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Abstract. We present new UBV photoelectric observations of 119 stars in the field of the southern open cluster IC 2488,
supplemented by DDO and Washington photometry and Coravel radial velocities for a sample of red giant candidates. Nearly
50% of the stars sampled – including three red giants and one blue straggler – are found to be probable cluster members.
Photometric membership probabilities of the red giant candidates show good agreement with those obtained from Coravel data.
A mean radial velocity of (−2.63 ± 0.06) km s−1 is derived for the cluster giants. The reddening across the cluster is found to
be uniform, the mean value being E(B − V) = 0.24 ± 0.04. IC 2488, located at a distance of (1250 ± 120) pc from the Sun
and 96 pc below the Galactic plane, is most probably not related to the planetary nebula ESO 166-PN21. A metal abundance
[Fe/H] = 0.10 ± 0.06 relative to the Sun is determined from DDO data of the red giant members, in good agreement with the
[Fe/H] values derived from five independent Washington abundance indices. An age of 180 Myr is determined from the fitting
of isochrones computed with convective overshooting for Z = 0.019. The isochrone for log t = 8.25 reproduces remarkably
well not only the morphology of the upper main sequence but also the observed red giant pattern.

Key words. methods: observational – open clusters and associations: individual: IC2488 – star: abundances –
stars: Hertzsprung-Russell (HR) diagram and C-M diagrams

1. Introduction

The present study is part of a project currently being devel-
oped with the purpose of enhancing the quality of observation-
ally determined properties for some southern relatively bright
open clusters. To this effect, we have favoured the observa-
tion of clusters which were interesting not only because of
the derivation of their fundamental parameters, but also be-
cause of the possibility of conducting a detailed analysis of
the morphology of their giant evolutionary phases. We have
used the UBV , DDO and Washington photometric systems.
The DDO intermediate passband photometric system has been
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specifically developed to be sensitive to the temperature, lumi-
nosity and metallicity of red giant stars, while the broad-band
UBV system has long been used to estimate distances, redden-
ings, and ages of star clusters. The Washington system also pro-
vides us with robust metal abundance estimates of red cluster
giants through filters distributed over a wide wavelength base-
line. Taking these reasons into consideration, we have searched
in the literature for clusters with features indicative of the pres-
ence of giant clump candidates.

IC 2488 (C0926-567), located at α = 9h27.m6, δ = −56◦ 59′
(J2000) and l = 277.◦81, b = −4.◦40, is an intermediate-richness,
intermediate-brightness, detached cluster of Trumpler class
II2m (Ruprecht 1966). To the best of our knowledge, this
cluster has been previously studied photometrically only by
Pedreros (1987, hereafter P87), who observed 32 stars in the
cluster field in the UBV system. He derived a colour excess
E(B−V) = 0.26 ± 0.02, a distance d = (1445 ± 120) pc and an
age of 1.0 × 108 yr. More recently, IC 2488 has been the sub-
ject of proper motion studies by Baumgardt et al. (2000) and
Dias et al. (2001), based on data drawn from the Hipparcos and
Tycho2 Catalogues, respectively.

We have observed a number of stars in the cluster field
nearly four times greater than that observed by P87, with
the aim of discovering new members (especially A-type
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stars previously not identified by P87), which could define
the colour-magnitude (CM) and colour-colour (CC) diagrams
more accurately. A finding chart with our sequence of iden-
tification is shown in Fig. 1. We also present Coravel radial-
velocity observations of 13 comparatively bright G and K stars
located in the cluster field to discriminate between members
and non members and detect spectroscopic binaries among
the red giant candidates. In addition, as part of the project to
determine abundances of red evolved stars in open clusters,
DDO and Washingnton photometry have been obtained for 12
and 14 red giant candidates, respectively. These data are used to
discuss the likelihood of membership, to determine individual
E(B − V) colour excesses, and to estimate independent metal
abundance parameters. In Sect. 2 we describe the observational
material and the data reduction. Section 3 presents the analysis
and discussion of the UBV data. Section 4 includes the analysis
of the Coravel as well as the DDO and Washington data of the
red giant candidates, while the summary and final conclusions
of the present work are drawn in Sect. 5.

2. The observational material
2.1. Photometric data

Most of the UBV photometry reported here was obtained
with the Cerro Tololo Inter-American Observatory (CTIO)
0.6-m and 1.0-m telescopes during four photometric nights
in April 1994. Thirteen comparatively bright red stars in the
cluster field had been previously measured in February 1986,
with the University of Toronto’s 0.6-m telescope, located at
Las Campanas Observatory (LCO). Single-channel photome-
ters and pulse-counting electronics were used in both obser-
vatories. The CTIO measurements were made in conjunction
with a dry-ice cooled Hamamatsu R943-02 GaAs photomulti-
plier, while those from LCO were performed with an EMI 9658
phototube. Mean extinction coefficients at both observatories
were employed and nightly observations of about 12-17 stan-
dard stars, taken from the lists of Cousins (1973, 1974), Landolt
(1973) and Graham (1982), were used to transform instrumen-
tal magnitudes into the UBV standard system. The dispersions
in the individual measures for the program stars yield the inter-
nal mean errors of a single UBV observation which, of course,
depend on the magnitude. These errors are σV ≤ 0.013 mag,
σB−V ≤ 0.010 mag and σU−B ≤ 0.017 mag for V < 12 mag,
increasing to 0.017, 0.020 and 0.028 for V > 12 mag, respec-
tively. A comparison of the observed mean values with the pub-
lished ones for the standard stars yields the external mean er-
rors of a single observation, an indication of how closely the
standard system has been reproduced. The average external
mean errors are smaller than 0.015 mag for the V magnitude
and the (B−V) and (U − B) colours. All these errors are nearly
similar to those in previous papers (e.g., Clariá et al. 1991).

Table 1 presents the results of our photometry for the stars
numbered in Fig. 1. The first column gives a running star
number. Columns (2) and (3) refer to linear coordinates X
and Y in pixels for the positions of stars in Fig. 1. The fig-
ure is 1200 × 1200 pixels and the zero point corresponds to
the upper left corner. Columns (4)–(7) give in succession the
V magnitude, the B − V and U − B colours and the number of

Table 1. UBV photometry for stars in the field of IC 2488.

No X Y V B − V U − B n Remarks
1 1147 506 10.297 1.340 1.462 4 P1, NM
2 1124 213 9.890 1.400 1.591 4 NM
3 1155 590 12.639 0.296 0.223 1 M
4 1127 565 12.782 0.693 0.187 1 NM
5 1145 889 11.514 0.547 0.034 1 NM

N: Table 1 is available in their entirety in electronic form at the
CDS. A portion of Table 1 is shown here for guidance regarding its
form and content.

Fig. 1. Identification chart for stars observed in the field of IC 2488.
The positions of the numbered stars can be determined from the linear
coordinates X and Y listed in Table 1. The zero point of these coordi-
nates corresponds to the upper left corner and the size of the figure is
1200 × 1200 pixels.

photoelectric observations made on different nights. The last
column of Table 1 provides the HD and/or CD numbers (when
available) and an indication whether the star is believed to be
a probable member (M), a possible member (PM), or a non-
member (NM), according to the photometric criteria described
in Sect. 3.1. Star numbers from P87 are preceded by P in this
column, while confirmed red giant members (see Sect. 4.1) are
indicated by RG. Table 1 is available in electronic form at the
CDS via anonymous ftp to cdsarc.u-strasbg.fr. Adopted
values for stars with more than one measurement are the un-
weighted means for individual observations. The values which
appear between brackets in this table represent the magnitudes
and colours only measured by P87. Only six stars were mea-
sured in common with P87, the mean differences (∆ = previ-
ous minus present study) and standard deviations being: ∆V =
0.00 ± 0.01, ∆(B − V) = 0.00 ± 0.01 and ∆(U − B) = −0.01 ±
0.04. Therefore, we decided to average the magnitudes and
colours measured by ourselves and those measured by P87, for
these six stars.
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Table 2. DDO photometry of red giant candidates in IC 2488.

No C4548 σ C4245 σ C4142 σ n2

1 1.294 0.014 1.114 0.021 0.298 0.012 2
2 1.315 0.012 1.156 0.012 0.277 0.017 2

30 1.311 0.001 0.947 0.008 0.334 0.019 2
35 1.225 0.015 0.949 0.009 0.203 0.014 5
67 1.134 0.008 0.663 0.008 0.181 0.034 3
68 1.384 0.004 1.243 0.010 0.305 0.002 3
97 1.345 0.015 0.982 0.012 0.343 0.018 5

115 1.402 0.016 1.111 0.018 0.409 0.019 5
126 1.371 0.022 1.068 0.007 0.341 0.024 5
129 1.368 0.002 1.212 0.011 0.266 0.004 3
144 1.399 0.016 1.134 0.003 0.105 0.001 2
145 1.258 0.021 1.004 0.025 0.292 0.022 4

A total of fourteen stars in the cluster field brighter
than V = 10.60 and redder than B − V = 0.95, were se-
lected as red giant candidates from the CM diagrams (see
Sect. 4.1). All these stars were observed in the Washington
photometric system (Canterna 1976), while twelve of them
were also measured in the DDO system (McClure 1976),
with a view to obtaining additional information about prob-
able cluster membership, reddening and metallicity. Only the
four primary filters of the DDO (41, 42, 45, and 48) and
Washington (C, M, T1, and T2) systems were used, since
these provide enough adequate information for present pur-
poses. The DDO observations were carried out with the CTIO
1.0-m telescope in January 1991 and January 1992, while
the CMT1T2 measurements were performed with the CTIO
0.6-m telescope in April 1994. All these observations employed
a single-channel dry-ice cooled photometer and pulse-counting
electronics. EMI 9781A and Hamamatsu R943-02 GaAs pho-
tomultipliers were utilized for the DDO and CMT1T2 measure-
ments, respectively. The transformation to the standard DDO
and Washington systems was accomplished by nightly observ-
ing between 12 and 17 standard stars from the lists of McClure
(1976), Dean (1981), Canterna (1976) and Harris & Canterna
(1979). A few stars accurately measured several times by Clariá
& Lapasset (1985) in the field of the open cluster NGC 5822,
were also used as Washington standard stars. The average of
the rms errors from the transformation to the DDO standard
system of the different nights yielded the following values:
0.010, 0.008, and 0.010 mag for C(45 − 48), C(42 − 45) and
C(41− 42), respectively. For the Washington photometry these
values are 0.010, 0.007, 0.009 and 0.019 mag for C−M, M−T1,
T1 − T2 and T1, respectively. Tables 2 and 3 display the new
DDO and CMT1T2 data for probable red giants in the cluster
field, along with the standard deviations of different individ-
ual observations, and the number of nights n2 and n3 on which
each star was observed in the DDO and Washington system,
respectively.

2.2. Radial-velocity observations

Radial-velocity observations were obtained with the
CORAVEL instrument (Baranne et al. 1979) at the 1.54-m

Danish telescope at ESO, La Silla, Chile. At least three
observations were obtained through the period 1986–1994 for
the radial velocity non-variable stars during the course of a
long-term systematic program on cluster red giants conducted
in Chile since 1983. The radial velocities are on the system
defined by Udry et al. (1999) from high-precision radial-
velocities obtained with the ELODIE spectrograph (Baranne
et al. 1996). This calibration corrects for all systematic errors
of the CORAVEL system.

Our mean results for individual stars in IC 2488 are sum-
marized in Table 4 which gives the number in the present
work, the mean radial velocity, probable error of the mean,
both in [km s−1], the number of radial-velocity observa-
tions, the ratio of the external to internal errors (E/I),
the probability P(χ2) that the scatter is due to random
noise, the time interval in days covered by the observa-
tions of each star, and remarks on membership and duplic-
ity. The individual observations are available only in elec-
tronic form from the Strasbourg service for published tables
(http://cdsweb.u-strasbg.fr/cgi-bin/qcat?J/A+A/399/543).

3. UBV analysis

3.1. Membership criteria

Figures 2, 3 and 4 show the observed CM and CC diagrams
constructed from the photometric data in Table 1. Note that
26 stars included in these diagrams have been measured only
by P87 (see Table 1). For the sake of comparison, the Zero
Age Main Sequence (ZAMS) of Girardi et al. (2000) is also
shown with solid lines. Well-defined main sequences (MSs),
typical of a moderately young open cluster, are clearly seen in
the UBV diagrams. There is, however, a substantial number of
apparently foreground stars distributed over the cluster field.
The MS consists of late-B up to mid-A type stars, extending
over a range of nearly 3 mag. The width of the MS, if real, is
probably due to the presence of unresolved binaries as well as
to some amount of differential reddening rather than to obser-
vational scatter.

Except for the stars with V < 10.60 and B−V > 0.95 which
will be discussed in Sect. 4, cluster members were selected
only on condition that they fulfilled the following requirements:
first, the location of a star in both CM diagrams had to corre-
spond to the same evolutionary stage, and second, the location
of the star in the CC diagram had to be close to the MS, the
maximum departure accepted being 0.10 mag. Because sev-
eral factors contribute to increase the scatter in the UBV dia-
grams, a star located at most 0.75 mag above the cluster MS in
Fig. 2, is considered to belong to it. Sixty three stars satisfy the
above conditions while sixty nine stars meet only one or none
of them. These stars are represented in the UBV diagrams by
filled and open circles, respectively. The positions of thirteen
stars in Figs. 2, 3 and 4 preclude us from unambiguously re-
taining or discarding them as probable cluster members. These
stars, represented by filled triangles, are thus considered to be
possible members. The blue star #99 (CD-56◦ 2787), located
near the cluster centre, is the brightest of the stars observed
in the cluster field. As pointed out by P87, this is a probable
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Table 3. Washington photometry of red giant candidates in IC 2488.

Star C − M σ M − T1 σ T1 − T2 σ T1 σ n3

1 1.683 0.005 1.054 0.009 0.671 0.009 9.600 0.032 3
2 1.760 0.008 1.088 0.008 0.701 0.006 9.162 0.026 3

30 1.580 0.003 1.004 0.005 0.661 0.003 9.224 0.025 3
35 1.387 0.004 0.891 0.004 0.585 0.008 9.821 0.024 3
46 1.850 0.007 1.178 0.002 0.808 0.005 9.643 0.002 2
67 1.035 0.004 0.869 0.009 0.612 0.011 9.565 0.026 2
68 1.978 0.004 1.236 0.007 0.831 0.002 9.067 0.036 3
97 1.684 0.009 1.052 0.005 0.697 0.005 8.716 0.029 3

113 2.117 0.012 1.334 0.006 0.914 0.004 9.736 0.020 2
115 1.879 0.003 1.158 0.006 0.762 0.005 8.423 0.006 3
126 1.785 0.005 1.114 0.004 0.735 0.001 8.849 0.025 3
129 1.890 0.003 1.198 0.006 0.791 0.007 9.254 0.029 3
144 1.958 0.008 1.500 0.007 1.740 0.009 8.895 0.049 3
145 1.539 0.003 0.954 0.009 0.621 0.003 8.705 0.031 3

Table 4. Radial velocity of red giant candidates in IC 2488.

Star Vr ε N E/I P(χ2) ∆T Remarks
1 13.68 0.20 3 0.52 0.765 1846 NM
2 29.96 0.19 3 0.72 0.599 1846 NM

30 12.07 0.19 3 0.66 0.644 1846 NM
35 7.04 0.18 3 0.17 0.971 1846 NM
54 6.34 0.33 3 0.87 0.469 1846 NM
67 14.26 0.12 26 28.75 0.000 3627 NM, SB
68 2.94 0.23 3 1.20 0.241 1118 NM
97 −2.48 0.52 5 3.57 0.000 3293 M, SB

115 −2.70 0.16 4 0.60 0.779 2904 M
126 −2.71 0.17 4 0.47 0.882 2904 M
129 31.16 0.20 3 0.62 0.684 1846 NM
144 9.73 0.46 3 1.79 0.041 1846 NM
145 5.11 0.17 3 0.75 0.572 1846 NM

blue straggler deserving further study. The stars considered to
be probable members are distributed within a circle of nearly
15 arcmin of radius, which has been adopted as the cluster
radius.

Even though the general reliability of photometrically at-
tributed membership is not called into question, we must not
rule out the possibility of defective individual membership de-
terminations. In particular, the use of the UBV diagrams might
have led us to discard some peculiar stars which are, in actual
fact, cluster members. It is clear, nonetheless, that the exclusion
of a few genuine members will have a virtually insignificant
impact on the derivation of the fundamental cluster parameters.

Various kinematic studies have recently focussed on stars
in the field of relatively bright open clusters with the aim of
establishing membership probabilities and/or deriving mean
cluster absolute proper motions. Based on photometric data,
Glushkova et al. (1997) have determined absolute proper mo-
tions for 181 young open clusters, IC 2488 amongst them.
From 8 stars in IC 2488, they obtained <µRA> = −4.6 ±
1.1 mas yr−1 and <µDEC> = −2.5 ± 1.3 mas yr−1 for the

Fig. 2. The observed [V , B−V] diagram for IC 2488. The ZAMS (solid
line) and the theoretical isochrones computed by Girardi et al. (2000)
for Z = 0.019 and log t = 8.15, 8.25 (solid line) and 8.30, have been
adjusted to E(B−V)= 0.24 and V−MV = 11.20. Filled and open circles
represent probable members an non members, respectively, while the
triangles indicate stars considered to be possible members.

proper motions in Right Ascension and Declination, respec-
tively. Using data from the Hipparcos Catalogue, Baumgardt
et al. (2000) determined mean proper motions for star #99 (see
Table 1) of <µRA> = −7.17 ± 0.76 mas yr−1 and <µDEC> =
6.47 ± 0.73 mas yr−1. On the other hand, from the Tycho2
Catalogue Dias et al. (2001) obtained mean cluster absolute
proper motions of −5.6 and 8.0 mas yr−1 with a standard de-
viation of 3 mas yr−1 for µRA and µDEC, respectively. Note
that the mean proper motions of Glushkova et al. seem to
be in disagreement with those of Dias et al. and Baumgardt
et al. In the subsequent analysis, we chose the study of
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Fig. 3. The observed [V , U−B] diagram for IC 2488. The ZAMS (solid
line) and the theoretical isochrones computed by Girardi et al. (2000)
for Z = 0.019 and log t = 8.15, 8.25 (solid line) and 8.30, have been
adjusted to E(U − B) = 0.17 and V − MV = 11.20. Symbols are as in
Fig. 2.

Dias et al. because it is based on a significantly larger num-
ber of stars than those used by Glushkova et al., with esti-
mated membership probabilities. In addition, the latter val-
ues are in very good agreement with those derived for star
#99 by Baumgardt et al. (2000), which reinforces P87 and
present photometric membership status of the star as a prob-
able member (M). For the surrounding field, Dias et al.
determined <µRA> = −8.2 ± 11.5 mas yr−1 and <µDEC>
= 6.2 ± 11.1 mas yr−1. They used 40 and 23 stars re-
spectively in order to estimate the mean proper motions
of the cluster and its field, based on the membership
probabilities of individual stars obtained from the proper mo-
tion data by applying the statistical method proposed by
Sanders (1971). The last column of Table 1 includes their mem-
bership probabilities besides our present adopted membership
status for 58 stars in common. 13 NM stars have proper motion
membership probabilities higher than 80%. However, since the
mean proper motions of both IC 2488 and its surrounding field
are identical within less than 3 mas yr−1 (1σ), we prefer to keep
our membership assignment for these stars.

3.2. Reddening, distance and age

The reddening of IC 2488 was first determined from the bright-
est cluster members. Since probable members with U − B <
−1.15 × (B − V) + 0.60 in Fig. 4 are almost certainly earlier
than A2, their colour excesses E(B − V) and E(U − B) can be
calculated from the following equations (cf. Clariá 1977):

E(B − V) =
3.712 × (B − V) − (U − B)

3.012 − 0.05 × (B − V)
(1)

Fig. 4. [U − B, B − V] colour-colour diagram for stars observed in the
field of IC 2488. The Girardi et al. (2000) ZAMS for solar metallicitiy
has been plotted for E(B − V) = 0.0 (solid line) and E(B − V) = 0.24
(dotted line). Probable members with U − B < −1.15 × (B−V)+ 0.60
are almost certainly earlier than A2. Symbols are as in Fig. 2.

E(U − B) = 0.70 × E(B − V) + 0.05 × E(B − V)2. (2)

Although rigorously used, these equations should be valid only
for MS stars earlier than about A2, they can also be utilized for
luminosity class III and IV stars without the chance of intro-
ducing major errors. The individual colour excesses E(B − V)
and E(U − B) are provided in Table 5. The measured full width
of the observed CC diagram from these stars is ∆E(B − V) =
0.12 mag, which is slightly larger than 0.11, the lower limit
estimated by Burki (1975) for clusters with differential red-
dening. The mean reddening values and standard deviations
from 48 stars of Table 5 are: < E(B − V) > = 0.25 ± 0.03
and < E(U − B) > = 0.17 ± 0.02, in very good agreement with
the cluster reddening derived by P87.

Based on the assumption that we have correctly identified
the cluster members, we may now estimate reddening, distance
and age by fitting theoretical isochrones to the observed CM
diagrams. Two different sets of isochrones computed with con-
vective overshooting by the Geneva (Lejeune & Schaerer 2001,
hereafter LS01) and Padova (Girardi et al. 2000, hereafter
GBBC00) groups have been used. We have first adjusted the
lower cluster MS to the Zero Age Main Sequence, and then fit-
ted the evolved portion of it using the position of the confirmed
red giant members as reference, assuming solar metal content
(see Sect. 4). If we had failed to consider these giant stars,
isochrones covering a relatively wide age range could have fit-
ted the upper MS adequately enough, owing to its broadness
and relative verticality. However, the number of isochrones
that would simultaneously match both the cluster MS and the
positions of the red giants is certainly more restricted. The
GBBC00’s isochrone corresponding to Z = 0.019 which best
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Table 5. Individual colour excesses for B and early A-type members
of IC 2488.

Star E(B−V) E(U−B) Star E(B−V) E(U−B)

3 0.29 0.21 74 0.25 0.18
7 0.21 0.15 75 0.29 0.21

11 0.21 0.15 77 0.30 0.21
12 0.25 0.18 78 0.24 0.17
13 0.22 0.15 80 0.24 0.17
14 0.29 0.21 81 0.25 0.18
15 0.28 0.20 82 0.27 0.19
17 0.24 0.17 86 0.25 0.18
24 0.26 0.19 87 0.21 0.15
28 0.23 0.20 89 0.32 0.23
32 0.25 0.18 93 0.24 0.17
33 0.21 0.15 96 0.23 0.16
37 0.25 0.18 98 0.23 0.16
39 0.24 0.17 99 0.20 0.14
40 0.28 0.20 101 0.25 0.18
41 0.22 0.15 102 0.31 0.22
43 0.20 0.14 104 0.23 0.16
45 0.21 0.15 108 0.24 0.17
48 0.20 0.14 110 0.28 0.20
49 0.26 0.19 111 0.29 0.21
50 0.24 0.17 124 0.32 0.23
62 0.29 0.21 130 0.20 0.14
66 0.28 0.20 134 0.22 0.15
69 0.24 0.17 143 0.26 0.19

fits the cluster sequence turns out to be that for log t = 8.25,
as shown in Figs. 2 and 3. Note that in the (V , B − V) CMD
(Fig. 2), this isochrone reproduces remarkably well not only
the morphology of the upper MS but also the observed red gi-
ant pattern, while in the (V , U − B) CMD (Fig. 3) the upper
cluster MS would appear to be slightly younger. This small age
difference constrains the accuracy of the fitting to a confidence
level higher than 80%. For the sake of comparison, we have
also included in Figs. 2 and 3 the GBBC00’s isochrones for
log t = 8.15 and 8.30. Figure 5 shows that the isochrone for
log t = 8.25 calculated from the models of LS01, assuming
nearly solar metal content, also compares very well with that
of GBBC00. The E(B − V) and E(U − B) colour excesses de-
rived from the fitting of isochrones are 0.24 and 0.17, respec-
tively, in very good agreement with the ones derived from B
and early A-type members (see Table 5), while the apparent
distance modulus turns out to be V − MV = 11.20. Assuming
R = Av/E(B− V) = 3.0 ± 0.2, the resulting total visual absorp-
tion in front of IC 2488 is then 0.72. The true distance modulus
is Vo −Mv = 10.48, which corresponds to a distance of 1250 pc
from the Sun and 96 pc below the Galactic plane. The uncer-
tainty in E(B − V) and E(U − B) is about 0.04 mag and the
error in the fitting to the observed sequences is estimated to be
∆(V − MV ) = 0.15 mag. Taking due notice of these uncertain-
ties, we conclude that the cluster distance may be increased
or decreased by about 10%. Even though the distance esti-
mated in the present paper is nearly 13% smaller than that de-
rived by P87, we believe that the present value is more reliable

Fig. 5. The observed [V , B − V] diagram for IC 2488. The theoret-
ical isochrones computed by Lejeune & Schaerer (2001) for Z =
0.02 and log t = 8.15, 8.25 (solid line) and 8.30, have been adjusted
to E(B − V) = 0.24 and V − MV = 11.20. Symbols are as in Fig. 2.

because it results from the adjustment of much better defined
sequences than in P87. The difference in the distances deter-
mined can also be partly accounted for by the fact that P87
does not employ red giants as the adjustment reference.

P87 speculated about the possibility that the planetary neb-
ula ESO 166-PN21, also known as RCW 44 and Wr 17-31 and
catalogued as PN 277.7-3.5 in Acker et al. (1992), could be
related to IC 2488. A distance of (1.2 ± 0.2) kpc, compatible
with the one here obtained for IC 2488, has been derived by
Peña et al. (1997) for the nebula. However, if we adopt the
coordinates given by Lyngå (1987) and Acker et al. (1992) for
the cluster centre and nebula, respectively, then ESO 166-PN21
lies north-east more than four radii away from the cluster cen-
tre. We thus believe that the probability of IC 2488 being re-
lated to the planetary nebula is very low.

4. Red stars in the cluster field

4.1. Cluster membership and interstellar reddening

Among the stars observed in the UBV system, fourteen stars,
most of which were observed in the DDO and Washington sys-
tems (Tables 2 and 3), could be yellow or red giant members
according to their positions in the CM diagrams.

Based on the Coravel radial-velocity data (Table 4), only
stars #97, 115 and 126 can be treated as indisputable members
of IC 2488, since their radial velocities are in very close agree-
ment. The mean radial velocity of these stars – one of them be-
ing a spectroscopic binary (SB) – is (−2.63 ± 0.06) km s−1 (s.e.
of the mean) and has been adopted for the cluster. We note that
the membership probabilities assigned to these stars by Dias
et al. (2001) from their proper motions are higher than 80%
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Table 6. Red giant membership results.

Star E(B − V)GK σE LC MK Membership
Pred. DDO Photom. Vr Pr(%) Fin.

(A) (B)
1 0.07 0.06 II-III K3/4III-IV nm pm nm — nm
2 0.08 0.05 II K3/4III nm pm nm — nm

30 0.23 0.04 II G8/9II m m nm 92 pm
35 0.07 0.04 II K1III nm pm nm 0 nm

67a — — — — — — nm — nm
68 0.19 0.02 II K4III nm pm nm — nm
97 0.29 0.05 II K0II m m m 81 m

115 0.30 0.06 II K2II m m m 93 m
126 0.27 0.06 II K1/2II m m m 83 m
129 0.15 0.03 II K3/4III nm pm nm 27 nm
144 >0.7 — II — nm nm — nm
145 0.12 0.06 II K2III-IV nm nm nm — nm

a Single-lined spectroscopic binary with orbit determined by Mermilliod et al. (1997). DDO colours outside the range of Janes’s (1977)
calibration.

(Col. 9 of Table 6). Star #67 (HDE 300105) is a single-lined SB
whose orbit has been determined by Mermilliod et al. (1997).
Its systemic velocity differs by about 17 km s−1 from the clus-
ter mean velocity, so this star is undoubtedly a non-member
of IC 2488.

Cluster membership among the possible red giants was
also examined by applying two photometric criteria – denoted
(A) and (B) – described by Clariá & Lapasset (1983), which
are based on combined BV and DDO data. Criterion (A) re-
quires computing for each G or K-type star the difference ∆E
(in absolute value) between E(B − V)GK and E(B − V)MS, the
latter value being the colour excess obtained from the MS stars.
No differential reddening being present, a red star is considered
to be a member (m), probable member (pm), or non-member
(nm), if the former difference is found to be:∆E ≤σE (standard
deviation of E(B − V)GK), σE < ∆E ≤ 2σE , or ∆E > 2σE ,
respectively. On the other hand, criterion (B) is based on the
agreement between the predicted luminosity class (LC) which
a given star would have in order to be a cluster member, and
that derived from the DDO indices. Criterion (B) is then ap-
plied in such a way that a red star is considered to be a member,
probable member, or non-member, if the difference ∆L (in ab-
solute value) between the predicted LC and that derived from
the DDO colours is found to be: ∆L ≤ 0.5 LC, 0.5 LC < ∆L ≤
1 LC, or ∆L > 1 LC, respectively.

In order to apply the above photometric criteria, we used
the cluster reddening and distance modulus derived in Sect. 3.
The DDO colours were dereddened according to the redden-
ning coefficients of McClure (1973) and the predicted LC for
each star was determined from Schmidt-Kaler’s (1982) cali-
bration assuming R = Av/E(B − V) = 3.0. Columns (2)–(10)
of Table 6 display in succession the colour excess E(B − V)GK

derived from Janes’s (1977) method, the standard deviationσE

computed using Eq. (2) of Clariá & Lapasset (1983), the LC
the star would have in order to be a cluster member, the MK
spectral type derived from the DDO colours using the cali-
bration of Clariá et al. (1994), the results from applying the

photometric and kinematic criteria, and the membership sta-
tus finally adopted. We used the individual values of σ(B−V)

for each star to compute σE . Star #67 (HDE 300105), a known
spectroscopic binary (Mermilliod et al. 1997), falls outside the
range of Janes’s (1977) calibration. The E(B − V)GK values of
the three Coravel giant members average to <E(B − V)> =
0.29 ± 0.03, a value somewhat larger than those derived in
Sect. 3.2. Individual E(B − V)GK values listed in Table 6 were
used to correct the DDO colours for interstellar reddening.

According to the above criteria, only stars #30, 97, 115
and 126 have a high probability of being cluster giants, the
remaining stars being very likely field stars. Even if the spec-
tral types derived from DDO photometry are simply estimates,
it is encouraging to see that all likely members are estimated
to have luminosity class II, while all non-members are esti-
mated to have lower luminosity. Three of the four photomet-
ric members are also Coravel members. Therefore, as shown
in previous papers (see, e.g., Clariá et al. 1999), once again
BV −DDO photometric membership probabilities appear to be
in very good agreement with those obtained from Coravel ra-
dial velocities. The only conflictive case in the present study
appears to be star #30 (HDE 302174), a Coravel non member,
which instead appears to be cluster member according to the
photometric criteria (A) and (B) as well as to the Dias et al.
(2001) absolute proper motions. The radial velocity of this star
differs considerably from that of the cluster mean and although
the possibility of this star being a long-period binary system
still remains, we would be inclined to consider it as a probable
non-member.

4.2. Metal abundance

4.2.1. DDO analysis

It is well known that the C(41−42) index of the DDO photom-
etry measures the strength of the λ4216 band of cyanogen of G
and K stars, so that the larger the index the greater the absorp-
tion by the band. Janes (1975) has shown that the cyanogen
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Table 7. Abundance parameters of red stars in the cluster field.

Star ∆CN ∆′1 ∆′2 ∆′3 ∆′4 ∆′5
1 0.018 −0.061 0.004 −0.058 −0.070 −0.071

2 −0.011 −0.039 −0.002 −0.041 −0.038 −0.040

30 0.070 0.017 −0.003 0.016 0.014 0.012

35 −0.026 −0.137 −0.034 −0.171 −0.103 −0.117

68 0.010 −0.037 −0.024 −0.055 −0.027 −0.049

97 0.084 0.061 0.002 0.083 0.057 0.056

115 0.092 0.045 −0.004 0.042 0.033 0.030

126 0.033 0.006 −0.010 −0.004 0.004 −0.001

129 −0.037 −0.084 −0.010 −0.095 −0.076 −0.084

145 0.062 −0.099 −0.034 −0.134 −0.066 −0.079

anomaly δCN – defined as the excess (positive δCN) or defi-
ciency of the CN index Co(41 − 42) in magnitudes over the
standard value for a star of the same Co(45−48) and Co(42−45)
indices – is well correlated with [Fe/H]. However, some incon-
sistencies in the definition and calculation of δCN pointed out
by Piatti et al. (1993, hereafter PCM93) led them to redefine the
cyanogen anomaly – now denoted ∆CN – as the difference be-
tween the Co(41−42) index and the standard value of this index
corresponding to a star with the same temperature and surface
gravity [and not with the same Co(45 − 48) and Co(42 − 45)
indices] as the star in question.

Column (2) of Table 7 lists the ∆CN values calculated as
described in PCM93. The mean cyanogen anomaly for the
three confirmed red giant members is < ∆CN > = 0.070 ±
0.015 (s.e of the mean). This implies [Fe/H] = 0.10 ± 0.06,
if Eq. (8) of PCM93 is used. We note that if the old cyanogen
anomaly δCN instead of ∆CN had been used, then the resulting
iron-to-hydrogen ratio would have been scarcely 0.1 dex lower.
We thus conclude from the DDO data that IC 2488 is slightly
more metal-rich than the Sun.

4.2.2. Washington abundance parameters

As shown by Geisler et al. (1991, hereafter GCM91),
their metal abundance calibration for the Washington system
presents calibrations for five combinations of the various
abundance and temperature indices. To determine the cluster
metallicity we have adopted their recommended procedure and
calibration. Specifically, we used the reddening-corrected iso-
abundance relations between (C−M)o and (T1−T2)o, (M−T1)o

and (T1−T2)o, (C−T1)o and (T1−T2)o, (C−M)o and (M−T2)o

and (C − T1)o and (M − T2)o, where the first index is primar-
ily metallicity sensitive and the second, primarily temperature
sensitive.

For each observed star we determined five metallicity
indices ∆′1 − ∆′5, as defined in GCM91. For this purpose,
we used the reddening ratios given by GCM91 and the
E(B − V)GK values of Table 6. Stars #113 and 144 were
omitted because they fall outside the range of the abundance
calibrations. Figure 6 displays the five unreddened Washington
CC diagrams for the stars observed in IC 2488. Iso-abundance
relations for [Fe/H] = +0.5, 0.0, −0.5 and −1.0 are shown in

Fig. 6. The red giant candidates observed in the Washington system
plotted in the different unreddened two-colour diagrams from which
the ∆′i abundance parameters are derived. Iso-abundance relations
from Geisler et al. (1991) for 0.5 dex intervals from [Fe/H] = −1.0
to +0.5 are shown, except for the (M − T1)o vs. (T1 − T2)o diagram
wherein iso-abundance relations for 0.4 dex intervals from [Fe/H] =
−0.8 to +0.4 are given. Stars confirmed as red giant members from
Coravel, proper motions and photometric criteria are represented with
filled circles, while the only possible member is represented by a filled
triangle.

Fig. 6, except for the (M − T1)o versus (T1 − T2)o diagram
wherein iso-abundance lines corresponding to [Fe/H] = +0.4,
0.0, −0.4 and −0.8 are plotted. Star #46, not observed in
the DDO system, and the spectroscopic binary HD 300105
(star #67) with unknown reddening, have not been plotted
in Fig. 6. It is worth underlining that the three confirmed
giant members (stars #97, 115 and 126) lie very close to the
[Fe/H] = 0.0 iso-abundance lines in Fig. 6, thereby confirming
the results obtained from the DDO photometry. The five
Washington abundance indices are given in Cols. (3)–(7) of
Table 7. The resulting mean values and standard deviations of
the mean from three cluster giants are:

<∆′1> = <∆
′(C − M)T1−T2> = 0.037 ± 0.013,

<∆′2> = <∆
′(M − T1)T1−T2> = -0.004 ± 0.003,

<∆′3> = <∆
′(C − T1)T1−T2> = 0.040 ± 0.021,

<∆′4> = <∆
′(C − M)M−T2> = 0.043 ± 0.006,

<∆′5> = <∆
′(C − T1)M−T2> = 0.028 ± 0.013,

which imply [Fe/H]1 = 0.11, [Fe/H]2 = −0.05, [Fe/H]3 =

0.10, [Fe/H]4 = 0.19, and [Fe/H]5 = 0.12, if the calibra-
tions of GCM91 are used. Since the difference between the
Washington abundances derived from the iron lines and those
obtained from the blue spectral features contaminated by CN
and CH is not overly significant in terms of the photometric and
calibration errors, we conclude that the cluster giants are not
enriched in elements of the CNO group. The unweighted mean
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of the five Washington abundance estimates, i.e., [Fe/H] =
0.09 ± 0.08, is in very good agreement with the DDO metal
content.

5. Summary and conclusions

The present photometric and kinematic study of IC 2488 super-
sedes the previous photometric study by P87 on account of the
larger number of stars observed in the cluster field. The follow-
ing are the main conclusions:

(i) The UBV CM and CC diagrams reveal some B and
several A-type stars not previously identified by P87. The
analysis of the new photometric data warrants our claim
that 63 stars are probable members, one of which is a blue
straggler (CD-56◦ 2787), while 13 stars are possible members.
Indeed, further observation of the former, e.g. spectroscopy,
would probably be instrumental in confirming its membership
status.

(ii) The full width of the observed cluster MS in the CC
diagram measured from B and early A-type stars, is compatible
with the cluster reddening being uniform, the mean E(B − V)
value being 0.24 mag. An apparent distance modulus V−MV =

11.20 ± 0.15, equivalent to a distance of (1250 ± 120) pc, is
derived for IC 2488. This distance is nearly 13% smaller than
that derived by P87.

(iii) Accurate radial velocities of 13 red giant candidates
confirm cluster membership for three stars, one of them being a
new spectroscopic binary. These stars also appear to be cluster
members, a result based on two independent photometric cri-
teria and proper motion membership probabilities. The mean
radial velocity from 3 giant members is (−2.63 ± 0.06) km s−1.

(iv) The planetary nebula ESO 166-PN21, a probable clus-
ter member according to P87, lies north-east more than four
cluster radii away from the cluster centre. Therefore, although
it is located at the same distance as IC 2488, the chance of
ESO 166-PN21 being related to the cluster is considerably low.

(v) IC 2488 has a mean cyanogen anomaly < ∆CN > =
0.070 ± 0.011, which implies [Fe/H] = 0.10 ± 0.06. This value
is in excellent agreement with the one derived from five in-
dependent Washington abundance indicators ([Fe/H] = 0.09 ±
0.08). Adopting a metal content Z = 0.019, the isochrones for
log t = 8.25 (180 Myr) computed from the models of Girardi
et al. (2000) and Lejeune & Schaerer (2001), reproduce quite
effectively not only the upper main sequence but also the ob-
served red giant pattern, particularly in the (V , B − V) CMD.
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Y TECNOLÓGICA (ANPCyT), CONICET, SECYT (UNC) and
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Clariá, J. J., Piatti, A. E., & Lapasset, E. 1998, A&AS, 128, 131
Cousins, A. W. J. 1973, Mem. R. Astron. Soc., 77, 22
Cousins, A. W. J. 1974, Mon. Notes Astron. Soc. S. Afr., 33, 149
Dean, D. F. 1981, South Africa Astron. Obs. Cirs., 6, 10
Dias, W. S., Lépine, J. R. D., & Alessi, B. S. 2001, A&A, 376, 441
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Piatti, A. E., Clariá, J. J., & Minniti, D. 1993, JAp&A, 14, 145

(PCM93)
Pedreros, M. 1987, AJ, 94, 92 (P87)
Peña, M., Ruiz, M. T., Bergeron, P., et al. 1997, A&A, 317, 911
Schmidt-Kaler, Th. 1982, in Landolt-Bornstein, Numerical Data and

Functional Relationships in Science and Technology, New Series,
group VI, Vol. 2b, ed. K. Schaifers, & H. H. Voigt (Berlin,
Springer Verlag)

Ruprecht, J. 1966, Bull. Inst. Czech., 17, 34
Sanders, W. L. 1971, A&A, 14, 226
Trumpler, R. J. 1930, Lick Obs. Bull., 14, 154
Udry, S., Mayor, M., & Queloz, D. 1999, in Precise Stellar Radial

Velocities, IAU Colloq. 170, ed. J. B. Hearnshaw, & C. D. Scarfe,
ASP Conf. Ser., 185, 367


