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Abstract. Results from CMT1T2 1T2 broad-band and DDO intermediate-band
photometry are presented for G and Κ giants in the old open clusters NGC.
2482, NGC 3680, and IC 4651. Two independent photometric criteria
have been used to separate red field stars from the physical members of the
clusters. Recent calibrations of the DDO and CMT1T2 systems have been
used to derive reddening, distance moduli, metallicities, effective temperatures, and surface gravities. Rough estimates of masses have also been
made. The giants of NGC 2482 and IC 4651 have CN strengths nearly
identical to the Hyades giants, while those of NGC 3680 are slightly
richer in CN than the nearby Κ giants. CMT1T2 abundance analysis in
NGC 2482 and NGC 3680 yield [Fe/H]MT = – 0.1 ± 0.1 as derived from
the iron lines, while abundances derived from the CNO –. contaminated
(C – Μ) index are 0.4 dex higher. Both CMT1T2 and DDO data support
the conclusion that 1C 4651, with [Fe/H] = + 0.2 ± 0.1, is on the metalrich side of the distribution of intermediate and old open clusters. Finally,
the mass results suggest that the clump stars in NGC 3680 and. IC 4651
could have undergone mass loss before reaching their helium core burning
phase of evolution.
Key words: clusters, open – photometry, CMT1T2/DDO – stars, abun-

dances – stars, late-type

I. Introduction
The role of G and Κ giants for photometric abundance studies in stellar clusters is well
known. In particular, globular clusters and open clusters older than the Hyades are important as indicators of the evolution of the chemical composition of the galactic disk
(Sandage & Eggen 1969) and of variations in metal content with position in the galaxy.
In a recent paper, Janes (1979a) has used UBV and DDO photometry of distant field Κ
giants and 41 open clusters to estimate the variation of metallicity across the galactic
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disk. The metallicity gradient of d[Fe/H]/dR = – 0.05 found by Janes in the solar vicinity is somewhat lower than that of ~ – 0.1 found by Clariá (1980) from a preliminary UBV-DDO study of G and Κ giants in several open clusters. There is, however,
some contradictory information concerning the real nature of this abundance gradient. In fact, while some authors have found that the heavy-element abundance in the
galactic disk decreases with increasing distance from the galactic centre (D’Odorico,
Peimbert & Sabbadin 1976; Mayer 1976 Janes 1979a; Clariá 1980) others have not
obtained the same results (Clegg & Bell 1973; Heifer & Jennens 1975). There are reasons for suspecting that the apparently contradictory results might perhaps be reflecting the existence of a more pronounced gradient in the CNO elements than in the
heavier ones. Since the DDO abundance parameters for G and Κ stars are affected by
the presence of CN and CH features, it is clear that such parameters depend on the ratio [Fe/CNO], which in turn may be a function of position and/or age in the galaxy.
On the observational side, therefore, it should, be interesting to use any observational technique capable of separating the effects of blanketing by the molecular CN
and CH bands from those of the metallic lines in the ultraviolet. Such a separation can
be carried out by using the CMT1T2 system, usually known as the CMT1T2 Washington system. This relatively new broad-band system was designed by G. Wallerstein
and developed by Canterna (1976). The system employs a RCA C31034 Ga-As tube
whose high quantum efficiency in the near-infrared enables observations of stars approximately 1.5 mag fainter than those for which (R – I) measurements can be taken
with an S-l phototube on the same telescope. Although the Washington system was
primarily designed for G and Κ gaints, its applicability to other stars and/or stellar
groups has been described by Canterna (1976) and Canterna & Harris (1979).
We present in this paper CMT1T2 observations of G and Κ giants in three open
clusters older than the Hyades: NGC 2482 (C 0752-241), NGC 3680 (C1123-429),
and 1C 4651 (C1720-499). The broadband observations in the first two clusters were
supplemented by observations in the DDO intermediate-band photometric system.
Existing DDO data of 1C 4651 (Smith 1982) have been used. The primary purpose of
this paper is to use both CMT1T2 and DDO data as well as published UBV values in order to determine some of the main astrophysical properties of these three clusters.
Some preliminary results have been previously published by Clariá & Lapasset (1982).
In Section 2 of this paper the photoelectric observations are presented. Two photometric criteria for evaluating cluster membership as well as the procedures and calibrations used to derive the astrophysical properties are described in Section 3; in Section 4 the results on individual clusters and interpretation of them are presented. Finally, the main conclusions are summarized in Section 5.
2. Photoelectric observations of the cluster stars
Photoelectric photometry in the CMT1T2 system was obtained on three nights in
April 1980 with the 41-cm reflector of the Cerro Tololo Inter-American Observatory
(CTIO). Measurements were done for three giants in NGC 2482, nine giants in NGC
3680, and thirteen giants in 1C 4651. The CMT1T2 filters recommended by Canterna
were used together with a Ga-As RCA C31034 photomultiplier cooled by dry ice.
Pulse counting electronics was used for all measurements. Mean extinction coefficients at CTIO were employed. Standard stars (Canterna 1976) were observed each
night for conversion to the original Washington system. The colour transformation
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slopes agree well with those found by Canterna for CTIO, and the internal mean errors of a single observation are ± 0.009, ± 0.008, ± 0.012 for the colours (C – M),
(M – T1), (T1 – T2), respectively, and ± 0.015 for the T1 magnitude. These errors are
practically independent of the Τ1 magnitude.
The data for the programme stars are given in Table 1. Columns (l) – (5) give the
star names and UBV data. The observed CMT1T2 colours and T1 magnitudes together
with their mean errors are listed in columns (7) – (10). For single measurements, the
standard error is estimated for the appropriate T1 level. Columns (6) and (11) give the
numbers n1 and n2 of UBV and CMTlT2 observations, respectively. The sources for
the star identifications as well as for the UBV data are given in the footnotes.
DDO photometry of giants in NGC 2482 and NGC 3680 was also obtained with
the aim of determining additional information about their abundance properties. The
DDO observations were made with the CTIO 91-cm telescope and an S-20 photomultiplier. Only the four primary DDO filters were used. Transformation to the
DDO standard system was done by nightly observing equatorial standards from the
list of McClure (1976). Mean DDO extinction coefficients were used.
The uncorrected DDO colour indices of the observed stars in NGC 2482 and
NG C 3680 are listed in columns (3) – (5) of Table 2 together with their mean errors.
Column (6) lists the number of nights on which each star was observed. The average
values of the mean errors obtained from the internal consistency of the multiple observations of each star are ± 0.008, ± 0.010 and ± 0.012, respectively, for the three colour indices in Table 2. A comparison of the present DDO photometry for NGC 3680
with that of McClure (1972) indicates them to be nearly identical. For the nine stars
observed in common with McClure, the mean residuals (McClure minus present study) are ΔC(45 – 48) = 0.002 ± 0.008 (s.d.), ΔC(42 – 45) = 0.003 ± 0.009 (s.d.), and
ΔC(41 – 42) = 0.001 ± 0.010 (s.d.).
3. Analysis of the data
3.1 Membership Criteria
Although the positions of the programme stars in the colour-magnitude (c-m) and
[(U – B), (B – V)] diagrams are consistent with cluster membership, it is well known
that the UBV criteria alone are insufficient evidence of their physical connection with
the cluster. The best method for separating red field stars from the physical members
Table 2. DDO data for NGC 2482 and NGC 3680.
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of the clusters is probably on the basis of proper motions and/or radial velocities, but
these data are not available for the clusters of the present study.
We have found that cluster membership of red evolved stars can be assigned with
fair certainty using only BV and DDO photometry. Firstly, the probability of membership can be estimated from how closely the computed reddening of a given star
agrees with that obtained from the main sequence stars. Assuming Whitford’s (1958)
reddening curve to be valid, McClure & Racine (1969) have derived the relation
(1)
where A1 = – 2.380, A2 = – 1.420, A3 = 2.175, A4 = 1.841 and all the photometric indices involved are the observed (reddened) ones. Equation (1) is applicable to G and Κ
giants in the colour range 0.80 ≤ (B – V)0 ≤ 1.55, luminosity class (LC) in the range
II ≤ LC ≤ IV, and stars with moderate metal abundances.
The variables that influence an E(B – V)GK calculation from Equation (l) are the
photoelectrically measured C(45 – 48), C(42 – 45), and (B – V) indices. Therefore,
the standard deviation σΕ of the E(B – K)GK colour excess can be written
(2)
where σ45/48, σ42/45 and σB

– V

are the standard deviations of the variables involved.

The first criterion, denoted A, for evaluating cluster membership requires computing for each star the difference ∆Ε = | E(B – V)GK – E(B – V)MS | where E(B – V)MS
represents the colour excess obtained from the main-sequence stars. No differential
reddening being present, a red star is considered to be a member (m), probable
member (pm), or nonmember (nm), if the former difference is found to be: ΔE ≤ σE,
σE < ∆Ε ≤ 2σE, or ΔE > 2 σE, respectively. These limits were set to allow for errors
in the observations as well as scatter in the DDO luminosity classes.
If the cluster distance is known, it is possible to predict the LC which a given star
would have in order to be a cluster member. The second criterion, denoted B, is based
on the agreement between the predicted LC and that derived from the DDO indices.
To apply criterion B, the observed DDO indices must be corrected for reddening.
This can be done using the colour excess ratios derived by McClure (1973) from the
Whitford reddening law. If instead of the Whitford curve, some other more modern
version of the reddening curve is used [e.g. Whiteoak 1966; Nandy et al. 1975; Schild
1977) the resulting colour-excess ratios appear to be slightly different (see Janes
1979a).
When dealing with population I objects of approximately solar metal content, the
position of a given star in the unreddened DDO [C0 (45 – 48), C0 (42 – 45)] diagram
yields the MK spectral type unambiguously. For metal-poor stars blanketing corrections must be applied to the unreddened C0 (45 – 48) and C0 (42 – 45) indices before
obtaining the MK spectral type (Osborn 1973). Criterion Β is then applied in such a
way that a red star is considered to be a member, probable member, or nonmember, if
the difference ΔL = | LC(predicted) – LC(DDO) | is found to be: ΔL ≤ 0.5 LC, 0.5
LC<ΔL ≤ 1 LC, or ΔL > 1 LC, respectively.
An iterative method of estimating reddening of red giants from DDO and BV photometry has been described by Janes (1977a). This technique is more general than the
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procedure of McClure &Racine in the sense that it is valid over a wider range of luminosities and is independent of composition for population I stars. Application of Janes's
technique to the programme stars yields the colour excesses listed in column (3) of
Table 3. These values are nearly identical with those obtained from Equation (l),
which in turn is useful to calculate the standard deviation σE. The remaining columns
of Table 3 give in succession (4) predicted luminosity class, (5) MK spectral type derived from the unreddened DDO indices, (6, 7) results from applying membership
criteria A and B, respectively.
In the present study the distance moduli of NGC 2482 and NGC 3680 were taken
from Moffat & Vogt (1975) and Eggen (1969) respectively, while the E(B – V)MS colour excess and distance modulus of IC 4651 were taken from Eggen (1971). The predicted LC for each red star was then derived from the Schmidt-Kaler (1965) calibration assuming R = Av/E(B – V) = 3.0.
Table 3. Results from applying the two membership criteria.

Notes:
a
b

DDO data from McClure (1972).
The E(B – V)GK values of IC 4651 were taken from Smith (1982).
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Concerning the value E(B – V)MS = 0.04, tentatively obtained by Moffat & Vogt
for NGC 2482, we believe that it has been underestimated. In fact, since all the stars
bluer than (B – V) = 0.15 are very likely earlier than A2, their colour excess can be obtained directly from Equations (1) and (2) given by Clariá (1977). These equations are
strictly valid only for stars of luminosity class V earlier than A2 but can also be used for
objects as bright as class III without introducing appreciable errors. The mean reddening 〈E(B – V)〉 = 0.09 ± 0.03 (s.d.), obtained from 13 cluster members with (B –
V ) < 0.15 (Table 4), was then adopted to apply criterion A.
The determination of E(B – V)MS in the case of NGC 3680 is somewhat more
complicated than in NGC 2482 due to the lack of Β stars. Eggen (1969) interpolated
the cluster reddening from UBV observations of three early-type stars near NGC
3680 (HR 4402, HD 110119 and HR 4423), using the derived distance of the cluster.
The reddening E(B – V) = 0.04 obtained by Eggen is very uncertain because (l) HD
110119 is a K5 star and not a B8 as listed by Eggen; (2) Although Eggen lists HR 4402
(a K5 star), we assume that he means HR 4403, which is located at 470 pc from the
Sun, if we accept the classification B2 IV-V assigned by Hiltner, Garrison & Schild
(1969). This value is considerably lower than that of 1550 pc quoted by Eggen. New
photometric and spectroscopic data of four bright stars with known MK spectral types
near NGC 3680 (Mermilliod & Nicolet 1977; Kennedy & Buscombe 1974; Buscombe 1977, 1980) allow us to extrapolate the value of E(B – V) = 0.09 for the cluster
distance (see Table 5). This reddening has been adopted to apply criterion A.
3.2 CN Strengths and DDO Metal Abundances
The DDO intermediate-band system was initially developed by McClure & van den
Bergh (1968) for the purpose of measuring the integrated light from galaxy nuclei and
constructing stellar population models of galaxies. Subsequent to this initial proTable 4. Members of NGC 2482 with (B – V) ≤ 0.1.5.

Table 5. Bright stars with known MK spectral types near NGC 3680.
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gramme, the DDO system was re-defined by McClure (1976) and found to be particularly useful for a variety of stellar programmes (McClure 1979). In particular, this system has been employed to determine the physical characteristics and abundances of
giant stars in several open clusters (e.g. Osborn 1974, 1975; McClure, Forrester &
Gibson 1974; Dawson 1978, 1981; Smith 1982).
The usefulness of the DDO system is based to a considerable extent on the fact
that the system has been calibrated in terms of astrophysical parameters (Osborn
1971, 1973, 1979 ; Janes 1972, 1975, 1979b). When combined with BV data, the DDO
photometry allows the colour excesses of individual red giants to be determined (Janes
1977a). Finally, in some particular cases, the cluster helium content may be estimated
from the theoretical results of Gross (1973) by using the method proposed by Osborn
& Clariá (1976).
In particular, DDO photometry has proved to be useful for estimating the CN
abundances in G and Κ giants. Janes (1975) has tabulated the average of the C0 (41 –
42) index as a function of C0 (45 – 48) and C0 (42 – 45) and has shown that the cyanogen anomaly δ CN defined as the excess (positive δ CN) or deficiency of the CN index C0 (41 – 42)in magnitudes over the value for a normal star of the same gravity and
temperature is well correlated with [Fe/H]. From 44 stars with spectroscopically
determined values of [Fe/H], Janes derived the relation
(3)
Taking the value of δCN = 0.074 for the Hyades (McClure 1976,1979) Equation (3)
gives [Fe/H] = 0.13, which is lower than the Hyades metal abundances derived by many authors. On the other hand, for the typical field Κ giants (δCN = 0 by definition)
Equation (3) yields [Fe/H] = 0.2, indicating that the Sun is metal rich relative to the
general giant star population. This is why some authors (Deming, Olson& Yoss 1977;
McClure 1979) have suggested increasing slightly the zero point of Equation (3).Accepting Janes’s slope and adopting [Fe/H]Hyades = 0.23 – the average of the
[Fe/H]Hyades values obtained by Alexander (1967), Griffin (1969), Nissen (1970),and
Chaffee, Carbon & Strom (1971) we get the following abundance calibration relative to the Sun:
(4)
which we will adopt for the present study. The zero point of Equation (4) coincides
with that found by Twarog (1981) from a comparison of the δCN distribution for a
sample of giants with several theoretical models. The cyanogen anomalies and DDO
metal abundances derived for the cluster giants are listed in columns (3) and (4) of
Table 6.
3.3 CMT1T2 Abundance Parameters
Intensities measured with the CΜT1T2 filters are used to form three colour indices:
(Tl – T2), a relatively abundance- and luminosity-independent measure of temperature ; a Fe-sensitive red index (Μ – Τ1) ; and a Fe + CNO-sensitive (C – M) bluegreen index. The quantity ∆ (Μ – T1), defined as the colour excess in (M – T1) for a
given (T1 – T2), is a reddening-free, surface gravity-free metallicity index. An additional index Δ(C – M), defined in the same way as ∆(Μ – T1), is also a useful metallicity
parameter. .
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Both ∆(Μ – T1) and Δ(C – M) have been empirically calibrated against field stars of
known metallicity as derived from high-dispersion analysis (Canterna &Harris 1979).
Moreover, a model-dependent theoretical calibration has been established by Canterna & Harris on the basis of model atmospheres calculated by Böhm-Vitense (1970,
1972, 1973) and Böhm-Vitense & Szkòdy (1974). The agreement between both procedures is well within the errors quoted for the observed stars.
In the present study we have adopted the empirical method. Before the surface
metal abundance can be derived from the CMT1T2 data, all colour indices have been
corrected for reddening using the relations (Canterna 1976)
(5)
(6)
(7)
Next we obtain for each programme star the unreddened CMT1T2 colours and the
metallicity parameters Δ (M – T1) and Δ (C – M). Values of [Fe/H]MT and [Fe/H]CM –
iron/hydrogen ratios derived from the Fe-sensitive (M – T1) index and by the CNcontaminated (C – M) index – are then found for each observed star from the
Table 6. Abundances and distance moduli derived for the cluster giants.

Note : a probable field star.
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empirical calibrations. If the difference ∆ = | [Fe/H]MT – [Fe/H]CM | is significant, i.e.
∆ ≥ 0.4, we interpret that result as implying CNO enrichment. It is important to note
that while ∆(Μ – T1) is a reddening-free, surface gravity-free parameter quite sensitive to metallicity for metal rich stars, i.e. for [Fe/H] > 1.0, ∆ (C – M) is strongly sensitive to metal content for all values of [Fe/H]. The CMT1T2 metal abundances obtained for the cluster giants are listed in columns (5) and (6) of Table 6.
A simple relation can be derived between [Fe/H], a quantitative measure of the
metal abundance, and Z, the theoretical heavy-element parameter. Recalling the definition of the iron-to-hydrogen ratio of a star and making the not too restrictive assumption that (Fe/Z)star ≈ (Fe/Z), the following relation is obtained:
(8)
where we have used H/Hstar = X/Xstar and Z = 0.025 (Allen 1973). Equation (8)
shows that Ζ is almost entirely determined by [Fe/H] and practically independent of
the theoretical hydrogen parameter X.
3.4 Distance Moduli
Janes (1975) has calibrated the DDO indices C0 (42 – 45) and C0 (45 – 48) in terms of
absolute magnitudes Mv for evolved late-type stars. Because this calibration is valid for
stars of nearly-solar metal content, the absolute magnitude deduced from the calibration must be corrected by the following metallicity factor given by Janes (1979a) :
(9)
In the present study, the ΔMv factors were all found to be lower than 0.5 mag. The values of Mv obtained from the DDO photometry are shown in column (7) of Table 6.
The last column lists the distance moduli derived from V, Av [= 3.0E(B – V)], and
Mv (DDO).
3.5 Effective Temperatures, Surface Gravities, and Masses
Osborn (1971, 1973, 1975) and Osborn & Clariá (1976) have calibrated the [C0(45 –
48), C0 (42 – 45)] plane in terms of the two fundamental atmospheric parameters of G
and Κ stars, effective temperature (Teff) and surface gravity (g). Because the calibration is based on stars that have nearly solar composition, the unreddened DDO indices
must be corrected if composition differences exist. Osborn (1973, 1979) has shown
that the required – blanketing-corrected – colours for luminosity class III stars are
given by
(10)
(11)
In order to obtain the normal colours of the cluster giants we have used [Fe/H] =
– 0.1 for NGC 2482 and NGC 3680, and [Fe/H] = + 0.2 for 1C 4651 (see Section 4).
Then, the normal colours together with the abovementioned calibration yield the effective temperatures and surface gravities of the stars. Finally, if µ represents the true
distance modulus adopted for the cluster, the absolute bolometric magnitudes and
masses of the cluster giants can be calculated from
(12)
(13)
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where we have used the bolometric corrections B.C. given by Schlesinger (1969). The
mass equation arises from elimination of the stellar radius between the Stefan-Boltzmann relation and the definition of surface gravity. We choose to measure g in cgs
units and Teff in degrees Κ ; this explains the constant 12.49 in Equation (13).
Table 7 lists for NGC 2482, NGC 3680, and IC 4651 the physical quantities derived from the photometric data. The final column of Table 7 gives the classification
of the star, based on its position in the cluster cm diagram as either a red giant (RG) or
a ‘clump’ star (CS). The ‘clump’ on the giant branch of the cluster cm diagram is a region, characteristic of old clusters, which has been identified by Cannon (1970) as the
population I analog of the horizontal branch in globular clusters.
Concerning the mass results we would like to note that the uncertainty of log
( / ) depends not only on the uncertainty of the derived surface gravities, which in
turn depend critically on the value of C(45 – 48), but also on the uncertainties due to
possible errors in the zero points of the calibrations as well as on the adopted cluster
reddening and distance modulus. However, when members of a given cluster are considered as in the present case, all the above sources of error, excepting the uncertainty
of C(45 – 48), affect the mass results systematically and may be neglected in differenttial comparisons of the cluster members. An error of 0.01 mag in C(45 – 48),which is
slightly larger than our mean photometric error, translates into an error of 0.2 dex in
logg, or an error of a factor of ± 1.5 in / . Therefore, the mass determination from
Equation (13) should be treated with caution and any conclusions drawn from such
determinations should consider this large uncertainty.
Table 7. Derived physical properties of the cluster giants.

128

J. J. Clariá and Ε. Lapasset
4. Results on the individual clusters
4.1 NGC 2482 (IAU designation C0752-241)

NGC 2482 (l = 241.°6, b = + 2°0; Trumpler class III 1m) is a rather faint, poorly concentrated open cluster whose cm diagram suggests an age of about 8 × 108 yr, i.e.
somewhat larger than that of the Hyades. No specific study of its composition has yet
been made. Moffat & Vogt (1975) obtained photoelectric UBV data for 41 stars in the
cluster area. From these data they found a mean reddening E(B – V) = 0.04 ± 0.02
(s.d.) and an apparent distance modulus V – Mv = 9.50, equivalent to 750 pc, if R = 3.0
is adopted. As noted in Section 3.1, we believe that the cluster reddening has been
underestimated.
The three red stars observed in the present study are cluster members according to
criteria A and Β (see Table 3). They all are located in the 'clump' on the giant branch of
the cluster c-m diagram. The average value for the E(B – V)GK colour excesses from
Table 3 is 0.11 ± 0.01 (s.d.), which is considerably larger than that quoted by Moffat &
Vogt but very close to the mean value obtained from the colour excess listed in
Table 4.
Figs 1 and 2 show the location of the programme stars in the [C0(45 – 48), C0(42 –
45), and [C0(41 – 42), C0(42 – 45)] planes. The solid lines are Osborn's (1979) solar
neighbourhood field lines for luminosity classes Ib, III and V. The DDO data for stars
in IC 4651 were taken from Smith (1982). It is seen that the cluster giants in NGC
2482 and 1C 4651 lie in a region intermediate between giants and supergiants in Fig. 2,
whereas in Fig. 1 they are all near the giant standard sequence. This apparent inconsistency is clearly due to the CN excesses of these stars with respect to stars of solar composition. The individual CN strengths in NGC 2482 appear to be very similar, the
mean value of the cyanogen anomaly being 〈δCN〉 = 0.067 ± 0.005 (s.d.). Thus the
clump stars in this cluster have CN strengths comparable to those of the Hyades giants
[δCN = 0.06 (Janes 1974); δCN = 0.074 (McClure 1979)]. A comparison among the
[Fe/H] values of Table 6, however, suggests the cluster giants to be slightly enriched
in elements of the CNO group. In fact, 〈[Fe/H]MT〉 = 0.1 ± 0.1 is derived from the
iron lines, while abundances derived from the blue spectral features contaminated by
CN and CH are somewhat higher (〈[Fe/H]CM〉 = + 0.3 + 0.1 and 〈[Fe/H]DDO〉 =
0.20 ± 0.001). Therefore, if we adopt the iron-peak abundance and assume Xstar ≈ X,
Equation (8) implies a heavy-element abundance of Ζ = 0.020 for NGC 2482.
The mean distance modulus from Table 6 is (V0 – Mv) = 9.8 ± 0.4 (σm), where σm
is the standard deviation of the mean. This value is in fair agreement with Moffat and
Vogt’s value of 9.38.
Finally, the average values for the effective temperature, surface gravity, and mass
of the three clump stars are

4.2 NGC 3680 (IAU designation C1123 – 429)
This is a medium-sized open cluster situated in Centaurus at l = 286°.8, b = + 16°.9. It
is included in the list of old southern open clusters of Hawarden (1975). The cluster
was described by Trumpler (1930) as belonging to class I2p, i.e. a poorly populated
open cluster with high central concentration and a medium range in the brightness of
the stars. The overall appearance of the cm diagram suggests an age of about
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Figure 1. Cluster giants plotted on the unreddened [C0(45 – 48), C0(42 – 45)] diagram. The solid lines labeled Ib, III, and V are the population I luminosity class relations for solar-neighbourhood stars (Osborn 1979). Red giants in NGC 2482, NGC 3680, and 1C 4651 are represented by
open circles, filled circles, and triangles, respectively.

Figure 2. Cluster giants plotted on the unreddened [C0(41 – 42), Co(42 – 45)] plane. Symbols
have the same meaning as in Fig. 1.

1.8 × 109 yr, significantly greater than the Hyades. From the UBV photometry by
Eggen (1969) this cluster is known to be just slightly younger than M67, reddened by
about E(B – V) = 0.04, to have an ultraviolet excess similar to M67, and showing a
pronounced gap of about 0.03 mag in the distribution of slightly evolved stars above
the main sequence. This gap is common to old clusters and has been explained as being
due to the rapid hydrogen-core-exhaustion phase of stellar evolution. McClure (1972)
obtained DDO photometry for 14 red stars in the cluster field. From these data he
found a higher colour excess of E(B – V) = 0.09 and derived a nearly solar metal content for this cluster.
Excepting star 17, which is much redder than the rest of the giants and has been
very likely misidentified on Eggen’s finding chart, all the stars observed in NGC 3680
appear to be cluster members according to membership criteria A and B. On the
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contrary, stars 40, 50, 54 and 55 observed by McClure should be considered foreground field stars according to criterion A. However, in view of the close agreement
between their predicted and derived luminosity classes, it should be important to
further test their membership from spectroscopic data. We notice that three of these
stars are clearly less concentrated towards the cluster centre than the remaining red stars.
Our average reddening derived from Table 3 is 〈E(B – V)GK〉 = 0.10 ± 0.01 (σm),
in excellent agreement with both McClure’s value and that of 0.09 extrapolated for
the cluster distance (see Table 5). Since the most discordant reddening in Table 3 is off
from the mean by only twice the standard deviation of a single reddening estimate, we
conclude that there is no evidence of differential reddening across the cluster.
The average value of the cyanogen strength index is 〈δCN〉 = 0.022 ± 0.009 (σm),
which implies [Fe/H]DDO = 0.00 ± 0.04 if Equation (4) is adopted. While three of
the four stars taken to be red field stars have large deviations from the mean value of
δ CN, there is no evidence for anomalous stars among the giants observed. NGC 3680
is thus considerably poorer in CN than the Hyades giants. As in the case of NGC 2482,
the CMT1T2 observations lead to 〈[Fe/H]MT〉 = –0.1 ± 0.1 and 〈[Fe/H]CM〉 = +
0.3 ± 0.1, which support the conclusion that the cluster giants are probably enriched
in elements of the CNO group. Therefore, we have preferred to adopt for NGC 3680
the metal abundance derived from the iron lines.
The distance moduli of the cluster giants appear to be somewhat low, if compared
with Eggen's value of 9.5. The resulting distance modulus obtained from Table 6 is
(V0 – Mv) = 8.8 ± 0.5 (s.d.). The DDO distance has the effect of placing the cluster
some 200 pc closer to the Sun than Eggen's distance. It also yields a distance of z = 170
pc above the galactic plane. Since no star exhibits a distance modulus off from the
mean by more than 1.5 σm in Table 6, it is possible that the discrepancy between the
DDO distance modulus and that obtained by main-sequence fitting is due to a small
systematic error present in the DDO photometry.
Six of the stars studied have been identified as clump members of this cluster. As
shown in Tables 6 and 7, the calculated absolute magnitudes and masses for the clump
stars 13,41 and 53 are significantly larger than those for the rest. The mass and Mv anomalies may reflect the sensitivity of the method of obtaining these parameters to errors in the C(45 – 48) index. We notice that too small a value of C(45 – 48) translates
into artificially high masses and large absolute magnitudes. Averaging the physical parameters of the three remaining low mass stars of the clump we obtain

4.3 1C 4651 (IAU designation C1720-499)
IC 4651 is an old, moderately concentrated open cluster (Trumpler class II3 m)located
at l = 340.°1, b = – 7.°9. It belongs to a small group of old open clusters in the direction
of the galactic centre. IC 4651 was studied by Eggen (1971), who found a mean reddening E(B – V) = 0.15, a true distance modulus of 9.5 mag, and a heavy-element
abundance similar to that of the Hyades. An age of 1.6 × 109yr has been determined
for IC 4651 by Patenaude (1978). Smith (1982) obtained DDO photometry of 14 red
giants and derived a reddening, distance modulus, and metal content in good agreement with the UBV results.
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We have used Smith's DDO data of the red giants in IC 4651 to evaluate cluster
membership from criteria A and B. The results listed in Table 3 support the conclusion
that all the stars observed by Smith are physically connected to the cluster, with the
exception of the dwarf field star 78, and star 65 which should be considered a probable
member.
The cyanogen anomalies listed in Table 6 were obtained from individual reddening determinations. This is why they are somewhat different from those obtained by
Smith. Contrary to his suggestions, the present δCN values do not show any firm evidence for intrinsic differences in CN strengths among the cluster giants. In fact, the
most discordant δ CN values are off from the mean by less than 1.5 σm, which can be
entirely due to photometric errors alone. The present results thus confirm the widely
held belief – based on a number of abundance studies of several globular and old open
clusters (e.g. Hesser, Hartwick & McClure 1976, 1977; Janes 1974, 1977b; Dawson
1978, 1981) – that CN strengths among evolved population I giants do not vary as
strongly as they do in population II stars.
As shown in Table 6, the [Fe/H]MT values are all systematically lower than
[Fe/H]CM, the mean values being 〈[Fe/H]MT〉 = 0.0 ± 0.1 and 〈[Fe/H]CM〉 =
+ 0.3 ± 0.1. Although this result might perhaps be indicating some CNO enrichment,
we note that the difference between the iron-peak and CNO abundances is only significant for stars 23, 96 and 98. In addition, the mean DDO abundance of
〈[Fe/H]DDO〉 = + 0.21 ± 0.03 does not tend to favour any enhancement of CNO elements with respect to the iron-peak group. Consequently, we believe that the difference between the above mean CMT1T2 abundances should not be interpreted as implying CNO enrichment. We therefore adopt for IC 4651 the average of the threeabundance determinations, i.e. 〈[Fe/H]〉 = + 0.2 ± 0.1 (Z = 0.040). Hence, if we assume that all stars in the cluster have nearly identical atmospheric abundances, then
IC 4651 appears to be on the metal-rich side of the distribution of intermediate and
old open clusters. Since this cluster is about 800 pc distant from the Sun in the direction of the galactic centre, the above adopted metal content is consistent with the suggestion that there is a gradient of composition among stars of the galactic disk.
As can be seen in Eggen’s Fig. 2, six stars lie at the blue end of the giant branch, with
a narrow range of (B – V) between 1.13 and 1.23. Assuming these stars to be clump
members, their physical parameters listed in Table 7 lead to the following mean values
and standard deviations:

It is probable, however, that the two stars with high masses are non-clump red giants.
If this alternative possibility is assumed, the mean mass and standard deviation of the
clump is
= (0.8 ± 0.6) .
As in the case of NGC 3680, the masses derived for the clump stars in IC 4651 are
lower, in the mean, than those obtained for the red giants. This effect has been previously noted among clump stars and red giants in several open clusters (Dawson
1978 ; Clariá 1979) as well as between the horizontal branch stars and pre-helium
flash red giants in five globular clusters (Osborn 1973). Although the individual mass
determinations are rather uncertain, the present mass results seem to reinforce the
idea that the post-helium flash stars undergo mass loss before reaching their core burning phase of evolution.
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Table 8. Summary of astrophysical properties of the cluster giants.

Notes:
a

This value was taken from Smith (1982).

b

The masses of stars 13, 41 and 53 have been omitted in computing the mean value (including them gives 0.8 ).

c

Mean value from stars 23, 58, 60 and 83.

5. Summary and conclusions
We believe the following to be the principal conclusions of the present study :
1. The application to the programme stars of two independent membership
criteria based on BV and DDO photometry allowed us to distinguish a few red field
stars from the physical members of the clusters. In particular, two stars previously considered to be members of NGC 3680 by Eggen (1969) and McClure (1972) were
found not to be physically connected with this cluster.
2. The cluster giants in NGC 2482 and IC 4651 have CN strengths nearly identical
to the Hyades giants, while NGC 3680 is considerably poorer in CN than the above
clusters.
3. Within the limits of the DDO photometry, there is no firm evidence for any intrinsic differences in CN strength among the giants in the three clusters. This result
holds for the clump stars at the blue end of the giant branch in NGC 3680 and IC 4651.
However, since the CMT1T2 abundance analysis reveals that CNO is slightly enhanced
with respect to the iron-peak elements in the giants of NGC 2482 as well as in some giants
of NGC 3680 and 1C 4651, we believe that the surface abundances derived for all these
stars could not be reflecting their primordial compositions.
4. Both CMT1T2 and DDO data support the conclusion that IC 4651 is on the metal-rich
side of the distribution of intermediate and old open clusters. Furthermore, its metal aundance
is consistent with the existence of a gradient of metallicity among stars of the galactic disk.
5. The mass results suggest that the clump stars in NGC 3680 and IC 4651 could have
undergone mass loss before reaching their core burning phase of evolution.
A summary of the properties of the three clusters studied is given in Table 8.
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