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HIGHLIGHTS

o Flux-calibrated integrated spectra for 9 galactic open clusters are presented.

e Simultaneous estimates of interstellar reddening and age are performed.

¢ Information independent from that derived through CM diagrams is provided.
e The results obtained show good agreement with previous photometric results.
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This paper presents flux-calibrated integrated spectra obtained at Complejo Astronémico El Leoncito
(CASLEO, Argentina) for a sample of 9 Galactic open clusters of small angular diameter. The spectra cover
the optical range (3800-6800 A), with a resolution of ~14 A. With one exception (Ruprecht 158), the
selected clusters are projected into the fourth Galactic quadrant (282° < [ < 345°) near the Galactic
plane (|b] < 9°). We performed simultaneous estimates of foreground interstellar reddening and age by
comparing the continuum distribution and line strenghts of the cluster spectra with those of template
cluster spectra with known parameters. We thus provide spectroscopic information independent from
that derived through color-magnitude diagram studies. We found three clusters (Collinder 249, NGC 4463
and Ruprecht 122) younger than ~40 Myr, four moderately young ones (BH 92, Harvard 5, Hogg 14 and
Pismis 23) with ages within 200-400 Myr, and two intermediate-age ones (Ruprecht 158 and ESO 065-
SC07) with ages within 1.0-2.2 Gyr. The derived foreground E(B — V) color excesses vary from around 0.0
in Ruprecht 158 to ~1.1 in Pismis 23. In general terms, the results obtained show good agreement with
previous photometric results. In Ruprecht 158 and BH 92, however, some differences are found between
the parameters here obtained and previous values in the literature. Individual spectra of some compara-
tively bright stars located in the fields of 5 out of the 9 clusters here studied, allowed us to evaluate their
membership status. The current cluster sample complements that of 46 open clusters previously studied
by our group in an effort to gather a spectral library with several clusters per age bin. The cluster spectral
library that we have been building is an important tool to tie studies of resolved and unresolved stellar
content.

© 2017 Elsevier B.V. All rights reserved.

1. Introduction

Open clusters (OCs) are among the few Galactic objects for
which meaningful distances can be derived over a large range,
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which makes them excellent targets not only to probe the Galactic
disk properties (Friel, 1995; Bonatto et al., 2006) but also to trace
the disk chemical evolution (see, e.g., Bragaglia and Tosi, 2006;
Chen et al., 2003, and references therein). In particular, OCs pro-
jected around the Galactic center direction play an important role
as they offer the possibility of tracing the structure and evolution
of the inner Galactic disk. Based on different approaches, there
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Table 1
Cluster sample

Cluster I b 3000 82000 D

(°) (°) (him:s) (%) ()

Trumpler class

Ruprecht 158  259.56 4.44  8:52:27 —-37:34:00 2.0 1lI2p
BH 92 28298 044  10:19:07 -56:25:00 2.0 II2p
Collinder 249* 294.85 —165 11:38:20 —63:22:22 65.0 IlI-3m,n
Harvard 5 29997 197 12:27:10 -60:46:00 5.0 II3p
Hogg 14 300.08 294  12:28:39 -59:48:36 3.0 II3p
NGC 4463 300.64 -2.01 12:29:56 -64:47:24 6.0 I3m
ESO 065-SC07 305.99 -8.62 13:29:17 -71:16:06 4.0 12
Pismis 23 334.67 043 16:23:48 —48:55:00 1.0 1I2m
Ruprecht 122 34428 157 16:55:08 —40:56:35 3.0 -

* Only the central part (~2') of Cr 249 was observed

exist estimates of a total of about 25 x 103 or more OCs in our
Galaxy (see, e.g., Piskunov et al., 2006; Bonatto et al., 2006; Porte-
gies Zwart et al., 2010). However, in the catalogue by Kharchenko
et al. (2013) only ~2800 Galactic OCs have a resonable estimate
of their fundamental parameters such as reddening, distance and
age. This figure probably represents a lower limit to the possi-
ble number of OCs belonging to our Galaxy, if we take into ac-
count the recently discovered clusters and cluster candidates (see,
e.g., Bica et al, 2003; Dutra et al., 2003; Borissova et al., 2011;
2014; Ramirez Alegria et al., 2014; 2016; Chené et al., 2013; Barba
et al, 2015) and the still unseen OCs deeply embedded in ob-
scured regions as well as those which are just too faint to be de-
tected. OC fundamental parameters have been mostly derived from
color-magnitude diagrams (e.g., Dias et al., 2002; Hasegawa et al.,
2008; Monteiro et al., 2017) and/or from photometric and kine-
matic studies of individual giants (e.g., Claria et al., 2006; 2008).
Sometimes, however, integrated spectroscopy becomes a powerful
technique to study star clusters not only in our Galaxy (e.g., Santos
and Bica, 1993; Schiavon et al., 2005) but also in the Large Mag-
ellanic Cloud (e.g., Santos et al., 2006; Minniti et al., 2014), in the
Small Magellanic Cloud (e.g., Talavera et al., 2010; Dias et al., 2010)
and even in distant galaxies (e.g., Jablonka et al., 1998; Trancho
et al,, 2007). In particular, in small angular size Galactic OCs, in-
tegrated spectra can provide independent information about their
reddenings, ages and, in some cases, also about their metallicities
(e.g., Ahumada et al., 2000).

As part of a program of systematic observations of small angu-
lar diameter Galactic OCs, we determine here foreground redden-
ing and age for a sample of 9 OCs, 8 of which are projected onto
the fourth Galactic quadrant (Table 1). Some of these clusters are
embedded in dense stellar fields. They were selected considering
not only their compact nature and surface brightness but also the
fact that most of them have been only poorly studied. We have
already reported results based on integrated spectra for 46 small
angular size OCs, most of which are located in the fourth Galactic
quadrant (Ahumada et al., 2000; 2001; 2007a; Palma et al., 2008).
Twenty six out of these 46 clusters had not been previously stud-
ied so that their reddenings and ages were derived for the first
time from their integrated spectra.

Besides determining cluster parameters with integrated spectra,
we tie this individual cluster information to the resolved/integrated
issue of stellar populations: (i) we study individually our previous
spectral base of 46 OCs and add to it 9 other OCs; (ii) the spectro-
scopic technique provides essentially independent comparisons of
cluster parameters to those derived by the imaging technique, such
as the color-magnitude diagrams, color-color diagrams and photo-
metric catalogues; (iii) spectroscopy is sometimes time consuming,
but it is necessary to develop and validate stellar population con-
nections. Bica (1988) first employed star cluster spectra to describe
stellar populations in galaxies. That principle is now widely used in
the Starlight code to the spectroscopic study of thousands of galax-

ies in different surveys (see, e.g., Cid Fernandes et al., 2001; Lépez
Fernandez et al., 2016); (iv) our group has also been developing
similar spectroscopic libraries for star clusters in the SMC and LMC
(Ahumada et al., 2011, and references therein); (v) the spectral evo-
lution by means of star cluster spectra (e.g. Santos et al., 2006)
also constitutes a stepping stone to the spectroscopy understand-
ing of galaxies;(vi) star cluster spectra have been observed to the
distance of Virgo (e.g. Pierce et al., 2006), and the new generation
telescopes GMT, ELT and TNT will go deeper, and consequently the
present collected Milky Way and Local Group star clusters are fun-
damental bases for such future studies.

This paper is organized as follows. In Section 2, we present the
cluster sample and the spectroscopic observations. The measure-
ments of equivalent widths for Balmer absorption lines, as well
as the methods employed to determine reddening and age val-
ues, are described in Section 3. Individual objects are described
and discussed in Section 4. Concluding remarks are summarized
in Section 5.

2. Cluster sample and spectroscopic data

Over 20 years, one of us (E.B.) systematically examined
the Digitized Sky Survey (DSS) images for about 2000 OCs in
the WEBDA/DAMLO2 catalogues, aiming at establishing a sam-
ple of high surface brightness OCs with relatively small angular
sizes, among other purposes. That unique and important sample
amounts to ~ 100 OCs, of which 46 are part of our previous library,
and 9 are here provided. As a rule, OCs are low surface brightness
objects with large angular sizes, which makes them unsuitable for
integrated spectroscopy. We conclude that our high surface bright-
ness OC sample fraction of ~ 5% (if we consider ~ 2000 OCs from
WEBDA and DAMLO2 catalogues) is very special, and CASLEO has
provided us with a unique opportunity to collect those clusters’
spectra.

In the current study, we have selected 8 comparatively small
angular size, poorly studied OCs located near the Galacic plane (|b|
< 99), with Galactic longitudes ranging between 260° and 345°.
We also selected an extended OC (Collinder 249) in order to ob-
serve only its central part of about 2’ in the sky. Fig. 1 shows DSS
images for the cluster sample. Rectangles in this figure represent
the observed regions. Table 1 lists: (1) main cluster designation,
(2-5) Galactic and equatorial coordinates, and (6-7) angular size
and Trumpler (1930) class taken from Archinal and Hynes (2003).
The clusters are ordered according to their increasing Galactic lon-
gitudes.

The spectroscopic observations analyzed in this study were car-
ried out at Complejo Astronémico El Leoncito (CASLEO) in San Juan
(Argentina), using the “Jorge Sahade” 2.15 m Ritchey-Chrétien tele-
scope during one night in May 2003, four nights in March 2004
and two nights in March 2005. We employed a CCD camera at-
tached to the REOSC spectrograph in the simple mode. The detec-
tor was a Tektronics chip of 1024 x 1024 pixels of size 24 um x
24 pm; one pixel corresponds to 0.94” on the sky. The adopted
observational strategy was exactly the same as in previous observ-
ing runs, namely, the slit was set in the East-West direction and
the observations were carried out by scanning the slit across the
objects in the North-South direction. In some cases, however, the
slit was appropriately rotated to include most of the cluster body.
In the most compact clusters, each star within our area of inter-
est (rectangles in Fig. 1) crossed the slit a larger number of times
than in the largest objects. By “area of interest” we mean either
the cluster nucleus or else the region of denser stellar concentra-
tion. In some cases, when one or more bright stars dominate the
integrated light, individual spectra of all or some of these bright
stars were observed (see Section 4). The Galactic extinction curve
(Cardelli et al., 1989) is featureless in our domain, while the cluster
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Fig. 1. DSS images for the cluster sample. Rectangles represent the scanned regions
in the observations. North is up and East is to the left.

Table 2
Observation log of selected clusters
Cluster Date Exposure Total S/N
(s) (5200-5500 A)
Ruprecht 158  March 23, 2004 2 x 900; 3 x 1000 45
BH 92 March 22, 2004 9 x 600 49
Collinder 249  March 24, 2004 6 x 600; 1 x 200; 1 x 120 20
Harvard 5 March 23, 2004 6 x 600 30
Hogg 14 March 12, 2005 2 x 900; 2 x 400 30
NGC 4463 March 17,2005 2 x 900; 2 x 480; 2 x 120 41
ESO 065-SC07 March 21, 2004 6 x 600; 3 x 700 20
Pismis 23 March 22, 2004 1 x 900; 1 x 1800 20
May 27, 2003 2 x 1800
Ruprecht 122 March 17, 2005 2 x 480; 2 x 1200 26

spectra present Balmer lines and/or metal lines and atomic bands.
We used a grating of 300 grooves/mm, which produces an average
dispersion in the observed region of ~ 140 A/mm (3.46 A/pixel).
The useful spectral coverage was typically ~ 3800-6800 A. The
slit width was 400 u (=~ 4.2” on the sky), providing a resolu-
tion of 14 A as measured from the full width at half-maximum
(FWHM) in the Cu-Ar-Ne lines of the comparison lamps. On the
other hand, the slit length projected onto the chip (4.7’) provided
a wide range of pixel rows for background subtractions. The stan-
dard stars LTT 3864, LTT 6248 and EG 274 from the list of Stone
and Baldwin (1983) were observed every night for flux calibrations.
Bias, darks, dome and twilight sky and Cu-Ar-Ne lamp flats were
taken for reduction purposes.

In order to gather cluster spectra with an acceptable signal-to-
noise (S/N) ratio, we obtained a series of cluster integrated spectra
with exposure times of 2-30 min for each of the sample objects so
that the total exposure time varied between 0.7 and 1.8 hours, de-
pending on each cluster’s surface brightness. The journal of obser-
vations is provided in Table 2, whose columns give in succession:
(1) cluster designation, (2) date of observation, (3) number of ex-
posures and duration in seconds and (4) the resulting S/N ratio of
the spectra measured in the (5200-5500 A) spectral interval.

Reductions were carried out with the Image Reduction and
Analysis Facility (IRAF?) software package, following standard pro-
cedures at the Observatorio Astronémico de la Universidad Na-
cional de Cérdoba (Argentina). Background sky subtractions were
performed using pixel rows from the same frame after remov-
ing cosmic rays from the background sky regions, taking care that
no significant background residuals were present on the resulting
spectra. The cluster spectra were extracted along the slit accord-
ing to the cluster size and available flux. For larger objects, we
scanned the slit along the north-south direction in order to bet-
ter sample the cluster stellar population. Some clusters actually
present angular diameters slightly larger than the total field along
the slit. The spectra were obtained in these cases by scanning first
one portion of the main body of the cluster from which the back-
ground sky was subtracted. We then obtained the spectrum of the
remaining portion of the cluster from which we also subtracted
the background sky. The final spectrum results from the sum of
the two mentioned spectra. Spectra were wavelength-calibrated by
fitting observed Cu-Ar-Ne comparison lamp spectra with template
spectra. The rms errors involved in these calibrations are typically
0.50 A (0.14 pixel). Atmospheric extinction corrections according to
the CASLEO coefficients given by Minniti et al. (1989) were applied
followed by the corresponding flux calibrations. We used standard
stars for the flux calibrations that we observed each night and
treated them in a standard way with IRAF reductions. The long
wavelength range we used in the observations of star clusters and
galaxies has been systematically explored in publications of our
group for almost 30 years. We refer the reader to Ahumada et al.
(2007a) and Minniti et al. (2014) papers for more details about the
observations and data reduction. Besides sampling the high surface
brightness parts of OCs for contrast purposes, one major concern
is to subtract the airglow emission lines, mainly N2, N2+, 02, NO
and OH. We adopted a compromise of the stellar and background
substraction, thus obtaining a high surface brightness contrast be-
tween the cluster region and its outskirts. Note that composite
magnitude and colors of star clusters show that stars fainter than
the medium main-sequence range do not essentially contribute to
the cluster integrated light (e.g. Santos et al., 1990).

Fig. 2 shows the resulting flux-calibrated integrated spectra of
the observed OCs. Spectra are in relative flux (F; ) units, normalized
at A ~ 5800 A, and shifted by different constants (except fot the
bottom one) to allow for comparison. Although some amount of
field star contamination may be expected in the observed cluster
integrated spectra, only bright field stars could affect these spec-
tra significantly. This is the case in BH 92, Harvard 5, Hogg 14,
ESO 065-SC07 and Ruprecht 122 (see Section 4), wherein individ-
ual spectra of some field stars were obtained and different extrac-
tions were considered in the analysis and discussion of these clus-
ters (see Section 4).

3. Equivalent width measurements and cluster fundamental
properties

Equivalent widths (EWs) in the observed cluster integrated
spectra are practically unaffected by reddening so that they re-
flect the intrinsic stellar atmospheres cluster properties. In order
to measure EWs of the Balmer lines in the cluster sample, we have
taken into account both the spectral windows and flux points as
defined by Bica and Alloin (1986a); 1986b); 1987). The results of
the measurements for the four primary H Balmer lines are shown
in Table 3, where the EWs are given in Angstrom units. Typical

2 IRAF is distributed by the National Optical Astronomy Observatories, which is
operated by the Association of Universities for Research in Astronomy, Inc., under
contract with the National Science Foundation
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Table 3
Measurements of the equivalent widths of the four primary H Balmer lines
Cluster Ho Hp Hy Hé
(6540-6586)A  (4846-4884)A  (4318-4364)A  (4082-4124)A
Ruprecht 158 53 51 6.3 5.0
BH 92 6.0 6.7 8.5 8.1
Collinder 249 Emission 0.4 5.0 4.9
Harvard 5 5.0 7.3 75 10.0
Hogg 14 8.1 121 14.4 14.3
NGC 4463 3.6 5.0 4.6 54
ESO 065-SC07 3.6 5.0 5.4 7.0
Pismis 23 Emission 9.0 9.8 9.8
Ruprecht 122 31 5.7 74 83
T T T T T T T T T T T T T T Table 4
15 JVWWVWi ety and s oo
L i Cluster E(B - V) tBalmer tTempla[e
Pismis 23 (Myr) (Myr)
[ ] Ruprecth 158 —0.05 500-5000 1000
L ES065-SC 07 i BH 92 0.35 50-500 200-350
WWWMW 0.20 500
1 Collinder 249 0.55 < 20 2-4
10 B Harvard 5 0.19 < 100 200-350
W Hogg 14 0.22 100-500 200-350
o L 4 NGC 4463 0.42 10-50 5-10
o Hoge 14 0.45 30
o0 1 ESO 065-SC07 043 1000-5000 1000
o | 0.25 3000-4000
Harvard 5 Pismis 23 1.05 100-500 200-350
L 4 Ruprecht 122 0.45 10-50 40

Collinder 249

BH 92

4000 5000 6000
Wavelength, ()

Fig. 2. Observed integrated spectra of the sample clusters. Spectra are in relative
flux (F;) units, normalized at 5800 A. Constants have been added to the spectra,
except for the bottom one.

errors of ~10% on individual EW measurements result from trac-
ing slightly different continua.

Bica and Alloin (1986a) showed that integrated spectra of small
angular size star clusters allow us to determine their basic proper-
ties, such as reddening, age, and, in some cases, also the metallicity
(e.g., Ahumada et al.,, 2000). A direct reddening-independent age
estimate was first obtained from the EWs of the four primary H
Balmer absorption lines in each cluster spectrum by interpolating
these values in the age calibration of Bica and Alloin (1986b). These
authors found that metallicity effects are negligible for the spectral
windows that include the four Balmer lines. Age and foreground
reddening E(B — V) values of the selected OCs were then simulta-
neously derived by applying the template matching method. This
was done by achieving the best possible match between the con-
tinuum and lines of the analyzed cluster integrated spectrum and
these same features of a template integrated spectrum with known
properties. In this process we selected, from the available template
spectra, those which minimize the flux residuals calculated as the
normalized difference (cluster - template) / cluster. Based on the
first age estimate, we selected among the solar-metallicity cluster
templates of Piatti et al. (2002, hereafter P02) and Ahumada et al.
(2007a) spectral libraries, a subset of templates to compare with
the observed spectrum. The final age determination was achieved

by varying reddening and template until the best match was ob-
tained between the chosen template and the continuum, Balmer
and metal lines of the analized cluster spectrum. Basically there
are no degeneracy between reddening and age. To apply the tem-
plate matching method, we used the software called FISA (Fast In-
tegrated Spectra Analyzer). This software allows fast and reason-
ably accurate reddening and age determinations for star clusters
using their integrated spectra (Benitez-Llambay et al., 2012). To
perform reddening corrections, we adopted the normal reddening
law of Seaton (1979) and the most frequently used factor 3.0 for
the ratio R = A,/E(B — V) between the total visual absorption and
the E(B-V) color excess (StraiZys, 1992). The derived reddening val-
ues are listed in Table 4, together with the age range indicated for
the Balmer lines, and the age range of the templates with which
the best match was obtained. The adopted E(B — V) color excesses
and ages are given in Table 5, together with the values reported
in the literature and their corresponding references. The adopted
errors for both E(B—V) and age (Table 5) are only simple estima-
tions based on the fits of the integrated cluster spectra with tem-
plates of different ages. We point out that the Balmer lines entail
the cluster spectrum and template. Small mismatches may occur,
especially for metal lines and molecular bands. This may also oc-
cur because of the discrete and finite number of templates. Hence
the importance of new OC spectra being introduced in template
libraries, for better spectral resolution and signal-to-noise ratio.

4. Discussion of individual clusters

We reported in Ahumada et al. (2007b) some preliminary find-
ings derived from integrated spectroscopy for 6 out of the 9 clus-
ters here analized. These results may be considered only a first ap-
proach to the estimation of E(B —V) and age values. Previous red-
dening and age determinations by different authors for the present
cluster sample are listed in Table 5. Using a combination of uni-
form kinematic and near-infrared (NIR) photometric data gathered
in the all-sky catalogue PPMXL (Roeser et al., 2010) and in the
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Table 5
Cluster parameters derived in this work and reported in the literature
Cluster This work Literature
E(B-V) Age E(B-V) Age Ref*.
(mag) (x10° yr) (mag) (x10 yr)

Ruprecht 158 0.00+ 0.05 1000+ 500 0.40 1400 (1)
0.19 1800 (8)

BH 92 0.28+ 0.05 400+ 200 0.19 812 (1)
0.54 56 (8)

Collinder 249 0.55+ 010 3+1 0.50 44 (1)
028-045 3.0 (5)

Harvard 5 0.19+ 0.05 200+ 100 0.21 224 (1)
0.19 - (3)
0.17 - (4)

Hogg 14 0.22+ 0.05 250+ 100 0.23 126 (1)
0.28 - (4)

NGC 4463 0.43+ 0.03 19+ 10 0.35 93 (1)
0.44 - (4)
0.42 28 (8)
0.39 (12-32) (9)

ESO 065-SC07 034+ 0.05 2200+ 1000  0.29 2500 (1)
0.48 1230 (8)

Pismis 23 1.05+ 0.50 360+ 150 1.46 367 (1)
2.00 300 (6)
1.73 700 (7)
1.54 251 (8)

Ruprecht 122 0.40+ 0.05 40+ 20 0.42 40 (1)
0.87 112 (8)

*References: (1) K13; (2) Costa et al. (2015); (3) Claria et al. (1989); (4) MV73; (5)
Baume et al. (2014); (6) Piatti and Claria (2002); (7) Ortolani et al. (2002); (8) B11;
(9) Delgado et al. (2011).

Two-Micron All-Sky Survey (2MASS) catalogue (Skrutskie et al.,
2006), Kharchenko et al. (2013, hereafter K13) reported exact po-
sitions, apparent radii, proper motions, reddennings, distances and
ages for more than 2800 mostly confirmed OCs. For comparison
purposes, only the ages and E(B—V) color excesses derived by
K13 for the present cluster sample are listed in Table 5. As shown
in this table, six of the here studied OCs (Ruprecht 158, BH 92,
NGC 4463, ESO 065-SC07, Pismis 23 and Ruprecht 122) were also
examined by Bukowiecki et al. (2011, hereafter B11), using 2MASS
data. We find, in general terms, a reasonable good agreement with
K13 for 7 clusters of the present sample. A brief description of the
studied OCs, as well as the results we obtained from their inte-
grated spectra, are discussed below.

4.1. Ruprecht 158

This is a small cluster in Vela (IAU C0850-373), also designated
as MWSC 1592 by Kharchenko et al. (2012, hereafter K12). Archinal
and Hynes (2003, hereafter AHO3) refer to this object as belong-
ing to Trumpler (1930) class III-2p, i.e.,, a poor, detached cluster
with no central concentration and medium range in the bright-
ness distribution of the stars (Fig. 1). Although it could probably
not be a real cluster but a fluctuation of the field star density
(Vazquez et al., 2010), B11, K13 and Costa et al. (2015) derived
for Ruprecht 158 an age between 1.4 and 1.8 Gyr and somewhat
different E(B—V) reddening values (see Table 5). Assuming that
Ruprecht 158 is a real OC, its integrated spectrum shows some
typical features of intermediate-age clusters (Fig. 2). In fact, not
only the G-band but also the depth of the Call K line are com-
patible with those of an intermediate-age object. Although rather
poor, we achieved the best comparison with the Ia template (1
Gyr) from P02’s spectral library of solar-metallicity open-cluster
templates, correcting the observed spectrum for a small negative
amount of reddening E(B — V) = —0.05 (Fig. 3). Since Balmer lines
suggest an age close to that of the above template (Table 4), we
adopted the latter as the probable best solution (Table 5). Thus,
contrarily to what has been reported in previous studies (e.g., K13

Ruprecht 158 (E(B—V)=-0.05)

4000 5000 6000
Wavelength, (&)

Fig. 3. Comparison between the reddening-corrected integrated spectrum of
Ruprecht 158 (top) and the la template spectrum of 1 Gyr (middle). The correspond-
ing flux residual according to (Feyster = Frempiate) | Fetuster 1S Shown at the bottom. Units
as in Fig. 2.

or B11), Ruprecht 158 would seem to be a practically unreddened
intermediate-age OC (see Table 5). Radial velocity measurements
of a few stars in the cluster field could help to confirm or deny
the physical reality of this cluster.

4.2. BH 92

First recognized as an OC by van den Bergh and Hagen (1975),
this small size object (IAU C1017-561), also known as MWSC 1791
(K12), seems to be a detached, relatively poor and faint OC in the
Vela constellation. It shows the typical morphology of a Trumpler
class 1I-2p, which is characterized by a little central concentration
of member stars and a medium-range of bright stars (Fig. 1). BH 92
presents the dominant bright red giant star HD 300666 close of
its center (Fig. 1). The EWs of the Balmer lines in the observed
integrated spectrum (Fig. 2) indicate an age younger than 1 Gyr
(Table 4). This spectrum resembles the Yg template (200-350 Myr)
of P02’s library, once corrected for E(B—V) = 0.20 (Fig. 4). The
continuum distribution, the Balmer jump and also the presence
and depth of spectral lines are very similar in both spectra. Nev-
ertheless, as shown in the same figure, a reasonable match is also
found when the cluster spectrum, corrected for E(B—V) = 0.35, is
compared to the P02’s Yh template of 500 Myr. We adopted inter-
mediate reddening and age values for BH 92 (Table 5). Therefore,
this cluster seems to be slightly younger than was reported by K13
but clearly older than was estimated by B11 (Table 5). According to
Nesterov et al. (1995), the dominant star HD 300666 is a MO-type
object. In Fig. 5 we show that the reddening-corrected individual
spectrum of HD 300666 compares reasonably well with the MO III
template from Silva and Cornell (1992, hereafter SC92). Inspecting
the position of this star in the color-magnitude diagrams (CMDs) of
K13, we conclude that this is very probably a luminous red giant
cluster member so its contribution was taken into account in the
cluster integrated spectrum. It is worth mentioning that, although
there are new empirical stellar libraries (see, e.g., Chen et al., 2014,
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BH 92 (E(B-V)=0.20)
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Fig. 4. From top to bottom: integrated spectrum of BH 92 corrected for E(B—V)
= 0.20, Yh template spectrum of 500 Myr, cluster spectrum corrected for E(B — V)
= 0.35, Yg template spectrum of (200-300 Myr), and corresponding flux residuals
between both comparisons. Units as in Fig. 2.
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Fig. 5. Individual spectrum of the dominant star of BH 92 (HD 300666) corrected
for E(B—V) = 0.47 (top), the SC92 template spectrum which best matches it (mid-
dle) and the flux residual according to (Fstar - Frempiaze) |/ Fstar (bottom). Units as in
Fig. 2.

and references therein), the one of SC92 is probably the most com-
plete and the easiest to use, according to our purposes.

4.3. Collinder 249

This extended object (IAU C1134-627), also referred to as
BH 121 (van den Bergh & Hagen 1975), MWSC 1960 (K12) or “A

10

F)\/FSBOO + C

Collinder 249 (E(B—V)=0.55)

Yal (2-4 Myr)

| | |
4000 5000 6000
Wavelength, (4)

Fig. 6. Comparison between the reddening-corrected integrated spectrum of the
central part of Collinder 249 (top) and the Yal template spectrum of (2-4 Myr)
(middle). The correspoding flux residual according to (Feuster = Fremplate) | Fetuster 1S
shown at the bottom. Units as in Fig. 2.

Cen cluster” (AHO03), is centered on the star HD 101205 (V = 6.45,
Fig. 1). Collinder 249 belongs to Trumpler class IlI3m,n and is inm-
mersed in the IC 2944 nebula. According to Alter et al. (1970), the
entire group of brightest stars in this region is also referred to as
Cen OB2 association. We took an integrated spectrum only for the
central part of Collinder 249 (~2' on the sky), excluding the bright
star HD 101205. We simultaneously determined the reddening and
age for Cr 249 using the Yal template (2-4 Myr) of P02’s library,
the best template match yielding E(B — V) = 0.55 (Fig. 6). Recently,
Baume et al. (2014) studied this extended region in Scorpius and
identified two young stellar groups (age ~3 Myr) located at about
2.3 and 3.2 kpc from the Sun, respectively, characterized by a sig-
nificant variable interstellar extinction (0.28 < E(B—V) < 0.45).
The parameters here derived for the central part of Collinder 249
are compatible with these findings.

4.4. Harvard 5

Situated in a region of high stellar density in the Crux constel-
lation, Harvard 5 (Shapley, 1930), also known as Cr 258 (Collinder,
1931), BH 133 (van den Bergh and Hagen, 1975) or MWSC 2033
(K12), is a small size open cluster classified as Trumpler class 1I3p
by AHO3. Its central part appears to be dominated by the presence
of the comparatively bright stars HD 108353A, HD 108353B and
HD 108353C (Fig. 1). Moffat and Vogt (1973, hereafter MV73) mea-
sured photoelectrically in the UBV system 25 stars located within a
radius of ~ 5’ centered at HD 108353A (Fig. 1). These stars clearly
define the sequence of a young OC reddened by about E(B—V)
= 0.17. According to the position of HD 108353A in the CMDs of
MV73, this star (MV73 No. 14) border on being a supergiant of lu-
minosity class II. On the other hand, the individual spectrum of
HD 108353C (MV73 No. 12), corrected for E(B—V) = 0.15, shows
a noticeable resemblance to the B9 IIl template from SC92 (Fig. 7),
so this star seems to be a late B-type giant member of Harvard 5.

The cluster integrated spectrum, without the dominant con-
tribution of the comparatively bright blue star HD 108353A and
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HD 108353C (E(B—V)=0.15)
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Fig. 7. Individual spectrum of one of the dominant stars of Harvard 5 (HD 108353C)
corrected for reddening (top), the SC92 template spectrum which best matches it
(middle) and the flux residual according to (Fstar = Fremplate) | Fstar (bottom). Units as
in Fig. 2. (For interpretation of the references to colour in this figure legend, the
reader is referred to the web version of this article.)

corrected for E(B —V) = 0.19, matches very closely that of a com-
bination of 70% of the spectrum of a B9 III template from SC92 and
30% of the P02’s Yg (200-350 Myr) template (Fig. 8). The contin-
uum distribution, the presence of the G-band (~4300 A) and the
intensity of the H and K Ca II lines in the observed spectrum favor
the choice of the template Yg. Both the reddening value and the
age of this template are consistent with the E(B — V) color excess
and with the earliest photometric spectral type (b3) estimated by
MV73. The adopted reddening and age show also good agreement
with the values reported by K13 and Claria et al. (1989), respec-
tively (Table 5).

As shown in Fig. 9, the individual spectrum of the compara-
tively bright MV73 star No. 8 (CPD-60°3999), corrected for E(B —
V) = 0.15, is very similar to that of an A5/7 V template star from
SC92. Consequently, this is very likely a cluster member. Besides,
the individual spectra of MV73 stars 9 and 13, both corrected for
E(B—V) = 0.20, clearly resemble the spectrum of a SC92’s A1/3 V
template (Fig. 10), so these two stars also turn out very probably
to be cluster members. This is not the case, however, for MV73
No. 10, undoubtedly a foreground K5 V type star (Fig. 11). For the
aforementioned reasons, the integrated spectrum of Harvard 5 in-
cludes the contributions of stars HD 108353B, HD 108353C, CPD-
60°3999 and CPD-60°4002, but not the contribution of star MV73
10.

4.5. Hogg 14

Hogg 14 (IAU C1225-595), a sparse group of stars in Crux also
known as MWSC 2037 (K12), was first recognised as a probable
cluster by Hogg (1965a); 1965b). Like Harvard 5, Hogg 14 was clas-
sified as a Trumpler class 113p by AHO3, i.e., a poor, detached clus-
ter with bright and faint stars (Fig. 1). MV73 measured photoelec-
trically in the UBV system 11 stars located within a radius of ~3’
centered at the star CD-59°4263 (Fig. 1). These stars seem to de-
fine an apparent sequence of a moderately young cluster reddened
in average by E(B—V) = 0.28. In particular, the individual spec-

Harvard 5 (E(B—V)=0.19)

| | |
4000 5000 6000
Wavelength, (R)

Fig. 8. Comparison between the reddening-corrected integrated spectum of Har-
vard 5, without the contribution of the comparatively bright blue star HD 108353A
(top), with that of a combination of 70% of the spectrum of a B9 IIl template from
SC92 and 30% of the Yg (200-350 Myr) template (middle). The corresponding flux
residual according to (Feyseer - Fremplate) | Feiuster i shown at the bottom. Units as in
Fig. 2. (For interpretation of the references to colour in this figure legend, the reader
is referred to the web version of this article.)

trum of the brightest star CD-59°4263 (MV73 No. 1), corrected
for E(B—V) = 0.22, shows a reasonably good resemblance to the
A3 1II template from SC92 (Fig. 12), so this star seems to be an
early A-type giant member of Hogg 14, which contributes to the
integrated spectrum. On the other hand, the integrated spectrum
of Hogg 14 corrected for E(B—V) = 0.22, matches closely that of
a combination of 50% of the spectrum of an A3 III template from
SC92 and 50% of the P02’s Yg (200-350 Myr) template (Fig. 13).
According to the Balmer-line method, Hogg 14 should be between
100 and 500 Myr old (Table 4), in good agreement with the tem-
plate match. Then, we adopted E(B—-V) = 0.22 4+ 0.05 and an age
of 250+ 100 Myr (Table 5) for Hogg 14, in accordance to the val-
ues reported by MV73 and K13. As for Ruprecht 158, radial velocity
measurements of a few stars in the field of Hogg 14 could help to
confirm or deny the physical reality of this cluster.

4.6. NGC 4463

This comparatively bright OC (IAU C1227-645) is probaby the
most studied among those of the present cluster sample. Also
known as Cr 260 (Collinder, 1931), Markarian 26 (Markarian, 1951),
BH 135 (van den Bergh and Hagen, 1975) or MWSC 2042 (K12),
this is a concentrated group o stars in the Musca constellation,
classified as I3m by AHO3 (Fig. 1). MV73 obtained UBV photo-
electric photometry of 13 comparatively bright stars in the clus-
ter field. They showed the reddening in front of NGC 4463 to
be slightly variable, the mean value being E(B—V) = 0.44. In a
more recent study, Delgado et al. (2011) estimated an age between
12 and 32 Myr and a mean color excess E(B—V) = 0.39, based
on UBVRI photometry. These results show very good agreement
with those derived by B11 from 2MASS data, while K13 estimated
a somewhat older age (Table 5). On the other hand, using high-
quality UBV-DDO data, Claria et al. (1996) found the brightest star
in the cluster field (MV73 No. 1 or CD-64°1943) to be an F-type
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Star 8 (MV73) (E(B-V)=0.15)
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Fig. 9. Individual spectrum of star MV73 No. 8 (Fig. 1) of Harvard 5 corrected for
E(B-V) = 0.15 (top), SC92 template spectrum which best matches it (middle) and
flux residual according to (Fstar - Fremplate) | Fstar (bottom). Units as in Fig. 2.

Star 9 (MV73) (E(B—V)=0.20)

Star 13 (MV73) (E(B-V)=0.20)

Residuals Star 13

Residuals Star 9

| | |
4000 5000 6000
Wavelength, (4)

Fig. 10. From top to bottom : individual spectra of stars MV73 9 and 13 of Har-
vard 5 both corrected for E(B—V) = 0.20, SC92 template spectrum which best
matches them and the corresponding flux residuals according to (Fstar - Frempiate)
| Fstar (bottom). Units as in Fig. 2.

luminous star very probably non cluster member. Fig. 14 shows the
cluster spectrum, corrected for E(B—V) = 0.42 and without the
contribution of CD-64°1943, compared to the P02’s Yb1 template
of 5-10 Myr. Judging from the resultant residual flux, the similarity
between these two spectra is evident. The weakness of the Balmer
absorption lines in the cluster spectrum, however, suggests an age
between 10 and 50 Myr. An alternative match is shown in the
same figure, where we compare the spectrum of NGC 4463, cor-

Star 10 (MV73) (E(B—V)=—0.05)

5000
Wavelength, (4)

Fig. 11. Individual spectrum of the star MV73 No. 10 of Harvard 5 corrected for
E(B—-V) = —0.05 (top), SC92 template spectrum which best matches it (middle)
and flux residual according to (Fstar - Frempiate) |/ Fstar (bottom). Units as in Fig. 2.
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Fig. 12. Individual spectrum of the brightest star of Hogg 14 (CD-59°4263, MV73
No. 1) corrected for E(B—V) = 0.22 (top), SC92 template spectrum which best
matches it (middle) and flux residual according to (Fstar = Frempiate) | Fstar (bottom).
Units as in Fig. 2.

rected for E(B—V) = 0.45, with the older Ycd template of 30 Myr
from Ahumada et al. (2007a). In the first case, there is a more evi-
dent similarity when the continuum distribution for A < 4000 A is
considered. However, the opposite case results when the contin-
uum distribution for A > 4000 A is compared. For NGC 4463
we adopted reddening and age values between those of these two
templates, i.e., E(B—V) = 043 4 0.03 and 19 £+ 10 Myr, which
show very good agreement with most of the parameters reported
in the literature (Table 5).
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Hogg 14 (E(B-V)=0.22)

Yg (200-350 Myr) + A3 I (SC92)
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Fig. 13. Comparison between the reddening-corrected integrated spectum of
Hogg 14 (top), with that of a combination of 50% of the spectrum of an A3 IIl tem-
plate from SC92 and 50% of the P02’s Yg (200-350 Myr) template (middle). The
corresponding flux residual according to (Feyuster = Fremplate) | Fetuster are shown at the
bottom. Units as in Fig. 2. (For interpretation of the references to colour in this
figure legend, the reader is referred to the web version of this article.)
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Fig. 14. Comparison between the reddening-corrected integrated spectrum of
NGC 4463, without the contribution of CD-64°1943, and the Yb1 and Ycd templates
spectra. The correspoding flux residuals according to (Feuuster - Frempiate) | Fetuster 1S
shown at the bottom. Units as in Fig. 2.

4.7. ESO 065-SC07

This small group of stars in Musca, also designated as
MWSC 2124 (K12), was first recognized as an OC by Lauberts
(1982). ESO 065-SC07 barely stands out as a small handful of com-
paratively bright stars without central concentration (Fig. 1). AHO3

ES065 SC07 (E(B-V)=0.43)

Ia (1 Gyr)

Fy/Fgoo*C

Ib (3—4 Gyr)

Residuals Ib

Residuals Ia

| | |
4000 5000 6000
Wavelength, (R)

Fig. 15. From top to bottom: integrated spectrum of ESO 065-SC07 corrected for
E(B-V) = 043, la template spectrum of 1 Gyr, cluster spectrum corrected for
E(B-V) = 0.25, Yb template spectrum of (3-4 Gyr), and corresponding flux resid-
uals between both comparisons. Units as in Fig. 2.

refer to it as belonging to Trumpler class IlI12. For ESO 065-SC07,
K13 derived E(B—V) = 0.29 and an age of 2.5 Gyr, while B11
reported 0.48 and 1.23 Gyr, respectively. Fig. 15 shows compar-
isons of the reddening-corrected integrated cluster spectrum with
both Ia (1 Gyr) and Ib (3-4 Gyr) templates from P02. In general
terms, the integrated spectrum looks like both Ia and Ib templates,
particularly in the presence and intensity of the spectral lines for
wavelengths longer than 5000 A. However, both spectral lines and
molecular bands better resemble those of the oldest template Ib
for shorter wavelengths. Note in the cluster integrated spectrum
the presence of CN bands near 4200 A, which are typical of old
objects. Since the Balmer age is 1-5 Gyr (Table 4), we adopted for
ESO 065-SC07 the average of the two considered template ages and
reddenings, i.e., E(B—V) = 0.34 £+ 0.05 and 2.2 &+ 1 Gyr (Table 5),
in good agreement with the parameters reported by K13.

The reddening-corrected individual spectrum of the brightest
star in the cluster field (TYC 9246-912-1, Fig. 1), compared with
the K2 Il template from SC92’s library, is shown in Fig. 16. This
comparison, together with the position of TYC 9246-912-1 in the
CMDs of K13 and the acceptable coincidence between the color
excess derived for ESO 065-SC07 and that of this star, support
the conclusion that TYC 9246-912-1 is a red giant cluster mem-
ber. The same occurs for the comparatively bright stars 23 and
TYC 9250-1879-1, whose individual spectra, corrected by E(B—V)
of 0.30 and 0.20, respectively, resemble those of the K2 III template
from SC92 (Fig. 17). Therefore, the contributions of stars TYC 9246-
912, TYC 9250-1879-1 and 23 are included in the cluster integrated
spectrum.

4.8. Pismis 23

Also known as BH 190 (van den Bergh and Hagen, 1975),
Lynga 10 (Lyngda, 1965), ESO 226-SC05 (Lauberts, 1982) or
MWSC 2399 (K12), this very small object was first recognized as
an OC in Norma by Pismi$ (1959). Classified as IlI-2m by AHO03
and located at about 25° from the Galactic center direction, Pismis



80 JJ. Clarid et al./New Astronomy 56 (2017) 71-83

TYC 9246-912—1 (E(B—V)=0.30)

KR 1II

Fy/FagootC

| | |
4000 5000 6000
Wavelength, (&)

Fig. 16. Individual spectrum of the brightest star of ESO 065-SC07 (TYC 9246-912-
1, Fig. 1) corrected for E(B—V) = 0.30 (top), SC92 template spectrum which best
matches it (middle) and flux residual according to (Fstar - Frempiate) | Fstar (bottom).
Units as in Fig. 2.
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Fig. 17. From top to bottom: individual spectra of stars 23 and TYC 9250-1879-
1 of ESO 065-SC07 (Fig. 1) corrected for E(B—V) = 0.20 and 0.30, respectively,
SC92 template spectrum which best matches them and corresponding flux residuals
according to (Fstar - Fremplate) | Fstar) (bottom). Units as in Fig. 2.

23 can easily be identified by its relatively dense population com-
pared to that of the field stars (Fig. 1). The Balmer absorption lines
indicate an age betwen 100 and 500 Myr (Table 4), while the clus-
ter integrated spectrum, corrected for E(B—V) = 1.05, matches
very closely that of the P02’s Yg template of 200-350 Myr (Fig. 18).
The spectrum of Pismis 23 presents Ho in emission, which is not
expected at the age of the cluster. This emission arises from con-
tamination of a neighbouring H II region at « = 16h 23m 49s, §

Pismis 23 (E(B-V)=1.05)

Yg (200-350 Myr)

| | |
4000 5000 6000
Wavelength, (R)

Fig. 18. Comparison between the reddening-corrected integrated spectrum of Pis-
mis 23 (top) and the Yg template spectrum of (200-350 Myr) (middle). The corre-
sponding flux residual according to (Fejuster = Fremplate) | Fetuster 1S shown at the bot-
tom. Units as in Fig. 2.

= —48° 54’ 02", with diameter that can be easily seen with WISE
Aladin. The adopted age for Pismis 23 shows good agreement with
some of its previous age determinations (Table 5). Pismis 23 is the
most reddened cluster in our sample, which can be explained by
its association to gas and dust. Pismis 23’s line of sight has im-
portant dust absorption and emitting gas. This can be explained
by the projected neighbouring H II region’s gas and dust. In this
interpretation, the H II region would be in the foreground of the
cluster.

4.9. Ruprecht 122

This small size cluster in Scorpius (IAU C1651-408), also re-
ferred to as BH 202 (van den Bergh and Hagen, 1975) or
MWSC 2486 (K12), is projected on the South-West region of the
extended complex called Trumpler 24 (Fig. 1), probably an stellar
association with the IC 4628 nebulosity involved on its northern
side (Heske and Wendker, 1984, AHO03,K13,). Ruprecht 122 is lo-
cated at about 15° from the Galactic center direction. Based on NIR
photometric data, B11 derived for this cluster E(B—-V) = 0.87 and
log t = 8.05 (112 Myr), while K13 reported E(B —V) = 0.42 and log
t = 7.6 (40 Myr). Despite its S/N ratio being rather low, the inte-
grated spectrum of Ruprecht 122 shows typical features of a young
cluster (Fig. 2), while the Balmer-line method yields an age be-
tween 10 and 50 Myr (Table 4). We find a good resemblance of the
integrated spectrum to the P02’s Yd template of 40 Myr, once the
former was previously corrected for E(B—V) = 0.45 (Fig. 19). The
continuum distribution, the Balmer jump and also the appearance
and depth of the spectral lines are nearly identical in both spec-
tra. Therefore, the parameters here derived for Ruprecht 122 show
an excellent agreement with those reported by K13. In Fig. 20 we
show that the individual spectrum of the comparatively bright star
HD 322308, reddened by E(B—V) = 0.10, compares well with the
K2 III template from SC92. Since HD 322308 falls clearly outside
the cluster sequence (see CMDs from K13), we believe that this is
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Fig. 19. Comparison between the reddening-corrected integrated spectrum of
Ruprecht 122 (top) and the Yd template spectrum of 40 Myr (middle). The corre-
spoding flux residual according to (Feyster = Fremplate) | Fetuster i sShown at the bottom.
Units as in Fig. 2. (For interpretation of the references to colour in this figure leg-
end, the reader is referred to the web version of this article.)
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Fig. 20. Individual spectrum of the comparatively bright star HD 322308 in the
field of Ruprecht 122 corrected for reddening (top), SC92 template spectrum which
best matches it (middle) and flux residual according to (Fswar - Frempiate) | Fstar (bOt-
tom). Units as in Fig. 2.

a late-type foreground giant star so it was not included in the in-
tegrated spectrum.

5. Conclusions

As part of a systematic spectroscopic survey of small angular
diameter Galactic OCs, we have increased the sample of studied
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Fig. 21. Age distribution of the studied OCs. The blue line represents the sum of
the previous and present cluster samples, while the red line stands only for the
present sample.For interpretation of the references to colour in this figure legend,
the reader is referred to the web version of this article.

southern Galactic OCs by means of integrated spectroscopy in the
optical range. Using template spectra and equivalent widths of the
Balmer lines, we determined ages and foreground reddening val-
ues for 9 small size OCs located in a 86° sector centered at | =
303°. Although all these clusters have basic parameters derived
using NIR data from the 2MASS catalog, their integrated spectra
provide independent information about their reddenings and ages.
Individual spectra of some comparatively bright stars in the field
of 5 out of the 9 studied OCs allowed us to evaluate their clus-
ter membership status. Using 2MASS data is good and reliable for
clusters which are well defined and clearly distinguishable from
their surrounding regions, which may not always be the case. In
fact, after a thorough analysis of the major large scale OC homo-
geneous parameter databases, Netopil et al. (2015) detected some
trends and/or significant constant offsets. According to these au-
thors, the databases can in some cases have 20% or more problem-
atic objects, which might limit the usefulness of these databases.
The present cluster sample complements that of 46 OCs we pre-
viously studied through integrated spectroscopy. Fig. 21 compares
the age distribution of the sum of the previous and present clus-
ter samples (blue line) with that of the here studied 9 OCs (red
line). Despite the present efforts, the increase of the cluster spec-
troscopic base still requires clusters typically older than 500 Myr.

Excepting for Ruprecht 158 and BH 92, the results obtained in
this study do agree, in general terms, with other findings reported
in the literature. The best agreement to our results is found from
those determinations based on optical data (e.g., UBV and/or DDO).
The present spectroscopic results for Ruprecht 158 and BH 92,
however, exhibit some differences with those reported by K13 and
B11. Ruprecht 158 would seem to be a practically unreddened
intermediate-age OC, somewhat younger than it was previously be-
lieved, while BH 92 appears to be somewhat younger than was
reported by K13 but clearly older than estimated by B11. A more
detailed study of these two clusters is then recommended.

The derived reddening values range from E(B—V) ~ 0.0 in
Ruprecht 158 to E(B — V) = 1.1 in Pismis 23. We found that Cr 249,
NGC 4463 and Ruprecht 122 are very young or young OCs (3-40
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Myr). On the other hand, BH 92, Harvard 5, Hogg 14 and Pismis 23
are moderately young (200-400 Myr), while Ruprecht 158 and
ESO 065-SC07 are intermediate-age objects (1-2.2 Gyr). The cur-
rent cluster sample complements that of 46 OCs previously stud-
ied by our group, thus improving the age resolution around solar
metallicity in the cluster spectral library for stellar population syn-
thesis.
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