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ABSTRACT. This paper presents the results of determi-
nation of the molybdenum abundances in 13 G, K type stars
in the open clusters NGC 2477 and NGC 2506. The abun-
dances of molybdenum were determined using stellar at-
mosphere models by Castelli & Kurucz (2004), as well as a
modified STARSP LTE spectral synthesis code (Tsymbal,
1996). For the used Mo I lines 5506 and 5533 A the oscilla-
tor strengths log gr were adopted from the latest version of
the VALD database dated 2016 (Kupka ef al., 1999). The
high resolution spectra were obtained with a VLT telescope
at the European Southern observatory (ESO, Chile).

We used atmospheric parameters of the investigated
stars which we had obtained earlier. We have found out
that the molybdenum abundances depend on metallicity
[Fe/H] in giants of NGC 2506 and NGC 2477. For the
stars in NGC 2506, molybdenum is slightly overabundant
as compared to the solar abundance; such an overabun-
dance is slightly higher in the stars of the second investi-
gated cluster NGC 2477. Further investigation of the Mo
abundance in larger number of open clusters is required to
draw reliable conclusions.

Keywords: stars: abundances — stars: late-type — Galaxy:
disc — Galaxy: evolution.

ABCTPAKT. HaBeneno pe3ynbTaTu BU3HAUCHHS BMic-
Ty MonibaeHy B 13 30psax cmekTpanbHux knaciB G, K,
poscisaux ckymderb NGC 2477 ta NGC 2506. Bwmict
MOJIIOICHY BH3HAYAETHCS 32 MOACIAMH aTMochepu Kac-
tesuti 1 Kypyn (2004) Ta MoaudikoBaHUM KOJOM CIEKT-
panpaOoro cuntesy STARSP LTE. Jlns BukopucToByBa-
Hux JiHid Mo 1 5506 ta 5533 A cunu ocumnstopis log g
Oynu B3sTI 3 ocTaHHBOI Bepcii (2016) 6a3u manmx VALD
(Kynka ma in., 1999). Criektpu BHCOKOI po3aijbHOT 31aT-
HOCTi OyNmM OTPUMAaHi 3a BHKOpHCTaHHA Teieckormy VLT
€Bpomnelicpkoi miBaenHoi oocepsaTopii (ESO, Humi).

AtmochepHi TapamMeTpu AOCHIIKyBaHHUX 3ip Oymu
OTpUMaHI HaMHU paHimie. Mu BUSBIIN 3aJISKHICTh BEJIH-
YHHU BMICTY MOJiOmeHy Bix MeramuyHocTi [Fe/H] y rira-
HTiB ckymueHb NGC 2506 ta NGC 2477. JIns 3ip ckym-
geHHsd NGC 2506 My oTpuMaii Masli HaJUIUIIKH BMICTY
MOMIOZICHY BiJl COHSYHOTO 3HAYECHHS 1 JEM0 OUIbIN st
Jpyroro pociiukyBanoro ckymaeHHs - NGC 2477. Heo0-
X1JTHO TOTATKOBO AOCIIpKyBaTH BMicT Mo B Garateox PC
JUT OTPUMAHHS O1bII HAIHHUX BHUCHOBKIB.

1. Introduction

Stellar clusters are groups of loosely gravitationally
bound stars which were formed from one and the same
gas-and-dust cloud and have similar kinematics and
chemical composition.

Open clusters (OC) belong to the plane of the Galactic
disc. The age of OCs vary from few Myr to several Gyr.
The stellar density in OCs is lower than in globular clus-
ters (GCs) and is decreasing towards the cluster centre.
The metallicity [Fe/H] of the OC stars is close to that of
the Sun and may differ by a factor of 5. For older clusters,
[Fe/H] decreases with increasing distance from the centre
of the Galaxy, and on average, it is lower than metallic-
ities of the clusters formed later.

This paper presents the molybdenum abundances esti-
mated for two open clusters, namely NGC 2477 and NGC
2506. The target stars in this study are the G and K type
red giants.

It is known that molybdenum is produced in several di-
fferent processes, such as slow neutron-capture (s-
process), rapid neutron-capture (r-process) and proton-
capture (p-process) processes.

Mo is a highly convolved element that receives contribu-
tions from both the s-process and the p-process and less from
the main and weak r-processes (see, e.g. Hansen et al., 2014).

The study of molybdenum is of interest for several rea-
sons: there is limited number of determinations of the mo-
lybdenum abundance in the open cluster stars; and virtu-
ally, there have been no observations of the field stars
with the solar metallicities. At the same time, an important
feature of molybdenum is that current model calculations
of nucleosynthesis do not describe its contribution to the
relevant solar abundance. The data which we obtained
make it possible to investigate the ways of production of
molybdenum and its enrichment in both individual com-
ponents of the Galaxy and the entire Galaxy itself.

2. Observation data. Basic parameters of the inves-
tigated clusters and constituent stars

The spectra used in this study had been obtained earlier
by G. Carraro with the multi-object fibre-fed FLAMES
facility mounted at the VLT/UT2 telescope at the Paranal
Observatory operated by the European Southern Observa-
tory (ESO) in Chile. Either two or three exposures (depend-
ing on the cluster; Table 1) were taken with the red arm of
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the UVES high-resolution cross-dispersed echelle spectro-
graph. The UVES spectrograph was set up at the central
wavelength 5800 A thereby covering the 47606840 A
wavelength range and providing a resolution R=47000.

The following basic parameters of the investigated
clusters are listed in Table 1: Galactic coordinates (for
J2000.0); Galactocentric distance RGC and age. More
detailed information on the data sources can be found in
(Mishenina et al., 2015).

Table 1: Basic parameters of the investigated clusters

Name of Rse age, vV,
cluster L (deg) | b, (deg) (kpc) | (Gyr) | (mag)
NGC -

2477 253.563 05.838 8.9 0.6 +5,8
NGC
2506 230.564 | 9.935 10.9 1.9 +7,6

As can be seen in Table 1, the cluster NGC 2506 is
older and more distant from the Galactic centre than the
NGC 2477 cluster.

Earlier, we have determined the atmospheric parame-
ters and chemical abundances of the stars in the clusters
NGC 2477 and NGC 2506 (Mishenina et al., 2015).

The following basic and atmospheric parameters are
given in Table 2: the ICRS coordinates; photometric data
(V, B=V); effective temperatures T,4; gravity factor log g.
microturbulent velocity V,; metallicity [Fe/H] and radial
velocity V,.
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Figure 1: An example of the observed and synthetic spec-
tra in the region near the Mo 1 5506.493 A line for the star
5271 in the NGC 2506 cluster.
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Figure 2: An example of the observed and synthetic spec-
tra in the region near the Mo 1 5533.031 A line for the star
5271 in the NGC 2506 cluster.

Table 2: Basic data and atmospheric parameters of the investigated stars

Star | RA(2000.0), | Dec(2000.0), v, B-V, | Ty | log v, v,
number (deg) (deg) (mag) | (mag) (K) g | (km/s) | [Fe/H] (km/s)
NGC 2477
4027 | 118.087917 | —38.577 194 | 12.153 | 1.198 | 4966 | 2.7 1.4 0.1 7.03+0.13
4221 118.152 083 | —38.631 750 | 12.27 | 1.171 | 4975 | 2.8 1.2 0.19 8.80 +0.23
5043 | 118.040417 | —38.598306 | 12.165 | 1.17 5001 | 2.8 1.2 0.08 13.22+£0.27
5076 | 118.061 667 | —38.629 194 | 12.41 1.22 4954 | 2.7 1.2 0.18 9.22+0.33
7266 | 117.955000 | —38.535694 | 12.252 | 1.193 | 4966 | 2.8 1.2 0.19 9.30+0.14
7273 | 117.947917 | —38.543389 | 12.39 | 1.174 | 4985 | 2.8 1.2 0.2 8.77+0.51
8216 | 118.064 583 | —38.457306 | 12.334 | 1.272 | 4945 | 2.7 1.2 0.14 3.99 +0.50
NGC 2506
1112 | 120.013 750 | —10.762 250 | 12.961 | 0.958 [ 4969 | 2.6 1.2 | —022] 83.99+0.27
1229 | 120.030 833 | —10.740 722 | 13.118 | 1.011 | 4728 | 2.4 1 —0.22 | 82.54+0.58
2109 | 120.029 583 | —10.779 000 | 13.146 | 0.89 5040 | 2.6 0.9 | -0.22| 89.31+0.05
2380 | 120.038 750 | —10.818 806 | 13.187 | 0.927 [ 4992 | 2.6 1 —0.19 | 83.64+0.53
3231 119.982917 | —10.805944 | 13.105 | 0.952 | 4974 | 2.6 1.2 | —-0.22 | 84.36+0.51
5271 120.028 750 | —10.752 000 | 13.204 | 0.923 | 4993 | 2.6 1.1 —0.24 | 83.52+0.15




102

Odessa Astronomical Publications, vol. 31 (2018)

Table 3: The resulting Mo abundance determinations, rms
deviations ¢ and metallicities [Fe/H] (Mishenina et al.,
2015) for 13 giants in NGC 2477 and NGC 2506.
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Star number [Fe/H] +c | [Mo/H] | *o
4027 0.1 0.12 | -0.12 | o0.14
4221 0.19 0.09 | -0.19 | 0.06
5043 0.08 0.12 | -0.23 | 0.14
5076 0.18 0.12 | -0.14 | 0.12
7266 0.19 0.12 | -0.08 | 0.08
7273 0.2 0.1 -0.11 ] 0.07
8216 0.14 0.12 | -0.24 | 0.06
NGC 2506
Star number [Fe/H] +c | [Mo/H] | *o
1112 -0.22 0.1 -0.12 1 0.19
1229 -0.22 0.11 -0.4 0.12
2109 -0.21 0.17 | -0.09 | 0.07
2380 -0.19 0.13 [ -0.23 | 0.35
5271 -0.22 0.13 | -0.22 | 0.09
3231 -0.24 0.12 ] -0.11 | 0.11

3. Analysis of the abundance determinations and the
results obtained

The molybdenum abundances were determined for 13
giants in two OCs using stellar atmosphere models by
Castelli & Kurucz (2004), as well as a modified STARSP
LTE spectral synthesis code (Tsymbal, 1996). For the
used Mo I lines 5506 and 5533 A the oscillator strengths
log gswere adopted from the latest version of the VALD
database dated 2016 (Kupka et al., 1999).

The processing of observed spectra (continuum defini-
tion, smoothing at three points etc.) was carried out using
the DECH20 software package (Galazutdinov, 1992).

The examples of fitting the calculated spectra to the ob-
served spectra of the star 5271 in the NGC 2506 cluster
are shown in Figs. 1 and 2.

As can be seen from Figs. 1 and 2, the molybdenum
line is in the wing of the iron line at 5506.493 A and
5533.031 A lines, respectively, i.e. it is blended by the
iron line. This means that correct determination of the
molybdenum abundance requires fitting the synthetic
spectrum to the observed spectrum at the regions near the
Fe lines 5506.440 A and 5532.870 A, respectively; hence,
we carried out such a fitting in this study.

Table 3 summarizes the resulting determinations of the
molybdenum abundance, the root-mean-square (rms) de-
viations o and metallicities [Fe/H] (Mishenina et al,
2015) for 13 giants in NGC 2477 and NGC 2506.
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Figure 3: The dependence of the molybdenum abundance
on the metallicity [Fe/H] for all stars in the OCs NGC
2506 and NGC 2477.

The dependence of the molybdenum abundance on the
metallicity [Fe/H] in the investigated stars in NGC 2506
and NGC 2477 is shown in Fig. 3.

To determine the ratio between the Mo abundance and
the solar [Mo/Fe], the following data of the Fe and Mo
abundances in the solar atmosphere were adopted from the
study (Asplund et al., 2009): Mo = 1.88, Fe = 7.50.

4. Conclusions

The molybdenum abundances in NGC 2477 and NGC
2506 are close to the solar ones.

For the stars in NGC 2506, molybdenum is slightly
overabundant as compared to its solar abundance; such an
overabundance is slightly higher in the stars of the second
investigated cluster NGC 2477.

In future in order to provide a detailed picture of the
enrichment of open clusters in molybdenum, we are to
determine the molybdenum abundances for a larger num-
ber of clusters and compare these data with those reported
in the literature.
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