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ABSTRACT. We present the results of an analysis
of 28 spectra of 18 Polaris field A-G V stars obtai-
ned in 2016-2023. Derived radial velocities and T.g
along with distances and reddenings from the Gaia
DR3 catalog allowed us to calculate radii of the
stars and compare them with calibration relationships
“Specral type — Luminosity” for MS stars. As a result,
radii and distances for 9 stars were found overesti-
mated compred to those determined photometrically.
Therefore, the DR3 distances are unreliable and should
be revisited. Accordring to our data for these stars
and their photometric distances, 15 objects belong
to a possible old open cluster that is currently
dissolved in the Polarisfield at a distance ~70-110 pc,
while two objects belong to the thick disk, and one
belongs to a possible another star group located at a
distance of 130 pc.

Key words: Open clusters: Stars: Polaris field
stars; radial velocities; main-sequence stars: effective
temperatures, radii; GATA DR3 effective temperatures,
distances, reddenings, radii; spectroscopic binaries;
pusating variables § Sct type; thick disc; Individual:
HD 5914, HD 10772, HD 11696, HD 14369, HD 14718,
HD 16335, HD 66368, HD 90162, HD 163988, HD
203317, HD 209556, HD 224687, HD 224991, Polaris
B, BD +86°44, BD +87°16, BD +87°26, BD +88°75.
Cepheids: o UMi.

AHOTAIIIA. Tarorbest pesysbraTu aHamizy 28 crie-
krpiB 18 3ip [osioBHOI mMOCTIZOBHOCTI CHEKTpPATBHUX

kiacie A-G 3 mosist Tlosisiprol, Bimomol KitacuvHOT 11e-
deinu, orpumanux y 2016-2023 pp. IIpomipsui npome-
HeBi mMBUAKOCTI Ta Teg pa3oM i3 BicTaHAMU Ta TIOYEP-
BOHIHHsIMU, y3saTuMu 3 Karajory Gaia DR3, mospoJiu-
Jin HaM OOYMCIUTH PAJiyCH IUX 3ip Ta MOPIBHATH IX 3
KaJIibpyBasibHrMH criBBigHOmMenHsIMEI " CIeK TpaIbHIi
kiac — Csitnicts"myst 3ip T'Il. Cyasgum 31 crekTpis,
HD 90162 mificro € CreKTPOCKOIivIHO-TIOIBIiHOIO CH-
cremoro, Tojii stk HD 14718 i HD 163988 € moxkauBuMu
nogsiitanMvu. 61% mocnimKyBanux 06’€KTIB — HE3MIiH-
ui 30pi, a Tpu o6’ekru (HD 5914, HD 203317 i HD
224991) MOXKyTh OyTH HU3bKOAMIUITYIHUMU IIYJIbCY-
ounMu 3MinHuME Taiy dSct. Hami oninku edexkrus-
HUX TEMIIEPaTypP, OTPUMaHi 3a JJOTOMOT'0I0 CIIEKTPOCKO-
il abo poToMeTpil oKaza M IX MPUOIU3HY CXOXKICTH 3
ominkamu 3 Katagory DR3 g 3ip cnekTpaabHuX Kiia-
ciB F-G, Toxi sk jjist 611b11 rapsiaux 3ip A-TUmy pisHu-
nst cranoButh 300-500 K. Oninku pasiycis 3ip, pospa-
XOBaHI 3a 3HAYEHHAMU Tog , MIOUEPBOHIHHAMA Ta Bi-
crauamu 3 DR3 jurs mosioBrHN 31p BUSIBUJINCS 3aBUIIIE-
HUMH 1 HEBIIIOBITHUMU X clieKTpajbHUM Tunam. Ile-
pPepaxyHKU pajiiyciB i BijcTaneil Ajd 3ip 3 BUKOPUCTAH-
HIM HaImux OmiHOK Tog 13 KamibpyBanus "CrekTpaib-
Huit Tun — ceitHicTs" 11 3ip Il Takoxk migrBepau-
JIu, IO JIJIst TIOJIOBUHH 3ip oriHku Bijmcrani 3 DR3 He-
Hamiiiai. HaiiGiabim po3bizKHOCTI B OIIHKAX BiJcTamHi
Mmixk ganuvu DR3 i kagiOpyBaHHSMEU 3HAXOAATHCS HA
BimcTamax Oiapmnre 130 MK i MAOTh €KCIOHEHIATHHUIM
xapakrep. Cyasuu 3 orpuMaHux OIiHOK RV i ¢oro-
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METPUYHUX BifcTaneil, 15 3ip, IMOBIpHO, HaJIEXKATH 10
CTaporo PO3CiTHOTO CKYITYEHHS, PO3YMHEHOTI0 cepeJl 3ip
nosist [losrsiproi i po3ramoBani Ha BifcTansx ~70-110
1K, aJie IPY [OMY J[Ba, 00 €KTHU HAJIEZKATH JI0 TOBCTOTO
JIUCKA, & OJINH HAJIEKUTH 10 MOYKJIIBOI iHITOI 30PSIHOT
rpymnu, po3TamoBaHol Ha BigcTtani 130 mc.

Kirouosi cioBa: Poscisai ckymaennst: 3opi: [lossp-
Hi 30pi moJIst; pajiiajibHI MIBUIKOCTI; 30pi TOJIOBHOI I10-
caifoBHOCTI: edekTUBHI TeMeparypu, pagaiycn; GATA
DR3 edekrTuBHi Temueparypu, BifcraHi, moYepBOHIH-
Hs, PaJIlyCcH; CIEKTPOCKOIIIYHI TIO/IBITHI; BUKOPUCTAHH S
3MiHHEX 0 TuIty Sct; ToBcTuit auck; Iagusinyansai: HD
5914, HD 10772, HD 11696, HD 14369, HD 14718, HD
16335, HD 66368, HD 90162, HD 163988, HD 203317,
HD 209556, HD 224687, HD 224991, Polaris B, BD
+86°44, BD +87°16, BD +87°26, BD +88°75. Ilede-
Tm: o« UMi.

1. Introduction

This project is a continuation of our studies of Po-
laris field stars, which began earlier (Usenko et al.
2018) with the goal to discover whether these stars are
members of a sparsely populated open cluster around
the nearest Cepheid oo UMi (« (2000) = 02 31 49.09; ¢
(2000) = +89 15 50.79). The main criteria for assess-
ing whether these field stars belonged to the cluster
were: 1) proper motions are close to those of Polaris
(fa = +44.48 masyr ' s = —11.85 masyr—'); 2) ra-
dial velocities (RV) are close to that of Polaris (RV =
-16.42 kms™!' ); 3) distances are ~90-110 pc (Turner
2005). However, estimates of radial velocities and the
distances of these stars according to the Gaia DR2 cat-
alog showed a significant scatter, which gave a reason
to believe that this cluster may be dissolved among the
field stars. Usenko et al. (2018) revealed an obvious
discrepancy between the radii of some main sequence
stars and their distances from Gaia DR2.

Over the past five years the Gaia database repre-
sented in the DR3 catalog has expanded significantly
and included a number of important astrophysical pa-
rameters, such as Teg , logg and Ay, in addition to
parallaxes and RVs. This makes it possible to deter-
mine accurate distances to the stars in the Polaris field,
their spectral types, luminosities and radii as well as
the probability of their membership in the cluster men-
tioned above. Additionally, using new spectra of Po-
laris field stars it became possible to compare the ac-
curacy of the RVs and effective temperatures. These
data will allow us to assess the reliability of the Gaia
distance measurements.

As before we performed spectroscopic observations
of the Polaris cluster main-sequence stars in order to
determine their RV (to establish their membership in
the cluster) and effective temperatures (to determine
the radii and distances from known spectral types).

These objects were taken from Turner et al. (2005).

2. Studied Objects

Table 1 summarizes basic data for the 18 targets
that were taken from SIMBAD. According to these
data, the stars are located quite close to Polaris, and
the vast majority of them have noticeably large proper
motions. Nine of these stars (HD 5914, HD 10772, HD
11696, HD 14369, HD 14718, HD 209556, BD +87°16,
BD +87°26, BD +88°75) are designated in SIMBAD
as stars with a high proper motion (HPMS). The com-
ponents of their proper motion, as a rule, exceed two
dozen milliseconds per year.

However, HD 16335, HD 203317, and Polaris B
which meet these criteria are not designated as HPMS.
HD 90162 is designated as a spectroscopic binary, and
Polaris B is designated as a variable. All these objects
are main sequence stars of spectral types from A0 to
GO0. As it is stated above, the values of u, and ugs for
Polaris are also close to those of these HPMS stars
that may serve as a fact of the general spatial dy-
namics of these stars. The next steps in studying the
possible commonality of these stars will be measuring
their RVs and determining their effective temperatures.

3. Observations and reduction of spectra

Twenty eight spectra of these eighteen objects were
taken in 2016-2023 with the 0.81 m telescope of the
Three College Observatory (TCO), located in central
North Carolina, USA. They were obtained with an
échelle spectrograph manufactured by Shelyak Instru-
ments! in a spectral range from 4250 to 7800 A with
a spectral resolving power of R ~ 12000 and no gaps
between the spectral orders. The data were reduced
using the échelle package in IRAF.

The DECH30 package (Galazutdinov 2007) was
used to measure line depths and RVs. Line depths of
some metal lines in the atmospheres of cooler stars
(F5-GO V) were used to determine their effective
temperatures. The syntetic spectra method was used
for hotter stars. RVs were measured using metal (RV
(met)) and hydrogen (H,, Hg, H,,) absorption lines
(see Table 2).

4. Radial velocities

Table 2 contains the dates of spectral observations,
RV measurements from the TCO spectra, and RV data
from other authors as well as from the Gaia DR2 and
DR3 catalogs. As can be seen from the table, for more
than six years of observations, more than two spectra

Lhttp://www.shelyak.com
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Table 1: Polaris field objects. Coordinates, proper motions, visual magnitudes and color indices.

Object «@ d Lo s A% B-V Spec

(2000) (2000) (mas yr™') (mas yr ') (mag) (mag) Type
HD 5914% 01 33 50.71 489 00 56.30 +64.873 -33.038 6.46 0.10 A3V
HD 10772x 02 03 34.87 +86 55 54.48 +49.208 -13.009 8.11 0.34 F5V
HD 11696% 02 34 32.66 488 28 15.70 +52.918 -47.906 8.13 0.27 A3V
HD 14369% 03 40 54.04 +89 06 17.58 -51.778 -30.247 8.11 0.35 FoOV
HD 14718« 03 17 32.24 488 40 33.55 -158.016 +42.482 8.61 0.52 GOV
HD 16335 03 04 07.97 487 01 33.89 -26.672 +18.044 7.84 0.36 Fov
HD 66368 09 21 48.47 +88 34 13.18 -6.429 +12.384 7.13 0.14 A0V
HD 90162 SB 10 49 13.59 +87 51 32.15 -23.671 -5.108 8.78 0.50 F8V
HD 163988 16 48 43.27 +88 09 22.44 -2.222 +12.015 8.11 0.47 F5V
HD 203317 20 47 59.82 487 32 14.82 +30.650 +24.149 8.52 0.41 F2vV
HD 209556% 21 36 02.50 +87 47 02.01 +24.927 +33.472 8.37 0.45 F5V
HD 224687 23 59 30.74 486 42 23.05 +35.745 -1.381 6.74 0.06 A0V
HD 224991 00 02 27.83 487 01 57.77 +18.454 +8.299 7.84 0.30 Fov
Polaris B VS 02 30 36.09 +89 15 39.20 +41.961 -13.562 8.20 0.57 F3V
BD +86°44 03 28 35.54 487 23 40.90 -0.124 -3.805 9.14 0.50 F8V
BD +87°16x 02 48 59.14  +88 39 39.46 +47.850 -35.107 8.84 0.54 GOV
BD +87°26x 03 47 08.90 +87 53 48.25 +41.550 -44.376 8.81 0.48 GOV
BD +88°75x 12 37 42.37 +87 58 22.83 -56.249 +17.242 9.08 0.51 F5V

* — High proper motion star (HPMS), SB — spectroscopic binary; VS — variable star (VS).

were obtained for seven stars, which makes it possible
to verify the accuracy of the TCO results and compare
them with the data from other authors. Noticeable
differences between the data shown in Table 2 may in-
dicate variability or binarity of the studied stars. The
non-variable (within errors) RVs for HD 10772, HD
11696, HD 14369, HD 16335, HD 66368, HD 209556,
HD 224687, BD+87°16, BD+87°26, BD+86°44 and
BD+88°75 suggest that 61% of the studied objects are
non-variable, single stars.

A significant scatter of the RV data for HD 90162
(over 40 kms™' ), which is marked as a spectroscopic
binary in SIMBAD, confirms this status. This fact is
supported by the apperance of an additional compo-
nent in the red wing of the H,, line (see Fig.1). A sim-
ilar noticeable scatter (~20 kms™' ) in the RV data is
characteristic of HD 163988, which may also indicate
its binarity. HD 14718 has an RV data scatter within
10kms ' . These two stars show an asymmetry on the
red side of the H, line core, which may be caused by
the presence of a secondary component (Fig. 2).

Polaris B has noticeable differences between recent
measurements and those obtained several decades ago.
This is unlikely to be related to physical variability of
the object, as indicated in SIMBAD, but most likely
with its orbital motion. Judging from the minor differ-
ences in RVs and spectral types, HD 203317 and HD
224991 may be low-amplitude pulsating § Sct type vari-
ables. Also, the difference between our and earlier RVs
from that listed in the DR3 catalog for HD 5914 looks
completely unexpected, ~10 km s~1 . If the latter is
not erroneous, then HD 5914 can also be suspected of
pulsational variability.

Also, average RVs of all the stars, with the exception
of HD 14718 and HD 90162, range from +8 to —30
kms™! . This means that all but two of the 16
objects from our list may belong to the same general
group. Attention should also be paid to the large RV
differences determined from absorption lines of metals
and hydrogen for HD 5914, HD 66368, HD 203317,
HD 209556, and HD 224687.

0.8 | g

0.6 4

HD 90162
04} ]

0.2

1 1 1
6560 6570 6580

Wavelength, (A)

1 1
6540 6550

Figure 1: Fragment of the spectrum of HD 90162 in the
H, line region. Presence of the line core of the secondary
component is noticeable in the red wing.
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Table 2: Radial velocities of Polaris field stars

Object <RV> RV (Other authors)
HJD 2400000+  Metals o NL Ha Hp H, <RV> Source
HD 5914 58194.6932 -9.04 337 34 -417 -3.30 -0.42 -10.0 [b]
58236.6245 -10.06 2.32 61 -4.09 -2.27  +0.25 -11.0 [c]
-1.38 (1]
HD 10772 59080.7839  +8.27 238 81 4700 +6.56 -6.06 +7.83 1]
59185.6053 +6.07 2.47 105 +3.28 +3.57 +9.54
HD 11696 59233.4995 +6.86 1.70 165 +7.69 +7.51 +7.39  48.26 il
+6.00 (1]
HD 14369 58214.5807 -8.48 214 157 -7.82 -6.38 -3.91 -6.56 k]
59186.6445 -6.16 1.77 160 -6.75 -6.25 -3.71 -6.76 1]
59267.5568 -6.66 2.18 275 -836 -5.70 -5.43
HD 14718 60219.7693  -59.78 2.60 150 -63.40 -61.05 -59.61 -62.7 [f]
-68.27 k]
-61.34 (1]
HD 16335 58182.6840  -27.07 3.02 363 -29.09 -28.79 -27.51  -24.27 k]
59225.4923  -27.79 2.78 205 -29.01 -27.14 -26.58 -24.68 ]
59267.5108  -27.72 3.02 221 -29.32 -26.31 -25.45
HD 66368 58158.7237 =790 279 8  -440 -1.99 +8.95 -8.0 [a]
-8.74 i
-10.64 W
HD 90162 59621.7604  -69.18 4.11 150 -68.49 -67.08 -65.70 -23.0 [d]
-24.97 [i]
-41.90 k]
HD 163988 57496.6113  +2.51 292 116 +46.21 +3.12  -1.59 -18.9 [b]
-18.8 [f]
-2.25 ]
-1.34 ]
HD 203317 58972.7107 -7.64 206 30 -0.68 -8.73  -4.48 -7.81 k]
-12.35 1]
HD 209556 58239.6102 -8.66 238 51 -13.53 -14.36  -3.40 -5.05 k]
-8.62 [
HD 224687 58125.5771  -16.34 2.10 30 -13.60 -839  -5.55 -17.3 [a]
59193.5733  -17.42 1.38 47  -14.28 -15.84 -17.21 -18.3 [e]
59198.5582  -16.98 1.65 54 -11.74 -14.84 -12.86 -17.3 [b]
HD 224991 58240.5511 -3.15 430 193 +0.58 +3.76  -1.22  45.99 (k]
+4.15 1]
Polaris B 59248.5809  -19.22  3.39 79 -20.58 -21.96 -20.92 -8.0 [a]
59255.5298  -19.21 2.60 138 -17.86 -20.96 -24.07 -13.0 [b]
-18.90 [h]
-22.25 K]
BD+86 44 59529.6603  -18.09 2.56 171 -19.77 -19.32 -13.32  -18.60 k]
59531.6872  -19.04 2.74 178 -17.70 -20.00 -13.57 -19.11 [
BD+87 16 59527.6368 -8.27 1.31 187 -7.54  -826  -8.20 -8.38 1]
BD+4-87 26 59523.7156 -4.48 218 217 -3.58 -6.49 -3.77 -4.10 k]
-4.45 ]
BD+88 75 59622.7052 -9.48 1.74 214 -879 -9.88 -9.25 -9.40 k]
-10.40 ]

91

a — Wilson (1953), b — Gontcharov (2006), ¢ —Young (1939), d — Wilson & Joy (1950), e — Plaskett et al. (1921),
f — Nordstroem et al.(2004), g — Pourbaix et al. (2004), h — Usenko & Klochkova (2007), i — 6m SAO RAS: HJD
2455141.1960, j — 6m SAO RAS: HJD 2455141.2975, k — Gaia DR2 Catalogue (2018), 1 — Gaia DR3 Catalogue

(2022).
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Table 3: Effective temperatures and gravities of Polaris
18k ' ' ' g field stars.
. Star Our results Gaia DR3
' HD 14718 Teg , K logg Tew, K logg
1l : HD 5914 8800 (2)  4.00 3383 -
2L ] HD 10772 6900 (2)  4.00 6908  3.7925
o HD 11696 7614 (3) - 7514  3.9808
T ] HD 14369 6721 (3) - 6621 4.1525
08 HD 14718 5971 (3) - 5930  3.8451
06 HD 163988 HD 16335 7220 (2) 4.00 6772  3.8301
HD 66368 9700 (2) 3.80 10310  3.9897
o4r ) ) ) ] HD 90162 6175 (1)  3.90 6267 3.8558
6555 6560 6565 6570 HD 163988 6369 (1) 3.50 6509 3.3543
Wavelength (A) HD 203317 6650 (2)  4.00 6664  3.9941
HD 209556 6301 (1) 4.00 6334 4.1895
. HD 224687 9700 (2) 3.80 10055  3.7103
Figure 2: Parts of the spectra of HD 14718 and HD 163988 {1y 994991 7220 (2)  4.00 7173 3.9197
in the Ho line region. Polaris B 6900 (2) 4.30 6851 4.1529
BD +86°44 6179 (1) 3.50 6351  3.6227
BD +87°16 6095 (1) 4.20 6076 4.2384
5. Effective temperatures, reddenings, dis- Bp 187°26 6169 (1)  3.80 6277  4.1664
tances, and radii BD 488°75 6169 (1)  4.00 6236 4.2091

All the objects we study are A - G main sequence
stars, therefore, one can determine their luminosities
from their effective temperatures. Because Tog esti-
mates are independent of the star’s reddening, obtain-
ing its spectroscopic estimate through the luminosity
and radius allows determining the distance to the ob-
ject. Conversely, from knowing the star’s Teg and dis-
tance one can determine its radius and compare it with
that calculated from a calibration relationship. Since
MS stars having these spectral types, the scatter in es-
timates of their radii is insignificant. Comparing the
obtained estimates of the radius from a calibration,
one can estimate the accuracy of the distance mea-
surements. Nowadays we have a database of distances,
as well as that of effective temperatures, gravities and
reddenings from Gaia DR3, which gives us a convenient
opportunity to compare our spectroscopic estimates of
Teg with the respective Gaia data and check out the
accuracy of distances from this catalog.

Table 3 presents the results of the T,g estimates ob-
tained from our spectroscopy (as described above). Es-
timates of logg were determined either by balance of
the Fe I and Fe II abundances or by using synthetic
spectra. For two stars, T.g were determined from
Stromgren photometry. As can be seen from tables, the
largest differences between the Tog estimates (from 300
to 600 K) are more noticeable in hotter A—type stars.
In latter spectral types, these differences decrease and
do not not exceed 170 K. Estimates of logg are quite
close and typical for MS stars. This means that all
the objects we study are luminosity type V stars, for
which there are calibration relationships that connect
Teg with spectral types, colors indices, absolute mag-
nitudes and radii. In our previous study (Usenko et
al. 2018) we used calibrations by Pecaut & Mamajek

1 — Lines depths of metal lines, [2] — synthetic spec-
tra, [3] - Stromgren photometry

(2013), while in this paper we use improved ones from
Mamajek (2022)? and Turner (2023)3.

First, we decided to check how different are the stars’
radii calculated from our T.g estimates and those from
Gaia DR3, if we assume that the distances and red-
denings from DR3 are reliable. The results of our cal-
culations are shown in Table4. The results shoe that
according to DR3 all the objects are located within
the distance range from 80 to 290 pc and that their
reddenings are insignificant, with the exception of HD
66368, HD 163988, and HD 224687. The differences
in the radius estimates do not exceed 0.05 R for the
difference in Tog of 100 K. However, they reach 0.2 -
0.5 R for the T differences from 300 to 500 K.

What is more noticeable is that for the stars located
at distances greater than 140 pc, the radii may exceed
the estimates typical for MS stars of a given spectral
class by a factor of 2-3. From this fact we conclude
that the DR3 distances for these stars are erroneous.
A similar fact was noted in our previous study (Usenko
et al. 2018). To check the accuracy of these distances,
we decided to link the estimates of Tog and Ag from
DR3 to their corresponding calibrations from Mama-
jeck (2023) and Turner (2023). The calculation results
are shown in Table 5.

What one should pay attention to in this table:

1. According to the calibrations, for the majority of

2http:/ /www.pas.rochester.edu/~emamajek/
EEM_dwarf_ UBVIJHK _colors_Teff.txt
3http://ap.smu.ca/~turner/A5500.html
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Table 4: Absolute magnitudes and radii of Polaris field stars using our and Gaia DR3 T.g , distances, and

reddenings.

A4 Ay d M~ Our data DR3
Star (mag) (mag) (pc) (mag) Tew , K R(Ro ) Tew, K R(Ro )
HD 5914 6.46 0.0 101.7£0.3 1.42+0.01 8800 2.02+0.02 8383  2.22+0.03
HD 10772 8.11 0.0012 107.1+£0.6  2.96+0.01 6900 1.6340.01 6908 1.6240.01
HD 11696 8.15 0.0003 163.1£+1.1 2.09£0.02 7614  1.98+0.02 7514  2.03£0.02
HD 14369 8.10 0.0166 91.7+£0.4  3.27£0.01 6721 1.48+0.01 6621 1.5240.02
HD 14718 8.61 0.0303 102.841.6  3.5240.03 5971  1.6740.02 5930 1.69£0.02
HD 16335 7.84 0.0075 140.9£1.5  2.09£0.02 7220 1.98+0.02 6772  2.50£0.03
HD 66368 7.10 0.5474 142.3+1.7  0.79£0.03 9700 2.22+0.02 10310  1.96+0.02
HD 90162 8.78 0.0008 194.3+0.5  2.344+0.01 6175 2.68£0.03 6267  2.59£0.04
HD 163988  8.12 0.1522  275.842.5  0.77£0.02 6369 5.20£0.06 6509 4.98+0.05
HD 203317  8.52 0.0009 149.3+0.4  2.65£0.01 6650 2.01+£0.02 6664 2.00+£0.02
HD 209556  8.37 0.0014 87.24+0.2  3.67£0.01 6301 1.4040.01 6334 1.3840.02
HD 224687  6.75 0.2893 212.54+2.5 -0.18+0.02 9700  3.47£0.04 10055  3.23£0.04
HD 224991  7.84 0.0184 145.2+0.4 2.01+0.01 7220 2.274+0.03 7173 2.30+£0.03
Polaris B 8.60 0.0005 137.240.6  2.914+0.01 6900 1.6540.01 6851 1.67£0.02
BD +86°44 9.14 0.0463  283.5%0.9 1.83+0.01 6179  3.40£0.04 6351 3.22£0.04
BD +87°16 8.84 0.0027 92.4£0.1 4.014+0.01 6095 1.27£0.02 6076 1.28+0.02
BD +87°26 8.81 0.0010 108.44+0.2  3.63%+0.01 6169 1.4940.02 6277 1.4940.03
BD +88°75 9.08 0.0006 116.240.2 3.75£0.01 6169 1.4140.02 6236 1.38+0.01

the objects, the spectral types determined from
the DR3 T,g data are earlier than those given in
SIMBAD (see Tablel), or coincide with them.
Exceptions are HD 11696, HD 14369, HD 16335,
and BD +88°75.

2. Distance estimates to stars derived from the
spectral types based on the calibrations, nearly
or virtually coincide with the DR3 estimates only
for HD 10772, HD 14369, HD 209556, Polaris B,
BD +487°16, and BD +87°26. The differences
are within 20-30 pc for HD 5914, HD 11696, and
HD 66368, while this difference ranges from 40
to 170 pc for the rest of the sample (HD 14718,
HD 16335, HD 90162, HD 163988, HD 203317,
HD 224687, HD 224991, and BD +86°44) that
constitutes half of it.

3. Based on the radii calculated from the T, and
Ay taken from DR3 and distances from Table 5,
one can conclude that the differences between the
radii derived from Mamajek and Turner are in the
range of 0.05-0.2 Ry with the exception of HD
66368 and HD 224687, where this difference ex-
ceeds 1 Rg . If we compare the radii calculated
using calibrations with those determined from the
DRa3 distances, it is clear that only 8 stars coincide
within 0.3 Rg . The rest (HD 5914, HD 14718,
HD 16335, HD 66368, HD 90162, HD 163988, HD
203317, HD 224687, HD 224991, and BD +86°44)
show the differences from 0.5 to 2.9 R, .

Thus, it turns out that for 10 stars out of 18, the
radii determined from the distances, Tog and redden-
ings taken from the DR3 catalog differ significantly
from the average values ederived for the corresponding
spectral types of the luminosity type V. This means
that the DR3 distances for more than half (56%) of
the sample are erroneous and need refinement.

Figure3 shows the relationships of (O-C) in dis-
tances - Gaia DR3 distances for two different calibra-
tions from Table 5. There calculated distances (C) were
derived using data from Mamajek (2013) and Turner
(2023), while the observed (O) values come from the
Gaia DR3 catalog. As can be seen from Figure 3, both
dependences are close to one another and have an ex-
ponential character that indicates that the errors in
the distance determination to the target stars increase
with increasing DR3 distances, which are larger than
130 pc. This fact means that the Gaia DR3 distances
are unreliable.

Therefore, we decided to verify the distances to the
stars using photometric data. To do that, we used
color-indices (B-V), and thanks to the refined spectral
types, intrinsic color indices, color-excesses, and red-
denings, the absolute magnitudes for the ZAMS were
determined. The latter allowed us to determine the
distances. These data are presented in Table 6.

As can be seen from Table 6, the obtained redden-
ing estimates for individual stars differ significantly
from those shown in DR3. As for the distance es-
timates, they are closer to those obtained from the
Turner (2023) calibrations. It can be seen that most
stars are located in the distance range 70-110 pc and
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Table 5: Comparison of absolute magnitudes, distances, spectral types, and radii of the Polaris field stars
according to the Gaia DR3 data that is converted from the Mamajek (2022) and Turner (2023) relations.

Star DR3 Mamajek Turner DR3 Mamajek Turner
\% MV d M\/ d ]\/IV d Teff R SpT R Sp R
(mag)  (mag) (pc)  (mag) (pc)  (mag) (pc) K (Ro) (Ro ) (Ro )
HD 5914 6.46 1.42 101.7 1.85 83.6 1.99 78.3 8383 2.22 A4V 1.819 A3V 1.71
HD 10772 8.11 2.96 107.1 2.88 111.1 2.98 106.1 6908 1.62 F1v 1.647 Fov 1.60
HD 11696 8.15 2.09 163.3 2.36 143.9 2.47 136.8 7514 2.03 A8V 1.747 ATV 1.71
HD 14369 8.10 3.28 91.2 3.27 91.8 3.40 86.4 6621 1.52 F4v 1.508 F3V 1.37
HD 14718 8.61 3.35 111.0 4.48 66.1 4.76 58.1 5930 1.83 GOV 1.100 Fov 0.95
HD 16335 7.84 2.09 140.9 3.05 90.5 3.15 86.4 6772 2.50 F2v 1.591 F1v 1.54
HD 66368 7.10 0.77 143.4 0.65 151.7 1.37 108.9 10310 1.99 B9V 2.417  B9.5V 1.42
HD 90162 8.78 2.35 193.5 3.83 97.7 4.11 85.9 6267 2.59 F7V 1.312 F7V 1.15
HD 163988 8.12 0.80 271.1 3.44 80.5 3.62 74.1 6509 4.91 F5V 1.449 F5V 1.34
HD 203317 8.52 2.65 149.3 3.21 115.3 3.32 109.6 6664 2.00 F4v 1.529 F2v 1.47
HD 209556 8.37 3.64 88.1 3.71 85.5 3.99 75.1 6334 1.42 Fev 1.353 Frv 1.19
HD 224687 6.75 -0.17  212.0 0.79 136.1 1.46 100.5 10055 3.23 B9V 2.325 B9.5V 1.48
HD 224991 7.84 2.01 145.2 2.61 110.2 2.70 105.8 7173 2.30 FOV 1.717 A8V 1.69
Polaris B 8.60 2.92 136.7 2.94 135.5 3.05 128.8 6851 1.71 F2v 1.630 FOV 1.58
BD +86°44 9.14 1.87 278.3 3.69 120.5 3.88 110.3 6351 3.15 Fev 1.359 Fev 1.25
BD +87°16 8.84 4.01 92.2 4.21 84.3 4.48 74.4 6076 1.28 Fov 1.178 F8V 1.04
BD +87°26 8.81 3.64 108.1 3.77 101.9 4.09 87.9 6277 1.43 Frv 1.333 Fr7v 1.14
BD +88°75 9.08 3.76 115.9 3.91 108.1 4.18 95.5 6236 1.36 F7V 1.279 F7V 1.13
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Figure 3: Gaia DR3 distances - (O-C) distances relation-
ship for the Polaris field stars. Filled squares show calcula-
tions using Mamajek (2022) calibration, open squares show
calculations using that of Turner (2023).

only HD 14718 and HD 11696 fall out of this interval.
If we look at the dependence of the average stars’ RVs
versus these distances, one can see that most stars form
the group in a given distance interval with RVs from
+7.4 to —26.3 kms™' . This can be seen in Figure4.
One obvious (HD 90162) and one probable (HD 14718)
drop out of the spectroscopic binaries group, and the
star with the greatest reddening, HD 11696, is much
further away.

It should be noted that with Polaris’ Eg_v = 0.™02,
Ay = 0."056, the distance is 100.7 pc. Also, SIMBAD
does not contain data on the distances from Gaia DR2
and DR3. This is probably due to difficulties in mea-
suring parallaxes for bright stars.

Figure 4: Photometric distance versus RV relationship for
the Polaris field stars. Polaris is marked with an open five-
point star.

6. Summary

1. According to the RV values, 15 target stars belong
to the same moving group.

2. Two objects, HD 14718 and HD 90162, judging by
their RVs, probably belong to the thick disk, while
HD 11696 belongs to another group of the Polaris
field stars.

3. Judging from the spectra, HD 90162 is indeed
a spectroscopic binary, while HD 14718 and HD
163988 are possible binaries.

4. 61% of the studied objects are non-variable stars,
and three objects (HD 5914, HD 203317 and HD
224991) can be low-amplitude pulsating variables
of the § Sct type. It is still unclear whether Polaris
B is a pulsating variable, as indicated in SIMBAD.
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Table 6: Color-excesses, reddenings, absolute magnitudes, and distances for the Polaris field stars.
Star A4 B-V Ep_v Vo Av My Vo-Mvy d
(mag) (mag) (mag) (mag) (mag) (mag) (mag)  (pc)
HD 5914 6.46 0.107 0.017 6.412 0.048 1.99 4.422 76.6
HD 10772 8.11 0.342 0.000 8.110 0.000 3.14 4.970 98.6
HD 11696 8.15 0.270 0.540 6.628 1.522 1.99 5.498 125.8
HD 14369 8.10 0.413 0.068 7.938  0.162 3.23 4.708 87.4
HD 14718 8.61 0.516 0.000 8.610 0.000 4.68 3.930 61.1
HD 16335 7.84 0.379  0.069  7.657  0.183 2.98 4.677 86.2
HD 66368 7.10 0.174  0.174  6.613  0.487 1.56 5.053 102.5
HD 90162 8.78 0.504 0.000 8.780 0.000 4.29 4.490 79.1
HD 163988 8.12 0.475  0.020 8.064  0.056 3.93 4.134 67.1
HD 203317 8.52 0.405 0.045 8.394 0.126 3.26 5.134 106.4
HD 209556 8.37 0.468 0.000 8.370 0.000 4.05 4.320 73.1
HD 224687 6.75 0.081 0.081 6.523  0.227 1.56 4.963 98.3
HD 224991 7.84 0.282  0.000  7.840  0.000 2.82 5.030 101.4
Polaris B 8.60 0.390 0.020 8.544 0.056 3.52 5.024 101.1
BD +86°44 9.14 0.495  0.000 9.140  0.000 4.32 4.820 92.1
BD +87°16 8.84 0.540 0.003 8.832  0.008 4.45 4.382 75.2
BD +87°26 8.81 0.480 0.000 8.810 0.000 4.31 4.500 79.4
BD +88°75 9.08 0.505  0.000 9.080  0.000 4.32 4.760 89.5
5. Our estimates of the effective temperatures ob- Strasbourg, France, and data from the Eu-
tained using spectroscopy or photometry showed ropean Space Agency (ESA) mission Gaia

their approximate similarity with the estimates
from the DR3 catalog for stars of the spectral
classes F—G, while for hotter A—type stars the dif-
ference is 300-500 K.

Estimates of the stellar radii calculated using Teg
values, reddenings and distances from DR3 catalog
for half of the stars turned out to be overestimated
and inconsistent with their spectral types.

Recalculations of the radii and distances for the
stars using our Teg estimates and “Spectral type
— Luminosity”’ calibrations for MS stars also con-
firmed that for half of the stars the DR3 distance
estimates are unreliable.

The largest discrepancies in the distance estimates
between the DR3 data and the calibrations are
found for distances lrger than 130 pc and have an
exponential character.

Judging from the derived RV estimates and pho-
tometric distances, 15 target stars probably still
belong to the old open cluster dissolved among the
stars of the Polaris field and located at distances
of ~70-110 pc.

10. The distance estimates from the DR3 catalog are
extremely unreliable and should be carefully re-

vised.
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