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In this study, we considered the collective members of Pismis’s clusters located at identical distances r(pc) and 
distributed around a mean absolute magnitude (Mo) following a Gaussian distribution with dispersion (σ). We computed the 
distances rc(pc) of these clusters by applying a distance equation designed to account for Malmquist bias. Our computed 
distances were in satisfactory agreement (~99%) when compared to previous research findings. 

In the second part of our work, we delved extensively into the Pismis 3 cluster, which is rarely studied, aged, and  
among the most affluent. We conducted analyses on its dynamical tidal radius (x୐ = r୲ = 14.60 ± 1.26 pc), crossing time 
(Tୡ୰୭ୱୱ = 1.363 ± 0.014 Myr), relaxation time (T୰ୣ୪ୟ୶ = 11.56 ± 3.40 Myr), and angular velocity (Ω୭ = 0.024 ± 0.001km sିଵ). 

A kinematic analysis of these open clusters was carried out, encompassing aspects such as their apex position 
(A୭, D୭) using the AD chart method, velocity ellipsoid parameters (VEPs), and the longitude of the vertex (𝑙ଶ) revealing a 
minimal value, as anticipated when pointing exactly at the Galactic Center. Additionally, we explored their ages in relation 
to evolution, linking them to formation mechanisms, metallicity, and opacity. 

Keywords: Statistical methods; Open clusters and associations; Pismis open clusters; Distance equation; Kinematics and 
dynamics; Longitude of the vertex (𝑙ଶ). 

1 Introduction 
Open clusters (OCs) serve as excellent indicators 

for discerning the spiral arm structure and evolution 
of the Galactic disc1–6. They provide a valuable means 
to test stellar and dynamical evolution7–11, enabling 
exploration of star creation mechanisms and their 
recent history. Additionally, OCs play a crucial role in 
constraining the initial luminosity and mass functions 
(LF and IMF) within groups of stars. 

Moreover, the radial velocities of OCs have proven 
instrumental in tracing local kinematics, including 
Solar motion, Oort’s constant A, and the rotation curve. 

Clusters with ancient origins, situated at 
considerable distances, play a crucial role in 
establishing disk abundance gradients. The correlation 
between cluster age and metallicity indicates an 
intricate history of chemical enrichment and mixing 
within the disk4. 

Considering the factors mentioned above, we 
identify Pismis open clusters by utilizing Schmidt 
plates. The astronomer from the late fifties12 who 
compiled a catalog of 24 open and 2 globular  
clusters in the Southern Milky Way along the Galactic 
plane (225௢ ≥ 𝑙 ≥ 353௢)is referenced. The catalog 

covers clusters with ages ranging from 6.86 to 9.40 
(log yr1)13. Based on the Galactic longitude (𝑙)and 
log (age) of Pismis (hereafter Pis), we focused 
on18clusters (i.e., Pis 1 to Pis 5, Pis 7, Pis 8, Pis 11, 
Pis 12, and Pis 15 to Pis 23). The data for these 
clusters were obtained from Gaia DR31 open clusters 
in the Milky Way14, the Gaia mission collaborations 
data release 3 has been used to get the astrometric 
data. A new chapter in Astronomy has begun since 
the launch of the European Space Agency (ESA) 
mission Gaia as it contains the five-parameter 
astrometry for approximately 1.8 billion sources along 
their position in the sky (α, δ), parallaxes (π; mas) 
and the right ascension and declination components  
of the proper motion ൫μα cos δ , μδ;  mas yrିଵ൯ with 
limiting magnitude of G = 21 mag. With uncertainties 
in the respective proper motion, components are  
up to 0.02 – 0.03 mas yr-1 (at G < 15 mag), 0.07 mas yr-1 
(at G  17 mag), 0.50 mas yr-1 (at G  20 mag) and 
1.40 mas yr-1 (at G = 21). The uncertainties in the 
parallax values are ∼ 0.02 – 0.03 mas for sources with 
G < 15 mag, ∼ 0.07 mas for sources with G = 17 mag, 
∼ 0.50 mas at G = 20 mag, and ∼ 1.30 mas at G = 21. 
The DR3 is complemented with data of the radial 
velocity (V୰; km sିଵ) for about 7 million stars from 
DR216. The source list has a slight change to DR2 
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with some notable changes. The significant advance 
of DR3 over DR2 is the large improvement in the 
accuracy of the astrometric parameters; a factor of 
2.00 in proper motion accuracy and a factor of about 
1.50 in the parallax accuracy. Astrometric errors were 
suppressed by 30 – 40% for the parallax and by a 
factor of 2.50 for the proper motion. In our 
calculations, we consider members with a probability 
(P ≥ 50%) based on Gaia DR31.Due to the absence 
of radial velocity data, we supplement it with 
information from other sources, as elaborated later. 

Our article aims to use the distance equation to 
compute the distances of Pis clusters depending on 
the so-called Malmquist bias. We also seek to 
determine various dynamical and kinematical 
structures, including relaxation time (T୰ୣ୪ୟ୶;  Myr), 
evolving time (τୣ୴; Myr), apexes (A୭, D୭) using the 
AD chart method, and the longitude of the vertex 
(𝑙ଶ;  deg). 

The structureof the present work is organized into 
three main sections. First,we introduce the target 
clusters and their fundamental parameters obtained 
through Gaia DR31, as described in Section 2. The 
next section encompasses the results and discussion, 
delving into astrometric and dynamical parameters, as 
well as the kinematical structure, as outlined in 
Section3. Finally, we conclude our findings in 
Section4. 
 
2 Target Clusters and Their Fundamental 
Parameters 

As previously mentioned, Pisclusters were 
investigated using Schmidt plates at the Tonanzintla 
observatory12. In Table 1, we have compiled 

information for 18Pis clusters (Pis 1 to Pis 5, Pis 7, 
Pis 8, Pis 11, Pis 12, and Pis 15 to Pis 23) with a 
membership probability (P ≥ 50%) designating the 
mas higher probable candidates14. In instances  
where radial velocity data (V୰) were unavailable, we 
supplemented the information with another source17. 
A brief history and characteristics of Pis clusters are 
given below: 
 Pis 1: This small open cluster exhibits a diameter 

of 3 arcmin. It is situated2000 pc from the Sun 
and30 pc from the Galactic plane. With an age of 
approximately 9  107yr, it falls under Trupmler 
classification class I3p18. 

 Pis 2: Described as a poorly studied open cluster 
with an intermediate age, Pis 2 is located toward 
the outerpart of our Galaxy within a highly 
reddened Galactic zone19. It is likely positioned 
inside a dust layer20, with an estimated age 
ranging from 1.1 to 1.2 Gyr. 

 Pis 3: This cluster, rarely studied, was examined 
by Tadross21. The study aimed to re-determine its 
physical parameters using photometric and 
astrometric analysis with 2MASS22. The findings 
include a metallicity (Z) of 0.008 and an 
estimated age of 2.24 Gyr. 

 Pis 4: Also known as C 0832-441, Pis 4 recently 
made an appearance in the open cluster multi-
membership catalog23. Positioned at 593 pc, it 
exhibits a reddening value [E (BV)] of 0.01. The 
age (log yr1) is approximately 7.53. 

 Pis 5: Referred to as ESO 313-SC7, Pis 5 is a 
young and low-mass cluster located in Vela. Its 
field features a small number of bright stars 
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mixed with gas emissions and dust. The single 
work on Pis 5 involved UBV+ Hβ photometric 
analysis2, where it was not initially considered a 
star cluster. Bonatto and Bica24 later derived 
astrophysical parameters, revealing a poorly 
populated main sequence with near-infrared 
reddening [E (JH) = 0.13 ± 0.01]. The 
corresponding values include E (BV) = 0.42 ± 
0.03 or AV = 1.3 ± 0.1, and the distance from | 
the Sun is 1.0 ± 0.1 kpc.  

 Pis 7: This cluster is described as small and faint, 
with an apparent diameter of about 3 arcmin, 
belongs to Trumpler class II1m25. Extensive 
analysis suggests an age (log yr1) of 
approximately 8.70, and the cluster is situated at 
4.9 1.3 kpc. Interestingly, the cluster appearsto 
be around 200 pc below the Galactic plane 
andapproximately10–11 kpc from the Galactic 
Center26. 

 Pis 8: Identified as a poorly studied open cluster, 
Pis 8 is located along the axis of the local area 
when observed from the Sun in the Vela-Pup pis 
(extending from 240o to 280o in Galactic 
longitude) regions of our Galaxy. Its age is 
estimated to be about 5–7 Myr, and it is 
positioned at 2000 pc from the Sun27. 

 Pis 11: The cluster underwent a global study28, 
revealing the presence of a single O-type star and 
some early B-type stars. The cluster is situated at 
approximately 3.6 kpc, and in the vicinity of the 
cluster, there are several early-type stars at the 
same distance. 

 Pis 12: Pis 12 appears to contain only a random 
mixture of red stars, suggesting the absence of a 
distinct cluster star29. However, it has also been 
considered as a star cluster in another study30.  

 Pis 15: This cluster seems to be populated by stars 
with magnitudes in the range of 22 ≥ M୚ ≥ 14. 
It rises above the background, with a radius no 
larger than 1.8 arcmins. The estimated age of Pis 
15 is about 1.3 Gyr31. 

 Pis 16: known as C 0949-529, Pis 16 is identified 
as a young open cluster with proper motion in 
both directions:15.1 and7.4 (mas yr1)32. 

 Pis 17: Described as a compact cluster with an E 
(BV) value of 0.51  0.07 and about 4.2 kpc29. 

 Pis 18: Described as a moderately populated and 
intermediate-age open cluster, Pis 18 is situated 

around the inner disc (RGC< 8 kpc) and is found 
inside the Solar circle at a Galactocentric 
separation of approximately 7 kpc. The estimated 
age is 700ିହ଴

ାସ଴ Myr, with E (BV) of 
0.562ି଴.଴ଶ଺

ା଴.଴ଵଶ mag. It also possesses a radial velocity 
of about 27.5  2.5 (km s1)33. 

 Pis 19: Described as a compact and intermediate-
age open cluster, Pis 19 had its fundamental 
parameters updated by Carraro and Munari34using 
CCD multicolor photometry. It has an estimated 
age of800 Myr, E (BV) of 1.48  0.15, and a 
distance onthe order of 1.4  0.4 kpc from the 
Sun. 

 Pis 20: Avery young cluster with an age of 5 Myr, 
Pis 20 is a concentrated group of stars composed 
of two superimposed groups along the line of 
sight. It has a diameter of about 2 arcmins and is 
in the Norma-Scutum (-II) arm of the Galaxy35. 

 Pis 21: Identified as a poorly studied open cluster, 
Pis 21 is positioned near the central part of our 
Galaxy. It lacks a clear main sequence or other 
distinctive features. The cluster was observed 
using a color-magnitude diagram (CMD)36 with 
CCD in BVI pass bands, reaching down to MV 
19 mag. 

 Pis 22: Situated toward the central parts of the 
Galaxy, Pis 22 is located close to and in the field 
of the small emission nebula RCW103 (G332.4-
0.4, PKS 1613-50). This nebula is presently 
identified as a supernova remnant at an estimated 
distance of 6.6 kpc37,38. CCD observations36 in the 
BVI passbands were conducted for stars in the 
fields of this open cluster, adopting E (BV) = 
2.00  0.10 mag, an age of 40  15 Myr, and a 
distance of 1.0 0.4 kpc. 

 Pis 23: Also known as Lynga 1039, BH 19040, or 
ESO226-SC541, Pis 23 is located beyond the 
Sagittarius arm and stands among the foremost 
blushed and distant open clusters known within 
the direction toward the Galactic Center. Claria 
and Piatti42 determined its reddening [E (BV)] to 
be 2.0 ± 0.1, the distance from the Sun to be 2.6 
± 0.6 kpc, and an age of almost 300 ± 100 Myr. 

Table 1 presents the fundamental parameters of Pis 
clusters from sources14, Pismis12, and open cluster 
kinematics17, arranged as follows: 

Columns 1 and 2: Cluster name and alternative name 
Column 3: Number of members (N) 
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Columns 4 and 5: Coordinate elements, i.e., right 
ascension and declination (degrees) 

Columns 6 and 7: Coordinate elements, i.e., 
Galactic longitude and Galactic latitude (degrees) 

Column 8: Proper motion along right ascension 
with uncertainties (mas yr1) 

Column 9: Proper motion along with declination 
with uncertainties (mas yr1) 

Column 10: Parallax and uncertainties (mas) 
Column 11: Available radial velocity and 

uncertainties (km s1) 
Column 12: Age (log) 

 
3 Results and Discussion 
 

3.1 Astrometric Parameters 
Interstellar extinction, involving both components 

(absorption and scattering), influences distance 
determination, not solely the absorption component. 
While the absorption component may dominate  
in regions abundant with gas and dust, scattering 
caused by duct is also significant. One of the 
challenges in studying Galactic star clusters lies in 
distance determination, requiring an examination of 
interstellar light-absorption. This investigation 
contributes to advancing our current understanding of 
these celestial objects. 

The resolution of distances within our Galaxy 
enables us to calibrate the distance indicators43–45. 
Open clusters serve as the initial step in the cosmic 
distance hierarchy and contribute to theories about the 
early universe. They also provide astronomers with an 
independent estimation of the size and age of the 
universe46,47. For stars with a known distance 
(r(pc))and proper motion () in both directions  
(mas yr-1), one can calculate their tangential velocity 
(Vt) (km s1) to the line of sight48. On the other hand, 
the distribution in the Galaxy can be studied by 
measuring the distances to globular clusters49,50. 

Let us consider our target of open clusters, where 
all members are at the same distance (r(pc)) and are 
dispersed (scattered) around a mean absolute 
magnitude (M୭) following a Gaussian distribution 
with dispersion (σ). In this scenario, the probability 
p(M)dM of a member of the celestial set that has an 
absolute magnitude in the range (M & 𝑀 + 𝑑𝑀 ), 
representing the frequency distribution function of the 
absolute magnitudes of the cluster members, takes 
the following form51,52: 

p(M)dM = Φ(M) =
ଵ

σ√ଶπ
e

ି
(౉ష౉౥)మ

మσమ , −∞ ≤ M ≤ ∞ ... (1) 

The distance equation can be written as53 

r(pc) = 10ଵା(୫ౢି୑౥ିఙ௬ି୅ି[୊ୣ ୌ⁄ ]) ହ⁄              ... (2) 

where (m୪) is the faintest apparent magnitude of the 
cluster stars, (A) is the magnitude of the interstellar 
absorption, [Fe/H] is the metallicity, and (y) is the 
solution of the transcendental equation. 

Λ(y) = y + eି୷మ ଶ⁄ ൜ට
π

ଶ
ቂ1 + erf ቀ

୷

√ଶ
ቁቃൠ

ିଵ

− α = 0, 

and 

α =
୫ౢି୫ഥ

σ
. 

where (mഥ ) is the average value of the apparent 
magnitude. 

The distance r(pc) of the observed members that 
complete down to a fixed limiting magnitude (mഥ ) in 
the absolute range M, M + dM is written as 
r(pc) = 10ଵା଴.ଶ(୫ഥ ି୑). 

The distance modulus is then given by (m − M) =
 m୪ − M୭ − σy − A − [Fe H⁄ ]. Increasing [Fe/H] 
values negatively affect luminosity; hence, the 
magnitudes and distances will increase. Metallicity 
must be subtracted if positive and neglected when 
negative. 

If we now measure the average absolute magnitude 
for these members, we will obtain. 

Mഥ =
∫ p(M)MrଷdM

∫ p(M)rଷdM

=
∫ exp ൜−

(M − M୭)ଶ

2σଶ − 0.6M ln10ൠ MdM

∫ exp ൜−
(M − M୭)ଶ

2σଶ − 0.6M ln10ൠ dM

= M୭ − 0.6σଶ ln10 = M୭ − 1.382σଶ. 
That is, 

M୭ = Mഥ + 1.382σଶ              ... (3) 

Therefore, the last relation between (M୭) and (σ)54 
predicts (M୭ > Mഥ ); i.e., the stars one sees at a given 
absolute magnitude are, on average, more luminous than 
the average for all the stars in each volume. This effect 
(i. e. , 1.382 σଶ) is called the Malmquist bias, which 
arises because, when one selects stars of fixed absolute 
magnitude, the volume element containing the more 
distant, intrinsically luminous stars is larger than that 
occupied by the nearer, fainter objects. The Malmquist 
bias also plays an important role in connection with 
counts of radio Galaxies, quasars, and other objects that 
have been used as cosmological probes. 

For the above method of distance computation, 
Table 2 presents our obtained results devoted to Pis 
open clusters, arranged as follows: 
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Column 1: Cluster name 
Columns 2 and 3: Faintest and average values of 

the apparent magnitudes, respectively 
Column 4: Average values of the absolute 

magnitudes 
Column 5: Dispersion 
Column 6: Ratio carried out between apparent 

magnitude and dispersion. 
Columns 7 and 8: Our computed distances (rc(pc)) 

and those estimated (re(pc)) with Gaia DR3, 
respectively. 

Column 9: Percentage relative error (%) 
Figure 1 shows a correlation coefficient (~99%) 

between our computed distances (rc(kpc)) as abscissa 
and those estimated ones (re(kpc)) with Gaia as 
ordinate. Here, it is mentioned slightly that no 
systematic difference is shown between our findings 
and Gaia results. 
 
3.2 Dynamical Parameters 

Unfortunately, for rare studies of our considered 
objects, we focus on the dynamical processes that 
occur with rarely studied old and rich ones: Pis 3  
(N = 1083)(C 0829-385; OCL 731; MWSC 1498) 
located in an obscured region55. The first analysis of 
Pis 3 was conducted56 with CCD BV photometry; and 
the conclusions indicated a distance of about 1.5 kpc 
from the Sun, E (BV) = 1.35 mag, and an age of 
approximately 2 Gyr with a metallicity (Z = 0.008). 
On the other hand, Tadross21 re-investigated and 
presented a morphological investigation of the 
2MASS22 catalog (Two Micron All Sky Survey) of 
this rarely studied cluster. The estimation of cluster 

structure provided limiting and tidal radii of  
about 2.128 and 12 pc, respectively. Tadross21 at the 
same time refined and re-determined the basic 
photometrical parameters of the Pis3 cluster (e.g., 
reddening, distance modulus, age, and metal content) 
by fitting a Padova isochrone to the CMD with Solar 
metallicity (Z = 0.019) and age 2.24 Gyr. He 
concluded that its total mass is within 560 M⊙ and the 
distance is about 2090  95 pc. 

Table 2 — Our computed distances (rc(pc)) and the estimated ones (re(pc)) by Gaia DR3 with the percentage relative error ( %). 

Clusters ml mag mഥ   mag Mഥ  mag σ α rc pc re pc ε % 

Pis 1 17.997 16.240 2.047 1.278 1.375 6463 ± 80 6897.55 6.31 
Pis 2 17.999 16.936 3.644 0.945 1.125 4604 ± 68 4524.89 1.75 
Pis 3 17.999 16.825 4.852 1.055 1.113 2378 ± 49 2481.39 4.15 
Pis 4 17.931 14.436 5.189 2.341 1.493 725 ± 27 707.21 2.48 
Pis 5 17.996 15.753 5.808 2.330 0.963 967 ± 31 974.66 0.78 
Pis 7 17.989 16.566 2.446 1.081 1.316 7270 ± 85 6666.66 9.05 
Pis 8 17.984 15.709 4.276 1.451 1.568 2119 ± 46 1934.24 9.54 

Pis 11 17.773 15.572 3.197 1.545 1.425 3135 ± 56 2985.00 5.03 
Pis 12 17.989 15.890 4.062 1.305 1.608 2248 ± 47 2320.20 3.12 
Pis 15 17.994 15.964 3.709 1.104 1.839 2770 ± 53 2824.86 1.91 
Pis 16 17.587 14.246 2.003 1.350 1.668 3160 ± 56 2808.99 12.49 
Pis 17 17.953 14.942 2.759 1.746 1.725 2449 ± 50 2732.24 10.38 
Pis 18 17.990 16.086 3.691 1.240 1.535 3242 ± 57 3012.05 7.65 
Pis 19 17.999 16.819 3.851 0.878 1.344 3564 ± 60 3921.57 9.13 
Pis 20 17.996 15.666 2.986 1.622 1.436 3410 ± 58 3436.43 0.77 
Pis 21 17.855 15.789 3.101 1.573 1.313 3250 ± 57 3448.28 5.75 
Pis 22 17.973 15.993 1.036 1.333 1.485 10207 ± 101 9803.92 4.11 
Pis 23 17.974 17.062 3.162 0.858 1.063 5647 ± 75 6024.10 6.25 

 

 
 
Fig. 1 — Consistency between our computed distances 
(abscissa; rc), listed in the seventh column of Table 1, and Gaia 
distances (ordinate; re), presented in the ninth column. Error bars 
are included, demonstrating a high correlation coefficient of 
approximately 99%. 
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In the subsequent analysis, our calculations involve 
Pis 3’s total collective mass (Mେ) and hence the 
average mass m. Utilizing the well-established 
mass-luminosity relation (MLR) and isochrones57 
with an age of 2.24 Gyr and metallicity (Z = 0.019), 
we can derive the mass ratio ൫M M⊙⁄ ൯ of each 
member star as a function of absolute magnitude G 
using a second-order polynomial. 
That is, 
୑

୑⊙
= 1.749 − 0.117 Mୋ − 0.003 Mୋ

ଶ .  ... (4) 

In the Galactic disk, the effect on the gravitational 
massive body (e.g., star clusters) is given58. 
That is, 

x୐ = ቂ
ୋ୑ి

ସ୅(୅ି୆)
ቃ

ଵ
ଷൗ

= ቂ
ୋ୑ి

ସΩ౥
మିκమቃ

ଵ
ଷൗ
            ... (5) 

where (x୐) is the gap of the Lagrangian points within 
the center, (Mେ) is the sum of the collective mass 
toward the gap from the center, which is mentioned in 
the tidal radius (rt) of the cluster (𝑖. 𝑒. , x୐ ≈ r୲), into 
which the star undergoes equal forces due to 
gravitational pull toward the cluster and in opposite 
direction (i.e., the Galactic Center), (Ω௢ = |A − B|)is 

the angular velocity, ቀκ = ඥ−4B(A − B)ቁ is the 

epicyclic frequency at the position of the Sun (both in 
km s1 kpc1) with a ratio (κ Ω௢⁄ ) = 1.35 ± 0.0559, 
(A) and (B) are Oort’s constants, 15.3 ± 0.4 km s−1 
kpc−1 and 11.9 ± 0.4 km s−1 kpc−1, respectively60, and 
G = 4.30 × 10−6km M⨀

ିଵ(km sିଵ)ଶ is the gravitational 
constant. 

Fukushige and Heggie61 imply oriented axes and 
place the mass at the center (𝑥∘, 𝑦∘, 𝑧∘) of the 
cluster.This positions the Galactic origin (center) at  
(-Rgc, 0, 0), making the cluster size significantly 
smaller than Rgc. Furthermore, considering a constant 
angular velocity  = (0, 0, ) for the cluster, which 
moves in a circular path around the Galactic Center, 
the equation of motion for the stars is as follows: 
ୢమ୰

ୢ୲మ = −∇ϕ
ୡ
(r) − 2ω ×

ୢ୰

ୢ୲
+ ωଶ(3xe୶ − ze୸),    ... (6) 

and 

ω = ට
ୋ୑ి

ଷ୰౪
య .     ... (7) 

where (C) is the cluster tidal field at position (r), and 
(ex, ez) are unit vectors along (x, z) axes. In such a 
way, and for Eq. (6), the first term of the right-hand 
side is devoted to the gravitational acceleration from 
the cluster, the middle one presents the Coriolis 

acceleration, while the last term considers both tidal 
and centrifugal forces. 

Also, in their consideration of the time scale model 
of escape from the cluster as a function of tidal radius 
(rt), they found that the energy (E) of the star is just 
higher than the potential (Ecrit = 3GMC/2rt) at the 
Lagrangian points. These points, also known as the 
escape radius (resc), mark where stars are no longer 
significant in terms of the cluster potential. In this 
way, the cluster evolution experiences no further 
inputs. Madrid62 concluded that the stars are 
evacuated (ejected) because of where the cluster’s 
center distance is surpassed (resc) and when the stars 
have sufficient energy to overcome the external field 
contribution. 

In some N-body calculations63, the tidal effect is 
treated as a cutoff, i.e., stars are removed as soon as 
they cross the tidal radius (rt), now the timescale for 
escape (tesc) of phase volume across the tidal 
boundary, assuming61 E − Eୡ୰୧୲ = 0.03 (km sିଵ)ଶ 

That is, 

tୣୱୡ =
π୰౪

଼(୉ି୉ౙ౨౟౪)
ට

ଶୋ୑ి

୰౪
.    ... (8) 

Maciejewski and Niedzielski64 state that the open 
cluster reaches Maxwellian stability, equilibrium 
realizing the forces of contraction and/or destruction 
with a time called the relaxation time (Trelax). During 
that time, individual stars with low masses possess the 
largest random velocity (i.e., energies) and occupy a 
bigger measure in size than the highest masses65. 
Mathematically, (Trelax) takes the following form66: 

T୰ୣ୪ୟ୶ =
଼.ଽ×ଵ଴ఱ√୒ୖ౞

య మ⁄

〈୫〉భ మ⁄ ୪୭୥(଴.ସ୒)
.    ... (9) 

where Rh (pc) is the radius having about 50% of the 
mass (i.e., Rh = 0.5 rlim), 〈m〉 is the average bulk mass 
of the cluster stars, and (N) is the members of the 
cluster star. 

Mathieu and Latham65 defined the time required for 
the cluster core region to be damped or relaxed as a 
dynamical crossing time (Tcross = D/σV, on the order 
of106 years), where (D) is the cluster diameter, which 
corresponds to the limiting radius (i.e., D rlim). 

For enough cluster members, the time needed  
to eject all its members from internal stellar 
encounters is defined as the evaporation time (τୣ୴)67, 
which should be greater than 108 years. The 
evaporation time(τୣ୴)for a stellar system in virial 
equilibrium is on the order 102 (Trelax). To ensure the 
cluster remains bound, the escaping velocity 
(Vୣୱୡ) resulting from rapid gas removal from the 
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cluster ቀVୣୱୡ = R୥ୡඥ2GMେ 3r୲
ଷ⁄ ቁ

61,68 must be less than 

the dispersion velocity (σ୚)69. Thus, a bound group 
will emerge only if the starformation efficiency (SFE, 
which characterizes most cluster-forming dense cores) 
is greater than 50%70. Table 3 presents our dynamical 
calculations of Pis 3 with 1083 members, a total mass 
of 1206  35 M⊙, an average mass of 1.113 M⊙, an 
escaping velocity of 331  5.50 km s-1, a rotational 
velocity ൫ω = Ω୭R୥ୡ൯ of 212.48 km s1, a relaxation 
time of about 11.56  3.40 Myr, a crossing time of 
1.363  0.014 Myr, and an escape time scale (tesc) of 
about 1.06  109 yr. The table also provides values 
from other authors. 
 
3.3 Kinematical Structure 

If we imagine our Galaxy to be an axially 
symmetric system in a steady state in which stars are 

distributed at random in their orbits, then, from 
considerations of symmetry alone, we expect to locate 
one axis of the star’s elliptical velocity within the 
Galactic plane pointing exactly at the Galactic 
origin51. This expectation is confirmed by analysis of 
velocity ellipsoid parameters (VEPs) with our series 
of articles, as well as our bold conclusion that the 
longitude of the vertex (𝑙ଶ) often differs significantly 
from zero75,76. 

According to processes taking place in/out with 
open clusters, in what follows, we focus on some 
kinematical characteristics devoted to Pismis clusters. 
Our obtained results are presented in Table 4. 

Considering the well-known basic equations 
governing the position (x, y, z) from the Sun along the 
equatorial system and the distance r(pc) of the star 
members51, 
i.e., 
x = r cos δ cos α,              ... (10) 
y = r cos δ sin α,               ... (11) 
z = r sin δ.               ... (12) 

Differentiating Eqs. (10, 11, and 11) with respect to 
time, we obtain stellar velocities ൫V୶, V୷, V୸൯ along the 
(x, y, z) axes concerning the Sun. These velocities 
include the proper motions along the right ascension 
 cos  (mas yr1), declination  (mas yr1), and 
radial velocity V୰(km s1). 
i.e. 
Vx = −Vα sin α − Vδ sin δ cos α + Vr cos δ cos α, 
Vy = +Vα cos α − Vδ sin δ sin α + Vr cos δ sin α, 
Vz = +Vδ cos δ +Vr sin δ.             ... (13) 

Here, 

Vα = 4.74riμα cos δ, 
Vδ = 4.74riμδ, 

and 

𝑉௧
ଶ = 𝑉ఈ

ଶ + 𝑉ఋ
ଶ. 

where (Vα) and (Vδ) are the components of velocities 
along with the coordinate system whose center is the 
cluster's core and (Vt) is the tangential velocity of the 
cluster. 

To obtain the components of space velocities 
(U, V, W) along with Galactic coordinates as afunction 
of stellar velocities in space ൫V୶, V୷, V୸൯, derived 
relative to the Sun77, the transformation from 
equatorial to Galactic coordinates is performed. This 
transformation is based on NIR data from 2 MASS22 
and radio observation data. 
That is, 

Table 3 — Dynamic characteristics of the Pis 3 cluster. 

Parameters Value Author 

Membership (N) 1083 14 
 450 21 
Total mass MC൫M⊙൯ 1206  35 Present study 
 560  21 
Average mass m൫M⊙൯ 1.113  Present study 
Tidal radius rt (pc) 14.60  1.26 Present study 
 12 21 
Vesc (km s1) 331  5.50 Present study 
A (km s1 kpc1) 12.833  1.581 Present study 
 19 71, 72 
 14.40  1.20 73 
 15.30  0.40 60 
 15.60  1.60 74 
B (km s1 kpc1) 10.734  1.276 Present study 
 24 71, 72 
 12.0  2.80 73 
 11.90  0.40 60 
 13.90  1.80 74 
Ω௢ = |A − B|(km s1 kpc1) 23.567 Present study 
 33 71, 72 
 26.4 73 
 27.2 60 
 29.50 74 
Rotational velocity (ω)  
(km s1) 

212.48 Present study 

 247.5 71, 72 
 198.50 73 
 204 60 
 221.20 74 
Trelax (Myr) 11.56  3.40 Present study 
 8.60 21 
Tcross (Myr) 1.363 0.014 Present study 
V(km s1) 99.00  1.10 km s1 Present study 
ev (Myr) 1156  34.00 Present study 
tesc (yr) 1.06  109 Present study 
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U = −0.0518807421 Vx − 0.872222642 Vy − 0.4863497200 Vz, 
V = +0.4846922369 Vx − 0.4477920852 Vy + 0. 5713692061Vz, 

W = −0.8731447899 Vx − 0.1967483417 Vy + 0.4459913295 Vz. 

… (14) 

 The Apex of the Moving Cluster 
Virtually, star members appear as coherent and 

associated with moving open clusters sharing similar 

properties, such as distance, kinematics, chemical 
composition, and age, as well as the radial velocity 
(V୰). Thedetermination of the point (A୭, D୭) by 
which the action of the stars in the cluster will merge 
(i.e., apex) is one of the main important tasks in the 
kinematical and physical examination78–81. For this 
purpose, there are numerous techniques, such asi) the 

Table 4 — Kinematical structure; the apex position (A୭, D୭), dispersion velocities (j), the longitude of the vertex (lଶ), and Solar 
elements of Pismis’s clusters. 

Clusters 𝐴௢, 𝐷௢  
deg. 

1, 2,  
3 km s1 

l2  

deg. 
𝑋⨀, 𝑌⨀, 𝑍⨀,  

Rgc kpc 
Authors Solar elements  

𝑆⨀ , lA, bA 

Space Velocity 
km s1 

Age(e) 
Gyr 

Pis 2 89.610, 
23.794 

499.019, 54.358, 
14.160 

0.147146 0.888, 4.510,  
0.268, 10.150 

Present 
study 

201.658, 5.945, 
0.317 

201.658 1.148 

 - - - 0.772, 3.920,  
0.233, 9.919 

14 - 147.702(c) - 

Pis 3 96.247, 
26.823 

98.876, 5.986,  
2.013 

0.096241 0.511, 2.323,  
0.021, 9.016 

Present 
study 

97.168, 6.081, 
6.402 

97.168 1.072 

 - - - 0.487, 2.264,  
0.020, 9.113 

14 - 95.027(c) - 

Pis 4 85.327, 9.475 29.134, 0.767,  
0.487 

0.225077 0.089, 0.719,  
0.030, 8.321 

Present 
study 

29.235, 16.424, 
10.963 

29.236 0.034 

 - - - 0.085, 0.687,  
0.028, 8.453 

14 - 34.249(c) - 

Pis 7 92.815, 
12.168 

252.806, 60.937, 
5.440 

0.015766 1.380, 7.133,  
0.253, 11.947 

Present 
study 

157.031, 17.613, 
3.221 

157.032 0.501 

 - - - 1.057, 5.467,  
194.1, 10.871 

14 - 136.483(c) - 

Pis 12 99.104, 
10.388 

82.158, 4.176,  
1.386 

0.369807 0.053, 2.244,  
0.126, 8.553 

Present 
study 

81.769, 22.023, 
1.446 

81.769 2.512 

 - - - 0.051, 2.170,  
0.122, 8.667 

14 - 91.463(c) - 

Pis 15 103.709, 
2.566 

76.208, 5.339,  
1.531 

0.508996 0.121, 2.765,  
0.139, 8.541 

Present 
study 

75.815, 31.067, 
2.048 

75.816 1.288 

 - - - 0.114, 2.605,  
0.130, 8.629 

14 - 85.556(c) - 

Pis 17 80.609, 
49.340 

70.607, 2.821,  
1.125 

0.307460 0.819, 2.308,  
0.005, 7.734 

Present 
study 

71.222, 19.635, 
6.835 

71.222 0.010 

 - - - 0.848, 2.339,  
0.048, 7.864 

14 - 29.919(f) - 

Pis 18 66.318, 8.954 59.912, 5.353,  
1.361 

0.275590 2.007, 2.547,  
0.018, 6.697 

Present 
study 

59.192, 6.177, 
27.065 

59.192 1.202 

 - - - 1.713, 2.175,  
0.015, 6.975 

14 - 85.00(c) - 

Pis 19 75.389, 
4.974 

278.905, 28.816, 
7.517 

0.758570 2.508, 2.533,  
0.019, 6.231 

Present 
study 

96.041, 24.797, 
26.601 

96.041 0.794 

 - - - 2.474, 2.499,  
0.019, 6.376 

14 - 109.93(c) - 

Pis 20 71.273, 
23.851 

98.425, 13.065,  
2.350 

0.053985 2.631, 2.168,  
0.072, 5.976 

Present 
study 

98.184, 3.447, 
14.269 

98.184 0.007 

 - - - 2.413, 1.988,  
0.066, 6.252 

14 - 104.750(c) - 

Pis 22 94.798, 
22.697 

1122.970, 50.644, 
31.170 

0.875263 8.967, 4.874,  
0.108, 4.935 

Present 
study 

286.662, 50.453, 
16.595 

286.662 0.040 

 - - - 6.722, 3.654,  
0.080, 3.996 

14 - 215.625(c) - 

(c) 17, (e) 22, and (f) 89 
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classical convergent point method, ii) the AD chart 
method, and iii) the convergent point search method 
(CPSM82). 

In our current work, we focus on the AD chart 
method (stellar apex method), which is based on the 
distribution of individual apexes with members in the 
equatorial coordinate system. This procedure was 
known and developed83,84 and has been frequently 
used85,86 in the direction of determining apexes and 
other numerous kinematical parameters, as well as 
their central kinematical substructures (e.g., M67, 
NGC 188, Pleiades, Castro & UMa, and IC 2391). In 
this manner, 

𝐴௢ = 𝑡𝑎𝑛ିଵ ቀ
௏೤തതത

௏ೣതതത
ቁ,              ... (15) 

𝐷௢ = 𝑡𝑎𝑛ିଵ ቌ
௏೥തതത

ට௏ೣതതത
మ

ା௏೤തതതమ
ቍ.             ... (16) 

Returning to Table 1, which presents the radial 
velocities of only 11 Pismis clusters17 and considering 
the two above equations, Fig. 2 shows the apex 
position (A୭, D୭) of these clusters with an AD chart 
method with comments. 

 The Direction Cosines (lj, mj, nj) 
The direction cosines l୨, m୨, and n୨(∀j = 1, 2, 3) 

are associated with the eigen value problem ൫λ୨;  ∀j =

1, 2, 3), matrix elements ൫μ୧୨൯, and dispersion 

velocities ൫σ୨;  ∀j = 1, 2, 3൯ along three axes75. 
Mathematically, this is expressed as follows: 

lj = ൣμ22μ33 − σj
2൫μ22 + μ33 − σj

2൯ − μ23
2 ൧ Djൗ , 

mj = ൣμ23μ13 − μ12μ33 + σj
2μ12൧ Djൗ , 

nj = ൣμ12μ23 − μ13μ22 + σj
2μ13൧ Djൗ ,            ... (17) 

where ൫lj
2 + mj

2 + nj
2 = 1൯ is an initial test for our 

code for our sample and 

Dj
2 = ൫μ22μ33 − μ23

2 ൯
2

+ ൫μ23μ13 − μ12μ33൯
2

+

൫μ12μ23 − μ13μ22൯
2

+ 2ൣ൫μ22 + μ33൯൫μ23
2 + μ22μ33൯ +

μ12൫μ23μ13 − μ12μ33൯ + μ13൫μ12μ23 − μ13μ22൯൧σj
2 +

൫μ33
2 + 4μ22μ33 + μ22

2 − 2μ23
2 + μ12

2 +

μ13
2 ൯σj

4 −2൫μ22 + μ33൯σj
6 + σj

8. 

The analysis can be simplified by exploiting the 
empirical fact that one axis of the velocity ellipsoid is 
always found to be arranged perpendicular to the 
Galactic plane so that the other two axes must lie in 
the plane. It is also found empirically that the longest 
axis of the ellipsoid (i.e., the direction of maximum 
velocity dispersion) points approximately in the way 
of the Galactic Center. Therefore, to specify the 
orientation of the velocity ellipsoid, we need to 
determine only the Galactic longitude along which the 
principal axis lies. This longitude is called the 
longitude of the vertex (𝑙ଶ). 

Table 4 reveals discrepancies in our Pismis results 
concerning l2. We observe that these values do not 
align within a specific range. Additionally, we 
highlight that the longitude of the vertex (𝑙ଶ) is very 
small for those old ages (Gyr), as shown in Fig. 3. 

 
 
Fig. 2 — The (A୭, D୭) apex position for 11 Pismis clusters with 
error bars. 

 
 
Fig. 3 — Variation of longitude of the vertex (l2) vs. age (Gyr) 
with error bars of the Pismis clusters under investigation. 
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This discrepancy may be attributed to formation 
mechanisms influenced by various physical conditions, 
including factors such as metallicity and opacity. 

 Projected Distances 
Considering our calculated distances (rc) with the 

overlaid markers, we proceed to include these distances 
in relation to the Galactic Center ൫R୥ୡ൯51. This involves 
expressing them as a function of the Sun’s distance from 
the Galactic Center (𝑖. 𝑒. , R୭ = 8.20 ± 0.10 kpc)84, i.e., 
 R୥ୡ

ଶ = R୭
ଶ +  rୡ

ଶ − 2R୭rୡ cos l. This allows us to compute 
the anticipated (projected) distances toward the Galactic 
plane (X⨀, Y⨀), and the distance from the Galactic plane 
(Z⨀)85 may be computed as follows: 
X⨀ = rc cos b cos l, 
Y⨀ = rc cos b sin l, 
Z⨀ = rc sin b.               ... (18) 

 Solar motion 
Solar motion can be characterized as the absolute 

value of the Sun’s velocity relative to our streams 
under consideration, 
i.e., 

S⨀ =  ටUഥ
2

+ Vഥ
2

+ Wഥ
2
.              ... (19) 

Moreover, the Galactic longitude (l୅)and Galactic 
latitude (b୅) of the Solar apex are calculated as 
follows: 

lA = tanି1 ቀ
ିVഥ

Uഥ
ቁ,              ... (20) 

bA = sinି1 ቀ
ିWഥ

S⨀
ቁ.               ... (21) 

 

4 Conclusion 
Our present work focused on the following key 

points: 
i) Using the distance equation, we computed 

distances (rc(pc)) for seldom-studied and aged 
southern Milky Way Pismis’s open clusters. This 
computation assumed that all members are 
distributed around magnitude (Mo) with 
dispersion (). We compared our obtained results 
(rc(pc)) with the estimated distances(re(pc))from 
the Gaia database, revealing a high correlation 
coefficient of approximately 99%. 

ii) With a particular focus on Pismis 3, a rarely 
studied and old cluster with significant richness 
(i.e., N = 1083), we computed its dynamics, total 
mass, and evolutionary times based on both 
limiting and tidal radii. These results were then 
compared with findings from other authors, as 
summarized in Table 3. 

iii) Specifically for 11 aged clusters with available 
radial velocities, we conducted a kinematical 
analysis. This involved determining the apexes 
(Ao, Do)using the AD chart method, velocity 
ellipsoid parameters (VEPs), and the Galactic 
longitude of the vertex (𝑙2)in conjunction with 
their respective ages (Myr). 
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