of orbit the cluster follows. This contributes significantly to studies of cluster origins
and destruction processes. The tangential velocity in km s~ ! is given by:

v =474 pd (17)

where the constant 4.74 comes from the unit conversion:

(4.84 x 107° rad) (3.086 x 10" km)
(3.154 x 107 s)

~4.74

Here, d and p are the distance, proper motion in parsecs, arcseconds yr—', respectively. Fig. 17A shows a
histogram of tangential velocity v; with an average value of 93.28 & 27.16 km s, following a nearly Gaussian
distribution.

As cluster members generally move in nearly the same direction through space. The proper motions of
the stars seem to converge at a singular point in the sky, which is called the convergent point. This apparent
convergence is a perspective effect that arises from the shared trajectory of stars through space. As a result,
grasping the tangential velocity alone does not suffice. A key supplementary parameter is the angle 6, which
indicates the direction of the cluster’s motion within the 1o cos § and ps space. Itis as described by this formula:-
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Fig. 17. Tangential velocities and the 6 histograms. The red line is the Gaussian fit.

6 = tan™* (M) (18)
o COS O

Fig. 17B presents a histogram of 6 for member stars, with an average angle of —114.33 £ 12.767°, providing a
clearer view compared to Fig. 19. Additionally, the dispersion in the 6 histogram could reflect the cluster’s age
and its degree of gravitational binding. Also this dispersion cloud help test the different membership methods.
Furthermore, there are 37 member stars that exhibit radial velocities with an average value of 46.1 + 8.54,
in the Gaia DR3 archive. This value agrees with the value of*® (57.58 km s~'.) within the error. So, the space
velocity of the cluster (vspace = 1/v? + v?) is approximately 109.8+ 13.56 km s~ ', making an angle of 25.5

+ 8.0° with tangential velocity direction. Then we can get the orbital parameters of the studied cluster, see next
subsection “Cluster orbit”

Cluster orbit

OCs are remarkable markers for understanding the evolution of the Galactic disc. Utilizing Gaia DR3, researchers
can analyze their kinematics with exceptional precision, particularly in terms of proper motion and parallax
(tta cOs 6, 15, and ). Furthermore, Gaia DR3 offers radial velocities (RV) for millions of relatively luminous,
late-type stars®, gathered by the Radial Velocity Spectrometer (RVS) instrument®!. The integration of parallax,
proper motion, and RV yields significant phase-space data. For example®?, demonstrated the great potential
of Gaia data for studying the kinematics of the Galactic disc and OCs, revealing the richness of phase-space
substructures. OCs trace the formation and evolution of our Galaxy. Their ages cover the entire lifespan of the
Galactic disc, spanning the young to old thin-disc components. Their spatial distribution and motion help to
better understand the gravitational potential and the perturbations acting on the structure and dynamics of the
Galaxy. The orbital motions of OCs are essential not only for understanding their dynamical evolution in the
Galaxy but also for investigating the dynamics of the Galaxy itself.

To compute a cluster’s orbit, we must first adopt a model for the Galactic potential. This potential must
accurately reproduce the observed mass density of the Galaxy. For this purpose, we performed backward orbital
integration of Czernik 38 using the “MWPotential2014” model, the default Galactic potential in the galpy
package®. This model is made up of three parts: (1) the bulge component, described by a spherical power-law
potential®3, (2) the Galactic disk potential, defined by the Miyamoto-Nagai expression®, and (3) the dark matter
halo potential, given by the Navarro-Frenk-White profile®®. The Sun’s galactocentric radius, orbital velocity, and
z-coordinate were taken as Rgc = 8 kpc, Vior = 220km s 1, and z = 20.8 pc®.

For input, we used the cluster parameters presented: proper motions (fto cos d, (ts), distance from the Sun,
equatorial coordinates (o, ¢), and radial velocity, which was calculated as an average from the Gaia DR3 data
for member stars. Fig. 18 shows the integrated orbit of Czernik 38 in the Cartesian Galactocentric coordinate
system, backward in time according to the cluster age determined in this study. The red cross indicates the
birthplace of the cluster. According to the z-coordinate, the cluster oscillates about it every 92.54 million years,
rising above the plane of the disk up to a maximum height of 181.76 pc. Therefore, Czernik 38 belongs to the
very thin-disk component of the Galaxy. The apocenter R,;, and the pericenter Rper; are found to be 5.81 and
4.81 Kpg, respectively, which correspond to the eccentricity of the orbit (¢ = (Rapo — Rperi)/(Rapo + Rperi))
0.095. The current coordinates (x, y, 2,7, vz, vy, v-)are (5.08,2.21,0.18,5.55,-104.29, 186.48, —3.46), while
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Fig. 18. The cluster orbit. The red cross is the birth place. The open blue circle is the currant place. The cluster
moves in Galactic center direction within Galactic plane, and as a result, it generally faces the impact of
Galactic tidal forces.
Apocenter | Pericenter | Eccentricity Rgal T, |vx vy vz w v U
No. of atars | kpc kpc - kpc Gyr |kms™ |kms™! |kms™! |kms™! |kms™! |kms™! | Ref.
37 5.81 4.81 0.095 555 |01 |-10429 | 18648 |-3.46 |-20.85 |-56.8 |25.1 this work
1 8.02 6.19 0.129 667 |- |9146 |24164 |28 - - - 66
1 - - - - - - 2.60 -4.65 | -13.66 |8272 |

Table 4. The orbital’s parameters.

the birthplace coordinates are (2.04, 5.25, —0.13, 5.63, —187.26, 92.66, 14.32). Moreover, the space velocity
components U, V and W are 94, —-47.61 and —10.49 km s 1, respectively.

To summarize this section, the Czernik 38 cluster is located 5.55 kpc from the Galactic center and is moving
parallel to the Galactic plane towards the Galactic center, following a nearly circular orbit.

The Morphology and the Tidal Tail of Czernik 38

The evolution of an open cluster, influenced by internal or external forces, is reflected in its changes in shape.
More than a century ago, the flattening of a moving cluster was postulated by®. An important aspect of OCs
is their morphological structure, which is associated with features such as elongated shapes and tidal tails. The
orientation of cluster elongation or tidal tail reflects the direction and nature of the gravitational tidal force.

The elongation of Czernik 38

The analysis conducted by** on 476 OCs utilized a probabilistic approach, revealing the elongated structure
in all samples, with Czernik 38 being one of them. The co-moving stars associated with his members are
illustrated in Fig. 19B. In addition, the RDP of these members is illustrated in Fig. 9%°. conducted an analysis of
the morphology of 1256 OCs employing nonparametric bivariate density estimation. They found the elongated
shape of the majority of their samples, with Czernik 38 being one of them. The diagram of co-moving stars for
their members is depicted in Fig. 19C. These strategies appear to experience some difficulties and commonly
trend towards an elliptical shape in star clusters, along with an S-shaped configuration.

In this research, we have also found an elongated structure, as depicted in Fig. 19A, using a natural method that
combines the HDBSCAN probability with the King model. Moreover, we identified the direction of elongation,
which aligns with the direction of orbital motion. As indicated previously, this orientation is significant for
elucidating the properties of the tidal force; please refer to subsection "The nature of the tidal force affected the
Czernik 38" for more comprehensive information.

The tidal tail of Czernik 38

These tidal tails are stellar structures that extend from the main body of the cluster, arising from the gravitational
interactions between the cluster and the Galactic potential or a giant molecular cloud’. Clusters that exhibit
substantial elongation in their morphology tend to have tidal tails'’. The pronounced elongation of Czernik 38 is
the basis for our investigation into the tidal effects that extend beyond the radius of the cluster. Subsequently, we
applied a probability of 80% outside the cluster radius, extending to 17 arcmin, up to the boundary of the new
cluster. we have identified only a leading tidal tail (see Fig. 20) that is aligned with the orbital motion, directed
towards the Galactic center; refer to Fig. 18. We agree with some results of'’, where they identified extended
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Fig. 19. The co-moving star diagrams of Czernik 38, derived from Gaia DR3, are based on members from our
research as well as other sources.
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Fig. 20. Our study reveals only the leading tidal tail of Czernik 38, with no trailing tails observed.

structures in 46 OCs with elongated configurations, of which 20 clusters have tidal tails that are aligned with
their orbital motions.

In our earlier investigation, we have also noted only a leading tidal tail that lies beyond the radius of the
cluster, oriented in the direction of the orbital motion within the King 13 open cluster®®. Conversely, some
research utilizing 3D projection indicates that the tidal tail is made up of two distinct components: a leading tail
and a trailing tail, which together produce an S-shaped configuration!>7°. The issue may lie in their techniques,

see section “Final note”.

The nature of the tidal force affected the Czernik 38
Fundamentally, displacement is dynamically influenced by acceleration and the initial conditions of both

position and velocity, rather than by the mass of the object. For instance, free fall towards the Earth, irrespective
of air resistance, is independent of the mass of the object and is instead determined by gravitational acceleration.
In other terms, objects of varying masses arrive at the Earth simultaneously.
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In a similar manner, the stars located in the forefront of the cluster are less influenced by the gravitational
forces exerted by the cluster. As a result, they undergo increased orbital acceleration relative to the rest of the
cluster, which causes them to move more rapidly than the other stars present in the cluster. This dynamic
scenario ultimately results in the creation of an elongated shape and possibly a leading tidal tail in the direction of
cluster orbital motion, known as differential rotation tides. In addition, when considering tides that result from
differential rotation, the part extending in front of the cluster will persist unchanged at the forefront throughout
its orbital trajectory. Consequently, the influence of the differential rotation tide lasts for a long time. Therefore,
we expect that this type of tide is more common.

In contrast, in the case of Galactic tides or those from any massive objects, the part of the cluster affected by
the tide may change during its orbital journey. The orientation of the elongated structure or tail may not align
with the direction of orbital motion. Consequently, it is imperative to recognize the direction of the tide, as it is
essential to understand the nature of the tidal force.

In this work, we have fount the direction of the elongated structure and the tidal tail of Czernik 38 cluster in
the direction of the orbital motion, as seen in Fig. 19A. Consequently, as we discussed earlier, this kind of tide
is a result of differential rotation. However, this cluster is moving towards the Galactic center and may also be
influenced by the Galactic tide.

Final note
In Fig. 16, it is vital to stress that the distribution of distances is nearly Gaussian, and this is only associated with
parallax errors, rather than the actual physical 3D distribution of stars or line of sight distance variation. In other
words, any 3D distribution of stars or any density map based on coordinates will not be connected to the real
physical position distribution of stars, resulting in a fake shape and false results.

In literature, the Astropy python package’! is used to calculate the Galactic Cartesian coordinates (X, Y, and
Z) with right ascension, declination, and zero-point corrected parallaxes as input, see’>”* as example. The X,
Y, and Z coordinates are associated with parallax errors and do not accurately reflect the line of sight distances
of the individual member stars. Furthermore, zero point correction does not yield individual distances; it only
adjusts the mean.

The stars located at the center of the Gaussian distribution signify the nucleus of the cluster, whereas the stars
positioned at the peripheries of the Gaussian distribution denote the leading and trailing tails or elliptical shape,
creating a deceptive shape.

Summary and conclusions

Czerink 38 is a remarkably plentiful open star cluster, distinguished by its significant number of stars and unique
features resulting from its specific position in the Galaxy. However, this cluster has not been extensively studied.
Consequently, we conducted an in-depth analysis of the young open cluster Czernik 38, utilizing photometric and
astrometric data from Gaia DR3, alongside 2MASS data for comparative purposes with Gaia’s color-magnitude
diagram (CMD). The objective of our analysis was to improve the parameters of Czernik 38 in relation to the
Gaia DR3 era, particularly concentrating on its kinematics, dynamics, morphology and structural aspects.
Moreover, To estimate membership, we employed the pyUPMASK Python package along with the HDBSCAN
algorithm. The key focus of this investigation is our method of evaluating membership probability based on the
radius of each shell in the studied cluster, utilizing King model, rather than applying a single probability value to
the entire cluster. The key results of our study are summarized as follows :-

1) In Czernik 38, we identified 938 4+ 61 member stars with a total mass of 2769.7+ 59.50 M, inside radius
14.36+ 7.63 arcmin.

2) We found that the cluster’s distance modulus was 12.69+ 0.08 mag, which is equivalent to 3448=+ 362 pc.
We also found the color excess E(Gpp — Grp) is 2.40 £ 0.04 mag. Our findings have been confirmed by
a comparison of the Gaia CMD with 2MASS data, which offers an additional viewpoint on the photometric
characteristics of the cluster. The 2MASS distance modulus and the color excess E(J — Ks) are found to be
12.87 £ 0.93 mag (3749.73 £ 0.93 pc) and 0.89 = 0.2 mag, respectively. We estimate the age of the cluster to
be 115.0=% 20.3 Myr. One of the characteristics of this cluster is significant reddening, which is not uniformly
distributed throughout the cluster.

3) The proper motion components (i« cos d, s) and the parallax (zw) were measured as —2.41 & 0.328 mas
yr~', =5.263 £ 1.063 mas yr ' (tangential velocity is 93.28 &= 27.16 km s~ '), and 0.21 % 0.083 mas, respec-
tively. The mean distance derived from parallax measurements is approximately 3580.4 = 230.5 pc, which is
in excellent agreement with the photometric data from Gaia and 2MASS data, within the associated uncer-
tainties.

4) We also identified 37 member stars with radial velocity data with average 46.1 & 8.54 km s~ ", allowing us to
compute the orbital parameters of Czernik 38 using the galpy Python package. The Czernik 38 moves in
Galactic plane toward the Galactic center.

5) One of our main results is that: We identified a an elongated shape and a leading tidal tail aligned with the di-
rection of orbital motion. This indicates that Chernik 38 is greatly affected by its orbital differential rotation,
and this tide may be strengthened by the Galactic tide as it moves toward the Galactic center.
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6)

7)

8)

In

The coordinates, proper motions, and distances of individual stars in the majority of open clusters display
Gaussian distributions. Such distributions result from errors, not from actual physical values. Thus, any 3D
distribution of stars or any density map based on coordinates will not relate to the true physical position
distribution of stars, resulting in an artificial shape and and misleading results

In general, we examined the area surrounding the cluster within a radius of 50 arcmin and employed a
membership probability map in two dimensions « and ¢, with probability threshold of greater than 80.%.
Two separate groups of stars were identified. The first group corresponds to the Czernik 38 cluster, whereas
the second group represents a newly discovered cluster. The initial investigations indicate that it displays a
King profile and a color-magnitude diagram (CMD) consistent with the isochrone of Czernik 38. This may
indicate a binary cluster or a complex colliding system located within a densely populated area of stars and
interstellar material. We plan to explore this intriguing subject further in our upcoming research, offering
comprehensive insights into the features of this newly identified cluster.

We have identified a novel category of pre-main sequence stars that form a distinct branch in the right of
Color-Magnitude Diagram (CMD). These stars exhibit lower temperatures and surface gravities compared
to main sequence stars. This implies a considerable rate of star formation. The characteristic of this high star
formation rate in this cluster corresponds with its relatively young age, significant reddening value, and its
specific location amidst a concentration of stars and dense gases. In addition, we identified faint stars in both
clusters, Czernik 38 and the new one, that exhibit bluer characteristics than main sequence stars, suggesting
they could be white dwarf stars. These findings are intriguing because these stars are located in young clus-
ters.

summary, alongside the photometric analysis, we offer significant insights into the structure, stellar

populations, stellar evolution, as well as the kinematics and dynamics of Czernik 38, emphasizing the potential
of Gaia DR3 data for comprehensive research on open star clusters. Moreover, the accurate astrometry data
derived from Gaia has significantly modified our understanding of this cluster and has led to the discovery of
new phenomena, thanks to Gaia.

Data availability
Gaia DR3 and 2MASS data : are available for free in webpage https://vizier.cds.unistra.fr/
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