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Abstract. Multicolor (BVRI) CCD observations of the open clusters
NGC 2311 and NGC 2509 are presented. Ages and distance moduli for the
clusters are constrained by comparing the theoretical models developed by
Bertelli et al. (1994) to the observed color-magnitude diagrams. Adopting
the theoretical isochrones with metal content Z = 0.02, the following ages
and distances are derived: 3.2 x 108 yr and 2 kpc (NGC 2311), and 1 Gyr
and 2.3 kpc (NGC 2509).

1. Introduction

In the wide field of open cluster research, a fundamental area is the determination
of cluster ages. In this regard can be quoted, for instance, the problem of setting
an inferior limit for the age of the galactic disk, or the study of stellar rotation
decay with time. Age determination is best performed by fitting an isochrone
to the observed cluster color-magnitude diagram (Meynet et al. 1993).

It is then understandable why improvement in the agreement between stellar
models and observations is actively being pursued. This happens on two fronts:
(i) through the construction of new, deep, color-magnitude diagrams (CMDs)
mainly from CCD data, and (ii) through the continuous update of the existing
evolutionary codes.

Such is the framework of this contribution, where results for two so far poorly
studied open clusters, NGC 2311 and NGC 2509, are presented. Table 1 gives
cluster data according to Lynga (1987).

Table 1.  Cluster data

Cluster  RA (J2000.0) Dec (J2000.0) I b Diam
(h m) ") (°) () ()
NGC 2311 06 57.8 —0435 29757 +Li7 6
NGC 2509 08 00.7 ~1904  237.06 +5.83 12
43
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2. Observations and Reductions

The observations were carried out with the 2.15-m telescope at the Complejo
Astronémico El Leoncito (CASLEQO), San Juan, Argentina. The detector used
is a CCD TEK1024 in direct mode. The scale on the detector is 0.813” per pixel,
and the use of a focal reducer allows imaging a field of ~ 9’.

Each object was observed on two different nights: 7/8 and 8/9 January 1997
(NGC 2311), and 8/9 and 12/13 January 1997 (NGC 2509). A seeing of ~
2.3" was typical. The BVRI Johnson and Cousins filters available at CASLEO
were utilized. At least three identical exposures were made per filter, with
integration times ranging from 20 (I) to 80 seconds (B), plus exposures of a few
seconds for bright stars. Comparison fields at about 20’ towards the north of the
clusters were observed. Many calibration images (darks, bias, sky flatfields) were
taken. Observations were also made of a number of Graham’s (1982) standard
FE regions.

The frame processing followed the standard methodology (Gullixson 1992), while
the photometry was carried out mainly with the help of tools available in the
package DIGIPHOT/IRAF. The usual procedure is described by Stetson (1987,
1990): aperture photometry was performed to get instrumental magnitudes of
standard stars, and those of program stars were obtained through point spread
function and growth curve fitting. Typical errors of the transformations are:
op = 0.015 mag, o, = 0.010 mag, o, = 0.010 mag y o; = 0.012 mag.

The result of the reduction process was, per cluster and night, a list of V' mag-
nitude and B—V, V — R, and V — I colors of the frame stars. To merge the lists
from different nights into one unique list per cluster, a FORTRAN program was
written. The identification of a given star is made on the basis of its position and
V magnitude. The adopted final magnitude and colors are simply the averages
of the corresponding values in the original lists, provided their differences are
within predetermined limits. The observed CMDs were constructed with these
final lists.

To facilitate the fitting of isochrones, this procedure was followed. First, the
position of the center of each cluster was estimated by inspection of the images.
Second, CMDs comprising stars inside radii of 1’, 2’ and 3’ from the adopted
center were plotted. The simultaneous fitting of some of the isochrones of Bertelli
et al. (1994) was then attempted on the V vs. (B—V), Vvs. (V —R) and V
vs. (V — I) diagrams for the inner stars, as these should be less contaminated
by field stars. If the number of stars were not enough for an acceptable fitting,
the next larger area would be included, and so on.

The mean differences between the magnitudes and colors of each night have been
adopted as errors, rather than the values returned by the algorithms. In this
way, and for the brightest stars (V' ~ 13), errors of 0.04 mag in V' and 0.03 mag
in colors are estimated. On the faint end (V' ~ 19), the errors are of 0.09 mag
in V and 0.06 mag in colors.

As for the moment only photometric data are available, considerations about
probable membership must involve the locations of the stars on the CMDs, and
examination of the comparison fields.
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3. Discussion

3.1. NGC 2311

A total of 126 stars of those measured on both nights, and inside a radius of 3/,
passed the list merger. The stars inside 2’ define quite well the ZAMS. Some
dispersion appears on the upper main sequence, but inspection of the comparison
field permits some cleaning of that zone. This auxiliar field also makes possible
to discard the stars that appear on the red side of the main sequence as probable
non-members.

Isochrones corresponding to log (age) = 8.5, and a chemical composition [Z =
0.02, Y = 0.28] (Bertelli et al. 1994) seem to fit acceptably the observations.
There are two stars that may deserve further attention: one is on the subgiant
region (V = 11.41, B—V = 0.58), and another on the red giant area (V' = 11.89,
B — V = 1.64). Both stars are not central, but they are between 2'-3’ from the
cluster center. The second star appears redder in the V' vs. (B — V) CMD, but
it is correctly located on the other two diagrams.

3.2. NGC 2509

Within a region of radius 3/, 274 stars passed the merger process. The stars inside
1" were enough to define the turnoff and upper main sequence, this regardless of
important contamination, as shown by the comparison field.

NGC 2509 is an oldish object. Isochrones corresponding to log (age) = 9.0, and
for a chemical composition [Z = 0.02, Y = 0.28] (Bertelli et al. 1994) fit the
observed CMDs, mainly the upper main sequence, as its inferior, blue side is
apparently quite contaminated.

Some stars draw the attention: one blue straggler candidate at V = 13.71,
B —V = 0.32, not central and probable non-member; a subgiant at V = 13.98,
B —V =1.06, central but also a likely non-member; and a giant at V = 13.76,
B —V = 1.23 central and probable member.

It is also notable the presence of a small clump of 5 red stars at V ~ 13.2,
B —V ~ 1.15. Though the V magnitude of the clump is correct compared to
that of the fitted isochrone, it appears ~ 0.1 mag bluer in the observed CMD,
which is more than three times the error asigned to stars of that magnitude.
This feature appears on the three diagrams.

Table 2 lists the parameters derived for the clusters; a color error of 0.04 mag
and a value of 3.0 for the relation A,/FE(B — V) have been adopted.

Table 2. Parameters derived for the clusters

Cluster Age E(B-V) (m— M), Distance
(yr) (mag) (mag) (kpc)

NGC 2311 3.2 x 10° 0.31 11.53 2.0

NGC 2509 1.0 x 10° 0.22 11.79 2.3
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Figurel.  Observed V' vs. (B—V) color-magnitude diagrams for NGC
2311 (a) and NGC 2509 (b)

Figures la and 1b show the observed (r < 3') V vs. (B—V) CMDs for NGC 2311
and NGC 2509 respectively. More work on these and other clusters is currently
under way.
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