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ABSTRACT. We present a three-dimensional model

of the positions of 20 stars in the field of the Cepheid
a UMi (Polaris) — 18 main sequence stars (spectral
types A0-GO V), the K-giant HD 6319 (K2 III) and
Polaris itself (F8 Ib) — which was created using the
3D calculator Desmos 3D, based on the calculated U,
V and W components of the full velocity vector of
the stars in the Galactic coordinate system. In this
paper, stellar radial velocity estimates from Usenko
et al. (2023) were used. Two versions of the U, V,
and W components were calculated based on Gaia
DR3 parallaxes and photometric parallaxes. The
resulting 3D image showed that, in both scenarios,
15 main-sequence stars, a K-giant, and Polaris form
a noticeable clamp, while three stars (HD 14718, HD
90162, and HD 11696) are located outside of it. HD
14718 and HD 90162 belong to the thick disk, while
HD 11696 is a remnant of a possible open cluster
in Polaris’s field. The K-giant HD 6319 is located
inside the clamp and quite close to the Cepheid, and
it is quite possible that this clamp is part of the
main component of the probable open cluster Polaris,
dissolved in the field of the Cepheid. Using a 3D
calculator to construct a spatial image of stars may
serve as a good tool for studying the structure and
dynamics of open clusters in the future.
Key words: open clusters: stars: U, V, W com-
ponents; GAIA parallaxes; photometric parallaxes;
Cepheids, K-giants, main-sequence stars;
Cepheids: o« UMi; individual stars: HD 6319, HD
14718, HD 90162, HD11696.

AHOTAIIIY. Mwu upenctaBisieMO  TPUBHMIDHY
Moziesib noJioxkeHb 20 3ip y moui nedeimm o UMi

(Tlonsipra 30psi) — 18 3ip TOJIOBHOI MOCIIOBHOCTI
(cnexkrpasbui Tunmu A0-G0 V), K-riranta HD 6319
(K2 III) ra camol Ilomsiproi 3o0pi (F8 Ib) — sxa
Oyna crTBOpeHa 3a monoMororn 3D-kanbKysasTopa
Desmos 3D, ma ocmoBi pospaxoBanmx U-, V- Ta
W-KOMITOHEHT TIOBHOIO BEKTOpa MIBHJIKOCTI 3ip ¥
lanmakTuaniit cucremi koopauuat. Y miit crarTti Oy/n
BUKOPUCTAHI OIHKH PaiaJbHOI IIBUIKOCTI 3ipOK 3
Veenka Ta in. (2023). Byso pospaxosano jsi Bepcii
kommonenTiB U, V ta W — mna ocHoOBi mapasakcy
Gaia DR3 Ta doromerpuuanoro napasakcy. Orpumane
3D-300pakeHHsT TOKa3aJjo0, 1Mo B 000X crieHapigx 15
3ip roJsioBHOI mocigoBraocTi, K-rirant i Ilosisipra 30ps
YTBOPIOIOTh TOMITHHI KJaMI, TOJI dK TpHU 3ipKH
(HD 14718, HD 90162 ta HD 11696) posramosasi
mo3a HuM. HD 14718 Ta HD 90162 nHamge:kaTh 0
TOBCTOrO jucka, Tomi sk HD 11696 e 3samaumkom
MOXKJIMBOT'O PO3CISTHOrNO CKymdeHHs1 B mojii llosisipaol
30pi. K-riraur HD 6319 posramoBanuii BcepeanHi
KJIAMITy Ta JOCUTHh OIu3bKO 10 medeinn, i miIKoM
MOXKJIMBO, IO Ie#l KJIAMI € YACTHHOKI OCHOBHOIO
KOMIIOHEHTa, ~ MMOBIPDHOTO  PO3CITHOTO  CKYITYeHHS
naBkoJs1o [losisipHOT 30pi, po3dyuHEeHOTO B 11011 TIedeiny.
Bukopucranuast  3D-kasbpKynasaTopa i IOOYI0BH
IIPOCTOPOBOTO  300paKeHHsT 3ip MOXKe  CJIyXKHATH
TapHUM IHCTPYMEHTOM JIJIsi BUBYEHHS CTPYKTYPH Ta
JUHAMIKA PO3CIIHUX CKYIIYeHb Y Mail0y THHOMY.

Ktro4oBi ciioBa: 30pi poscisiHux ckymdenb, U-, V- Ta
W-komnonentn, GAIA mnapanakcu, doromerpudni
mapajakcu, 1edeinn, K-rirapTn, 30pi  rojaoBHOT
nociigoBrocTi, medelmm « UMi, oxpemi 3ipku: HD
6319, HD 14718, HD 90162, HD11696.
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1. Introduction

In our previous study (Usenko et al. 2023), we
examined 18 main-sequence stars (spectral types from
A0 V to GO V located in the field of the Polaris
Cepheid to confirm that these objects could be mem-
bers of an open star cluster. Based on the analysis of
their proper motions, radial velocities and parallaxes,
it was shown that 15 stars belong to the same moving
group, one star belongs to another group, and two
more stars belong to the thick disk. For greater clarity,
we decided to calculate the U, V, and W components
of the total velocity vector for each of the 18 +1 stars
(data for HD 6319, K2 III, were added), as well as
Polaris (F8 Ib). These calculated components allow us
to construct a 3D image and examine the positions of
these stars in space relative to the Polaris Cepheid.

2. Objects and U, V, W calculations

Table 1 summarizes the U, V, W data for the 20
targets - Cepheid o UMi (Polaris), K—giant HD 6319
and 18 main-sequence objects taken from Usenko et al.
(2023). U, V, W are the components of the full velocity
vector of a celestial object in the Galactic coordinate
system. U is the velocity component directed along
the X-axis, V is along the Y-axis, and W is along the
Z-axis, where they represent the radial and tangential
velocities of the star relative to the local coordinate sys-
tem. Strictly speaking, U (radial velocity) is the pro-
jection of velocity directed along the line of sight. The
sign of "U" depends on the direction of the star’s mo-
tion: positive if it is moving away from us, and negative
if it is approaching. V (local velocity): the component
of the star’s velocity directed in the galactic coordinate
system along the "Y" axis or along the galactic plane
axis. W (vertical velocity): the velocity component of
the star is directed perpendicular to the galactic plane,
along the "Z" axis.

The Galactic components U, V, W were calculated
according to the technique described in Johnson &
Soderblom (1987) which uses a right-handed coor-
dinate system for them so that they are positive in
the directions of the Galactic center, the Galactic
rotation and the North Galactic Pole. Using a
right-handed system allows the same matrix to be
used to transform both coordinates and velocities.
Matrix systems allow for the calculation of these
components and their uncertainties. Calculating these
components requires such parameters as the star’s
equatorial and galactic coordinates, its proper motion,
parallax, and radial velocity. Radial velocities were
determined from spectra obtained at TCO (Usenko
et al. 2023), and two types of parallaxes were used:
from the Gaia DR3 catalog or photometric ones
from Turner (see the spreadsheet Turner’s ZAMS.xls

at https://ap.smu.ca/~turner/A5500.html). The
remaining parameters were selected from the SIMBAD
database. Calculations were performed using a pro-
gram written in Python. The calculated values of U,
V and W in Table 1 are given in two versions because
of the noticeable difference in the parallax estimates
between Gaia DR3 (2022) and Turner’s photometric
data (see Usenko et al. 2023).

Figure 1: Polaris field stars. View along the X (U)
axis, directed away from the observer. Symbols are
described in Chapter 3.

Figure 2: Polaris field stars. View along the X (U)
axis, directed toward the observer.
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Table 1: UVW data for Polaris field stars

Star GATA DR3 PARALLAXES PHOTOMETRIC PARALLAXES
U o A\ o W o U o \4 o W o

kms™?! kms™?! kms™?! kms~?! kms™?! km s ! kms™?! kms™?! kms™?! kms™?! kms™?! kms™?!

Polaris -13.38 138.81 -24.76 165.12 -12.48 54.87 -20.07 9.48 -30.02 11.15 -11.06 3.70
HD 6319 -31.02 0.01 -24.61 0.01 -19.36 0.00 -27.29 1.92 -23.82 2.76 -18.80 0.92
HD 5914 -36.77 0.97 -26.80 2.24 -20.35 0.79 -29.32 1.95 -23.02 4.56 -18.16 1.60
HD 10772 -49.83 1.04 -23.26 2.28 -1.78 0.69 -33.95 0.75 -13.02 1.64 -3.19 0.50
HD 11696 -61.90 0.02 -23.78 0.03 -18.42 0.01 -51.40 0.72 -17.69 1.61 19.72 0.56
HD 14369 -7.71 0.01 4.33 0.03 -32.56 0.01 -7.45 1.03 3.26 2.29 -31.70 0.85
HD 14718 74.46 1.01 1.14 2.10 -61.53 0.92 51.00 0.72 -17.86 1.60 -49.52 0.57
HD 16335 19.22 0.07 -10.33 0.13 -17.15 0.05 14.01 2.32 -17.46 4.79 -18.66 1.53
HD 66368 -6.12 4.77 -4.64 10.26 -18.60 4.35 -6.46 1.92 -6.13 4.12 -16.45 1.75
HD 90162 -18.28 0.01 -31.49 0.01 -25.63 0.00 14.94 4.07 -58.00 8.79 -43.60 4.03
HD 163988 -24.43 0.09 -11.91 0.23 -12.94 0.09 -15.70 1.77 -3.91 4.84 -7.21 1.92
HD 203317 -31.94 0.70 -19.83 2.00 -19.60 0.66 -25.00 0.89 -16.99 2.53 -16.98 0.83
HD 209556 -23.32 0.21 -18.03 0.56 -7.88 0.19 -19.05 1.23 -19.07 3.36 3.36 1.08
HD 224687 -34.17 0.98 -33.30 2.39 -22.48 0.67 -17.44 0.69 -24.65 1.74 -17.97 0.49
HD 224991 -24.80 0.04 -8.15 0.09 -1.99 0.03 -17.10 4.38 -12.65 10.93 -6.63 3.18
Polaris B -23.04 0.03 -38.02 0.06 -14.04 0.02 -18.51 2.17 -31.27 5.01 -13.54 1.82
BD +86 44 -5.04 0.03 -18.52 0.06 -18.96 0.02 -2.66 1.87 -18.28 3.86 -16.46 1.29
BD +87 16 -29.13 0.10 -23.88 0.24 -13.73 0.08 -25.06 0.43 -21.33 0.96 -13.17 0.34
BD 487 26 -35.07 0.07 -24.55 0.15 -10.60 0.05 -27.92 1.24 -20.27 2.60 -10.36 0.91
BD +88 75 -35.11 0.11 -23.36 0.25 -21.54 0.12 -28.54 0.41 -20.64 0.96 -19.36 0.43
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Figure 3: Polaris field stars. View along the Y (V)
axis, directed away from the observer.

3. 3D image of Polaris field stars using U, V,
W coordinates

To create a 3D image of 20 stars from the Polaris
field, we used a 3D calculator from Desmos Studio'.
This calculator not only allows you to position the ob-
jects along three coordinates but also view them from
different angles by rotating the resulting graph along
the three coordinate axes. As mentioned earlier, the
U, V, and W data were positioned along the calcula-
tor’s X, Y, and Z axes, respectively. The resulting 3D
images of the stars from Table 1 are presented here as

Thttps://www.desmos.com/3d

Figure 4: Polaris field stars. View along the Y (V)
axis, directed toward the observer.

2D graphics (Figures 1-8), showing how our stars ap-
pear from different viewing angles. The large red and
blue symbols correspond to the coordinates of Polaris
for the Hipparcos - Gaia DR3 parallax and photomet-
ric parallax, respectively. Similarly, the medium-sized
symbols in orange and dark blue represent the giant
HD 6319, while the small symbols of the same colors
represent the remaining 18 main sequence stars.

As can be seen from the figures, the overwhelming
majority of stars from both groups, despite the
differences in coordinates associated with parallax
estimates, form a kind of clamp together with Polaris.
The exception, as already mentioned by Usenko et
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Figure 7: Polaris field stars. View at 45 degrees to the
Figure 5: Polaris field stars. View along the Z (W) 7 (W) axis from above.
axis, directed away from the observer.

Figure 8: Polaris field stars. View at 45 degrees to the

Figure 6: Polaris field stars. View along the Z (W) Z (W) axis from below.
axis, directed toward the observer.

4. Summary
al. (2023), are three stars: HD 14718 and HD 90162,
which belong to the thick disk, as well as HD 11696,
which probably belongs to another group of stars in 1. For the first time, we applied a 3D calculator to

the Polaris’ field. However, it is obvious that these the three-dimensional U, V and Z coordinates of
three objects are located far from the clamp. It should 20 stars in the Polaris field to clearly show their
be noted that the K-giant HD 6319 is located quite locations in space.

close to Polaris, and this fact may serve as evidence

that the Cepheid is surrounded by the remains of an 2. Despite the differences in the parallax estimates
open cluster (Turner 2009). for these stars, 17 objects form a noticeable clamp

with Polaris, while three objects fall outside it.
Two outlier objects belong to the thick disk, and
one is a possible remnant of another cluster within
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Polaris’s field.

. The close proximity of the K-giant HD 6319 to

Polaris and its location within the clamp may be
evidence of the existence of the remains of one of
the open clusters in the Cepheid field.

. Use of 3D calculators to produce spatial plots may

serve as a new tool to study the structure and
dynamics of open clusters in the future.
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