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ABSTRACT

Charge-coupled device (CCD) photometry in the Johnson V, Kron—Cousins I and Washington
CMT, systems is presented in the field of the poorly known open cluster NGC 2627. Four
independent Washington abundance indices yield a mean cluster metallicity of [Fe/H] =
—0.12 £ 0.08, which is compatible with the existence of a radial gradient in the Galactic disc.
The resultant colour—-magnitude diagrams indicate that the cluster is an intermediate-age object
of 1.4 Gyr. Based on the best fits of the Geneva group’s isochrones to the (V, V — I) and (T,
C — T)) diagrams, we estimate E(V — [) =0.25 £ 0.05 and V — My = 11.80 &£ 0.25 for
logt =9.15,and E(C — T1)=0.23+£0.07and T, —M 7, = 11.85 £ 0.25 for log¢ = 9.10,
respectively, assuming solar metal content. The derived reddening value E(C — T1) implies
E(B — V) =0.12 £ 0.07 and a distance from the Sun of 2.0 &= 0.4 kpc. Using the WEBDA
data base and the available literature, we re-examined the overall properties of all the open
clusters with ages between 0.6 and 2.5 Gyr. We identified peaks of cluster formation at 0.7-0.8,
1.0-1.1, 1.6-1.7 and 2.0-2.1 Gyr, separated by relative quiescent epochs of ~0.2-0.3 Gyr. We
also estimated a radial abundance gradient of —0.08 £ 0.02, which is consistent with the most
recent determinations for the Galactic disc, but no clear evidence for a gradient perpendicular
to the Galactic plane is found.

Key words: techniques: photometric — open clusters and associations: general — open clusters
and associations: individual: NGC 2627.

1 INTRODUCTION

Intermediate-age and old Galactic open clusters are located in the
disc of the Galaxy and are very important as probes of both age and
metallicity in the dynamical and chemical evolution of the Galac-
tic disc. In particular, the oldest clusters place constraints upon the
age of the disc, whereas the distributions shown in metallicity, age
and space trace the subsequent evolution of the disc. Investigations
focusing on possible abundance gradients in the disc and the ex-
pected age—metallicity parameters (e.g. Friel & Janes 1993; Chen,
Hou & Wang 2003) require data on the greatest possible number of
intermediate-age and old open clusters.

The present study is part of an ongoing project of observation
of open clusters located in different regions of the Milky Way. We
intend to obtain good-quality photometry in the Johnson V, Kron—
Cousins / (VIkxc) and Washington CMT) systems, in order that we
may not only enlarge the sample of studied open clusters but also
estimate their fundamental parameters accurately.

*E-mail: andres@iafe.uba.ar (AEP); claria@mail.oac.uncor.edu (JIC);
andrea@mail.oac.uncor.edu (AVA)

NGC 2627 (IAU designation C0835—297), also known as Mel 87
(Melotte 1915), Cr 188 (Collinder 1931), BH 38 (van den Bergh &
Hagen 1975) or ESO 431SC20 (Lauberts 1982), is located in a mod-
erately rich star field in Pyxis at az000 = 8"3772, 82900 = —29°56/9
and [ = 251258, b = +6°65. Ruprecht (1966) considered it to be-
long to Trumpler (1930) class I11I2m, i.e. a moderately populated
open cluster with no noticeable concentration and a medium range
in the brightness of the stars.

The presence of several red giant candidates in the cluster field
makes this cluster interesting for a morphological study of the red
giant region in relation to previous results (Clarid, Mermilliod &
Piatti 1999; Mermilliod et al. 2001; Claria et al. 2003). In addition,
NGC 2627 is in itself worth a detailed study because no previous
Washington photometry has been obtained.

Itis somewhat surprising that such a comparatively bright and ap-
parently little reddened open cluster has been the subject of relatively
few previous studies. NGC 2627 was included by King (1964) in a
list of clusters that appeared to be old on the basis of their appearance
on the Palomar Observatory Sky Survey (POSS) prints. However,
according to the charge-coupled device (CCD) UBVI¢ photome-
try carried out in the innermost cluster area by Ramsay & Pollaco
(1992), NGC 2627 appears to be younger than 300 Myr. These
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authors also derived a mean colour excess E(B — V) =0.63 £ 0.04
and a distance from the Sun of 3.31 kpc. Soon afterwards, in an
extensive CCD photometric survey of potential old open clusters,
Phelps, Janes & Montgomery (1994) obtained CCD VI photometry
up to V ~ 19.5 in the cluster field. They defined the morpholog-
ical age index &V as the magnitude difference between the main-
sequence turnoff and the clump in the (V, V — I) colour—magnitude
diagram (CMD), deriving §V = 1.6 for NGC 2627. This value im-
plies a cluster age of 2.8 Gyr (Janes & Phelps 1994), thus estimating
the cluster to be considerably older than Ramsay & Pollaco thought.
Janes & Phelps (1994) derived a distance of 1.91 kpc by relating
the cluster’s angular diameter taken from Lyngé (1987) to an as-
sumed value for the linear diameter. Ahumada (1995) carried out a
CCD UBVRI photometric study of NGC 2627, deriving the follow-
ing very preliminary cluster parameters from the fitting of Meynet,
Mermilliod & Maeder’s (1993) isochrones: (E(B — V)) ~ 0.05
and log(age) ~ 9.4 (equivalent to 2.5 Gyr). The latter value shows
very good agreement with the one previously estimated by Phelps
et al. (1994). Note, however, the substantial difference between
the mean colour excesses derived by Ramsay & Pollaco (1992)
and Ahumada (1995). More recently, Dutra & Bica (2000) de-
rived a far-infrared reddening E(B — V)gr = 0.15 for NGC 2627
from DIRBE/IRAS 100 um dust emission in the cluster region. Al-
though this far-infrared reddening agrees well with that derived
using the extinction maps built by Burstein & Heiles (1982), the
aforementioned works prove that there is no strong agreement
on the parameters for NGC 2627, as derived by various stud-
ies. Furthermore, we believe that this lack of coherence warrants
a redetermination of such parameters, based on data of superior
reliability.

In this paper we report the results obtained from CCD Vi pho-
tometry up to V ~ 19.5 and CCD photometry in the C, M and T,
bands of the Washington system up to ~18.5 in the cluster area.
These data are used to make new and independent determinations
of reddening, distance, age and metallicity of NGC 2627. We de-
cided to use the Washington system because of its combination of
broad bands and high metallicity sensitivity provided by the C filter,
and the wide colour baseline between C and T ;. The advantages of
the Washington system in deriving abundances in G and/or K giants
of open clusters have already been carefully identified by Geisler,
Claria & Minniti (1991).

In Section 2 we describe the observational material and the data
reduction. In Section 3 we present the analysis of the photometric
data, while in Section 4 we determine the cluster parameters (red-
dening, distance, age and metallicity). The results here obtained for
NGC 2627, together with those known for 54 open clusters with
ages between 0.6 and 2.5 Gyr, are discussed in Section 5. A brief
summary of our conclusions is offered in Section 6.

2 OBSERVATIONS AND REDUCTIONS

We obtained CCD images of the cluster field with the Johnson V,
Kron—Cousins / and Washington C, M and T filters, using the 0.9-m
telescope at the Cerro Tololo Inter-American Observatory (CTIO),
Chile, on 1997 December 23-24. Note that the standard Washington
T, filter has long been known to be identical to the Kron—Cousins /
filter (Canterna 1976; Bessell 1979). The recommended prescription
for the C filter that we used is the one given in Geisler (1996): 3 mm
BG3 + 2 mm BG40, although Geisler (private communication) now
recommends the following prescription: 3 mm BG3 + 4 mm BG40,
the significant advantage of which lies in the avoidance of the small
red leak present in the previous prescription.

© 2003 RAS, MNRAS 346, 390-402

Intermediate-age open cluster NGC 2627 391

The observations were carried out with the 2048 x 2048 Tektronix
2K #3, as described in (Piatti, Clarida & Ahumada 2003, hereafter
Paper 1) for the open cluster NGC 2194. The scale on the chip is
0.40 arcsec pixel ™! (focal ratio f/13.5), yielding an area of 13.6 x
13.6 arcmin®. The CCD was controlled by the CTIO ARCON 3.3 data
acquisition system in the standard quad amplifier mode operating
at a gain setting of 5 e”/ADU with a readout noise of 4 e~. We
obtained two 10-s and one 20-s V exposures, two 5-s and one 10-s
I exposures, two 30-s C exposures, two 10-s M exposures, and two
5-s T'; exposures for NGC 2627.

Fig. 1 shows a schematic finding chart of the cluster field built
with all the measured stars in the V band. In the present work, as
in Paper I, we calibrated the observations in the VIxc and Wash-
ington systems through the observation of numerous standard stars
from the lists of Landolt (1992) and Geisler (1996). The data were
reduced at the Instituto de Astronomia y Fisica del Espacio with a
stand-alone version of DAOPHOT II (Stetson 1987), after trimming,
bias subtraction and flat-fielding. More details on the reduction and
calibration procedures are given in Paper I.

Table 1 gives in succession a running star number of the observed
stars, X and Y coordinates in pixels (Fig. 1), V magnitudes and V — I
colours, together with the corresponding observational errors o (V)
and o (V — I), the number of observations and the star identification
given by Phelps et al. (1994). This table was built as explained in
Paper 1. (Only a portion of this table is shown here for guidance
regarding its form and content, its whole content being available in
the on-line version of the journal on Synergy.) In the same way, we
built Table 2 (also available in full on Synergy), including the T,
magnitudes and C — T'y, colours for all the measured stars, together
with the X and Y coordinates and the corresponding photometric
errors. M — Ty, T — T, and C — M colours are provided in Table 3
for red giant candidates.

The calculated internal accuracy of the photometry has been com-
puted according to the criteria given by Stetson (1987) and includes
random noise, errors in the modelling and centring of the stellar
profile. These internal standard errors provided by DAOPHOT for the
V magnitude and V — I colours have been plotted against their cor-
responding visual magnitudes in Fig. 2. Fig. 3 shows how the dif-
ferences between our V magnitudes and those obtained by Phelps
et al. (1994) vary as a function of V. Offsets of A(Voyr — Vpim)
= —0.022 £ 0.112 and A[(V — our — (V — Dpym] = —0.051 £
0.107 have been computed from 491 stars measured in common.
As mentioned explicitly by Phelps et al. (1994), some of their ob-
serving was done under marginal conditions, which could explain
not only the relatively large offset in V, but also the scatter seen
in the upper panel of Fig. 3. Unfortunately, it is just not possi-
ble to compare our VI photometry with that of Ahumada (1995)
due to the fact that this author did not publish his magnitudes and
colours.

3 ANALYSIS OF THE DATA

3.1 The colour-magnitude diagrams

Fig. 4 depicts the resulting (V, V — I) colour-magnitude diagram
(CMD) obtained using all the measured stars. The most relevant fea-
tures are an upper main sequence (MS) with a remarkable hooking
envelope, and a dirty broad lower MS indicating the possible exis-
tence of field contamination. Indeed, two distinct sequences appear
in the CMD from V ~ 17 towards fainter magnitudes. On the one
hand, the upper cluster MS follows along redder colours and tends
to disappear beyond V ~ 18, where a break in its curvature is also
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Figure 1. Schematic finding chart of the stars observed in the field of NGC 2627. North is up and east is to the left. The sizes of the plotting symbols are
proportional to the V brightness of the stars. The 12 bright giant candidates discussed in Section 4.2 are identified.

Table 1. CCD VI data of stars in the field of NGC 2627.¢

Star X Y V  o(V) V—I o(V—1 n IDppos”
(pixel)  (pixel) (mag) (mag) (mag) (mag)

1 1633.887 5.652 16973 0.021 0.867  0.042
2 1115442 6.589 14.413 0.008 0.645  0.023
3 1631.044 8.164 19.953 0.227 0.968  0.439
4 1856.501 9.087 19.808 0.099 1.812  0.142
5 141.281 12.213 17.988 0.045 1.434  0.060

W = = N

“Only part of this table is shown for guidance as to its form and content.
The whole table is available from: http://www.blackwellpublishing.com/
products/journals/suppmat/MNR/MNR7061/MNR7061sm.htm

bThe last column lists the star identification given by Phelps et al. (1994).

produced and, on the other hand, there is a much more crowded,
twice or three times broader, bluer star sequence. The morphology
and location of this latter sequence indicates the existence of field
stars located along the cluster line of sight mainly belonging to the
old MS disc population. Another interesting feature of the (V, V —
I) CMD is the presence of a number of good candidates for giant
clump (GC) stars centred at (V, V —I) ~ (11.9, 1.13). As we do not
know the radial velocities, we cannot assess membership of these
stars. However, since half of them lie within 2.5 arcmin from the
cluster centre (Fig. 1), we may reasonably expect many of them to
be cluster giants.

To investigate whether the broadness and scatter of the cluster
MS is not originated by errors in our photometry, we inspected the
number of measures per star and their uncertainties. Our data show
that 60 per cent of the total number of measured stars have three
measures of their V magnitudes and V — I colours and approxi-

Table 2. CCD CT data of stars in the field of NGC 2627.¢

Star X Y T o(Ty) C—-T; o(C—-T)) n
(pixel)  (pixel) (mag) (mag) (mag) (mag)

10 2045767 32.818 16.728 0.044  1.003 0.014 2

11 55288 34270 17.662 0.191  1.343 0.200 1

11 1874.580 34.877 18.079 0.165  1.313 0.182 1

“Only part of this table is shown for guidance as to its form and content.
The whole table is available from: http://www.blackwellpublishing.com/
products/journals/suppmat/MNR/MNR7061/MNR7061sm.htm

mately expand from the brightest limit down to V = 19, while 15
and 25 per cent of the measured stars have two and one measures
and cover V ranges from 14 to 20 mag and from 19 until the photo-
metric limit, respectively. Thus, the photometric errors of stars with
three measures are mainly those shown in Fig. 2,1i.e. oy < 0.05 mag
for V =19 and ~0.01 for 10 < V < 15, and oy_; < 0.01 mag for
V =13 and 0.05 for V < 17. According to this census, the cluster
features apparently remain unaltered when Fig. 4 is constructed us-
ing only stars with photometric uncertainties within 0.01 mag from
the mean error at any V magnitude level. In the subsequent analysis
we use stars with three or two measures, since those with only one
measure are not significant for the cluster study.

Since the contamination by field stars can disturb the drawing
of a clear fiducial cluster MS, we evaluated such a possibility in
the cluster CMD by first determining the cluster centre, and then
building CMDs of stars distributed in different circular extractions
centred on the cluster. To determine the central coordinates of the
cluster, we built projected stellar density profiles along the X and
Y directions. The histograms with the cumulative number of stars
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Figure 2. Magnitude and colour photometric errors as a function of V
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Figure 3. Differences between our V magnitudes and those obtained by
Phelps et al. (1994) as a function of V.

counted in both directions were built using coordinate intervals of
30 pixels. The selected bin size allowed us to sample the spatial
star distribution statistically and avoid spurious peaks that mimic
central cluster regions due to the high resolution of the images and
the presence of groups of stars spreading out throughout the field. No
more detailed stellar profiles are obtained using a narrower bin size,
but additional noise, which increases as the coordinate intervals get
smaller. We used the finding chart of Fig. 1 for checking the position

© 2003 RAS, MNRAS 346, 390-402

Figure 4. (V, V — I) colour-magnitude diagram for stars observed in the
field of NGC 2627.

of the cluster centre obtained by this method. Finally, we adopted the
position (Xc¢, Y¢) = (830, 1230) pixel as the cluster centre, which
is indicated in Fig. 1 with an X symbol.

The task of selecting the sizes of the circular extractions was not
as straightforward as desired. The choice of the radii for different
circular extractions was an iterative, somewhat subjective process
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designed to obtain the best representation of the cluster and its tran-
sition to the field. For this purpose, we used as reference the full
width at half-maximum of the radial stellar density distribution.
Fig. 1 shows the circular extractions adopted with radii of 400,
600 and 800 pixel, respectively. The radius of the smallest circu-
lar extraction was fixed to guarantee the presence of a predominant
number of cluster stars over field stars in the extracted CMD. The
bigger circular extractions were used to obtain a better definition of
the fiducial cluster sequence from a larger number of cluster stars.
Although cluster stars could be distributed throughout the entire ob-
served field, the chance of finding them dominating along the field
edges over field stars is negligible. For this reason, we defined the
surrounding field extraction as the region encompassed by the two
fringes 200 pixels wide located along the upper and right margins
of Fig. 1.

The resulting < 400 pixel CMD is shown in the upper-left panel
of Fig. 5. It reveals the main cluster features, i.e. the upper MS with
a populated hooking turnoff (TO) and the GC. On the other hand,
the upper-right panel presents the CMD, which is representative
of the cluster surrounding field. Note that most of these stars lie
towards fainter magnitudes and an important percentage of them are
concentrated towards bluer colours. The different features between
the cluster core (r < 400 pixel) and field CMDs are remarkable.
Thus, by using the upper-right panel as the surrounding cluster field
CMD, we applied a cleaning process to the bigger circular extraction

A. E. Piatti, J. J. Clarid and A. V. Ahumada

CMDs in order to recover as many observed cluster stars as possible.
First, we divided the field CMD into boxes of 0.5 and 0.05 mag in V
and V — [, respectively. We then counted the number of stars in each
box and subtracted from the circular extraction CMDs a number of
stars (N; ;) given by the expression:

Nij = (Ai/A)Ny,

where N ; is the number of field stars counted in the jth box and A¢
and A; represent the areas covered by the surrounding field and cir-
cular extraction, respectively. The method assumes a uniform distri-
bution over the entire field of stars of any spectral type. In Fig. 5, the
lower panels illustrate the performance of this method, and show the
r < 600 pixel CMD before and after applying the cleaning process.
As can be seen, most of the field stellar population was satisfactorily
removed. For the r < 800 pixel CMD we obtained a similar result,
although the residuals are more important. Therefore, with the aim
of estimating the cluster fundamental parameters, the cleaned r <
600 pixel CMD was preferred, since a reasonable balance between
maximizing the number of stars necessary to define the fiducial clus-
ter sequence and minimizing the contamination of field stars was
achieved.

We treated the Washington data following the same scheme of
analysis as for the V, I photometry. Fig. 6 shows the (T}, C — T;)
CMD for all the measured stars with three or two measures. The
observed colour range became twice as large as that of the (V, V —I)
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Figure 5. (V,V — I) colour—magnitude diagram for stars observed in different extracted regions as indicated in each panel. See Section 3 for details.
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CMD, which in turn leads to some subtle differences: (i) the cluster
MS appears more clearly defined and without any visible break at
fainter magnitudes, its lower and upper envelopes appearing better
outlined and separated from field stars; and (ii) the TO presents a
smoother curvature. The star field cleaning process was performed
following the same precepts as for the (V, V — I) CMD, except for
the colour width of the boxes, which were fixed to 0.1 mag.

3.2 Binary stars

A secondary star sequence is clearly seen not only in the cluster core
region (T, C — T|) CMD of Fig. 7 (r < 400 pixel), but also in the
field subtracted r < 600 pixel CMD. This evidence is less convincing
when looking at the (V, V — I) CMD, although it is still discernible.
This secondary sequence is formed by stars lying above the cluster
MS, at a distance of ~0.6-0.7 mag, which is perfectly predictable
in the presence of a significant fraction of binary stars. As is well
known, the occurrence of binary stars in open clusters is not a rare
phenomenon (see e.g. Mermilliod & Mayor 1989, 1990). The quite
distinct secondary sequence clearly seen in the (V, V — I) and (T,
C — T,) CMDs, discernible even through the field contamination,
suggests the more than likely presence of a sizeable population of
binary stars (=20 per cent) in NGC 2627.
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Figure 7. (T, C — T) colour—magnitude diagram for stars observed in different extracted regions as indicated in each panel. See Section 3 for details.
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4 CLUSTER FUNDAMENTAL PARAMETERS

4.1 Reddening, distance and age

To estimate the E(V — I) colour excess, the V — M apparent dis-
tance modulus, the age and the metallicity of NGC 2627, we fit-
ted theoretical isochrones computed by Lejeune & Schaerer (2001,
hereafter LSO1) to the observed (V, V — I) CMD. The isochrones,
which cover the age range from 10° yr to 16-20 Gyr in steps of
Alogt = 0.05 dex, were calculated for the entire set of non-rotating
Geneva stellar evolution models, covering masses from 0.4-0.8 to
120-150 M and metallicities from Z = 0.0004 to 0.1. To se-
lect a subsample of isochrones, we used as reference the age value
derived from the §V index (Phelps et al. 1994). We measured §V =
1.0 £ 0.1, which corresponds to an age of 1.5 & 0.2 Gyr (Janes &
Phelps 1994). When selecting subsets of isochrones for different Z
values to address the metallicity effect in the cluster fundamental
parameters, we preferred those including overshooting effect.

Regarding the fit, we took advantage of the clearly shaped cluster
MS and focused particularly on the TO morphology. We thus built a
double-parametric table with two entries listing the E(V — I) colour
excess and V — M, apparent distance modulus derived for each
combination of age and metallicity. The E(V — I) and V — M values
used in the fit of the isochrone that most resembles the cluster fiducial
MS were adopted as the cluster reddening and apparent distance
modulus. We finally derived E(V — 1) =0.25£0.05and V — My =
11.80 £ 0.25 forlog t =9.15 and Z = 0.02. The uncertainties in the
derived parameters arise from the propagation of the estimated age
dispersion (At =200 Myr) due to a random combination of age and
metallicity. We adopted a solar metal content for the cluster, since
isochrones for Z = 0.008 and 0.04 yield fits either with fainter or
bluer TOs. In addition, isochrones for both metal abundances have
subgiant branches developed along slightly more different colour
intervals from those of the isochrones computed for solar metallicity.

Fig. 8 shows the isochrone that most resembles the cluster fea-
tures with a solid line, and two additional isochrones with dotted
and dashed lines to illustrate the combination of varying age and
metallicity in the fitting procedure. Notice that the MS is satisfacto-
rily fitted within the errors by the isochrone corresponding to log t =
9.15. The latter also appears to tightly fit possible cluster stars placed
in the transition path from the MS to the GC. However, the predicted
position of the GC is 0.10-0.15 mag redder and almost 1 mag fainter
than the observed GC. Neither from the good agreement found be-
tween the ages derived from the §V index, which takes into account
the placement of the GC and the TO, nor from the isochrones fitting,
did we find any explanation for the difference, unless it could arise
from the input physics and evolutionary codes used. Similar find-
ings have been obtained in other open clusters (see e.g. Clarid et al.
1994). By using 1.33 and 3.2 for the ratios E(V — I)/E(B — V) and
Ay/E(B — V) (Cousins 1978), we obtained E(B — V) =0.19 £
0.05 and V, — My = 11.2 £ 0.3, which implies a distance from
the Sun of 1.7 £ 0.4 kpc. The distance error was computed with the
expression o(d) = 0.46[c(V — My) + 3.20(E(B — V))ld, where
o(V — My) and o (E(B — V)) represent the estimated errors in
V — My and E(B — V), respectively.

The Washington photometry offers the alternative of probing the
resulting cluster parameters from a direct independent estimate of
them by fitting isochrones in the (7, C — T1) CMD as described
above forthe (V, V —I) CMD. Fig. 9 depicts a summary of the results
obtained using the theoretical isochrones calculated by LSO1 for the
Washington system for different metallicity values. Dashed, solid
and dotted lines represent isochrones for log = 9.00, 9.10 and 9.20

1 O T ‘ T T T ‘ T

L ___log t=9.10, Z=0.04 -

L log t=9.15, Z=0.02 4

Lo log t=9.20, 2=0.008 e

Figure 8. (V, V — I) CMDs for stars in NGC 2627. Isochrones from
Lejeune & Schaerer (2001), computed taking overshooting into account, are
overplotted. Filled circles represent giant candidates discussed in Section4.2.

and Z = 0.04, 0.02 and 0.008, respectively. The best fit is achieved
for the isochrone of log# = 9.10 and solar metal content. From this
fit, we derive E(C — T1) =023 £0.07and T\ —M7, = 11.85 £+
0.25. By using the E(C — T)/E(B — V) and Ay, /E(B—V) ratios
given by Geisler, Lee & Kim (1996), we obtained E(B — V) =
0.12 £ 0.07 and V, — My = 11.5 £ 0.4 (equivalent to 2.0 £+
0.4 kpc). These values, which show good agreement within 1o with
those arising from the V, I data, have been adopted in the present
study.

4.2 Metal content

We estimated the mean cluster metal abundance by measuring five
Washington metallicity-sensitive indices, previously calibrated in
terms of high-dispersion spectroscopic iron-to-hydrogen ratios by
Geisler et al. (1991, hereafter GCMO1) for late-type stars. Accord-
ing to the authors, the metal content of a G-K giant star can be
easily obtained through an iterative method they propose, although
the accuracy of the resulting metallicity value strongly depends on
the quality of the photometric data. Typically, a precision of the
order of ~0.01 is required in the Washington colour indices. There-
fore, for the stars observed in the field of NGC 2627, we applied
the criterion suggested in Paper I, wherein we estimated the mean
metal abundance of the open cluster NGC 2194. Thus, we conser-
vatively keep for the analysis those stars that verify m(i = 14)
— my(i = 15) < 0.01 mag, where m,(i) is the instrumental mag-
nitude of a star measured through the passband f with aperture
of i pixels in radius. Among these stars we in turn selected giant
candidates with 7y < 12 and C — T, > 1.5 (see Fig. 6). All the
selected giant candidates turned out to be point spread function
(PSF) stars, i.e. bright and well-isolated stellar objects placed in
free—bad pixel CCD regions. In addition, although the stand-alone
version of ALLSTAR II provides reliable PSF magnitudes, we instead
preferred the aperture magnitudes measured for the selected stars,
since the former can be affected by residuals of the multiprofile fit
performed by ALLSTAR to all the stars in the frames simultaneously.
Table 3 lists X and Y coordinates in pixels, 7'; magnitudes, C — T,
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Figure 9. (T, C — T1) CMDs for stars in NGC 2627. Isochrones from
Lejeune & Schaerer (2001), computed taking overshooting into account,
are overplotted. Filled circles represent red giant candidates discussed in
Section 4.2.

M —Tyand T\ — T, colours, and the corresponding observational er-
rors for only 12 bright giant candidates, which satisfy the established
requirement. The last column lists the number of individual
observations.

To determine the mean cluster metallicity following the precepts
outlined by GCM91, we have adopted E(B — V) = 0.12 for NGC
2627. Specifically, we use the reddening-corrected iso-abundance
relations between the indices C — M and Ty — T,,C —T;and T| —
T,,C—Mand M — T,,and C — T, and M — T,. We have not
employed the iso-abundance relation between M — Ty and Ty, — T,
on account of the fact that the resulting abundances in this case are
not consistent with the ones obtained using the other four relations,
an outcome for which we are unable to offer an explanation. Fol-
lowing GCM91’s nomenclature, we denote A'(C — M), _z, as Af,
A/(C - T1 )T] —T, a8 A/S, A/(C - M)M_ T, a8 Az‘ and A/(C — T] )M—T2
as Aj. For each cluster red giant candidate, we determine the above
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four metallicity indices, using the reddening ratios given by GCM91
for the Washington system.

Fig. 10 displays the four unreddened Washington colour—colour
diagrams, wherein iso-abundance lines for [Fe/H] = +40.5, 0.0,
—0.5, —1.0 and —1.5 have been plotted. The Washington abun-
dance indices calculated for the above 12 red giant candidates are
presented in columns (2)—(6) of Table 4. Stars 9, 10, 11 and 12 (open
circles in Fig. 10) fall outside the cluster clump so that they are not
relevant to the derivation of mean cluster metallicity. The resulting
mean values and standard deviations for the remaining eight red
clump stars are: A| = 0.007 £ 0.015, A} = 0.063 & 0.033, A}, =
—0.07540.005 and A5 = —0.060 & 0.011, which imply [Fe/H]; =
0.04 £ 0.04, [Fe/H]; = 0.14 £ 0.06, [Fe/H]4 = —0.27 4 0.02 and
[Fe/H]s = —0.18 &£ 0.04, if the calibrations of GCM91 are used.
As shown by GCM91, the M — T, colour provides a much broader
baseline than the 7; — T, colour and is thus much less suscep-
tible to photometric errors in determining abundances. Therefore,
the two best indices for deriving metallicities in virtually all cases
are A} and Aj. This is why we averaged the four [Fe/H] values
by assigning double weight to the [Fe/H], and [Fe/H]s values. We
therefore adopted for NGC 2627 a weighted mean of the four abun-
dance determinations, i.e. [Fe/H] = —0.12 & 0.08(c ,), where o is
the standard deviation of the mean. We are aware of the somewhat
large metallicity range derived from the different Washington abun-
dance indices, even though we took care to select the highest-quality
photometric data. Since the Washington filters gather information
from different, relatively wide spectral regions, we have reached
the conclusion that the uncertainty estimated for the cluster metal-
licity may have its origin in a combination of intrinsic anomalies of
some heavy elements and the limiting precision of the broad-band
photometry. For this reason, we have preferred to adopt a weighted
average of the four Washington abundance estimates in order to have
a measure of the overall cluster metallicity.

The derived cluster metal content places NGC 2627 in the metal-
poor side of the distribution of intermediate-age and old open clus-
ters. Note that the derived metallicity practically does not change
if stars 9, 10, 11 and 12 (open circles in Fig. 10) are included in
the mean, since in this case the resulting metallicity turns out to be
[Fe/H] = —0.16 & 0.08(0p).

5 DISCUSSION

Ramsay & Pollaco (1992) computed individual reddening values
using the expression E(U — B)/E(B —V)=0.724+0.05E(B — V),

Table 3. CCD Washington photometry of 12 red giant candidates in the field of NGC 2627.¢

Star X Y T] U(Tl) C*Tl U(C*Tl) M*Tl G(M*T]) Tl 7T2 G(Tl 7T2) n
(pixel)  (pixel)  (mag) (mag)  (mag) (mag) (mag) (mag) (mag) (mag)
GC1 234,11 1042.02 11.518 0.005 2.052 0.004 0.854 0.006 0.521 0.007 2
GC2 52776  1440.62 11.569  0.001 2.103 0.002 0.875 0.001 0.533 0.001 2
GC3 536.95 828.35 11.437  0.006 2.075 0.004 0.872 0.001 0.514 0.002 2
GC4 923.12 205.26  11.311  0.004 2.149 0.002 0.885 0.005 0.529 0.009 2
GC5 1083.74 988.16 11.436  0.005 2.087 0.008 0.878 0.006 0.508 0.004 2
GC6 1088.02  1076.67 11.525  0.001 2.023 0.002 0.847 0.001 0.517 0.002 2
GC7 1748.78 55249 11.242  0.006 2.138 0.010 0.883 0.006 0.525 0.007 2
GC8 1635.01 112444 11.368 0.004 2.125 0.004 0.887 0.004 0.520 0.004 1
GC9 648.74  1236.58 11.244  0.001 2.332 0.002 0.968 0.001 0.553 0.003 2
GC10 732.61 1112.18 11.740  0.001 1.646 0.002 0.749 0.001 0.492 0.001 2
GC11  1498.20 941.87 11.565  0.005 1.789 0.004 0.768 0.005 0.502 0.012 2
GC12 1810.99 1477.66 11.090 0.001 2.390 0.002 0.984 0.001 0.559 0.004 2

%(X, Y) coordinates correspond to the reference system of Fig. 1. Magnitude and colour errors are the standard deviations of the mean,
or the observed photometric errors for stars with one measurement.
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Figure 10. Unreddened Washington colour—colour diagrams for selected red giant candidates. Iso-abundance relations from Geisler et al. (1991) for 0.5 dex
intervals from [Fe/H] = —1.5 to 40.5 are shown. Stars considered to be probable clump stars are represented with filled circles.

which is valid for stars with spectral types earlier than A2. However,
the TO magnitude of NGC 2627 (My ~ 1.2) suggests an MK type
not earlier than A2. They assigned membership probabilities on
the basis of the concordance in the evolutionary position in the
(V,B—V),(V,V —1I)and (U — B, B — V) planes and the allowance
of deviations from cluster reddening and Walker’s (1985) zero-age
main sequence (ZAMS) of 0.12 and 0.4 mag, respectively. Ramsay
& Pollaco’s fig. 18 shows that cluster members do not form any star
sequence in the (U — B, B — V) colour—colour diagram; instead, they
form a group of stars confined to a small colour range that is difficult
to fit properly by the ZAMS. For this reason, we conclude that the
colour excess, distance and age derived by Ramsay & Pollaco might
not be reliable. On the other hand, Phelps et al. (1994) tabulated
for the cluster §V = 1.6, corresponding to a morphological age
index (MAI) of 2.8 Gyr (Janes & Phelps 1994), so that the cluster
turns out to be twice as old as our estimated cluster age. At any
rate, since they focused on a search for the oldest open clusters,
they did not pay enough attention to this cluster. Consequently, our
resulting fundamental parameters become a valuable contribution
to the knowledge of NGC 2627.

The growing number of studies of intermediate-age clusters
(IACs) of our Galaxy with well-determined fundamental parameters
allows the investigation of their overall properties in the context of
the chemical evolution of the Galactic disc. They define a specific
epoch of such evolution, separated from the earliest epoch of the
formation of the Galactic disc as well as from the more recent star
formation events. Their age range is relatively quite narrow in com-
parison with the whole history of the Milky Way. For our purposes,
we define here as IACs those clusters with ages between 0.6 and
2.5 Gyr. Note that IACs in the Large Magellanic Cloud are con-
sidered to be all the clusters in the age range 1-3 Gyr (Piatti et al.
2002; Geisler et al. 2003). We compiled a list of Galactic IACs from

Table 4. Washington abundance-sensitive indices.

Star A Al A} Ay

GC1 —0.007 0.030 —0.069 —0.064
GC2 —0.022 0.023 —0.085 —0.061
GC3 0.011 0.067 —0.078 —0.064
GC4 0.016 0.066 —0.057 —0.048
GC5 0.028 0.121 —0.073 —0.052
GCo6 —0.013 0.026 —0.074 —0.049
GC7 0.019 0.072 —0.058 —0.047
GC8 0.020 0.100 —0.068 —0.058
GC9 0.025 0.110 —0.111 —0.088
GC10 —0.125 —0.120 —0.139 —0.122
GCl11 —0.112 —-0.102 —0.087 —0.084
GC12 0.040 0.131 —0.106 —0.076

asearch in the WEBDA data base and the available literature. Table 5
presents the results of our search. The cluster distances, ages and
metallicities come mainly from the new catalogue of open clusters
built by Chen et al. (2003), although we also complemented such
information for some clusters with results from recent individual
studies.

Fig. 11 shows the distribution of the cluster sample projected on
to the Galactic (X, Y) coordinate plane, where Y is defined to be
positive in the direction of Galactic rotation and radially outward,
respectively. The position of the Sun (Rgc, = 8.5 kpc) is also rep-
resented in Fig. 11 with two perpendicular axes, while the curve
corresponds to a Galactocentric radius of Rgc = 10 kpc. Open cir-
cles and the filled square represent IACs taken from the literature
and NGC 2627, respectively. Far from existing as a uniform dis-
tribution of clusters, they appear to have been observed through
different lines of sight, as allowed by both the cluster density and/or
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Table 5. Intermediate-age open cluster fundamental parameters.

Intermediate-age open cluster NGC 2627

Star cluster [ (deg) b (deg) d (pc) Age (Gyr) [Fe/H] References?
NGC 2360 229.80 —1.43 1887 0.60 —0.15 1
NGC 6811 79.44 11.95 1040 0.70 0.00 7
King 7 149.76 —1.04 2200 0.70 —0.40 8
NGC 2266 187.78 10.28 3400 0.63 —0.26 9
NGC 5822 321.70 3.59 917 0.66 —0.02 1
NGC 3960 294.36 6.18 2258 0.66 —0.17 1
Haffner 6 227.85 0.25 3400 1.00 0.00 10
ESO 96-SC04 305.35 -3.17 11800 0.70 0.00 11
NGC 2477 253.59 —5.83 1222 0.70 0.01 1
Berkeley 33 225.43 —4.62 4500 0.70 —0.70 12
NGC 2355 203.30 11.80 2200 0.70 —0.07 1
NGC 6940 69.90 —7.14 770 0.72 0.01 1
NGC 2632 205.92 32.48 187 0.72 0.14 1
NGC 2423 230.48 3.54 766 0.73 0.14 1
Melotte 25 180.06 —22.34 45 0.78 0.13 1,2
NGC 2204 226.01 —16.10 2629 0.78 —0.33 1
Berkeley 2 119.70 —2.31 5250 0.79 —0.40 13
Berkeley 104 117.63 1.22 4365 0.79 0.07 1
NGC 2304 197.20 8.89 3991 0.79 —0.32 1
UKS 2 276.04 —3.07 6800 0.80 0.00 14
Berkeley 23 192.60 5.44 6918 0.79 0.07 1
NGC 5823 321.16 2.46 1260 0.79 —0.10 15
NGC 1901 279.05 —33.64 450 0.60 0.00 16
Berkeley 69 174.42 11.79 2860 0.90 —0.40 17
NGC 6134 334.91 —0.19 913 0.92 0.18 1
Berkeley 64 131.91 4.60 3981 1.00 —0.61 1
Tombaugh 1 232.22 -7.32 2900 1.00 0.00 18
Pismis 19 314.68 —0.38 2400 1.00 —0.10 19
Berkeley 81 33.64 —2.51 3000 1.00 0.00 20
NGC 2158 186.64 1.78 3600 2.00 —0.23 1,3
Berkeley 29 197.98 8.02 14871 1.05 —0.18 1
Berkeley 22 199.80 —8.05 7663 1.06 —0.30 1
Pismis 3 257.86 0.46 1190 2.00 —0.40 21
NGC 2243 239.50 —17.97 4458 1.07 —0.44 1
NGC 2660 265.85 —3.03 2826 1.07 —0.18 1
NGC 2506 230.57 9.92 3460 1.10 —0.37 1
NGC 2420 198.11 19.63 3085 1.11 —0.26 1
King 11 117.16 6.47 2892 1.11 —-0.23 1
NGC 752 137.18 —23.35 457 1.12 —0.08 1
IC 4651 340.08 —7.90 838 1.14 0.09 1
NGC 6208 333.75 —5.76 939 1.17 —0.03 1,4
NGC 3680 286.78 16.92 938 1.19 —0.09 1
Pismis 18 308.18 0.26 2240 1.20 0.00 19
Collinder 74 198.98 —10.40 2500 1.30 0.07 5
Collinder 110 209.65 —1.98 1950 1.40 0.00 6
NGC 6819 73.97 8.48 2360 1.49 0.07 1
Berkeley 14 162.86 0.71 5495 1.60 —0.32 5
NGC 2141 198.08 —5.81 4033 1.70 —0.26 1
NGC 7789 115.48 —5.37 2337 1.71 —0.08 1
NGC 7142 105.34 9.48 1686 1.88 0.04 1
NGC 7044 85.87 —4.13 2960 1.60 0.00 20
Berkeley 31 206.25 5.12 8272 2.05 —0.50 1
Berkeley 21 186.84 —2.51 5000 2.18 —0.83 1
NGC 6939 95.90 12.30 1185 2.21 0.02 1

“References: (1) Chen et al. (2003); (2) Gratton (2000); (3) Carraro, Girardi & Marigo (2002); (4) Piatti et al. (1995); (5) Ann et al.
(1999); (6) Dawson & Ianna (1998); (7) Glushkova, Batyrshinova & Ibragimov (1999); (8) Durgapal, Pandey & Mohan (1997); (9)
Kaluzny & Mazur (1991); (10) Patat & Carraro (1995); (11) Carraro, Vallenari & Ortolani (1995); (12) Mazur, Kaluzny & Krzeminski
(1993); (13) Ann, Park & Kang (1998); (14) Bica, Ortolani & Barbuy (2000); (15) Janes (1981); (16) Pavani et al. (2001); (17) Pandey
et al. (1997); (18) Carraro & Patat (1995); (19) Piatti et al. (1998); (20) Sagar & Griffiths (1998); (21) Carraro & Ortolani (1994).
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Figure 11. Galactic intermediate-age clusters of Table 5 plotted in the (X,
Y) coordinate plane. The internal axes indicate the position of the Sun, while
the curve corresponds to a circle of Galactocentric distance Rgc = 10 kpc.
Open circles and the filled square represent clusters of Table 5 and NGC
2627, respectively.

the interstellar absorption. No conclusion can be drawn on their
birthplaces since they could have travelled through the disc and
have changed their relative positions (see e.g. Piatti, Clarid & Abadi
1995). According to Fig. 12, IACs appear to have heights (|Z|), with
few exceptions, from the Galactic plane up to 0.5 kpc, which means
that most of them were born and moved within the thin disc (Ojha
et al. 1996; Larsen & Humphreys 2003; Reddy et al. 2003). Indeed,
to reach higher |Z| values clusters should preferentially be born in
the thick disc; otherwise, they would need high initial perpendicular
velocities, which are unlikely for objects confined near the Galactic
plane.

The sampled IACs do not show any trend between their metal
abundances and ages (bottom panel in Fig. 12) but there is some
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Figure 12. Relationships between cluster heights and metallicities as a
function of cluster ages. Symbols are the same as in Fig. 11.
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Figure 13. Metallicity versus Galactocentric distance for clusters of
Table 5. Symbols are the same as in Fig. 11.

indication that they were born in different epochs more or less dis-
tinguishable from the disc lifetime, rather than in a continuous clus-
ter formation process. Particularly, we identified peaks of cluster
formation at ~0.7-0.8, 1.0-1.1, 1.6-1.7 and 2.0-2.1 Gyr, sepa-
rated by relatively quiescent epochs of ~0.2-0.3 Gyr long. Their
metallicities cover a wide range, from values as deficient in heavy
elements as [Fe/H] ~ —0.8 until metal-rich ones of the order of
~+0.2 dex. The spread in chemical compositions is caused by the
dependence of cluster metallicities on their Galactocentric distance,
as shown in Fig. 13. Note for example that clusters more metal-
poor than [Fe/H] = —0.2 are on average located at Galactocentric
distances Rgc > 10 kpc. We estimated a formal metal abundance
radial gradient of —0.08 % 0.02, in very good agreement with the
most frequently derived value for the Galactic disc (see e.g. Piatti
etal. 1995; Chen et al. 2003, and references therein). In this respect,
from Fig. 13, we cannot rule out the alternative of a step func-
tion for the radial abundance distribution of open clusters (Twarog,
Ashman & Anthony-Twarog 1997; Corder & Twarog 2001), al-
though a more complete sample of clusters is needed to test such
discontinuity.

Fig. 14 gives evidence that some scattered correlation exists be-
tween the Galactocentric distance Rgc and the height |Z|, in the sense
that the higher a cluster is found, the more distant from the Galactic
Centre it is located. For example, clusters with |Z| > 0.5 kpc are
located beyond 10 kpc from the Galactic Centre. However, clusters
can also be found far from the Galactic Centre and near or in the
Galactic plane. In spite of such correlation, cluster metallicities do
not seem to behave similarly with respect to |Z]. Once the [Fe/H]
ratios are corrected for the abundance radial gradient, a considerable
dispersion only arises from the [Fe/H] versus |Z| diagram (bottom
panel in Fig. 14) for IACs. This result has been previously suggested
by Twarog et al. (1997) using a cluster sample spanning the whole
open cluster age range. On the contrary, Piatti et al. (1995) and Chen
et al. (2003), among others, have found vertical abundance gradi-
ents of the order of ~—0.30 dex kpc~! using also young to old open
clusters. The [Fe/H] versus |Z| relation of Fig. 14 shows that more
or less metal-poor and metal-rich clusters are found at high or low
distances from the Galactic plane.
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6 CONCLUSIONS

In this paper we present CCD VIgc as well as CCD Washington
system photometry in the field of the open cluster NGC 2627. The
analysis of the photometric data leads to the following main con-
clusions:

(1) The observed (V, V — I) diagram, corrected by field star con-
tamination, reveals an upper main sequence (MS) with a remarkable
hooking envelope, a dirty broad lower MS, and the presence of sev-
eral giant clump stars. On the other hand, in the Washington (7',
C — T,) diagram, the upper and lower MS envelopes appear to be
much better defined and separated from the field stars, while the MS
turnoff shows a smoother curvature. The cluster has a quite distinct
secondary sequence in both CMDs, right above the single-star MS,
a fact that could be put down to binary stars.

(i) A metal abundance [Fe/H] = —0.12 £ 0.08 relative to the
Sun is estimated from the Washington system photometry of eight
red giant clump stars.

(iii) Through the comparison of the cluster (V, V — I) and (T,
C — T,) CMDs with theoretical isochrones computed by the Geneva
group, the following values for reddening, distance from the Sun and
age were derived: E(V — 1) =0.25+0.05, E(C —T,)=0.23 £
0.07, 2.0 & 0.4 kpc and 1.4 Gyr. The latter value agrees well with
that derived from the §V age index.

(iv) Using mainly the catalogue of open clusters recently pub-
lished by Chen et al. (2003), we examined the fundamental proper-
ties of the open clusters with ages between 0.6 and 2.5 Gyr, including
NGC 2627. We confirm the existence of a global age—metallicity re-
lation for this cluster sample and we identified four peaks of cluster
formation during this period, separated by relative quiescent epochs
of ~0.2-0.3 Gyr. A wide range in metallicity is observed, which
is clearly due to the dependence of cluster metallicity with Galac-
tocentric distance. A radial abundance gradient d[Fe/H]/0Rgc =
—0.08 £ 0.02 is derived for this cluster sample, but no clear indica-
tion of an abundance Z gradient is seen.
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