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ABSTRACT. We present the results of a spectro-
scopic and photometric investigation of 18 probable
members of the open cluster Collinder 220, which
contains the Cepheid UW Car. Besides the Cepheid,
we studied tree K-giants, two B-giants, and twelve
B-A-F main sequence stars. Radial velocities (RV),
vsini, T.g, and logg were determined using spec-
troscopic model fitting and atmosphere models. We
have derived color-excesses, reddenings, and intrinsic
colors for these stars using their Tog and logg from
comparison to the atmosphere models, especially
for hot stars. Proper motions, RV, and the GAIA
DR2 2018 parallaxes allowed us to determine their
membership in the cluster and absolute magnitudes.
We found that seven stars along with the Cepheid can
be the cluster members with a high confidence. The
parallaxes and reddenings of the 7 confident cluster
members led to the distances in a range of 1900-2800
pc, while the other stars are probably foreground
objects. All the members have [Fe/H] near 0.1 dex.
The B-giant HD 90435 located near the -cluster’s
“turn-off” point has a low projected rotational veloc-
ity, and this fact allows us to determine its chemical

composition to compare with that of the Cepheid UW
Car. The CNO abundances of HD 90435 are nearly
solar, while the Cepheid shows a deficit of carbon, an
overabundance of nitrogen, a nearly solar oxygen, and
an overabundance of sodium. The confident cluster
member, K-supergiant CPD —57°3199, has CNO- and
Na abundances close to those of UW Car.

Key words: Open clusters: radial velocities; Stars:
abundance; GAIA parallaxes; Cepheids; B - giants;
K-giants; individual: Collinder 220, UW Car, CPD
—57°3199, HD 90435, HD 90552, HD 302751, HD
302759, HD 302760, HD 302761, HD 302858, TYC
8608-1-1, TYC 8608-25-1, TYC 8608-33-1, TYC
8608-69-1, TYC 8608-153-1, TYC 8608-193-1, TYC
8608-213-1, TYC 8608-221-1, TYC 8608-1503-1.

AHOTAIIA. Mwu  npeseHTyeMO  pe3yJIbTaTH
dOTOMETPIYHAX Ta CIEKTPOCKOINYHUX JIOCIIJI2KEHD
18-Tm BiporimHWX dYJIEHIB PO3CITHOrO CKYITYeHHS
Collinder 220, sixe Britouae medeinry UW Car. Okpim
nedeinu, mu mocmigmmu tpu K-ruranta, nsa B-riranra
Ta aBaHaaUATh B-A-F- 3ip rosoBHOI 10CJIiIOBHOCTI.
Pagianpui mBuakocti RV, ta mapamerpu vsini, Teg Ta
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log g 6y orpuMaHi 3a/sIKU BUKOPUCTAHHIO (PITTIHTY
CIIEKTPOCKOIIIHIX MOJeseil Ta Mogmeseir armocdep.
Mu BuBeSM HAJJIUIIKK KOJIBOPY, IOYEPBOHIHHS, Ta
CIIPaBXKHI KOJILOPU JIJIsi IUX 3ip, BUKOPUCTOBYIOYU
ix Teg Ta logg HUISIXOM TOPIBHSHHS 3 MOJIEJISIMU
arMmodep, O0cCobOIUMBO I Tapadux 3ip.  Buracumii
pyx, RV ma mnapamakcu 3 xarajmory GAIA DRI18
JIO3BOJIAIOTH BCTAHOBUTH 1X WIEHCTBO y CKYITY€HHI Ta
ix abcosroTai MaruiTyan. Mu BcTanoBuIH, M0 CiM 3ip
3 1nedeinolo 3 BHCOKOIO BipPOTiJHICTIO MOXKYTb OyTH
WIeHAMM CKymdeHHsi. llapajiakcu Ta OYepBOHIHHS
CcIMOX HAJIIHWX WIEHIB CKyIMYeHH:d HAJAIOTh BiJICTaHI
y pamkax 19002800 mc, Tomi gk i 30pi BiporigHO
€ ob’eKTaMu MepeIHBOro ItaHy.  Yci i ob’ekTu
matore [Fe/H| = 0.1 dex. B-rirant HD 90435, sixwuit
MicTuTbCs Oiist "TOYKH MOBOPOTY" CKyIUeHHsI, Mae
HU3BKY IPOEKIHIO IIBUIKOCTI obepraHHs, el dakTt
JIO3BOJIIE OTPUMATH HOro ximMiuHuit ckjaam, mob
nopiBasiTr 3 aHajorivauM y tedeinn UW Car. Bwicr
CNO y HD 90435 6yu3bKuii J0 COHSYIHOIO, TOJI HAK
nedeina mokasye aediliT ByIJIelto, HaJIUIIOK a30Ty,
OIM3BKUIl JI0 COHSTYHOTO BMHCT KHCHIO Ta HAJJIUIIOK
umarpiro. [lificanit wren ckymaenusi, K-maariranr CPD
—57°3199 mae Bmict CNO Ta Na 6u3bkuii 70 BMicTy
y UW Car.

Koouosi ciioBa: Poscistni ckymdenHs:: mpomeHesi
mBuakocti;  3opi:  xiMidHWIT CKJIAJ; TApaJIaAKCH
GAIA; Kuacuuni uedeinn; B-rirantn; K-riranry;
inpuBinyaspHo:  Collinder 220, UW Car, CPD

—57°3199, HD 90435, HD 90552, HD 302751, HD
302759, HD 302760, HD 302761, HD 302858, TYC
8608-1-1, TYC 8608-25-1, TYC 8608-33-1, TYC
8608-69-1, TYC 8608-153-1, TYC 8608-193-1, TYC
8608-213-1, TYC 8608-221-1, TYC 8608-1503-1.

1. Introduction

Collinder 220 is a rather poorly investigated open
cluster. It contains 41 stars fainter than 10-mag of
mostly B- and A- spectral types. Besides, it contains
a 5.935 Cepheid UW Car as a possible member. Ac-
cording to Segel et al. (2019), the earliest spectral
type stars in it are B7-B8, E(B — V) = 0."25+0.™01,
the age near 370 Myr, and the metallicity [Fe/H] =
0.00 dex. Nevertheless there are some discrepancies
between the distance moduli derived by different stud-
ies. In particular, Vo - My = 11.™9940.20 (Segel
et al. 2019), 11.m4840."24 (Chen 2015) and 10.™83
(Dias et al. 2014). If the ratio of the total to selec-
tive extinction R = Ay /Eg_y = 3.m3440.02, we can
assume that Ay = 0.784+0.02 for the color-excess
from Segel et al. (2019). This way the following dis-
tances, 1698+164, 13424157, and 995 pc have been
derived, respectively. According to Cantat-Granden et
al. (2018) (GAIA catalog), the distance to the cluster
is ~2543 pc.

Kharchenko et al. (2013) gave <RV> = —13.0+0.2
kms ‘for the cluster, while <RV> = —12.19+0.12
kms ‘according to the GAIA DRI8 catalogue.
Collinder 220 has not been carefully studied spectro-
scopically except for UW Car (Luck & Lambert 2011).
Therefore, the main goals of our investigation are as
follows:

1) to measure the radial and rotational velocities of
the cluster’s stars, 2) to determine the atmospheric
parameters, metallicities, CNO and Na abundances
and compare the abundances of the objects of different
spectral types, 3) to determine the distances using
GATA DR2 parallaxes and RV data, and to check
their membership in the cluster.

2. Observations

Our observations were taken at the 11m SALT
(Southern African Large Telescope) equipped with
HRS (High Resolution Spectrograph). HRS is a dual-
beam (3700-5500 & 5500-8900 A) fiber-fed, white-
pupil, échelle spectrograph, which uses VHP gratings
as cross dispersers. We obtained one spectrum for
each object using the medium mode with the spec-
tral resolving power R = 40000 and an average S/N
over 100, which are sufficient to reach the goals of our
study. These spectra have been used to derive the
atmosphere parameters and chemical abundances for
some elements of the open cluster members. The data
were reduced using the échelle context in MIDAS. Also,
the feros package developed for échelle data reduction
from the Fiber-fed Extended Range Optical Spectro-
graph (FEROS) was used. Both FEROS and HRS
provide very similar results.

We used the DECH30 package! designed to use the
spectra in FITS format to measure the line depths and
equivalent widths. The radial and rotational velocities
were measured by fitting of the observed spectra with
models from Coelho (2014). The object IDs, magni-
tudes, spectral types, proper motions, parallaxes from
the GATA DR18 catalogue, measured radial and rota-
tional velocities for each spectrum are given in Table 1.

3. Results and Analysis

3.1 Radial and rotational velocities, proper motions
and parallazes

Distances derived from the Segel et al. (2019) and
Cantat-Granden et al. (2018) data determine one of
the main criteria for membership in the open cluster:
a parallax range from 0.59 to 0.39 mas. According to
Table 1, judging from the proper motion, radial ve-
locity, and parallax measurements, seven objects are

Lhttp://gazinur.com/DECH-software. html
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Table 1: General data for the observed objects in Collinder 220 and derived RVs.

Object V | Sp.type Lo 783 RV, kms~ ! | vsini, kms ! PLX (GAIA)
UW Car? 9.47 | GO Ib —7.305 | +3.590 | +17.11£0.04 36.6+0.1 | 0.263140.0290
CPD —57°3199 10.86 —7.328 | +2.680 | +18.76+£0.43 0.2+0.5 | 0.3463+0.0286
HD 90435 8.88 | B7/8III/IV —7.761 | +3.658 +9.514+0.23 21.04+0.1 | 0.516440.0465
HD 90552 9.82 | A4/7 —15.592 | +4.086 | +30.244+0.12 130.0£0.4 | 1.043340.0606
HD 302751 10.15 | K2 —11.823 | +8.164 +3.574+0.24 0.6+£0.4 | 0.9386+0.0296
HD 302759 11.00 | A —9.162 | +4.149 +9.3540.25 54.0+0.4 | 0.594740.0332
HD 302760 11.00 | A3 —2.414 | +0.091 —2.7240.02 21.3£0.1 | 0.859040.0328
HD 302761 10.28 | F2 —9.068 | 43.600 +5.761+0.19 68.6+£0.2 | 1.9200+0.2500
HD 302858 11.46 | AO —6.330 | +2.781 —0.78+1.10 174.0+£0.4 | 0.6726+0.0381
TYC 8608-1-1 12.01 —8.612 | +1.721 +4.8440.24 39.940.2 | 0.399640.0299
TYC 8608-25-1 12.49 —8.321 | +1.287 —4.40+£0.09 149.6+0.1 | 0.4438+0.0290
TYC 8608-33-1 12.10 -0.5 +3.3 | +11.454+0.31 46.3+0.2

TYC 8608-69-1 11.92 —7.706 | +3.257 +8.774+0.18 34.3£0.2 | 0.354840.0279
TYC 8608-153-1 11.59 —7.844 | +2.164 | +10.9940.13 149.4+1.1 | 1.0902+0.0305
TYC 8608-193-1 10.87 —7.291 | +3.146 | —44.244+0.04 0.0£0.1 | 0.4448+0.0292
TYC 8608-213-1 12.30 —6.243 | +5.414 | +27.50£0.32 62.7£0.1 | 0.515640.0293
TYC 8608-221-1 10.66 —11.166 | —1.933 | —46.78+0.04 0.1£0.2 | 0.7723+0.0327
TYC 8608-1503-1 | 12.04 —7.572 | +3.532 —7.61£0.02 34.1£0.4 | 0.3832+0.0323

1 - Phase 0.F761 according to ASAS SN (Kochanek et al. 2017)

most likely foreground stars, and three others have an
uncertain status.

It should be noted that our results are consistent
with those from other sources: RV = -13.00 kms™!
(Mermilliod et al. 2008) and -12.194+0.13 (GAIA DR2)
for CPD —57°3199; RV — 1.1740.19 kms™' (GAIA
DR2) for HD 302751 and RV = 41.45+0.50 (GAIA
DR2) for TYC 8608-221-1, respectively. It is obvious
that the majority of the confident cluster members have
close RV's. As seen, these objects RV's lie in the range
from —7.0 to +19.0 kms™!. As for UW Car, besides
our estimate, there are two other estimates of the RV =
-14.8040.9 kms~ ' (Gontcharov 2006) and -1.08-14.14
kms™' (GAIA DR2).

As seen in Table 1, three K-giants CPD —57°3199,
HD 302751, and TYC 8608-221-1 as well as the A-star
TYC 8608-193-1 have evidently low vsini, the B-giant
HD 90435 and the A-star HD 302760 have relatively
low vsini, while other hot main-sequence (hereafter
MS) stars are faster-rotating objects. It was very
surprising to detect that the Cepheid UW Car has an
unusually high vsini.

8.2 Color-indices, color-excesses, reddenings, and
atmospheric parameters

As was mentioned above, only Segel et al. (2019) de-
termined a color-excess for the cluster. It corresponds
to a visual extinction of Ay = 0.84+0.702. To im-
prove these parameters, we have used their T.g and
log g determined with the model fitting method. In the
next step, the intrinsic color-indices (B-V)q were deter-
mined for the hot B- and A-type stars using the Kurucz

(1993) models and theoretical color-indices from Bessel
et al. (1998). For more evolved stars of FGK spectral
types with a large number of narrow metallic absorp-
tion lines we used the lines depth relationships to de-
rive Tog (Kovtyukh 2007) and a Fe ionization balance
to derive log g. These estimates give us an opportunity
to determine corresponding (B-V)q for the FGK-stars.
Figure 1 demonstrates a “vsini- T,g” graph for the
studied stars. As seen, the three K - giants, the
Cepheid, the F- and A- MS-stars (12 objects) have a
notable relation, while the hot giants group (6 objects)
are located separately. This graph allows to separate
stars of the different luminosity types in this cluster.
The described above results allowed us to deter-
mine the color-excesses, reddenings, and interstellar
extinction. All these data are given in Table 2. We
used the (B-V) color-indices from TYCHO catalogue
(Hog et al. 2000). Fig. 2 represents the reddening
versus intrinsic color diagram for the cluster. There
are two groups of hot stars: the first group (7 objects)
has reddening values in a range of 0.00-0."*34 with a
mean Ay = 0.20+0.m11, while that for the second
group is 0.m86-1.""41 and a mean Ay = 1."024+0.732,
respectively. The first group most likely consists of
the confident cluster members (according to their
parallaxes), and the second one consists of possible
foreground objects. It is interesting that the possible
foreground objects HD 90552 and HD 302760 fit well
into the first group. TYC 8608-193-1, whose RV esti-
mate differs noticeably from those of the other group,
behaves similarly, while another possible foreground
object TYC 8508-1-153 seems to belong to the second
group. The reddening value Ay = 0.m8440."02 for
the cluster derived from the color-excess suggested
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Figure 1: Relationship between the rotation velocity
and T,g for the objects from our list. Open circles
show the main sequence B- and A- stars and B-giants,
filled five-point stars show the K-supergiants, open five-
point stars show the Cepheid.

by Siegel et al. (2019) is closer to that of the second
group, and the same we can say about the Ay for the
Cepheid UW Car. The average Ay for both groups
comes to 0.”765£0.""18.
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Figure 2: Reddening versus intrinsic color diagram for
probable Collinder 220 members. Open circles rep-
resent probable confident members, filled circles show
probable foreground objects, lines — linear approxima-
tions. Open star — Cepheid UW Car.

3.8 Absolute magnitudes and distances

Table 3 contains the absolute magnitudes of the
Collinder 220 objects derived from the GAIA DR2 par-
allaxes and our T, and Ay data as well as from the
(B-V)q color-indices and Teg from to the Pecaut & Ma-
majek (2013) tables for MS stars. According to Table 3,

the absolute magnitude and distance, which were cal-
culated by these two methods show an acceptable close
range values only for three objects. Figure 3 represents
the HR-diagram for the Collinder 220 objects. It shows
that all the possible confident cluster members except
for TYC 8608-193-1 lie well on the MS. TYC 8608-
69-1 is located near the cluster’s turn-off point, and it
could probably be a blue giant. HD 90435 has already
passed this point and is indeed a blue giant. It is inter-
esting that possible foreground stars HD 302858 and
TYC 8608-153-1 fall onto the cluster’s MS. HD 90662,
HD 302760, and TYC 8608-193-1 are not the cluster’s
members.
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Figure 3: T.g versus My diagram for the Collinder
220 possible members. The symbols represent the
same objects as in Fig. 2., and filled star — K-giant
CPD —57°3199. For UW Car My data accodring to
GATA DRI8 parallax (with error bars) and Fernie et
al. (1995) catalogue. Dashed line — main sequence
according to Pecaut & Mamajek (2013).

Figure 4 represents a Ep_y versus (V - My)
variable - extinction diagram for the possible confident
members of Collinder 220. This diagram shows
that the distance modulus for the open cluster is
11.83+0."71. Therefore, taken into account our
reddening estimates of 0.”20 and 1.”*02 we can derive
the Collinder 220 distances of 2118+590 or 14524405
pc, respectively. The former value takes into account
the Cepheid UW Car, which belongs to the cluster, is
more preferable. However, the intermediate value is
closer to the color-excess and distance modulus from
Segel et al. (2019), as mentioned above.
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Table 2: Atmospheric parameters, rotational velocities, intrinsic colors, color-excesses, reddenings, and inter-

stellar extinctions for the Collinder 220 objects.

Star Totr logg (B—V)(} Ep_v Ay R
UW Carl 498443 2.5240.01 0.57 0.46 1.56 3.51
CPD —57°3199 4855+3 1.7940.01 1.21 0.11 0.41 3.72
HD 90435 13420+2 3.76+£0.01 —0.13 0.11 0.38 3.30
HD 90552 750445 3.43£0.01 0.28 0.05 0.15 3.39
HD 302751 463013 2.01£0.01 - - - -
HD 302759 998516 3.29+0.00 —0.06 2.95 - -
HD 302760 732746 2.47+0.03 0.27 0.10 0.34 3.40
HD 302761 6503+3 2.41£0.01 - - - -
HD 302858 10917+4 3.92+0.01 —0.08 0.07 0.22 3.40
TYC 8608-1-1 11200410 3.84+0.01 —0.08 0.02 0.05 3.35
TYC 8608-25-1 10669+0 3.43£0.00 —0.08 0.30 1.02 3.36
TYC 8608-33-1 1333147 3.84+0.01 —0.13 0.09 0.29 3.30
TYC 8608-69-1 14626+6 3.3240.01 —0.15 0.46 1.49 3.31
TYC 8608-153-1 8882414 3.77£0.02 0.04 0.27 0.91 3.37
TYC 8608-193-1 770545 3.50£0.01 —0.07 0.01 0.00 3.36
TYC 8608-213-1 8010+1 3.5240.01 0.15 - - -
TYC 8608-221-1 4000+3 2.25+0.01 - - - -
TYC 8608-1503-1 12336+27 4.2240.01 0.10 0.26 0.86 3.32

1 - Tett, log g, and (B-V)q for the pulsational phase of 0.761 according to Kochanek et al. (2017).

Table 3: Comparison between absolute magnitudes and distances, determined using the GAIA DR2 parallaxes

and photometric data.

Object My (GAIA) | My (P&M13) | d (pc) (GAIA) | d (pc) (P&M13) | Membership
UW Car —5.031+0.23 3776+£422 m
CPD —57°3199 —1.854+0.18 28884239 m
HD 90435 —2.934+0.19 —0.32 19374174 582 m
HD 90552 —0.2440.12 +2.29 959456 299 fg
HD 302751 1065434 fg
HD 302759 1682+94 fg?
HD 302760 +0.33+0.08 1164+45 fg
HD 302858 +0.38+0.12 +0.60 1487484 1342 fg?
TYC 8608-1-1 —0.04+0.15 +0.45 2503+187 2001 m
TYC 8608-25-1 —0.2940.14 —0.42 2253+147 2389 m
TYC 8608-69-1 —1.8240.16 —1.18 28194222 2101 m
TYC 8608-153-1 +0.87+0.06 +1.89 917+26 575 fg
TYC 8608-193-1 —0.8940.14 +0.70 2248+148 1081 m?
TYC 8608-213-1 1940£110 m?
TYC 8608-221-1 1295455 fg
TYC 8608-1503-1 —0.9040.18 —0.10 26104220 1806 m

P&M13 - Pecaut & Mamajek (2013), [m] - confident member, |[fg] -

3.4 Particular case 1. UW Car problem.

For this 5.735 Cepheid according to the Fernie

et al. (1995) catalogue M, = —3."32 and d =
1844 pc. According to Anderson (2018), its (V -
My) = 11.763+£0.m20 and My = —3."60+0."31.

However, according to the GAIA DR18 parallax, My
—5."03+0.m23 and d = 37764422 pc. Such a large
data scatter rises doubts to the UW Car membership
in Collinder 220. Although using our distance modulus
for the cluster and our Eg_y for the Cepheid, we can
derive My = —4."1740.m71 and d = 2606+1008 pc
for UW Car.

3.5 Chemical abundances

When the atmospheric parameters were derived,
we used the VALD oscillator strengths (Kupka et al.
1999) and LTE model atmospheres from Castelli &

foreground star

Kurucz (2004) to determine the element abundances.
In partucular, we worked on three stars with relatively
low projectional rotation velocities: UW Car, CPD
—57°3199, and HD 90435. As seen from Table 3, two
of these objects (except for the Cepheid) are true
cluster members. Therefore, the chemical abundances
of each object from our list are of interest. Table 4
presents the results of our investigation. It turned
our that all these different spectral type stars have
an equal iron content, solar-like abundances of a—,
Fe-group, r- and s-process elements. Our elemen-
tal abundances are in good agreement with those
derived by Luck & Lambert (2011). At the same
time, the blue giant HD 90435 has a CNO-content
close to the solar one, but the cooler Cepheid and
K-giant have a deficit of C and an overabundance of N.
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Table 4: Chemical abundances for single Collinder 220 objects.

UW Car 76 (HD 90435) 69 (BD —57°3399)

Element | [BI/H]| o | NL | LLI1 | [EI/H] o | NL | [BI/H]| o | NL
C1 —0.51 | 0.16 7 | —0.17 —0.34 | 0.20 3
cII 0.34 - 1

NI 0.55 | 0.07 3 0.46 0.17 | 0.38 4 0.21 | 0.13 2
01 —0.13 | 0.20 3 0.18 0.19 - 1 0.13 | 0.07 3
Na I 0.26 | 0.10 2 0.18 0.39 | 0.07 2
Mg I 0.26 0.53 | 0.18 2
Mg II 0.99 | 0.33 2

All 0.23 | 0.19 2 0.05 0.15 | 0.11 6
Al I 0.76 - 1

Si I 0.04 | 0.14 7 0.14 0.09 | 0.04 6
Si II —0.30 - 1 —0.17 | 0.09 4

SI —0.20 - 1 0.19 | 0.06 2
S II

K1 0.16 - 1 0.23 - 1
Ca 1 0.02 | 0.08 4 0.09 —0.10 | 0.06 3
Sc 11 0.19 | 0.12 5
Til 0.03 | 0.08 | 17 0.19 —0.10 | 0.17 | 21
Ti 11 0.18 | 0.08 2 0.85 | 0.18 4 0.29 | 0.14 4
V1 —0.09 | 0.19 4 —0.11 | 0.10 8
V1T —0.12 | 0.17 3 —0.13 | 0.08 2
Crl —0.19 | 0.16 | 16 0.05 —0.15 | 0.17 | 15
Cr II 0.13 | 0.16 | 16 0.11 - 1 0.36 | 0.08 5
Mn I —0.15 | 0.12 4 | —0.16 0.26 | 0.30 3
Mn 11 0.86 | 0.11 2

Fe I 0.09 | 0.10 | 137 0.09 0.10 | 0.15 | 217
Fe 11 0.09 | 0.11 | 12 0.09 0.04 | 0.20 | 22 0.08 | 0.17 | 19
Co 1 —0.22 | 0.13 8 | —0.04 0.07 | 0.14 8
Ni I —0.07 | 0.15 | 34 | —0.04 —0.04 | 0.11 | 47
Ni 11 0.46 - 1

Cul —0.07 | 0.25 4 0.70 | 0.65 4
Zn 1 —0.09 - 1 0.48 | 0.43 3
Rb I 0.17 - 1 —0.30 | 0.01 2
Y II 0.16 | 0.06 4 0.17 0.36 | 0.22 5
Zr 11 —0.08 | 0.13 2 0.34 | 0.32 3
La II 0.09 | 0.14 4 0.27 0.40 | 0.10 5
Ce I1 0.07 | 0.04 6 0.10 0.13 | 0.12 5
PrII —0.17 | 0.20 3 | —0.15 0.23 | 0.09 4
Nd II 0.03 | 0.11 7 0.07 0.32 | 0.11 7
Sm I —0.12 | 0.12 3 0.01 0.23 | 0.13 3
Eu II 0.03 | 0.20 2 0.22 0.23 | 0.18 3
Gd 11 0.43 - 1 - 0.39 - 1
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LL11 - Luck & Lambert (2011), NL is the number of spectral lines used for the abundance determination.

4. Summary

1. According to the derived RV, color-indices, and

parallaxes, only 7 of the 18 investigated objects
are confident members of Collinder 220. They are
HD 90435, CPD —57°3199, TYC 8608-1-1, TYC
8608-25-1, TYC 8608-69-1, TYC 8608-1503-1 and
UW Car. TYC 8608-193-1, which was assumed to
be as a confident member, probably do not belong
to the open cluster. Other 11 objects are probably
foreground stars.

. The distances of the confident cluster members,
determined from the GAIA DR2 2018 parallaxes,
lie in a range of 1900-2800 pc. The Cepheid dis-
tance, which is near 3775 pc, is most likely over-
estimated.

. Among the confident cluster members, only TYC
8608-25-1 has a high projectional rotation velocity,
while for other stars and Cepheid UW Car these
estimates lie in a range of 24-40 kms™!. The

K-giant CPD —57°3199 has a very low value of

vsini.

. We have determined color-excesses Ep_y and red-

denings for the majority of objects from the list
that allowed us to refine their intrinsic color-
indices, especially for the hot stars.

. Atmospheric parameters of the hot stars were de-

termined by fitting method, while parameters of
the Cepheid, K- giant, and blue giant were deter-
mined exclusively by the method of atmosphere
models.

. Using Eg_vy, Ay, and R values derived by us for

confident cluster members, we have determined
the mean Ay = 0.m204+0.m11, distance modu-
lus V-My = 11.83+0.m71, and distance d =
21184590 for the cluster. The Cepheid UW Car
has an absolute magnitude of —4."1740."71 and
d = 2606+1008 pc.

. The B-giant HD 90435 is located on the horizontal

branch after the cluster’s “turn-off” point, while
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Figure 4: Variable-extinction diagram for possible
Collinder 220 members. The symbols represent the
same objects as in Fig. 2 and 3.

UW Car and CPD —57°3199 are more evolved
cool supergiants. Therefore the abundances of
carbon, nitrogen, and oxygen in HD 90435 turned
out to be close to the solar ones, while there is
a deficit of C and an overabundance of N and
Na with a solar-like O abundance for the cool
supergiants. This fact indicates that the Cepheid
and CPD —57°3199 have already passed through
the "first dredge-up" stage.
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