A&A 453,91-99 (20006)
DOI: 10.1051/0004-6361:20054716
© ESO 2006

A8§tronomy
Astrophysics

Photometric and Coravel observations of red giant
candidates in three open clusters: membership,
binarity, reddening and metallicity

J.J. Clarig!, J.-C. Mermilliod?, A. E. Piatti®, and M. C. Parisi!

! Observatorio Astronémico, Laprida 854, 5000, Cérdoba, Argentina

e-mail: claria@oac.uncor.edu
2 Laboratoire d’ Astrophysique de 1’Ecole polytechnique fédérale de Lausanne, Observatoire, 1290 Sauverny, Switzerland
3 Instituto de Astronomia y Fisica del Espacio, CC 67, Suc. 28, 1428 Buenos Aires, Argentina

Received 19 December 2005 / Accepted 16 February 2006

ABSTRACT

Aims. We present new CORAVEL radial-velocity observations and photoelectric photometry in the UBV and DDO systems for
a sample of potential members of the red-giant branches of NGC 6192, NGC 6208 and NGC 6268, three open clusters projected close
to the Galactic center direction. We also examine the properties of a sample of 42 inner disk open clusters projected towards almost
the same direction as the three clusters.

Methods. Cluster members and red field giants were discriminated by using the CORAVEL radial-velocity data and by applying
two photometric criteria. Interstellar reddening and metal content of the clusters were derived from combined BV and DDO data.
Results. Cluster membership for five red giants in NGC 6192, three in NGC 6208 and three in NGC 6268 has been confirmed by
the analysis of the photometric and kinematic data. Photometric membership probabilities show very good agreement with those
obtained from CORAVEL radial velocities. Three new spectroscopic binaries were discovered among the red giants of NGC 6192 and
NGC 6208. Mean radial velocities and E(B — V) colour excesses were derived.

Conclusions. The overall metallicities were found to be nearly solar for NGC 6208 and above solar for NGC 6192 and NGC 6268.
Most of the clusters located closer than 2 kpc from the Sun in the considered direction are slightly more reddened than the absorption

resulting from the Baade’s window absorption law.

Key words. Galaxy: open clusters and associations: general — stars: binaries: spectroscopic — techniques: photometric —
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1. Introduction

In this paper we discuss NGC 6192, NGC 6208 and NGC 6268
as part of a more extensive study of red giants in open clusters
using CORAVEL radial velocity data and new photoelectric pho-
tometry. These three poorly studied, southern, open clusters are
located near the Galactic plane and close to the Galactic cen-
ter direction. Their corresponding equatorial and Galactic coor-
dinates are given in Table 1, together with the Trumpler (1930)
class according to Archinal & Hynes (2003), the E(B— V) colour
excesses, distances from the Sun and ages given by the WEBDA
open Cluster Database (Mermilliod & Paunzen 2003). These
clusters are interesting in themselves because of the number of
red giant candidates they contain. Neither radial-velocity de-
termination nor DDO photometry for any of the stars of these
three clusters has been published yet.

NGC 6192 (C1636-432) — also known as Mel 109 (Melotte
1915), Cr309 (Collinder 1931) or BH 194 (van den Bergh &
Hagen 1975) — has been the most thoroughly studied of our
three targets. However, a remarkable disagreement about the
cluster reddening value is found in the literature and, conse-
quently, discrepancies in ages and distances have been reported.
Kilambi & Fitzgerald (1983, hereafter KF83) and King (1987)
derived a reddening of E(B — V) = 0.26, a rather old age

http://www.edpsciences.org/aa

(~1.0 Gyr) and a distance from the Sun of about 1 kpc, based on
photographic and CCD photometry, respectively. More recently,
Kjeldsen & Frandsen (1991, hereafter KF91) obtained a much
higher reddening of E(B — V) = 0.68, an age of scarcely 89 Myr
and a distance of about 1.7 kpc. Paunzen et al. (2003) obtained
CCD photometry in the uvby Stromgren’s system to clarify the
abovementioned discrepancies. They derived [Fe/H] = —-0.10 +
0.09 and E(b—y) = 0.40, equivalent to E(B—V) = 0.54, if the re-
lation E(B—V) = 1.35E(b—y) given by Crawford (1978) is used.
This reddening value seems to support KF91’s estimate and ap-
parently contradicts the values previously reported by KF83 and
King (1987). Loktin et al. (2001) published a second version of
their Open Cluster Catalogue (Loktin & Matkin 1994) review-
ing the fundamental parameters of 423 clusters. Their updated
distances are now based on a Hyades distance modulus of 3.27,
this value being 0.06 mag lower than that found from Hipparcos
parallaxes, namely V- My =3.33 + 0.01 (Perryman et al. 1998).
By using the original data from KF91, Loktin et al. (2001) de-
termined the following parameters for NGC 6192: E(B — V) =
0.637,d = 1547 pc and log ¢ = 8.13 (Table 1).

NGC 6208 (C1645-537) — also designated Cr313 or
BH 198 — is located ~26° from the Galactic center direction
in a very rich star field in Ara, which makes its member-
ship and astrophysical properties rather difficult to investigate.

http://dx.doi.org/10.1051/0004-6361:20054716
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Table 1. Open clusters studied.

J. J. Clarid et al.: Red giants in open clusters

Cluster a (J2000) 6 (J2000) [ b Trumpler class E(B-V) d log ¢
(h:m) ) ©) ©) (mag) (kpc)
NGC6192 16 40.4 -4322.0  340.7 2.1 12r 0.637 1.5 8.13
NGC 6208 16 49.5 -5343.0 3338 -5.8 I12r 0.210 0.9 9.07
NGC 6268 17 02.7 -39443  346.1 1.2 12p 0.387 1.0 8.40¢

“ The age given by WEBDA is incorrect (see Sect.

To the best of our knowledge, the only photometric study was
performed by Lindoff (1972), who obtained UBV photoelec-
tric and photographic photometry for 17 and 286 stars, respec-
tively, in the cluster field. Although he derived E(B — V) =
0.18, an age of ~1 Gyr and a distance of about 1 kpc from
the Sun, caution should be exercised when analyzing these
results owing to the huge dispersion existing in the Lindoff
(V, B — V) colour-magnitude diagram (CMD, see Sect. 3.1).
Using Lindoff’s data, Loktin et al. (2001) obtained similar ba-
sic parameters for this cluster (Table 1). On the other hand,
based on unpublished DDO photometric data of 3 red giant
candidates, Piatti et al. (1995) obtained [Fe/H] = —0.03, while
Twarog et al. (1997) revised this value to [Fe/H] = 0.00. More
recently, Paunzen & Maitzen (2001) performed a CCD photo-
metric search for chemically peculiar (CP) stars in NGC 6208
but no apparent peculiar object was found.

NGC 6268 (C1658-396) — also known as Cr323 or BH212 —
is located at less than 14° from the Galactic center in Scorpius.
As far as we know, the only photometric UBV study was done
by Seggewiss (1968), based on photographic plates. Using the
original photographic data obtained by Seggewiss, Loktin et al.
(2001) derived E(B — V) =0.387, a distance of 1029 pc from the
Sun and an age of scarcely 17 Myr (log ¢t = 7.25). As shown in
Fig. 5, however, this age has been misestimated. So much so that
adopting the theoretical metal content Z = 0.019 and using the
above mentioned reddening and distance, the Padova isochrone
(Girardi et al. 2000) of log t = 8.35 (¢ = 224 Myr) most ac-
curately reproduces the cluster features in the (V, B — V) CMD.
Recently, McSwain & Gies (2005) identified one definite Be star
in this cluster from observations performed with the Stromgren b
and y and the narrow band H,, filters, while Paunzen et al. (2005)
detected several CP stars using the narrow band, three filter
Aa photometric system. By fitting theoretical isochrones for the
Aa system (Claret et al. 2003), Paunzen et al. (2005) derived
E(B - V) =0.40, a distance of 1080 pc from the Sun and an age
of 40 Myr (log t = 7.60).

As part of a long-term project to determine abundances and
astrophysical properties of red evolved stars in southern open
clusters, we present here CORAVEL radial velocities and ac-
curate UBV and DDO photometry of G and/or K giant candi-
dates in the field of the abovementioned clusters. These data
are used to discuss cluster membership, to detect new spectro-
scopic binaries, to make an independent estimate of the indi-
vidual E(B — V) colour excesses, as well as to derive the metal
content of the clusters.

In Sect. 2, we briefly describe the observational material.
Section 3 presents the analysis and discussion of the photometric
and CORAVEL data. Using the WEBDA Open Cluster Database
(Mermilliod & Paunzen 2003), we examine in Sect. 4 the prop-
erties of a sample of open clusters located almost in the same
direction as NGC 6192, NGC 6208 and NGC 6268. A short sum-
mary of our main conclusions is given in Sect. 5.

1).

2. The observational material
2.1. Photometric UBV and DDO observations

Thirty seven potential members of the red-giant branches of
NGC 6192, NGC 6208 and NGC 6268 were originally selected
from their existing CMDs. These stars appear to be free from
contamination by neighbouring stars and were observed in the
UBV system, while only 22 of them were observed in the
DDO photometric system (McClure 1976). Only the four pri-
mary filters of the DDO (41, 42, 45 and 48) system were
used because they provide adequate information for the present
purposes.

The UBV and DDO measurements were made with
the 1.0-m telescopes of the Cerro Tololo Inter-American
Observatory (CTIO) and La Silla (LS) Observatory, located in
Chile, in April 1994 and June 1993, respectively. Single-channel
pulse-counting photometers were used in both observatories in
conjunction with dry-ice refrigerated Hamamatsu phototubes.
Mean extinction coefficients for CTIO and LS were used, and
between 11 and 18 standard stars from the lists of Cousins
(1973, 1974), Graham (1982) and McClure (1976) were ob-
served nightly to place the observations in the standard UBV
and DDO systems. The external and internal mean errors of
the UBV and DDO photometries are similar to those quoted
in previous papers (e.g. Clarid et al. 2005). Some UBV mea-
surements were also made in March 1988 with the LS 1.0-m
telescope and a RCA 31034 (Quantacom) Ga-As photomulti-
plier. No evidence was found of systematic discrepancies either
in V or in the colours among the stars observed in common at
LS and CTIO. Therefore, mean values were used and are listed
in Table 2, together with their mean internal errors o, in units
of 0.001 mag, and the number n; on which each star was ob-
served in the UBV system. Star designations are from KF83,
Lindoff (1972) and Seggewiss (1967) for NGC 6192, NGC 6208
and NGC 6268, respectively, except for stars 255, 265 and 274
of NGC 6192, which are identified in Fig. 1.

Table 3 presents the observed DDO colours, along with their
mean internal errors o, in units of 0.001 mag, and the number n,
on which each star was observed in this system.

2.2. Comparison with other UBV data

The agreement between the present UBV data for the stars
measured in NGC 6192 and those obtained photographically
by KF83 is very poor. The mean differences (A = KF83 minus
present value) and standard deviations from 8 stars measured in
common are: AV = -0.02 + 0.14, A(B - V) = -0.34 = 0.10
and A(U — B) = 0.13 + 0.25. These large differences, particu-
larly in the B — V colours, are almost entirely due to the low
accuracy of KF83’s photographic data. Moreover, they seem to
explain the abovementioned wide discrepancies found in the red-
dening values derived by other authors. There are only two stars
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Table 2. UBV photometry of red giant candidates.

Star \% o B-V o U-B o mn
NGC 6192
4 11588 6 1.334 15 1.161 4 3
9 11430 8 1.510 16 1.876 34 2
28 10.663 8 1.991 8 2339 24 2
45 11743 3 1546 13 1481 33 2
91 11.207 1 1.632 10 1.388 11 2
9% 11.306 6 1502 12 1.341 20 2
137¢ 11223 7 1.758 8 1.633 4 3
253 11.130 9 1.111 10 0.749 10 2
255> 11945 10 1597 16 1363 11 3
265" 11.849 29 1.451 3 1323 10 2
274* 11300 13 1.650 13 1512 13 3
NGC 6208
9 12563 12 1386 11 1405 45 2
19 11.111 26 1.308 19 1.045 16 3
204 12449 14 1394 19 1316 31 3
27 11.151 7 1265 4  0.873 1 2
31 11.643 10 1.203 17 0.882 9 3
44¢ 12907 18 0.958 8 0347 33 3
48 11.632 19 1325 17 1.098 11 3
119 12616 10 1.815 21 2124 80 5
124 12309 22 1.363 5 1232 12 3
127¢ 12927 28 1469 23 1377 84 3
132 14586 15 2.169 53 2
133 11.575 1 1.331 2 1328 22 2
150 12461 19 1.375 7 1.152 15 2
165¢ 12.804 13 1.707 15 1.804 65 2
166 12.158 16 1.253 2 1.023 30 2
178 13.093 12 1.375 8 1.169 78 3
179 12987 15 1471 12 1535 63 3
209 12575 9 0644 12 0.125 16 3
267 12550 29 1.646 24 1716 70 2
NGC 6268
13 10415 5 1242 3 0979 13 2
22 10.811 27 1435 2 1.181 15 2
35 10349 7 1.685 23 1.669 2
4 9965 25 1.395 9 1.137 5 2
48 11311 17 1218 5 1.016 2
73 11.189 23  1.465 7 1.380 1 2
76 9749 15 1394 15 1.075 15 2

“ Double star, only the bright component was measured.
b Star identified in Fig. 1.
¢ Double star, both components were measured together.

photoelectrically measured by both KF83 and by this study:
Nos. 96 and 137. However, only the data for star 96 can be
compared, since star 137 is a binary system for which only the
brightest component was measured. The corresponding differ-
ences in V, B—V and U — B for star 96 are —0.02, —0.02
and —0.20, respectively.

Among the stars measured in NGC 6268, four (Nos. 19,
27, 31 and 48) were also observed photoelectrically by Lindoff
(1972) in the UBV system. Their V magnitudes show a rather
poor agreement with the present ones, while the B — V and
U - B colours exhibit a relatively good agreement. The mean dif-
ferences (Lindoff minus present values) are: AV = —0.08 = 0.09,
A(B-V)=-0.03+£0.03 and A(U-B) = -0.03 = 0.10. Regarding
NGC 6268, the mean differences for the stars measured in com-
mon between Seggewiss’s (1967) photographic values and our
own values are: AV = 0.06 + 0.06, A(B-V) =-0.01 + 0.08 and
A(U - B) =-0.25 £ 0.09.
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Fig.1. R image of NGC 6192 from the Digitized Sky Survey (DSS).
Stars 255, 265 and 274 are identified. North is up and east is to the left.

Table 3. DDO photometry of red giant candidates.

Star C4548 o (C4245 o C4142 o m
NGC 6192
4 1.301 10 1334 12 0233 11 2
9 1.343 22 0.931 9 0293 7 2
28 1.563 11 1.320 8 0302 12 2
45 1.392 17 0921 10  0.309 4 2
91 1432 11 0990 16  0.359 4 2
96 1.351 22 0.851 17 0338 15 2
137¢  1.483 8 1.057 12 0.430 1 2
253 1.196 10 0.807 10 0223 14 2
255 1.353 8 1.003 11 0213 12 2
265 1.300 6 1.048 9 0145 10 2
274 1424 12 1.056 10  0.247 8 2
NGC 6208
19¢ 1.279 6 0935 11 0.233 32
27 1.261 3 0.853 4 0171 27 2
31 1.250 8 0.851 4 0177 3 2
48 1.266 8 0.953 1 0.200 7 2
133 1.288 4 1.007 21 0.308 1 2
NGC 6268
13 1.235 12 0.887 16 0227 15 2
22 1.318 11 0924 14  0.303 32
44 1.330 12 0.932 1 0.333 8 2
48 1.206 11 0.937 6 0240 16 2
73 1.365 13 0976 11 0353 17 2
76° 1312 6 0904 12 0248 5 2

“ Double star, only the bright component was measured.
b Double star, both components were measured together.

2.3. CORAVEL radial velocities

High precision radial velocity observations have been obtained
for the program stars between June 1984 and Septembre 1996
as part of the regular observing campaign on red giants in open
clusters, using the photoelectric scanner CORAVEL (Baranne
et al. 1979) installed on the 1.54-m Danish telescope at LS
(Chile). The radial velocities are in the system defined by
Udry et al. (1999), and calibrated with high-precision data from
the ELODIE spectrograph (Baranne et al. 1996). A total of
82 observations were obtained for 24 red giant candidates in
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Table 4. CORAVEL radial-velocity data.

Star v, € o E/I P(x*) N Notes
NGC 6192
4 44528 053 076 1.60 0.110 2 NM
9 -8.16 022 045 101 0391 4 M
28 42481 039 055 1.35 0.179 2 NM
45 -8.06 023 043 096 0435 4 M
91 -8.82 0.59 157 3.69 0.000 7 M,SB
96 -6.40 0.59 1.87 3.87 0.000 10 M,SB
137 -7.17 033 0.65 154 0071 4 M
253  -1932 026 045 1.00 0365 3 NM
255 -88.51 034 0.19 040 0.687 2 NM
265 -59.69 0.33 0.26 0.57 0571 2 NM
NGC 6208
9 2629 031 021 049 0627 2 NM
19 -32.17 021 0.12 034 0839 3 M
20 +9.96 045 0.45 1 NM
27  -69.01 226 3.19 227 0.023 2 NM
31 -32.83 023 0.11 028 0923 3 M
48 -31.63 230 6.89 17.14 0.000 9 M,SB
124 —49.12 041 041 1 NM
133 +29.30 0.37 0.37 1 NM
150 -113.92 046 0.46 1 NM
166 —43.48 0.40 0.40 1 NM
NGC 6268
13 -259 0.19 030 0.77 0.623 4 NM
44 1528 0.23 038 0.82 0581 4 M
76A -1497 023 0.12 031 0907 3 M,VB
76B -15.09 0.28 043 087 0466 3 M,VB

the three clusters, with an average of 3 observations per star.
Columns (2) to (8) of Table 4 present in succession the mean
radial velocity and its uncertainty in [kms~'], the dispersion in
the mean radial velocities, the ratio of the external to internal er-
rors (E/I), the number of radial-velocity observations, the prob-
ability P(y?) that the scatter is due to random noise and remarks
on membership and duplicity. Individual observations, includ-
ing the Julian date, are available from the WEBDA database
(http://www.univie.ac.at/webda/) and upon request to
the authors. All the stars in NGC 6192 were observed both
photoelectrically and with the CORAVEL, while nine stars in
NGC 6208 and one star in NGC 6268 were observed photoelec-
trically but not with the CORAVEL.

3. Analysis and discussion of the data
3.1. Cluster membership and interstellar reddening

The separation of red giant cluster members from the field stars
was carried out primarily on the basis of the radial velocity
data. As shown in Table 4, five stars of NGC 6192 (Nos. 9, 45,
91, 96 and 137) have CORAVEL radial velocities in the nar-
row range —8.8 kms™! < V, < —6.4 kms~!, including two new
spectroscopic binaries (SBs). All these stars appear to be unam-
biguously red giant members of NGC 6192. On the other hand,
only three stars of NGC 6208 (Nos. 19, 31 and 48) — includ-
ing one new spectroscopic binary — and three stars of NGC 6268
(Nos. 44, 76A and 76B) show nearly similar radial veloci-
ties. Therefore, their physical membership to NGC 6208 and
NGC 6268, respectively, appears to be highly probable. Mean ra-
dial velocities of (=7.7 + 0.38) kms™!, (=32.21 + 0.28) kms™!
and (-15.11 = 0.08) kms™' are here derived for NGC 6192,
NGC 6208 and NGC 6268, respectively. To derive these values,
the radial velocities of the new SBs were also considered.

16 T ——
[ NGC 6192 ks b
14 F *
@«
<
&
I 12 *
|S)
. ]
1.6
14 F B
@
~
P
3 12 =
%
; ]
16
14 F *
@
bi
o]
I 12k *
>
K2
1 ¢ G5 ko B
.G
06 08 1.2 1.4

Fig. 2. Red giants in NGC 6192, NGC 6208 and NGC 6268 plotted on
the unreddened [Cy(45 —48), Cp(42—45)] diagram. Solid lines are solar
neighbourhood lines for luminosity classes Ib, III and V as defined by
Clarid et al. (1994). Cluster members and field stars are represented by
filled and open circles, respectively.

Clarid & Lapasset (1983) and Claria (1985) have shown that
the likelihood of membership of a G or K star located in or
near an open cluster can be evaluated with fairly good certainty
by using two independent criteria — denoted A and B — based
on combined BV and DDO photometric data. To apply crite-
ria A and B, we adopted the colour excesses for the main se-
quence stars and true distance moduli derived by Loktin et al.
(2001) for the three clusters. The DDO colours were dered-
dened according to the reddening coefficients given by McClure
(1973) and the predicted luminosity class (LC) for each cluster
star was determined from the StraiZys (1992) calibration assum-
ing R = Ay/E(B — V) = 3.5 for G-K III stars (StraiZys 1992).
Figure 2 illustrates the cluster giant branches in the unreddened
[Co(45-48),Co(42-45)] diagrams. Also included in this figure
are the solar neighbourhood loci of Claria et al. (1994) for lumi-
nosity classes Ib, IIT and V. Stars considered to be giant members
and red field objects are represented by filled and open circles,
respectively.

Table 5 presents the results of applying the photometric cri-
teria. The successive columns contain the star identification,
the colour excess E(B — V)gk derived from Janes (1977) iter-
ative procedure using BV and DDO data, the standard devia-
tion of the E(B — V)gk colour excess calculated from Eq. (2) of
Clarid & Lapasset (1983), the LC each star should have in or-
der to be a cluster member, the spectral type derived from the
DDO colours using the calibration of Claria et al. (1994), the re-
sults from applying criteria A and B and the membership status
finally assigned to each star. Star 96 of NGC 6192 falls slightly
outside the range of Janes (1977) Table 1. If for this star we adopt
the mean reddening derived from the other four cluster members,
namely E(B - V) = 0.63, then it turns out to be a cluster member
according to criterion B.

Although caution should be exercised when considering the
results obtained from criterion A because of the probable non-
uniform reddening in the cluster fields, there is good agreement
between the photometric analysis and the kinematic data. With
the exception of star 133 of NGC 6208 (photometric member
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Table 5. Photometric membership results.

Star CE OCE LC MKK Criteria Mem
(mag) (mag) (Pred) (DDO) (A) (B)
NGC6192
4 028 004 II-III KIII NM M NM
9 0.60 006 II-III G8III M M M
28 055 0.04 11 K3/4111 NM PM NM
45 0.63 0.05 II-III G51I M M M
91 062 0.04 II-III G5/811 M M M
96 0.63¢ - II-III G21II - M M
137 0.67 0.03 II-III G§/KOIII M M M
253 027 0.04 II-III G5/8II-IV NM PM NM
255 0.70 0.04 II-III KOIV-V PM NM NM
265 041 0.02 II-III K2IV NM NM NM
274 056 004 II-III KI1III NM M NM
NGC 6208
19 0.31 0.05 111 KOo/11I-IV. PM M M
27 040 0.02 I G5III NM M NM
31 029 0.04 111 G5/8 111 PM M M
48 033  0.06 Il KO/11II PM M M
133 024 0.03 I K121 M M M
NGC 6268
13 036 0.04 I G9IV-V M NM NM
22 053 0.03 111 G8/M9III-IV NM PM NM
44 041 0.03 I G8II-II M M M
48 0.22  0.03 111 KO/11V NM PM NM
73 046 0.03 I KOII-II NM M NM
76 046 0.04 111 G8III PM M M

¢ Outside the range of Janes (1977) calibration.

but CORAVEL non-member), all the stars considered to be clus-
ter members according to the radial velocities, also are red gi-
ant members according to the photometric criteria. Therefore, as
shown in previous papers (see, e.g. Claria et al. 2003), crite-
ria A and B lead to reliable membership results for G and K gi-
ants provided their BV and DDO photometric data are of high
quality. The discrepancy found for star 133 of NGC 6208 may
be due to the reddening adopted for the main sequence stars, i.e.
E(B — V)ms = 0.21 (Loktin et al. 2001). According to the indi-
vidual E(B — V)gk values obtained for the CORAVEL members
of NGC 6208, the cluster reddening seems to be ~0.1 mag larger
than that obtained by Loktin et al. (2001).

The mean E(B — V)gk values derived here for the confirmed
red giants of NGC 6192, NGC 6208 and NGC 6268 are 0.63 +
0.02, 0.31 + 0.02 and 0.43 + 0.02, respectively. The present
reddening values for NGC 6192 and NGC 6268 are in good
agreement with those adopted for their main sequence stars, i.e.
E(B - V)ms = 0.64 and 0.39, respectively. The present measure-
ments specifically allow us to resolve the strong discrepancies
existing in the literature regarding the reddening of NGC 6192.
On the other hand, the reddening derived here for the red gi-
ants of NGC 6208 is clearly larger than that derived either by
Lindoff (1972) or Loktin et al. (2001), namely 0.18 and 0.21, re-
spectively. As shown in Fig. 4, if instead of 0.21, a colour excess
E(B-V)=0.32is adopted for NGC 6208, the ischrone of log =
9.10 fits very well the position of the cluster giants.

3.2. Colour-magnitude diagrams

The selection of the red star candidates for cluster membership
was based on their positions in the CMDs. Therefore, the non-
member giants in NGC 6192 and NGC 6208 tend to be located
in the same CMD region as the true members. This demonstrates

12 =

=14 —

16 —

(B-V)

Fig.3. The observed CMD for NGC6192. The solar metallicity
isochrone for log ¢ = 8.25 from Girardi et al. (2000) has been adjusted
to E(B-V)=0.63 and V- My = 13.00 (Loktin et al. 2001). The dashed
curve is the same isochrone shifted by 0.75 mag to reproduce the upper
binary ridge. For the red giants, filled and open circles stand for single
and binary members respectively, crosses, for non-members.

once again that radial velocity is a very strong membership cri-
terion for red giants.

The fact that these red giants appear to be located at dis-
tances comparable to those of the clusters indicates that the clus-
ters are embedded in a stellar field that has about the same age.
This feature has been observed in other clusters, for example
in Melotte 71 (Mermilliod et al. 1997) and in NGC 2324 and
NGC 6259 (Mermilliod et al. 2001).

3.2.1. NGC 6192

To plot the main sequence in the CMD of NGC 6192 (Fig. 3)
we have chosen the UBV CCD data of King (1987) after com-
parison of the various data sets. Given the value of E(B — V) =
0.63, the best fit is obtained with the isochrone for log ¢ = 8.25,
Z = 0.019 of Girardi et al. (2000) and m — M = 13.00. The
dashed curve is the upper binary limit, i.e. the isochrone shifted
by 0.75 mag.

Fitting an isochrone of higher metallicity is not possible for
this value of the reddening. With an isochrone for Z = 0.030,
E(B-V)=0.63,m— M =13.25 and logt = 8.20, the red giant
loop is much too red. The metallicity needed to reproduce the
observed CM diagram in the red giant region should be interme-
diate between Z = 0.008 and Z = 0.019.

3.2.2. NGC 6208

Because there are no modern CCD data available for NGC 6208,
we have computed (B — V) indices from the gl — y indices
of Paunzen & Maitzen (2001) with the relation: (B — V) =
2.508 + 2.772 % (g1 — y) (Paunzen 2006). The number of mem-
bers appears to be small and the main sequence fit is not well
constrained (Fig. 4). Given E(B — V) = 0.32, one solution results
inm—M =11.15and log ¢ = 9.10, with the isochrone of Girardi
et al. (2000) for Z = 0.008. It would be very useful to observe
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Fig. 4. The observed CMD for NGC 6208. The isochrone for logs =
9.10 and Z = 0.008 from Girardi et al. (2000) has been adjusted to
E(B-V)=0.32and V — My = 11.15. The dashed curve is the same
isochrone shifted by 0.75 mag to reproduce the upper binary ridge.
Symbols are as in Fig. 3.

the field of NGC 6208 to identify the members and improve the
parameter determination.

3.2.3. NGC 6268

In a similar manner, we have computed (B — V) indices from
the (g1 — y) with the relation: (B — V) = 0.40 + 4.25(g1 — y) —
3.55(g1 — y)* (Paunzen 2006). The resulting main sequence is
rather well defined (Fig. 5). With the value of the colour excess
determined from the red giants, E(B — V) = 0.38, we obtained
m—M = 11.25 and log ¢ = 8.35 for the isochrone of Girardi et al.
(2000) for Z = 0.019. These parameters are in good agreement
with those published by Loktin et al. (2001).

With an isochrone of higher metallicity (Z = 0.030), it is
not possible to fit simultaneously the main sequence and the red
giants. The main sequence fit gives E(B— V) =0.35,m - M =
11.35 and log ¢ = 8.40, but the red giant loop is too red and too
faint.

Note that star #76 is a close visual binary formed by two red
giants which have very similar radial-velocity values. This pair
has not been numbered by Seggewiss (1967) and is located be-
tween stars #28 and 30 on the Seggewiss (1967) map (see the
scanned version on WEBDA). This cluster too would be a fruit-
ful candidate for a modern CCD study.

3.3. Metal content

We have used the dereddened DDO colour index Cy(41-42)
as an abundance indicator since it measures the strength of the
A4216 cyanogen band, so that the larger the index, the greater
the absorption by this band. Using this parameter, we have com-
puted for each cluster giant the cyanogen anomaly, ACN, de-
fined by Piatti et al. (1993, hereafter PCM) as the difference
between the dereddened Cy(41-42) index of the observed star
and the standard value of this index, which corresponds to a star

"
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Fig. 5. The observed CMD for red evolved stars in NGC 6268. The solar
metallicity isochrone for log 7 = 8.35 from Girardi et al. (2000) has been
adjusted to E(B — V) = 0.38 and V — My = 11.25. The dashed curve is
the same isochrone shifted by 0.75 mag to reproduce the upper binary
ridge. Filled and open circles have the same meaning as in Fig. 3.

with the same temperature and surface gravity, but not with the
same C((42-45) and Cy(45—48) indices as the star in question.
The successive columns of Table 6 show the star identification,
the standard DDO colours defined and derived as described by
PCM, the resulting ACN values, the number of iterations per-
formed until the [Fe/H] values converged within 0.01 dex and
the membership status assigned to each star. No ACN values
could be determined for stars 96, 253 and 255 of NGC 6192 be-
cause they fall either outside the range of Janes (1977) Table 7
or outside the PCM calibration. The mean cyanogen anoma-
lies for the confirmed cluster giants are: (ACN) = 0.120 =
0.016 (o), 0.030 £ 0.015 (op) and 0.100 £ 0.017 (o), for
NGC 6192, NGC 6208 and NGC 6268, respectively, where o),
is the standard deviation of the mean. The cluster metallicities
derived from the [Fe/H] versus ACN relation given by PCM are:
[Fe/H] = +0.29 + 0.06, —0.05 £ 0.05 and +0.22 + 0.06, respec-
tively. Therefore, NGC 6192 and NGC 6268 lie in the metal-
rich side of the metallicity distribution of open clusters, while
NGC 6208 is found to be of nearly solar metal content.

The metallicity determined for NGC 6192, i.e., [Fe/H] =
+0.29, does not agree with the value recently obtained
by Paunzen et al. (2003), i.e. [Fe/H] = —0.10, based on
uvby Stromgren’s photometry. The latter, however, was deter-
mined without previously proving the membership status of the
stars used to reach that conclusion. Thus, it is not possible to
disregard the fact that such a result can have been influenced
by the inclusion of non members of the cluster. As observable
in Table 6, all CORAVEL non members of NGC 6192 have
negative ACN values, which in turn imply negative values for
the iron-to-hydrogen ratios. The marked differences between the
metallicities of the field stars and those of NGC 6192 make the
present metallicity determination more reliable.

The metallicities resulting from the DDO analysis usu-
ally show a good agreement with spectroscopic determinations.
However, for NGC 6192 and NGC 6268, the above solar values
deduced from the photometric analysis does not permit us to
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Table 6. Standard DDO colours and cyanogen anomalies.

Table 7. Fundamental parameters of selected open clusters.

Star C,(45-48) C,(42-45) Cy(41-43) ACN I Mem
NGC6192
4 1.208 0.917 0229 -0.014 2 NM
9 1.099 0.726 0.081 0172 3 M
28 1.384 1.125 0.328 -0.062 2 NM
45 1.150 0.734 0.167 0.100 2 M
91 1.197 0.813 0.233 0.08 3 M
137 1.223 0.853 0.264 0122 4 M
265 1.162 0.968 0.136  -0.018 4 NM
274 1.240 0.955 0267 -0.037 2 NM
NGC 6208
19 1.165 0.853 0.167 0036 3 M
27 1.115 0.752 0.113 0.032 2 NM
31 1.151 0.791 0.162 -0.004 3 M
48 1.140 0.858 0.120 0058 4 M
133 1.185 0.913 0.190 0.102 3 NM
NGC 6268
13 1.080 0.746 0.055 0.148 4 NM
22 1.094 0.727 0.082 0.186 3 NM
44 1.162 0.788 0.182 0.124 3 M
48 1.241 0.913 0276  -0.051 3 NM
73 1.180 0.822 0.203 0.120 2 NM
76 1.136 0.770 0.142 0076 2 M

obtain satisfactory fits to the whole CMDs, especially in the red
giant region. Isochrones with solar metallicity better reproduce
the observations.

4. Open clusters aligned along the line-of-sight
of NGC 6192

The derived metallicities for the three inner disk open clusters
studied here seem to be compatible with the widely recognized
existence of a radial abundance gradient in the Galactic disk (see,
e.g. Chen et al. 2003), the inner regions being metal richer than
the outer ones.

To examine the properties of a sample of inner disk open
clusters located nearly in the same direction as the three clusters
studied, we first searched the WEBDA Open Cluster Database
(Mermilliod & Paunzen 2003) for clusters with well determined
E(B — V) colour excesses and distances from the Sun. We lim-
ited the search to objects located at ([, b)ngce192 £ 10°. When
the E(B — V) colour excesses and distances from the Sun were
not provided by WEBDA, we used either the recent catalogue
of Kharchenko et al. (2005) or appealed to the recent literature
available. The catalogue of Kharchenko et al. (2005) is a re-
sult of studies of wide neighbourhoods of 513 open clusters and
of 7 compact associations registered in a high precision homo-
geneous all sky catalogue ASCC-2.5 (Kharchenko 2001). We
found a sample of 42 open clusters within the desired (/, b) range
that have well-determined fundamental parameters. In Table 7
we present the final cluster list (ranked according to increasing
Galactic longitudes) with the values of the adopted parameters.

The distribution of the selected clusters in the (I, b) plane
is shown in Fig. 6. Those clusters are represented by open cir-
cles, whereas NGC 6192, NGC 6208 and NGC 6268 are depicted
with filled circles. Most of the clusters projected towards the
considered direction lie close to the Galactic plane, within +3°.
Their distribution in the Galactic (X, Y) plane is illustrated in
Fig. 7. In addition, the Carina spiral arm and the line-of-sight
from the Sun to NGC 6192 are represented by a solid line and
by a straight line, respectively. Note that the distance between

Cluster l b EB-V) d Ref.
©) ©) (mag)  (kpo)
Ruprecht 115 330.96 -0.85 0.65 2.16 1
Pismis 22 33147 -0.60 2.00 1.00 1
Ruprecht 116 332.39 -1.68 0.10 0.90 4
Ruprecht 118 33255  -1.80 0.41 0.34 1
NGC 6152 33292 -3.17 0.20 1.03 4
Ruprecht 119 33328 -1.88 0.57 0.96 1
NGC 6208 333.78  -5.77 0.31 094 1,6
ESO139-13 33398 -13.81 0.20 1.50 4
Pismis 23 334.67 0.43 2.00 2.60 1
NGC6134 33492  -0.20 0.40 0.91 1
NGC6167 33522 -143 0.78 1.11 1
NGC 6253 33546  -6.25 0.20 1.51 1
Ruprecht 120 336.39 -0.49 0.70 2.00 1
NGC6193 336.71 -1.57 0.48 1.16 1
NGC 6200 338.00 -1.07 0.58 2.05 1
Lynga 11 338.18 0.45 0.70 2.30 2
NGC6178 338.41 1.21 0.22 1.01 1
NGC 6204 338.56 -1.04 0.43 1.09 1
Hogg 22 338.56 -1.14 0.65 1.22 1
Westerlund 1 339.56 -0.40 3.87 5.50 5
IC4651 340.09 -7.91 0.12 0.89 1
NGC6192 340.65 2.12 0.64 1.55 1
NGC6216 340.67 0.01 0.45 4.30 1
NGC 6250 340.68 -1.92 0.35 0.87 1
NGC6124 340.74 6.02 0.75 0.51 1
Lynga 14 34092  -1.09 1.43 0.88 1
NGC 6249 341.54 -1.19 0.44 0.98 1
NGC 6259 342.00 -1.52 0.50 1.03 1
NGC 6231 343.46 1.18 0.44 1.24 1
Alessi9 344.16  -8.83 0.07 0.20 1
ESO332-08 344.40 1.81 0.20 1.20 4
BH 205 344.60 -1.62 0.30 2.16 4
Trumpler 24 344.70 1.50 0.42 1.14 1
NGC 6322 34528 -3.06 0.59 1.00 1
NGC 6242 345.47 2.47 0.38 1.13 1
NGC 6268 346.05 1.30 0.39 1.03 1
NGC 6281 347.73 1.97 0.15 0.48 1
NGC 6318 34790 -0.69 1.20 2.10 3
Ruprecht 125 348.50 -3.40 0.10 1.50 4
Havlen-Moffat 1  348.70  -0.77 1.85 2.90 1
BH222 349.13 -0.44 1.85 6.00 1
Trumpler 29 34999 515 0.19 0.76 4

References: (1) WEBDA (Mermilliod 2005); (2) Piatti et al. (2006);
(3) Piatti et al. (2005); (4) Kharchenko et al. (2005); (5) Clark et al.
(2005); (6) this work.

the outermost and the innermost clusters is more than 5 kpc al-
though their directions are close to that of the Galactic center.
NGC 6192 is located behind the Carina spiral arm as seen from
the Sun, while NGC 6208 and NGC 6268 are placed in front of
this feature. Figure 8 was built taking advantage of this relatively
long baseline in distance along this line of view, to examine the
behaviour of the interstellar extinction along the direction con-
sidered. This figure shows the relationship between the visual in-
terstellar absorption Ay (=3.0E(B — V)) and the distance d from
the Sun. For comparison, we represented with a solid line the re-
lationship for the Baade’s window [(/, b) = (1°, —3.9°)] obtained
by Ng et al. (1996). A close look at this figure revealed the fol-
lowing features: (1) BH222 and Westerlund 1 are the farthest
open clusters of the selected sample. They are located at ~6 kpc
(Piatti & Claria 2002) and ~5.5 kpc (Clark et al. 2005) from
the Sun and at ~2.8 kpc and ~3.2 kpc from the Galactic center,
respectively. (2) At the distance of these two clusters from the



98 J.J. Clarid et al.: Red giants in open clusters

I I
10 - .
| O -
| NGC 6268
NGC 6192 5
L Y i
_ o c® e ©
o O — —
~ © © o oo © OOOO o
o L @O O © O O 4
0 O o
r NGC 6208 o]
L ° 4 1
L e} i
o
L Ll Ll Ll ]
330 335 340 345 350

L(°)

Fig. 6. Galactic coordinates (/, b) of inner disk open clusters located in
the direction of NGC 6192 is.
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Fig.7. The Galactic plane with the (X, Y) positions of the open clus-
ters located in the direction of NGC 6192. The Carina spiral arm (solid
line), the line-of-sight from the Sun to NGC 6192 (straight line) and the
position of the Sun are indicated.

Sun, the visual interstellar absorption towards the Baade’s win-
dow — not far from the direction of NGC 6192 — is between 4 and
9 mag smaller. It is surprising that, in spite of being located at
approximately the same distance, these two clusters appear to be
affected by such different visual absorptions. Although signifi-
cant differential reddening across the field of Westerlund 1 has
been recently confirmed by Clark et al. (2005) and according to
the same authors its distance of 5.5 kpc represents only an upper
limit, the difference of ~5 mag in their visual absorptions still ap-
pears to be too high. The reddening of Westerlund 1 — the most
massive compact young cluster identified in the Local Group up
to now (Clark et al. 2005) — is produced in front of the Carina
spiral arm, probably caused by a single small dark cloud (Piatti
et al. 1998). (3) NGC 6216, located farther than 4 kpc from the
Sun, is reddened as expected if it were situated exactly in the
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5 BH 222 |
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/ o
L o Q %@

NGC 6216

| | | |
0 2 4 6
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Fig. 8. Visual interstellar absorption Ay vs. distance d from the Sun. The
relationship corresponding to Baade’s window is indicated.

Baade’s window direction. (4) Although most of the clusters lo-
cated closer than 2 kpc from the Sun are usually more reddened
than what would correspond to the Baade’s window absorption
law, they are close to it.

5. Summary and conclusions

New UBV amd DDO photometry and CORAVEL radial-velocity
data of a sample of red giant candidates in the fields of the
inner disk open clusters NGC 6192, NGC 6208 and NGC 6268
have allowed us to determine the membership of red gi-
ants in these three clusters. Three new spectroscopic bina-
ries have been discovered among the red giants of NGC 6192
and NGC 6208. Mean radial velocities and E(B — V) colour
excesses of (—7.72 + 0.38) kms™', (-32.21 + 0.28) kms™!
and (=15.11 + 0.08) kms~!' and 0.63 + 0.03, 0.31 + 0.02 and
0.44 + 0.03 mag were derived for NGC 6192, NGC 6208 and
NGC 6268, respectively.

NGC 6192 is a good example of how different estimates of
the interstellar reddening in the field of an open cluster influence
the derived cluster parameters. Previous estimates of the cluster
E(B - V) colour excess vary between 0.26 and 0.68 mag, which
imply very discrepant distances and ages. The reddening here
derived for NGC 6192, i.e., E(B— V) = 0.63, supports the cluster
parameters derived by KF91. On the other hand, NGC 6208 is
found to be ~0.1 mag more reddened than was previously be-
lieved, while the reddening derived here for NGC 6268 shows
good agreement with the one quoted in the literature.

DDO abundance indices yield mean cluster metallicities of
[Fe/H] = +0.29 + 0.06, —0.05 + 0.05 and +0.22 + 0.06 for
NGC 6192, NGC 6208 and NGC 6268, respectively, which ap-
pear to be compatible with the existence of a radial abundance
gradient in the Galactic disk. An inspection of the properties of
42 known open clusters nearly aligned along the line-of-sight
of NGC6192 as seen from the Sun shows that BH222 and
Westerlund 1 are the farthest ones, their absorptions being be-
tween 4 and 9 mag larger than the values that would corre-
spond if these clusters were located exactly in the direction of
Baade’s window. Evidence is presented that most of the clus-
ters located closer than 2 kpc from the Sun are slightly more
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reddened than the absorption resulting from the Baade’s window
absorption law.
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