
SPECTROSCOPIC INVESTIGATIONS OF GALACTIC

CLUSTERS WITH ASSOCIATED CEPHEID VARIABLES.

II. NGC 5662 AND V CEN

ABSTRACT. We present the results of a spectro-
scopic and photometric investigation of 15 objects
from the open cluster NGC 5662, which contains the
Cepheid V Cen. Besides the Cepheid, we studied one
G-supergiant, two K-giants, four B-giants, and seven
main sequence stars. Radial velocities (RV), v sin i,
Teff , log g, and [Fe/H] were determined using model
�tting. We have derived the color-excesses, redden-
ings, and intrinsic colors for these stars to determine
their true Teff and log g from comparison to the atmo-
sphere models, especially for hot stars, and to deter-
mine their absolute magnitudes. RV and GAIA DR2
2018 parallax/distance values for these stars allowed
us to determine their membership in the cluster and
to construct it 3D kinematic models. These parallaxes
and reddenings led to the distances in a range of 700�
875 pc, while photometric MV gave the distances of
550�660 pc. Two objects from our list were found to
be non-members of the cluster, and two other objects
to be background stars. All members have [Fe/H] =
−0.1±0.04 dex. The main sequence stars and B-giants
have abundances of C, N, and Na close to the solar one,
while the cool supergiants and giants show a de�cit
of carbon, an overabundance of nitrogen, and a small
overabundance or close to the solar sodium content.
Two Li-rich K-giants, HD 127733 and HD 127753, were
discovered in the cluster.

ÀÁÑÒÐÀÊÒ. Ìè ïðåçåíòó¹ìî ðåçóëüòàòè
ñïåêòðîñêîïi÷íèõ òà ôîòîìåòði÷íèõ äîñëiäiâ
15 îá'¹êòiâ ðîçñiÿíîãî ñêóï÷åííÿ NGC 5662 ç
öåôå¨äîþ V Cen. Îêðiì öåôå¨äè ìè äîñëiäèëè
îäèí G-íàäãiãàíò, äâà Ê-ãiãàíòè, ÷îòèðè Â-
ãiãàíòè òà ñiì çið ãîëîâíî¨ ïîñëiäîâíîñòi. Çà

äîïîìîãþ ìîäåëüíîãî ôiòòiíãó áóëè îòðèìàíi
îöiíêè ðàäiàëüíèõ øâèäêîñòåé (RV), v sin i, Teff ,
log g, òà [Fe/H]. Ìè ðîçðàõóâàëè íàäëèøêè êîëüîðó,
ïî÷åðâîíiííÿ òà ñïðàâæíi êîëüîðè äëÿ öèõ çið,
ùîá çíàéòè ¨õ ñïðàâæíi Teff òà log g øëëÿõîì
ïîðiâíåííÿ ç ìîäåëÿìè àòìîñôåð, îñîáëèâî äëÿ
ãàðÿ÷èõ çið, òà àáñîëþòíi ìàãíiòóäè. Îöiíêè RV
òà ïàðàëàêñ/âiäñòàíü ç êàòàëîãó GAIA DR2 2018
äëÿ öèõ çið äîçâîëÿþòü âèÿâèòè ¨õ íàëåæíiñòü
äî ñêóï÷åííÿ òà çáóäóâàòè éîãî êiíåìàòè÷íi 3D-
ìîäåëi. Öi ïàðàëàêñè òà ïî÷åðâîíiííÿ äàþòü îöiíêè
âiäñòàíåé ó ìåæàõ 700-850 ïñ, òîäi ÿê ôîòîìåòði÷íi
MV äàâàëè îöiíêè ó 550�660 ïñ. Äâà îá'¹êòè ç
íàøîãî ñïèñêó âèÿâèëèñÿ íå ÷ëåíàìè ñêóï÷åííÿ,
òà ùå äâà - áiëÿ ìåæ ñêóï÷åííÿ. Óñi ÷ëåíè ìàþòü
[Fe/H]= −0.1±0.04 dex. Çîði ãîëîâíî¨ ïîñëiäîâíîñòi
òà Â-ãiãàíòè ìàþòü âìiñò C, N, òà Na áëèçüêèì äî
ñîíÿ÷íîãî, òîäi ÿê õîëîäíi íàäãiãàíòè òà ãiãàíòè
ïîêàçóþòü äåôiöiò âóãëåöþ, íàäëèøîê àçîòó, òà
ìàëåíüêèé íàäëèøîê, àáî ñîíÿ÷íèé âìiñò íàòðiþ.
Ó ñêóï÷åííi áóëè âiäêðèòi äâà áàãàòèõ ëiòi¹ì
Ê-ãiãàíòà - HD 127733 òà HD 127753.

Key words: Open clusters: radial velocities; Stars:
abundance; GAIA parallaxes; Cepheids; Lithium gi-
ants; individual: NGC 5662, V Cen, HD 127733, HD
127753.

1. Introduction

The open cluster NGC 5662 belongs to the Cen-
taurus section of the Milky Way. Being the Trumpler
class II3m, it consists of a central grouping in the
northern part and a southern one with the Cepheid V
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Cen and a loose concentration of B- and A-type stars
(Turner, 1982). According to Claria et al. (1991), the
earliest spectral type stars in it is B7, E(B − V ) =
0.31, V−MV = 9.80, d = 790±5 pc, [Fe/H] = −0.03,
and an age near 7.9×107 yr. Kharchenko et al. (2016)
give a [Fe/H] = 0.03 for this cluster. NGC 5662 has
not been carefully studied spectroscopically except for
V Cen. 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
atmosphere parameters, metallicities, CNO, and Na
abundances and compare the abundances between the
objects of di�erent spectral types, and 3) to determine
the distances using GAIA DR2 parallaxes and RV
data and to construct a 3D cluster's kinematic model.

2. Observations

All observations were taken using the 11m SALT
(Southern African Large Telescope) equipped with
HRS (High Resolution Spectrograph). HRS is a dual-
beam (3700-5500 & 5500-8900 �A) �ber-fed, white-
pupil, �echelle 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, an average S/N of
over 100, which it is enough to reach our observational
goals. These spectra will be used to derive the atmo-
sphere parameters and chemical abundances for some
elements of the open cluster members. The data were
reduced using the �echelle context in MIDAS. Also, the
feros package developed for �echelle data reduction from
the Fiber-fed Extended Range Optical Spectrograph
(FEROS) was used. Both FEROS and HRS provide
very similar �echelle data.
We used the DECH30 package (Galazutdinov, 2007)

designed to use the spectra in FITS format to measure
the line depths and their equivalent widths. The radial
and rotational velocities were measured by �tting of
the observed spectrum with a model from Coelho
(2014). The object IDs, their magnitudes, spectral
types, and measured radial and rotational velocities
for each spectrum are given in Table 1. It should be
noted that our results are consistent with those from
other sources: RV = −21.74 km s−1 (Mermilliod et
al., 2008) and −20.89 km s−1 (GAIA DR2, 2018) for
HD 127427; −21.02 km s−1 (Mermillod et al., 2008),
and −21.31 km s−1 (GAIA DR2 2018) for HD 127753,
respectively.

3. Results and Analysis

3.1. Color-indices, color-excesses, reddenings, and
atmosphere parameters

Since the objects of NGC 5662 from our list have

Figure 1: Relation between the rotation velocity and
Teff for the NGC 5662 open clusters' objects. Open
circles show the main sequence stars, �lled �ve-point
stars show K-supergiants, open �ve-point stars show
FG-supergiants, and six-point stars show B-giants.

di�erent spectral types, masses, and evolutionary sta-
tus, we have used di�erent methods to determine their
atmosphere parameters. First, for the Teff , log g, and
[Fe/H] determination, as mentioned above, model �t-
ting was performed. Next, the Teffestimates were veri-
�ed using the Gray (1992) calibrations for color-indices.
A �nal determination of the atmosphere parameters
was performed in the following way. We have used the
U − B and B − V intrinsic color-indices for luminos-
ity types and metallicity based on the Kurucz (1993)
models from Bessel et al. (1998) to determine Teff and
log g for the B- and A-type stars. For more evolved
stars of FGK spectral types with a large number of
narrow metallic absorption lines we have used the lines
depth relation to derive Teff (Kovtyukh, 2007), a Fe
ionization balance to derive log g, and the absence of an
Fe abundance dependence upon the equivalent width
to derive Vt. It is obvious that we needed correct
(U − B)0 and (B − V )0 not only for Teff and log g,
but also MV data for our stars distance and radius
determination. Therefore in Table 2 we show color-
excess, intrinsic color, reddening, and extinction data
that we have determined. As seen from Table 2, the
majority of stars have close values of the color-excesses
and reddenings, except for HD 127818 and HD 127733.
Table 3 presents the results of the atmosphere param-
eters determination. As seen from this Table, the best
agreement is achieved between all the methods of the
Teff determination for all stars as a whole, although
there are discrepancies for some cool stars. The same
can be said about the log g determinations.

Figure 1 represents a relation between the rotational
velocity and Teff . It shows that all main-sequence
stars as well as cool giants and supergiants found the
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Table 1: General data for the observed objects in NGC 5662 and derived RVs.
Object V Sp.type RV, km s−1 v sin i, km s−1

V Cen 6.930 F5 Ib-II −23.50±0.501 10.4±0.1
HD 127427 7.744 G8 II-III −21.86±0.02 0.0±0.0
HD 127866 8.287 B7 III −22.25±0.14 79.6±0.3
CPD −56◦6337 10.659 A1 V −58.16±0.21 150.4±0.5
HD 127817 9.157 A0 V −18.57±0.09 50.0±0.2
HD 127753 7.043 K5 III −22.53±0.03 6.9±0.1
HD 127835 9.375 B8 V −15.37±0.12 143.8±0.4
HD 127900 8.817 B8 II-III −20.82±0.10 81.2±0.2
CPD −56◦6341 10.787 B9 V −14.97±0.22 218.7±0.7
CPD −55◦6072 11.296 −37.55±0.08 74.2±0.2
CPD −56◦6344 11.347 −24.83±0.15 83.5±0.2
HD 127818 9.485 F6/8 IV-V −10.62±0.06 40.0±0.1
HD 127733 8.599 K2/3 III +7.35±0.03 6.0±0.1
HD 127199 (Turner 1) 10.620 B5/7 III −27.84±0.09 42.3±0.2
Turner 3 12.030 −46.99±0.17 111.0±0.4

1 - Phase 0.P 575 according to GCVS (1985)

Table 2: Observed colors, color-excesses, intrinsic colors, reddenings, and extinctions for the NGC 5662 objects.
Star B-V U-B (B-V)0 EB−V (U-B)0 EU−B AV V0 R

V Cen 0.91 0.60 0.60 0.31 0.36 0.24 1.18 5.75 3.80
HD 127427 1.45 1.30 1.04 0.45 1.03 0.37 1.11 6.39 3.00
HD 127866 0.16 −0.24 −0.12 0.28 −0.45 0.22 0.92 7.45 2.97
CPD −56◦6337 0.25 −0.02 −0.08 0.33 −0.26 0.22 0.99 9.68 3.00
HD 127817 0.20 −0.25 −0.14 0.54 −0.49 0.24 0.99 8.13 2.99
HD 127753 1.86 2.04 1.33 0.60 1.75 0.27 1.11 5.23 3.00
HD 127835 0.13 −0.29 −0.13 0.26 −0.48 0.20 0.81 8.60 3.00
HD 127900 0.14 −0.26 −0.14 0.28 −0.46 0.20 0.87 7.98 3.00
CPD −56◦6341 0.33 0.10 −0.06 0.40 −0.18 0.27 1.14 9.61 3.80
CPD −55◦6072 0.57 0.24 0.29 0.29 - - 0.88 10.42 3.00
CPD −56◦6344 0.42 0.26 0.19 0.24 0.01 0.21 0.71 10.64 3.02
HD 127818 0.57 0.16 0.36 0.22 - - 0.65 8.84 3.02
HD 127733 1.70 1.85 1.29 0.47 1.56 - 1.94 7.20 3.46
HD 127199 (Turner 1) 0.26 0.06 −0.07 0.34 −0.18 0.24 0.96 9.61 3.10
Turner 3 0.61 0.29 0.38 0.35 0.05 0.24 0.99 11.00 3.20

Table 3: Atmosphere parameters for the NGC 5662 objects.
Teff log g Vt

Star Gray Fit Phot AMod Adopted Fit Phot AMod Adopted

V Cen 5824 5596 5596 0.70 1.80 1.80 3.10
HD 127427 4771 4937 4610 4620 2.24 1.40 1.40 2.00
HD 127866 13537 12912 12891 12891 3.57 3.22 3.22 3.80
CPD −56◦6337 11863 11712 12000 12000 4.22 4.25 4.25 2.70
HD 127817 14607 14000 14230 14230 3.89 3.90 3.90 3.50
HD 127753 4229 4134 3840 3840 1.27 0.40 0.40 2.20
HD 127835 14049 13347 13400 13400 3.75 3.75 3.75 3.80
HD 127900 14049 13000 13000 13000 3.74 3.50 3.50 3.50
CPD −56◦6341 11205 14416 11300 11300 4.33 4.30 4.30 3.50
CPD −55◦6072 6994 7000 7000 3.48 3.48
CPD −56◦6344 7534 8415 8375 8375 4.35 4.00 4.00 5.50
HD 127818 6704 6600 6355 6355 3.92 3.40 3.40 2.00
HD 127733 4296 4472 4350 4350 2.75 2.00 2.00 1.80
HD 127199 (Turner 1) 11521 14000 10467 10467 4.13 4.10 4.10 2.50
Turner 3 7040 9556 9050 9050 3.30 4.00 4.00 3.50

Gray - according to Gray (1992); Fit - using �tting;
Phot - from photometry; AMod - using atmosphere models.
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Figure 2: A 3D view of the NGC 5663 cluster by dis-
tance and radial velocities.

clear dependence, while blue giants form a separate
region.

3.2. Parallaxes, absolute magnitudes, distances, and
radii

Table 4 contains the GAIA DR2 parallaxes for our
stars as well as absolute magnitudes and distances de-
termined from them, and next to compare, - data from
photometric observations. As can be seen from the
Table, the parallax-based distances for 12 objects lie
in a range of 700�875 pc, and they are close to the
790±5 pc value from Claria et al. (1991). According

to these authors, CPD −55◦6072 and HD 127818 are
non-members of the cluster, and this fact is con�rmed
in this Table. Similar to V Cen, HD 127199 (Turner 1)
and Turner 3 are located in the cluster's background.
However the distance to the Cepheid is close to the av-
erage one for the cluster, while the hot stars are much
more distant. At the same time, the distance problem
for Turner 1 and Turner 3 is eliminated by using the
distances of 550�660 pc derived from the absolute mag-
nitudes, although there are still uncertainties with MV

for two cool giants and supergiant. The results for the
stellar radii di�er slightly for the main-sequence stars
(except for Turner 1 and Turner 3), but for K�giants
these discrepancies are signi�cant.
Figure 2 represents kinematic 3D models of NGC

5662. The majority of our list stars are the cluster
members, while CPD −55◦6072 and HD 127818 are
de�nitely non-members and Turner 1 and Turner 3
are the clusters' background stars.

3.3 Chemical abundances

When the atmospheric parameters were derived,
we used the VALD oscillator strengths (Kupka et
al., 1999) and LTE model atmospheres from Castelli
& Kurucz (2004) for determination of the element
abundances. Table 5 presents the iron content, which
was determined using �tting of the entire spectrum
to a model spectrum and the atmosphere models
method, and abundances for the �key"-elements of
yellow supergiants stellar evolution - carbon, nitrogen,
oxygen, and sodium. It shows that the [Fe/H] abun-
dances determined using atmosphere models lie in a
range from −0.1 to +0.04 dex for all the stars (except
for HD 127818) that is in good agreement with the
results from Claria et al. (1991) and Kharchenko et al.
(2016). The carbon abundance is close to than of the
Sun or a little higher for the main-sequence stars and
hot giants and shows a moderate de�cit for the cool
giants and supergiants, except for HD 127753 with
the lowest value. The nitrogen abundance is close to
solar one or little higher for the main-sequence and
hot giant stars except for HD 127818, but all the cool
giants and supergiants have a typical overabundance.
The oxygen content varies from a small de�cit to the
solar one. A very interesting situation is seen with
sodium: a noticeable overabundance has only HD
127733, while the Cepheid and other cool stars as well
as two main-sequence stars have a content close to the
solar, again except for HD 127818.

3.4 Lithium rich giants

Two K-giants, HD 127733 and HD 127753, were
found as the lithium-rich stars. Using the synth
approximation with the atmosphere parameters
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Table 4: Comparison between absolute magnitudes, distances, and radii determined using GAIA DR2 parallaxes
and photometric data.

PLX (GAIA DR2) Photometry

Object π (mac) Mv d (pc) R (R⊙) Mv d (pc) R (R⊙)

V Cen 1.340±0.045 −3.60±0.08 740±27 50.2±1.9 −3.24 628 431

HD 127427 1.244±0.039 −2.86±0.08 796±27 52.6±1.8 −2.852 787 52
HD 127866 1.271±0.054 −2.06±0.08 780±28 4.7±0.1 −1.70 652 4.0
CPD −56◦6337 1.334±0.046 +0.37±0.05 738±17 1.8±0.0 +0.85 581 1.4
HD 127817 1.231±0.042 −1.33±0.07 809±26 2.7±0.1 −0.85 637 2.2
HD 127753 1.402±0.044 −3.28±0.07 704±23 87.6±2.1 −2.003 385 51

−4.272 1096 146
HD 127835 1.256±0.042 −0.86±0.05 776±17 2.5±0.1 −0.30 594 1.9
HD 127900 1.207±0.038 −1.61±0.08 828±30 3.7±0.2 −1.20 676 3.1
CPD −56◦6341 1.258±0.041 +0.12±0.08 802±29 2.2±0.1 +0.56 658 1.8
CPD −55◦6072 2.573±0.345 +2.49±0.28 386±46 2.0±0.3 +1.37 646 3.3
CPD −56◦6344 1.133±0.088 +0.93±0.16 875±8 2.8±0.2 +1.68 619 2.1
HD 127818 4.910±0.034 +2.32±0.01 201±1 2.6±0.0 +3.26 131 1.7
HD 127733 1.143±0.040 −2.98±0.05 863±20 62.6±1.5 +0.803 149 11

−2.302 619 46
HD 127199 (Turner 1) 1.077±0.042 −0.16±0.10 920±41 2.7±0.1 +0.95 552 1.8
Turner 3 0.832±0.042 +0.72±0.10 1197±54 2.7±0.1 +2.07 622 1.4

1 - Phase 0.P 575 according to GCVS (1985)

2 - MV according to Claria et al. (1991)

3 - MV according to FitzGerald et al. (1979)

Table 5: Chemical abundances for NGC 5662 objects
[Fe/H] [C/H] [N/H] [O/H] [Na/H]

Object Fit AtMod

V Cen −0.24 −0.04 −0.30 0.37 −0.10 0.10
HD 127427 −0.11 −0.06 −0.43 0.56 −0.27 −0.02
HD 127866 −0.33 −0.05 0.18 0.05 −0.39 −
CPD −56◦6337 −0.63 −0.03 − − −0.31 −
HD 127817 −0.36 −0.05 0.22 −0.12 −0.26 −
HD 127753 −0.27 0.04 −0.93 0.73 −0.52 −0.09
HD 127835 −0.28 0.00 0.02 −0.12 −.26 0.00
HD 127900 −0.50 −0.07 − 0.22 −0.03 −
CPD −56◦6341 −0.17 −0.03 − − 0.08 −
CPD −55◦6072 −0.28 − − − − −
CPD −56◦6344 −0.18 −0.10 − −0.12 −0.36 0.00
HD 127818 −0.20 −0.12 −0.43 −0.30 0.03 0.17
HD 127733 −0.20 −0.02 −0.16 0.18 −0.01 0.42
HD 127199 (Turner 1) −0.18 0.03 0.02 0.15 0.00 −
Turner 3 −0.41 −0.04 − − −0.27 −

from Table 3, we obtained logA(Li) = 1.27 dex and
logA(Li) = 0.72 dex, respectively (see Figures 3 and 4).

4. Summary

1. According to the derived RV, color-indices, and
distances only 13 of the 15 objects we investigated
are con�dently members of NGC 5662.

2. The �tting method used to determine radial and
rotational velocities of the cluster stars yields re-
sults with an accuracy of 0.5 km s−1 in RV and

0.7 km s−1 for v sin i.

3. We have revised color-excesses and reddenings for
these objects, and it allowed us to re�ne their in-
trinsic colors, especially for the hot stars.

4. The atmosphere parameters of the hot stars were
determined initially by �tting and �nally re�ned
using the atmosphere models based on the intrin-
sic colors. A good agreement is found for Teff and
log g determined by both methods.

5. The atmosphere parameters of the cool super-
giants and giants were determined exclusively by
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Figure 3: Li sc I 6707 �A absorption line in the atmo-
sphere of HD 127733 and its approximation by synth.

the method of atmosphere models. Their �nal re-
sults di�er signi�cantly from those derived by �t-
ting.

6. The distances of the most cluster stars determined
from the GAIA DR2 2018 parallaxes lie in a range
of 700�875 pc that roughly correspond to the mean
cluster distance determined by Claria et al. (1991)
using photometry, 790±5 pc, with problematic re-
sults for Turner 1 and Turner 3. However, the
distances found using the visual absolute magni-
tudes MV lie in a range of 550�660 pc and are
problematic for the cool supergiant and giants.

7. The radii determined from our Teff and the dis-
tances found by the two methods di�er slightly for
the hot stars and signi�cantly for the cool giants.

8. According to kinematic 3D cluster models, 11
objects are the cluster members, Turner 1 and
Turner 3 are cluster background stars, and CPD
−55◦6072 and HD 127818 are non-members of the
cluster.

9. The [Fe/H] estimates determined by �tting di�er
signi�cantly from those determined using atmo-
sphere models.

10. All the cluster members have [Fe/H] from −0.1
to +0.03 dex that is close to the photometrically
estimated ones.

11. The contents of carbon and nitrogen in the hot
stars turned out to be close to the solar one, while
for the cool supergiants and giants there is a de�cit
of C and an overabundance of N. This fact in-
dicates that the FGK-type objects have already
passed through the "�rst dredge-up" stage. The
sodium content is determined only for two main-
sequence stars, and it is close to the solar one.
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HD 127753

Figure 4: Li I 6707 �A absorption line in HD 127753
atmosphere and its approximation by synth.

The cool supergiants and giants have either a near-
solar content or a small overabundance.

12. Two K-giants from the cluster are lithium-rich
stars.

13. Distances to NGC 5662 objects should be further
revised.
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