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Abstract. We present the first CCD photometric observations of the open cluster 
OCl 630 (NGC 2509) in UBVRI filters. It is a fairly nearby cluster at a distance of 
912&15 pc, and is placed in the direction of the Puppis constellation as part of the 
Orion arm in our Galaxy. The age of this cluster is estimated to be -8x lo9 years. 
This cluster is found to be older than M67, but younger than NGC 188, both of which 
are well known old clusters. Thus, being an old cluster, it is an unsuitable candidate 
for tracing the spiral arm of our Galaxy. 
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1. Introduction 

In 1915, Melotte identified the cluster NGC 2509 (OCI 630, Me1 81, RA2000 : 08h OOm 48s, 
Dec2000 : -19' 03' 301', 1 : 237O.86, b : N 05O.83) and found it to be spread over an angular 
diameter of 4 arcmin. Later in 1918, Charlier obtained its distance to be 1130 parsec. After about 
a decade Trumpler (1930) estimated the distance of the cluster to be 3050 pc, while Collinder 
(1931) and Barhatova (1950) gave the figures as 2700 pc and 1820 pc respectively. Barhatova 
also mentioned that the angular diameter of the cluster is about 10 arcmin. Later, Ruprecht 
(1966) classified this cluster as 11 1 p, in the Trumpler system of classification. The members of 
the cluster were estimated to be 56 by Raab (1922) and 30 stars by Collinder (193 1). 

The late Prof. M.K. Vainu Bappu had proposed a study of open clusters for using them as 
tools in understanding the structure of our Galaxy, which was carried out to some extent by Babu 
(1983, 1985, 1987). Though the galactic latitude of open cluster NGC 2509 is about 6", it has 
been chosen from among the selection of a few not-well-studied open clusters as an attempt to 
explore its suitability in the study of galactic structure. 
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F i  1. Finding chart for the field of open cluster OC1 630 (NGC 2509) reproduced from the CCD frame 
taken in the V-filter. The identification numbers are introduced in the present work. North is to the top and 
east is to the left of the chart. 

The first VBVRI photometric observations of this cluster and the results are presented in this 
paper. The finding chart is as shown in Fig. 1, and the identification numbers are introduced in 
this paper. 

2. Observations and Reductions 

The CCD photometry of the stars in the central region of this cluster was done on 13 December 
2001, using standard UBVRZ filters at the Cassegrain focal plane of the 102 cm telescope of Vainu 
Bappu Observatory, Kavalur (78" 50' E longitude, 12.5' N latitude). Liquid nitrogen cooled 1 K 
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CCD (Charge Coupled Device) was used along with an online computer to collect the data. A 
number of bias and flat field frames were also taken during the observing runs. In addition to this, 
the well-known cluster M67 (NGC 2682) was also observed for the calibration of the instrument. 
The practice of obtaining at least two frames for each filter was followed during the observations. 
The exposure times for U filter were generally much longer than for the other filters. 

The data collected was reduced and analysed using the IR4F (Image Reduction and Analysis 
Facility) package for photometric reductions. A total of 96 stars down to V = 18.3 mag were 
selected for analysis in the field of the cluster. The instrumental magnitudes, corrected for at- 
mospheric extinction, were standardized with the help of calibration constants obtained from the 
observations of open cluster M67. A total of 13 stars were chosen in the field of M67 and their 
magnitudes as well as the colour indices were matched with the values given by Francic (1989). 
The uncertainities in V, B-V, U-B, V-R and V-I are found to be in the range of 0.01 to 0.02,0.02 
to 0.03,0.04 to 0.06,0.005 to 0.01 and 0.005 to 0.01 respectively. The larger errors were mainly 
applicable to the fainter (M, > 15) stars. 

The colour-magnitude diagrams (CMDs) of the cluster V vs (B-V), V vs (V-R) and V vs (V-I) 
show a broad main sequence as well as the post main sequence ascertaining it as a cluster. These 
CMDs are shown in Fig 2. 

3. Reddening 

The colour - colour diagram of the selected 96 stars in this field, with (B-V) against (U-B), is 
as shown in Fig. 3, in which the scatter could be due to the presence of some non-member field 
stars. Further, it may be noted in this diagram that there are no stars bluer than (B-V) =0.5 mag, 
which gives an indication that the cluster probably belongs to the old category. In view of this, 
some of the stars having (B-V) > 0.9 mag could be belonging to the evolved stage of the cluster. 
Therefore, that part of the diagram was not specifically considered in its analysis. 

In this figure, the stars with 0.5 < (B-V) < 0.9 mag seem to show a small shift from the 
unreddened main sequence (Schmidt-Kaler, 1982). By shifting that curve on to the observed 
stars in such a way that the shift is parallel to the reddening line, the colour excesses E(B-V) and 
E(U-B) of the cluster stars are found to be 0.15 mag and 0.108 mag respectively. 

The total visual absorption A, has been calculated from the expression A, = R.E(B-V), where 
R is the value of total to selective absorption which is taken as 3.25 (Moffat and Schmidt-Kaler, 
1976). Thus, 

A, = 0.488 mag. 

All the individually corrected magnitudes q d  the colours are listed in Table 1. 
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Figure 2. The colour-magnitude diagrams of the open cluster OCt 630 are shown from top to bottom as V 
vs (B-V), V vs (V-R) and V vs (V-I). MI of them indicate a broad main sequence as well as the post main 
sequence ascertaining it as a cluster. 
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Table 1. The observational data for individual stars in the open cluster OC1 630 corrected for interstellar 
extinction. 
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Table 1. continued. 
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Figure 3. The (B-V) vs (U-B) diagram of the stars in the field of the open cluster OCZ 630. The solid line 
is the main sequence (MS) for the unreddened stars (Schmidt-Kaler, 1982), while the dotted line represents 
the MS when it is fitted to the observations by shifting it parallel to the reddening line. 

4. Distance 

The distance modulus of this cluster has been determined by fitting the relevant zero age main 
sequence (ZAMS) given by Schmidt-Kaler (1982) onto the (B-V), vs V, diagram and the value 
of distance modulus (V, - M) is found to be 9.8 & 0.04 mag (Fig. 4). Then the distance D to the 
cluster is calculated by using the standard expression log D = 0.2(Vo - M) + 1, from which the 
value of D is estimated as 912 3~ 15 pc. 

5. Age of the cluster 

The HR-diagram of this cluster, shown in Fig.5, is plotted for the true distance modulus of 9.8 
mag. The post main sequence isochrones given by Bertelli et a1 (1994) are sbperimposed along 
with the ZAMS (Schmidt-Kaler, 19821, which clearly indicate that the stars of the cluster gen- 
erally follow the isochrone of 8 x lo9 yrs. However, the turn off point from the main sequence, 
being (B - V), = 0.57 mag, indicates the age of 5 x 10' yrs by using the relationship given by 
Allen (1981). 
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Figure 4. The (3-V) vs V magnitude diagram of the stars in the field of OCI 630. The solid curve represents 
the zero age main sequence (Schmidt-Kaler, 1982). which is shifted to match the observations. 

Figure 5. The HR diagram of OC1630 (NGC 2509) corrected for the true distance modulus of 9.8 mag. 
Thc ZAMS is taken from Schmidt-Kalm (1982) and the thick curve repnsents the isochrone of age 8 x lo9 
ycars given by btel l i  et d. (1994). 
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Figure 6. The open cluster OC2 630 is compared with the post main sequences of the well known old open 
clusters M67 and NGC 188. The ZAMS is the same as in Fig. 5. 

6. Discussion 

The distance of 912 pc appears to be small as compared to the earlier estimates by Charlier 
(1918), Trumpler (1930), Collinder (1931) and Barhatova (1950). Yet it may be considered as 
a fairly reliable estimate, because, even though the cluster is placed in the direction of Puppis 
constellation as part of the Orion arm in our Galaxy, the relatively less interstellar extinction of 
E(B - V) = 0.15 mag, clearly indicates that the cluster is not too far away. It is worth noting here 
that as the distance increases along the Orion spiral arm the interstellar content is also expected 
to increase giving rise to greater extinction values. However, the age of this cluster, being around 
8 x 10' yrs puts it into the category of old clusters, making it an unsuitable candidate for tracing 
the spiral arm. Further, its latitude of 6 O  away from the central plane of the disc is very likely due 
to its drifting away from its place of origin during this period. 

Neverthless, as an old cluster, it can be compared with that of the other well studied old 
clusters M67 and NGC 188 as shown in Fig. 6. In this figure we can clearly see that the stars 
of open cluster OC1630 lie between the observed post main sequences of M67 and NGC 188. 
Sandage (1961), using Hoyle's (1959) models, estimated the ages of M67 and NGC 188 as 9-10 
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x lo9 and 16 x lo9 years, while hastening to add the statement that these ages should be reduced 
by a factor of 2. Later, VandenBerg (1985), by fitting the more realistic isochrones (VandenBerg, 
1985) has shown the ages of M67 and NGC 188 to be 5 x 10' and 10 x 10' years respectively. 
In addition, considering the turn off points of both these clusters as well as OC1630, we can say 
that the cluster is younger than NGC 188 and older than M67. 

7. Conclusions 

The open cluster OCl 630 is found'to be an old cluster with an age of - 8 x 10' years, being 
younger than NGC 188 and older than M67. Its distance is estimated to be 912k15 pc, which 
places it in the Orion arm in the direction of Puppis constellation. However, being an old cluster, 
it is an unsuitable candidate for tracing the spiral arm of our Galaxy. 
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