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Abstract. We present V' and I colour-magnitude diagrams
of the star clusters ESO 93—SC08 and ESO 452—SC11.
Both clusters are poorly populated, and the colour-
magnitude diagrams show that ESO 93—SCO08 is an in-
termediate age open cluster, while ESO 452—SC11 is con-
firmed as a globular cluster. The magnitude difference be-
tween the turnoff and the clump/horizontal branch in-
dicates an age of 4 — 5 Gyr for ESO 93-SC08, while
ESO 452-SC11 has an age comparable to the average of
the halo globular clusters.

ESO 93-SC08 has a reddening of E(B—V) = 0.64 and
is located at dg ~ 13.7 kpc from the Sun. It is a distant
open cluster in the outer disk.

ESO 452-SC11 appears to be a southern counterpart
of the Palomar clusters. We derive a reddening of E(B —
V) = 0.58, a distance dg =~ 6.5 kpc and a metallicity
[Fe/H] =~ —1.5 for ESO 452-SC08. The deep CMD shows
evidence of depletion at the lower main sequence, similarly
to other poorly populated globular clusters.

Key words: globular clusters: ESO 452-SC11, open
clusters: ESO 93-SC08 — HR diagram

1. Introduction

The star clusters ESO 93-SC08 and ESO 452-SC11 were
discovered during the ESO/Uppsala B sky survey cata-
logue confection. ESO 93-SC08 and ESO 452-SC11 were
reported to have a size of 1’ and 2.5’ respectively by
Holmberg et al. (1977) and Lauberts et al. (1981). Both
were indicated as very obscured, the first as a globular
cluster candidate and the latter as a globular cluster.
ESO 93-SC08 is projected on the Galactic disk and
ESO 452-SC11 in a bulge-halo transition region. These

* Observations collected at the Southern

Observatory - ESO, Chile.

European

two southern clusters are poorly populated resembling
some Palomar clusters.

ESO 93-SCO08 has coordinates B(1950) a = 11% 17™
345 § = —64° 56’ 48" and is also designated as GCL
B1117-6456 (IAU notation). The Galactic coordinates are
1 =293.508°, b = —4.041°.

By means of the bright giants method Webbink (1985)
estimated a horizontal branch (HB) level of Vg = 22.0,
which he marked as very uncertain. He also provides a
reddening of E(B — V) = 0.79, estimated from the mod-
ified cosecant law, and a distance from the Sun of dg =
59.5 kpc.

Although poorly populated, the cluster structure is
rather compact, and from the core and limiting radii
provided by Webbink (1985), a concentration parameter
¢ = 1.85 can be estimated.

No colour-magnitude diagram (CMD) is available for
the cluster. Besides, after 20 years of its discovery, it is
still not clear whether ESO 93-SCO08 is a globular or an
open cluster.

ESO 452-SC11 (GCL 1636-2818) has B(1950) o = 16®
36™ 18°%, 6 = —28° 18’ 00” and is located at [ = 351.912°,
b= +12.07°.

The cluster is loose but it has a small core. A con-
centration parameter of ¢ = 0.95 can be estimated from
Webbink’s (1985) data.

Based on an unpublished CMD reported by Webbink
(1985) an HB level of Viip = 16.66 was given, and from the
HI column density plus galaxy counts method a reddening
of E(B — V) = 0.31, implying a distance from the Sun
do = 10.3 kpc. He presents a metallicity estimate of
[M/H] = —1.01. Harris’s (1996) compilation reported
E(B —-V) = 0.50, Vygp = 16.66 and a distance dg =
7.3 kpc.

Minniti et al. (1995) provided an infrared CMD in K
vs. (J — K), where the HB is probably detected at the
limit of the photometry. They pointed out that the locus
of the red giant branch (RGB) is consistent with E(B—V)
= 0.70, assuming Webbink’s (1985) metallicity value.
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In the present work the V', I CMDs of these clusters
are studied, motivated by the fact that they are under-
populated, and probable southern Palomar-type clusters.
Another such example is E3 which shows a depleted lower
main sequence (MS) above the photometric observational
threshold (McClure et al. 1985; Gratton & Ortolani 1987).

In Sect. 2 the observations are described. In
Sects. 3 and 4 we discuss respectively ESO 93-SCO08 and
ESO 452-SC11. Finally, the concluding remarks are pro-
vided in Sect. 5.

2. Observations and reductions

ESO 93-SC08 and ESO 452-SC11 were observed at
ESO (La Silla) with the 3.55 m NTT and 1.54 m Danish
telescopes.

The SUSI camera was employed at the NTT; it consists
of a 1024 x 1024 thinned Tektronix CCD ESO # 17 at the
Nasmyth focus B. The pixel size is 24 pm (0.13” on the
sky), and the frame size is 2.2’ x 2.2’. We show in Fig. 1
a NTT V image of ESO 93-SC08 and in Fig. 2 a NTT
V image of ESO 452-SC11. They are both loose clusters,
such as Palomar globular clusters or old open clusters.

The Danish observations of 1986 June were carried out
with the 512 x 320 RCA ESO CCD # 1, with pixel size
30 x 30 pm (0.47"), giving a field size 4.0" vs. 2.5'.

The Danish 1994 May observations used the 1024 x
1024 Tektronix CCD # 28, with pixel size 24 pm, corre-
sponding to 0.37"/pixel. The full field is 6.3’ x 6.3'.

The Danish 1998 observations have been carried out
using the DFOSC with the tinned 2048 x 2048 pixel CCD
Loral /Lesser C1W7. The pixel size is 15 um, equivalent
to 0.39” on the sky, with a full field of 13’ x 13'.

The log of observations is given in Table 1.

The stellar photometry was made with the DAOPHOT
IT code in MIDAS environment. Landolt (1983) standard
stars were used for the early observations and also Landolt
(1992) for the recent ones.

For the 1986 June observations the transformation
equations are

V = 25.0 40.09(B-V) +uv;

B-V = 0.66 +1.075(b—v)
where coefficients are for 15 (V) and 30 (B) s exposures
and airmass of 1.15.

The zero-point calibrations for the 1994 May 17 NTT
observations, which had excellent seeing, but poor photo-
metric quality, were derived from the Danish observations,
whereas the colour terms were derived from NTT data of
previous nights. For ESO 452-SC11 the Danish 1994 May
data were used. The reductions were carried out in the
standard way, and the calibration equations are:

V = 2691 +0.04V —1) + v;

I = 26.09 41
where coefficients are for 30 s exposures and airmass of
1.1.
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For the NTT data of ESO 93-SC08 the Danish 1986
June and Danish 98 July calibrations were used.

The calibration equations for the Danish 1998 obser-
vations are:

V = 2425+v+£0.02

I = 23.04+:+£0.02.

The coefficients are for 1 s integration. The results are
similar to Danish 1986 V calibration within 0.04 mag.
A check of the V' —1I colour could be done following Munari
& Carraro (1996) - see their Fig. 2 and Eq. (23), which
allows a transformation from (B — V) to (V — I) for MS
stars. For such purpose, we selected 10 bright disk MS
stars with 16 < V' < 19 (Fig. 3a). The results confirm the
(V — I) Danish calibration within 0.04 mag.

The main source of error in the zero point accuracy
(£0.03 mags) is the magnitude transfer from the clus-
ter images to the standard stars which can amount to
0.05 mags. An additional error source affecting observa-
tions obtained with the early CCD ESO # 1 was due to
the charge transfer inefficiency, causing a slight elongation
of the stars in the east-west direction.

The photometric errors at the Danish 1986 run are
approximately constant to V' ~ 19.5 and B ~ 21, whereas
at the Danish 1994 run they are approximately constant
to V = 19 and I ~ 18. They amount to 0.02 mag, and
increase for fainter magnitudes.

At the NTT the errors of =~ 0.02 — 0.03 mag are con-
stant to V' & 22.5 and I = 22.5, increasing for fainter
magnitudes.

We also present a high quality CMD of NGC 6752
that we use for comparison purposes. The diagram is a
combination of that previously published in Rosino et al.
(1997), to a deeper one obtained under excellent seeing
conditions, 5’ offcenter. The calibration was carried out
using standard stars observed in the same night, which
was photometric.

3. The open cluster ESO 93-SC08
3.1. Colour-magnitude diagrams

In Figs. 3a and b we show respectively the NTT CMDs
corresponding to whole frame and an extraction of r <
33"”. In Fig. 3a a bright disk MS is present, whereas in
Fig. 3b the cluster sequences become clearer. The red
clump, typical of intermediate age clusters, is located at
V =18.6 and (V —I) = 1.85. A few bright giants are de-
tected above the clump. The cluster TO is reached as well
as ~ 2 magnitudes of MS. The CMD of ESO 93-SC08 ap-
pears to be rather similar to that of M 67 (e.g. Demarque
et al. 1992).

3.2. Age

The magnitude difference between the TO and the clump
is an age indicator (Janes & Phelps 1994). We have
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Fig.1. NTT V image ESO 93-SC08. Dimensions are 2.2" x 2.2’

measured in Demarque et al.’s (1992) CMDs this value for
the reference intermediate age clusters M 67 and NGC 188,
resulting AVJO = = 2.2 and 2.75 respectively. For
ESO 93-SC08 we obtain AV = 2.3 + 0.20 (Fig. 3b).
Adopting Demarque et al.’s ages of 4 Gyr (M 67) and
6.5 Gyr (NGC 188), there results 4 —5 Gyr for the present
cluster. Therefore ESO 93-SC08 adds to the list of the
about 20 old open clusters with ages > 4 Gyr (Friel 1995;
Carraro et al. 1998).

3.3. Reddening and distance

We take as reference point in the CMD the dereddened lo-
cus of the clump in intermediate age clusters; Garnavich
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et al. (1994) indicates My = 0.94 and (V — I)y = 1.0 for
M 67. With values for ESO 93-SCO08 from Sect. 3.1 we
obtain E(V — I) = 0.85, which converts to E(B — V) =
0.64 (Dean et al. 1978) for ESO 93-SC08. This redden-
ing value is larger than that obtained from the integrated
spectrum by Bica et al. (1998), where there is probably
an effect of less reddened foreground stars contaminating
this poorly populated cluster, and also the integrated light
must be affected by statistical fluctuations owing to the
small number of bright member stars.

Adopting a selective-to-total absorption of R = 3.1,
we get Ay = 1.98. An absolute distance modulus of (m —
M)y = 15.68 + 0.2 and a distance from the Sun dg =
13.5 £ 0.6 kpc.
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Fig.2. NTT V image ESO 452-SC11. Dimensions are 2.2" x 2.2’

The Galactocentric coordinates of the cluster, assum-
ing a distance of the Sun to the Galactic center of
R = 8.0 kpc (Reid 1993), are X = —2.6 (X < 0 refers
to our side of the Galaxy), Y —12.5 kpc and Z =
—1.0 kpc. The galactocentric distance projected on the
plane is 7 = 12.8 kpc, indicating that this is probably the
most distant open cluster relative to the Galactic center.

The location of the cluster with respect to the open
clusters older than 2 Gyr is shown in Fig. 4, where the
data given in Friel (1995) are adopted, using a distance to
the Galactic center of 8 kpc (Reid 1993). ESO 93-SC08
is among the farthest, and is also among the open clus-
ters more distant from the Galactic plane. Such outlyers
may occur as far as the disk border in HI (Kulkarni et al.
1982), HII regions (Flich & Blitz 1984), and luminous stars

(Moffat et al. 1979), which point to an extent of the disk
of 20 — 30 kpc.

It is also interesting to discuss the galactic location
of old open star clusters and three metal rich globular
clusters with a structure similar to that of open clusters.
Two of them were until recently classified as open clusters,
but analyses by means of CMDs, spectroscopy of individ-
ual stars and integrated spectroscopy, point to a globular
cluster nature: Lynga 7 (Ortolani et al. 1993; Tavares &
Friel 1995), and BH 176 (Ortolani et al. 1995a). Besides,
the globular cluster candidate Palomar 10, which has a
loose structure, shows a CMD compatible with that of a
metal-rich globular cluster (Kaisler et al. 1997). Integrated
spectroscopy of Lynga 7, BH 176 and Palomar 10, which
are all projected on the disk, indicates that they are
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Fig. 3. ESO 93-SC08: V vs. (V — I) CMD for the a) NTT whole frame; b) r < 33"
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Table 1. Log of observations

Target Filter Date Tel. Exp. Seeing
(sec) ()
ESO 93-SC08 \%4 23.6.95 NTT 420 0.8
\% 60 0.6
I 300 0.6
B 01.6.86 Danish 480 1.4
14 300 14
\% 03.7.98 Danish 60 14
\%4 60 1.4
I 60 1.4
I 60 1.4
ESO 452-SC11  V 17.5.94 NTT 600 0.85
I 60 0.85
I 60 0.8
I 600 0.70
\% 20.5.94 Danish 60 14
I 60 1.4
NGC 6752 \%4 16.5.94 NTT 300 0.6
I 16.5.94 NTT 300 0.6
% ~E ES0452 E
= _F . BH176 ., o  ES093 ° E
Lyn7 Pal10 © 20, % 0o o8 °
o MY "9 °6£°0° oo0L %o ° L
Q 5 10 15 20

r (kpe)

Fig. 4. Distance from the plane |z| vs. Galactocentric radial dis-
tance projected on the plane r for known open clusters of ages
> 2 Gyr (Friel 1995) and ESO 93-SC08 (open circles), where
are also plotted ESO 452-SC11, besides Lynga 7, Palomar 10
and BH 176 (classified as globulars) (filled circles)

similar to metal-rich globular clusters (Bica et al. 1998).
In Fig. 4 are also indicated the positions in the Galaxy of
these three objects.

4. The globular cluster ESO 452-SC11
4.1. Colour-magnitude diagrams

For comparison purposes, we present in Fig. 5 a very
deep CMD of the intermediate metallicity reference clus-
ter NGC 6752, to be used as template. Notice the MS
extending along 6 magnitudes.

In Fig. 6a is shown the whole frame V' vs. (V —I) NTT
CMD for ESO 452-SC11, which is clearly dominated by
the cluster features. The MS extends to V = 23, about
3 magnitudes below the TO. A poorly populated giant
branch is present together with an HB which contains a
red component, and some bluer stars.

In Fig. 6b is shown an extraction of 7 < 65” where the
mean locus of NGC 6752 is overplotted.

In Fig. 6¢ we show a Danish CMD corresponding to
an extraction of r < 94", a slightly larger area than that
presented in Fig. 6a. In this sampling there appear two
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Fig.5. NGC 6752: V vs. (V —I) CMD which is a combination
of bright sequences (Rosino et al. 1997) and the present data
containing a deep main sequence

additional bright giants, and one probable asymptotic gi-
ant branch (AGB) star.

In Fig. 7 the field surrounding the cluster is given, cor-
responding to r > 188" (Danish frame). Since the cluster
Galactic latitude is only b = +12.07°, a disk field con-
tamination is not unexpected. In fact, a field MS extends
along 16.5 < V < 19.0. Below this the cluster TO is ev-
ident, which is somewhat bluer than the field stars. This
shows that cluster stars are still detected at such radii.

4.2. Cluster metallicity

The morphology of the HB is not purely red, indicat-
ing that this is not a metal-rich cluster like 47 Tuc. In
Fig. 6b is shown the mean locus of NGC 6752 (Rosino
et al. 1997) overplotted on the NTT extraction of the
cluster. The RGB and subgiant branch are well matched.
Although the HB morphology is different, a metallicity
similar to that of NGC 6752 ([Fe/H] = —1.54, Zinn 1985)
can be assigned to ESO 452-SC11. Webbink (1985) gives
[Fe/H] ~ —1.0, probably based on the HB morphology.

4.8. Reddening and distance

We calculate the cluster reddening taking NGC 6752
as reference. The (V — I) colour of the RGB at the
HB level for ESO 452-SC11 is 1.66 + 0.03, whereas for
NGC 6752 it is (V. — I) = 0.95 + 0.04, giving a differ-
ence of A(V —I) = 0.71. Adopting E(B — V) = 0.04 for
NGC 6752 (Zinn 1980), and E(V — I)/E(B — V) = 1.31
(Dean et al. 1978), we get E(V —I) = 0.76 which converts
to E(B—V)=0.58and Ay =180 (R=Ay/E(B-V) =
3.1, Savage & Mathis 1979) for ESO 452-SC11.

The HB level in ESO 452-SC11 is located at Vg =
16.55 £ 0.15. The HB absolute magnitude for [Fe/H] =
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Fig. 6. ESO 452-SC11: V vs. (V — I) NTT CMD for a) whole frame; b) extraction of 7 < 65” around the cluster center, where

the mean locus of NGC 6752 is overplotted; ¢) Danish CMD with an extraction r < 94"
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Fig.8. Luminosity function of ESO 452-SC11 (dotted lines)
compared to that for NGC 6752 (solid lines). Notice the deple-
tion at fainter magnitudes for ESO 452-SC11

—1.5is My = 0.7 (Buonanno et al. 1989; Lee et al. 1990;
Sandage & Cacciari 1990), and there results an absolute
distance modulus of (m — M) = 14.05 £ 0.25, and a
distance of ds, = 6.5 £ 0.7 kpc.

The Galactocentric coordinates of the cluster, assum-
ing a distance of the Sun to the Galactic center of
R = 8.0 kpe (Reid 1993), are X = —1.71,Y = —0.90 and
Z = 1.36 kpc. We also show in Fig. 4 the |Z]| vs. r location
of ESO 452-SC11. The cluster is at the bulge distance,
but slightly above the bulk of the bulge population.

4.4. Age

It can be seen in Fig. 6a that the cluster CMD reaches
several magnitudes below the TO. We measured a
AVIEFO = 3.6 = 0.2, which means that this is an old glob-
ular cluster of age comparable to the average of the halo
clusters, for which a mean of AV{LY = 3.6 was found by
Buonanno et al. (1989). The overplot of the mean locus
of NGC 6752, with AV{LY = 3.65 (Buonanno et al. 1989)
shows that their TO morphologies are slightly different,
and that ESO 452-SC11 would be somewhat younger than
this reference cluster.

ESO 452-SC11 could belong to the halo considering its
age and metallicity. On the other hand, from its location
in the Galaxy (Fig. 4), it could also be a bulge member
at the extreme lower end of the metallicity distribution
(McWilliam & Rich 1994), in which case the old age is
also compatible (Ortolani et al. 1995b).

Kinematical properties of the cluster would be nec-
essary to decide about its subsystem membership in the
Galaxy.
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4.5. Depletion of low mass stars?

It appears from the CMD (Figs. 6) that ESO 452-SC11
shows a depopulated MS, as compared to the reference
cluster NGC 6752 (Fig. 5). In Fig. 8 we present the lu-
minosity function of ESO 452-SC11 compared to that of
NGC 6752, where the numbers for ESO 452-SC11 are nor-
malized to those for NGC 6752 in the interval 18 < V' <
20. Notice a drop for V' > 20.5. We carried out artificial
stars experiments, in order to check the completeness by
counting retrieved stars. The results show a 100% com-
pleteness at V' < 20.6, going down to 84% at V = 21.0,
and to 81% at V = 22.0. The last bin at V' = 23.0 shows
77%. These completeness corrections cannot account for
the drop in the luminosity function, which appears to be
significantly affected by low mass stars segregation. The
stellar mass corresponding to the drop in the luminosity
function is close to the turnoff mass. We might be facing a
case of a cluster evaporation, similarly to that of E3 (see
Veronesi et al. 1996 for a recent discussion). Some evi-
dence of this was also found for NGC 6717 (Palomar 9) -
see Ortolani et al. (1999).

5. Conclusions

We studied the loose star clusters ESO 93-SC08 and
ESO 452-SC11 in V, I CMDs. ESO 93-SCO08 is an in-
termediate age cluster, located at dg ~ 13.7 kpc from the
Sun, it is thus part of the outer disk.

ESO 452-SC11 is confirmed as a globular cluster, for
which we derived reliable parameters. From its location,
metallicity and age, it may be a key cluster to investigate
the bulge-halo transition.
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