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a b s t r a c t

We have obtained CCD UBVIKC photometry down to V � 22 for the open cluster candidates Haffner 3,
Haffner 5, NGC 2368, Haffner 25, Hogg 3 and Hogg 4 and their surrounding fields. None of these objects
have been photometrically studied so far. Our analysis shows that these stellar groups are not genuine
open clusters since no clear main sequences or other meaningful features can be seen in their colour–
magnitude and colour–colour diagrams. We checked for possible differential reddening across the stud-
ied fields that could be hiding the characteristics of real open clusters. However, the dust in the directions
to these objects appears to be uniformly distributed. Moreover, star counts carried out within and outside
the open cluster candidate fields do not support the hypothesis that these objects are real open clusters or
even open cluster remnants.

� 2010 Elsevier B.V. All rights reserved.
1. Introduction

Among the 1787 currently catalogued open clusters1 (OCs),
more than half of them have been poorly studied or even unstudied
up to this moment. Therefore, the mere confirmation of the physical
reality of an OC candidate means significant contribution to get to
know the Galactic OC system better. The current paper is thus part
of a larger systematic survey whose goal is to obtain good-quality
photometric data not only to enlarge the sample of studied OCs
but also to estimate their fundamental parameters more accurately.
This study represents a further step in a long-term project aimed at
confirming the physical reality of catalogued OCs, to obtain the fun-
damental parameters of some unstudied OCs or to improve the qual-
ity of observationally determined properties for some poorly studied
ones.

As it is commonly accepted, an apparent concentration of stars
in the sky does not necessarily lead to the conclusion that such
concentration constitutes a real physical cluster. The presence of
such star concentration implies that we are dealing with a real
physical system only in the case of globular clusters or very con-
centrated OCs. For most of the apparent star concentrations in
the sky, however, it is necessary to have Supplementary informa-
tion available about proper motions, radial velocities, spectral
ll rights reserved.

i), claria@oac.uncor.edu (J.J.
types and photometry to confirm their physical reality. The photo-
metric data are often the only information at our disposal from
which the existence of an OC may be inferred.

Any of the following factors, or a combination of them, could ac-
count for the presence of an apparent concentration of stars in a
certain region of the sky: (i) the presence of a genuine OC, (ii) a
chance grouping of stars along the line of sight or (iii) a non uni-
form distribution of interstellar material in that region of the sky.
In the last few years, several CCD photometric studies of OC candi-
dates included in Lyngå (1987) catalogue have been carried out
with the main purpose of examining their nature to confirm
whether or not they are genuine physical systems (see, e.g.,Piatti
et al., 2000, and references therein). Even though in some cases
the studied objects have been confirmed as real OCs (e.g., Piatti
et al., 1998; Piatti et al., 2000), in some other cases, evidence was
found supporting the fact that some objects catalogued as OCs
are not real clusters but rather random fluctuations of the stellar
density in a given region (see, e.g., Carraro and Patat, 1995; Piatti
and Clariá, 2001a). The physical nature of some OC candidates is
still arguable. A typical case is NGC 6994 that Bassino et al.
(2000) considered a 2–3 Gyr OC. Carraro (2000), however, believed
it to be simply a random enhancement of four bright stars above
the background level. As star clusters are known to evolve dynam-
ically and stellar depletion effects eventually lead to cluster disrup-
tion, some unconfirmed clusters are likely to be cluster remnants
or fossil remains (de la Fuente Marcos, 1998; Bica et al., 2001).

In the present work, we try to clarify the nature of six catalogued
OC candidates by using high-quality CCD UBVIKC photometry down
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Table 1
Parameters taken from the literature of the six catalogued open cluster candidates.

Cluster a2000 (h m s) d2000 (� 0 00) l (�) b (�) Trumpler classa Angular diameter (0)

Haffner 3 07 04 00 �06 08 00 219.8198 �00.0136 III2p 5.0
Haffner 5 07 18 02 �22 40 00 236.0715 �04.6249 II2m 7.0
NGC 2368 07 21 06 �10 22 18 225.5365 +01.7707 IV3p 3.0
Haffner 25 07 48 40 �25 57 00 242.3231 �00.1015 III1p 2.0
Hogg 3 09 57 39 �54 41 00 279.5071 +00.0838 IV2p 2.0
Hogg 4 09 57 45 �54 36 00 279.4675 +00.1586 – 4.0

a Taken from Archinal and Hynes (2003).

Table 2
Observation log of selected clusters.

Cluster Date Filter Exposure
(s)

Airmass Seeing
(00)

Haffner 3 December 27, 2000 B 20 1.19 1.8
B 60 1.19 2.1
B 360 1.18 2.2
V 20 1.17 1.7
V 60 1.16 1.6
V 200 1.16 1.7
I 10 1.15 1.7
I 10 1.15 1.3
I 90 1.14 1.4
U 60 1.14 1.8
U 540 1.13 1.6

Haffner 5 December 27, 2000 I 10 1.01 1.1
I 90 1.01 1.3
B 20 1.01 1.4
B 60 1.01 1.4
B 360 1.01 1.5
V 20 1.01 1.1
V 60 1.01 1.3
V 200 1.01 1.3
U 60 1.01 1.6
U 540 1.01 1.7

NGC 2368 December 25, 2000 V 20 1.07 1.7
V 60 1.07 1.7
V 200 1.07 1.6
B 360 1.07 1.8
B 60 1.06 2.0
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to V � 22 in the cluster fields. The selected OC candidates are
Haffner 3 (OCl-556), Haffner 5 (OCl-624), NGC 2368 (OCl-571, Cr
138), Haffner 25 (OCl-656), Hogg 3 (OCl-794, ESO 167-12) and Hogg
4 (OCl-793). Additional designations above have been taken from
Alter et al. (1970), Collinder (1931) and Lauberts (1982). Their cor-
responding equatorial and Galactic coordinates are given in Table 1,
together with the Trumpler (1930) class according to Archinal and
Hynes (2003) and the angular diameters taken from Lyngå (1987).
Hogg 3 and Hogg 4 are located in Vela, Haffner 3 and NGC 2368
in Monoceros, Haffner 5 in Canis Major and Haffner 25 in Puppis.
As far as we are aware, none of these OC candidates has ever been
photometrically studied before.

The layout of this paper is as follows: Section 2 presents the
observational material and the data reduction. In Section 3.1, we
describe a method to filter the photometry from uniform patterns
in terms of spatial density, magnitude and colour distributions and
we apply photometric membership criteria to distinguish cluster
members from field stars. In Section 3.2, we carry out star counts
in the studied fields and clean the various extracted photometric
diagrams of the cluster candidates from field star contamination.
We also perform a statistical test that reflects the distribution
of field fluctuations and stellar density contrast in the colour–
magnitude diagrams between those in the clusters and those in
the star fields. Section 3.3 deals with a few previous results on
some of these objects. Finally, Section 4 summarizes our findings
and conclusions.
B 20 1.06 1.7
I 10 1.06 2.0
I 90 1.06 1.6
U 60 1.06 2.2
U 540 1.06 1.8

Haffner 25 December 29, 2000 V 20 1.00 1.2
V 60 1.00 1.3
V 200 1.00 1.4
B 20 1.00 1.5
B 60 1.00 1.4
B 360 1.00 1.8

Hogg 3 and 4 December 25, 2000 U 60 1.10 2.4
U 540 1.10 2.2
B 20 1.10 2.5
B 60 1.10 2.0
B 360 1.10 2.0
V 200 1.10 1.9
V 60 1.10 2.2
V 20 1.10 2.4
I 10 1.10 1.7
I 90 1.11 2.3

December 29, 2000 V 20 1.11 1.3
V 60 1.11 1.2
V 200 1.11 1.3
B 20 1.10 1.3
B 60 1.10 1.5
B 360 1.10 1.6
I 10 1.10 1.2
I 90 1.10 1.3
U 60 1.10 1.4
U 540 1.10 1.5
2. Data collection and reduction

We obtained images of the suspected OCs during the nights of
December 25, 27 and 29, 2000, with the UBVIKC filters and a
2048 � 2048 pixel Tektronix CCD attached to the 0.9 m telescope
– scale of 0.4 arcsec pixel�1 – at Cerro Tololo Inter-American
Observatory (CTIO, Chile). In order to standardize our photometry,
we observed standard stars of the Selected Areas PG0231+051, 92
and 98 of Landolt (1992). By the end of each night, we had col-
lected an average of 45 different measures of magnitude per filter
for the selected standard star sample.

Table 2 shows the logbook of the observations with filters,
exposure times, airmasses and seeing estimates. Observational
setups, data reduction procedures, stellar point spread function
photometry and the transformation to the standard system follow
the same prescriptions described in detail in Piatti et al. (2009).
The standard star photometry shows the root-mean-square
deviation of the observations from the fits to be less than
0.015 mag, indicating that the nights were photometric. Once the
standard magnitudes and colours were obtained, we built a master
table containing the average of V, U � B, B � V, and V � I, their
errors r(V), r(U � B), r(B � V) and r(V � I) and the number of
observations for each star, respectively. Tables 3–7 present this
information for Haffner 3, Haffner 5, NGC 2368, Haffner 25, Hogg
3 and Hogg 4, respectively. Only a portion of these tables is shown
here for guidance as their form and content. Tables 3–7 are avail-
able in their entirety in the online version of the journal. The deep-
est CCD images obtained for the object sample are shown in Fig. 1.
Tables 3–7 reveal that stars with three measures of U � B,
B � V and V � I colours extend from the brightest limit down to



Table 3
CCD UBVI data of stars in the field of Haffner 3.

ID x (pix) y (pix) V
(mag)

r(V)
(mag)

nV U � B
(mag)

r(U � B)
(mag)

nUB B � V
(mag)

r(B � V)
(mag)

nBV V � I
(mag)

r(V � I)
(mag)

nVI

– – – – – – – – – – – – – –
29 562.690 1091.613 12.031 0.004 3 2.009 0.002 2 1.575 0.003 2 1.585 0.048 3
30 1798.515 736.634 12.640 0.005 3 0.370 0.002 2 0.757 0.007 2 0.777 0.005 3
31 440.379 2038.542 12.836 0.039 3 0.530 0.000 1 0.907 0.013 2 0.889 0.012 3

– – – – – – – – – – – – – –

NOTE: (x,y) coordinates correspond to the reference system of Fig. 1. Magnitude and colour errors are the standard deviations of the mean or the observed photometric errors
for stars with only one measurement.

Table 4
CCD UBVI data of stars in the field of Haffner 5.

ID x (pix) y (pix) V
(mag)

r(V)
(mag)

nV U � B
(mag)

r(U � B)
(mag)

nUB B � V
(mag)

r(B � V)
(mag)

nBV V � I
(mag)

r(V � I)
(mag)

nVI

– – – – – – – – – – – – – –

10 177.685 350.761 12.449 0.009 3 0.044 0.015 3 0.556 0.020 3 0.552 0.027 3
11 1886.703 2012.226 12.558 0.013 3 0.100 0.025 3 0.495 0.026 3 0.528 0.034 3
12 1131.933 6.053 12.597 0.025 3 �0.055 0.009 3 0.460 0.016 3 0.491 0.050 3

– – – – – – – – – – – – – –

NOTE: (x,y) coordinates correspond to the reference system of Fig. 1. Magnitude and colour errors are the standard deviations of the mean or the observed photometric errors
for stars with only one measurement.

Table 5
CCD UBVI data of stars in the field of NGC 2368.

ID x (pix) y (pix) V
(mag)

r(V)
(mag)

nV U � B
(mag)

r(U � B)
(mag)

nUB B � V
(mag)

r(B � V)
(mag)

nBV V � I
(mag)

r(V � I)
(mag)

nVI

– – – – – – – – – – – – – –

951 1504.014 659.479 19.047 0.002 2 0.530 0.006 2 1.020 0.008 2 1.278 0.002 2
952 1964.566 877.993 18.621 0.008 2 0.842 0.016 2 1.157 0.007 2 1.138 0.008 2
953 1078.364 2041.205 18.982 0.008 2 0.440 0.012 2 1.093 0.003 2 1.173 0.008 2

– – – – – – – – – – – – – –

NOTE: (x,y) coordinates correspond to the reference system of Fig. 1. Magnitude and colour errors are the standard deviations of the mean or the observed photometric errors
for stars with only one measurement.

Table 6
CCD BV data of stars in the field of Haffner 25.

ID x (pix) y (pix) V (pix) r(V) (mag) nV B � V (mag) r(B � V) (mag) nBV

– – – – – – –

12 1108.291 9.780 19.015 0.001 2 0.991 0.019 2
13 1871.356 10.017 14.465 0.001 2 1.372 0.071 1
14 267.641 11.631 19.744 0.001 2 1.764 0.089 1

– – – – – – – –

NOTE: (x,y) coordinates correspond to the reference system of Fig. 1. Magnitude and colour errors are the standard deviations of the mean or the observed photometric errors
for stars with only one measurement.

Table 7
CCD UBVI data of stars in the field of Hogg 3 and Hogg 4.

ID x (pix) y (pix) V (pix) r(V) (mag) nV U � B (mag) r(U � B) (mag) nUB B � V (mag) r(B � V) (mag) nBV V � I (mag) r(V � I) (mag) nVI

– – – – – – – – – – – – – –

9 921.469 4.865 17.649 0.036 6 0.612 0.007 2 1.228 0.022 3 1.409 0.059 6
10 11.712 4.571 18.329 0.036 2 0.620 0.095 1 1.467 0.041 1 1.607 0.056 2
11 935.596 6.228 17.996 0.031 4 0.138 0.041 2 1.256 0.045 3 1.416 0.038 4

– – – – – – – – – – – – – –

NOTE: (x,y) coordinates correspond to the reference system of Fig. 1. Magnitude and colour errors are the standard deviations of the mean or the observed photometric errors
for stars with only one measurement.
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V = 18, 19 and 20 mag, respectively. The stars with two measures
of U � B, B � V and V � I colours cover V ranges from 16.0 to
19.5 mag, from 17.0 to 20.0 mag and from 18.0 to 21 mag, respec-
tively. Finally, the stars with only one measure of U � B, B � V and



Fig. 1. Deepest CCD images obtained: 200 s V for Haffner 3 (top left); 200 s V for Haffner 5 (top right); 200 s V for NGC 2368 (middle left); 200 s V for Haffner 25 (middle right);
and 200 s V for Hogg 3 and Hogg 4 (bottom). North is up and East is to the left. Coordinates are given in pixels.
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Table 8
Magnitude and colour photometric errors as a function of V.

D V (mag) r(V) (mag) r(U � B) (mag) r(B � V) (mag) r(V � I)(mag)

11.12 < 0.01 0.01 < 0.01 < 0.01
12.13 < 0.01 0.02 0.01 0.01
13.14 < 0.01 0.02 0.01 0.01
14.15 0.01 0.03 0.01 0.02
15.16 0.01 0.04 0.01 0.02
16.17 0.02 0.04 0.02 0.02
17.18 0.02 0.05 0.02 0.03
18.19 0.03 0.06 0.03 0.03
19.20 0.03 0.07 0.05 0.05
20.21 0.05 0.10 0.10 0.10
21.22 0.10 – – 0.15
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V � I are fainter than V = 18.0, 19.0 and 20.0 mag, respectively, and
reach the photometric magnitude limits. This statistics makes it
clear that the stars lying within the �6 brightest out of the
�9 mag range along which our photometry extends were mea-
sured two and three times. Therefore, these stars are the most
appropriate ones to derive astrophysical information. The behav-
iour of the photometric errors for the V magnitude and U � B,
B � V and V � I colours as a function of V is shown in Table 8.
We used all the observed stars since those measured only once
have practically no statistical weight. According to Table 8 and
to the above mentioned statistics, we believe it is possible to rely
on the accuracy of the morphology of the main features in both
the colour–magnitude diagrams (CMDs) and the colour–colour
diagrams (CCDs). The resulting CMDs and CCDs are drawn in Figs.
2–6 which show, in general, broad star sequences. Since we only
obtained B and V images in the Haffner 25 field, we just show the
(V,B � V) CMD for this object.
Fig. 2. The (V, U � B), (V,B � V), and (V,V � I) diagrams (top), and (U � B,B � V) and (B
3. Data analysis

On inspecting Fig. 1, a possible OC might be identified by a con-
centration of a handful of bright stars that stand out from a slightly
fainter surrounding field, by a visible increase in the stellar popu-
lation in a sky region or even by both features combined. Occasion-
ally, however, apparent concentrations of bright stars located
approximately along the same direction or even variations in the
number of stars – caused by the presence of interstellar clouds –
can lead to the identification of unreal OCs.

We analysed the possible existence of genuine OCs in the stud-
ied fields following two different approaches. On the one hand, we
examined the distribution of stars in the CMDs and CCDs and, on
the other hand, we compared the number of stars counted within
and outside the fields of the cluster candidates. A complementary
analysis of both approaches will allow us to confirm or deny, on
sounder bases, the physical reality of these objects.
3.1. CMDs and CCDs

Without a careful analysis of the observed sequences in the
CMDs, one might conclude that such sequences are in fact clusters’
main sequences (MSs). However, all the CMDs present different
MSs more or less superimposed. This means that the different
MSs could be affected by nearly similar reddenings, which makes
it difficult to disentangle their own features and renders the anal-
ysis of the CMDs challenging. Fortunately, the availability of CCDs
involving the U � B colour greatly helps us to successfully perform
this task.

To estimate a magnitude from which the characteristics of the
different observed MSs are undistinguishable in terms of spatial
� V,V � I) diagrams (bottom) for the stars measured in the field of Haffner 3.



Fig. 3. The (V,U � B), (V,B � V), and (V,V � I) diagrams (top), and (U � B,B � V) and (B � V,V.I) diagrams (bottom) for the stars measured in the field of Haffner 5.

Fig. 4. The (V,U � B), (V,B � V), and (V,V � I) diagrams (top), and (U � B,B � V) and (B � V,V � I) diagrams (bottom) for the stars measured in the field of NGC 2368.
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Fig. 5. The (V,B � V) diagrams for the stars measured in the field of Haffner 25.

Fig. 6. The (V,U � B), (V,B � V), and (V,V � I) diagrams (top), and (U � B,B � V) and (B � V,V
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density, magnitude and colour distributions, we applied a statisti-
cal method. Such method permitted us to filter the field stars from
the CMDs and CCDs. Then, we divided the observed region into 64
non-overlapped boxes of 250 pixels a side and built, for each of
them, the corresponding CMDs. This procedure consists of alterna-
tively adopting as reference any of the box extracted CMDs to
statistically filter the remaining ones. We repeated this filtering
task using each of the box extracted CMDs as a reference CMD.
The filtering was performed in such a way that we counted
how many stars lie in different magnitude–colour bins sized
(DV,D(U � B) = D(B � V) = D(V � I)) = (0.5,0.2) mag. Next, we sub-
tracted from each CMD the number of stars counted for each range
of the reference CMDs. We did this by removing those stars closer
in magnitude and colour to the ones of the CMD used as reference.
In order to compare the resulting residuals, we performed the fil-
tering procedure by using bins of (1.0,0.2) mag and (0.5,0.1) mag
as well as boxes of 500 � 500 pixels.

By comparing the various filtered CMDs corresponding to a
given box with the observed one, the residuals from box-to-box
variations and the fiducial CMD features of that box could be
found. This is due to the fact that a star that has magnitude and col-
ours within the typical values obtained in the reference field CMDs
is, in most cases, eliminated. Therefore, the fewer times a star is
removed in a given box, the larger its probability of representing
a fiducial feature in that box. So we adopted every star that was
removed fewer than 20 per cent of the times as a probable fiducial
feature star. In this way, it became clear to us that our photometry
does not permit to distinguish different MSs for V magnitudes fain-
ter than �16.

Bearing in mind this result, the criteria adopted for evaluating
the membership status of the measured stars are those defined
� I) diagrams (bottom) for the stars measured in the field of Hogg 3 and Hogg 4.



Table 9
Estimated parameters for the observed fields.

Haffner 3 Haffner 5 NGC 2368 Haffner 25 Hogg 3 Hogg 4

E(B � V)SFD (mean) 0.87 ± 0.02 0.68 ± 0.04 0.45 ± 0.01 0.53 ± 0.03 1.38 ± 0.05 1.38 ± 0.05
E(B � V)SFD (min.) 0.85 0.62 0.43 0.49 1.32 1.32
E(B � V)SFD (max.) 0.91 0.74 0.47 0.59 1.48 1.48
Stars/box (mean) 20 ± 13 31 ± 15 25 ± 10 31 ± 16 98 ± 37 98 ± 37
Stars/box (object) 36 34 35 50 110 110
R2/box (mean) 11 ± 13 15 ± 9 12 ± 10 17 ± 13 45 ± 23 45 ± 23
R2/box (object) 20 27 20 24 64 54

2 IRAF is distributed by the National Optical Astronomy Observatories, which is
operated by the Association of Universities for Research in Astronomy, Inc., under
contract with the National Science Foundation
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by Clariá and Lapasset (1986). Firstly, it is required that the loca-
tion of a star in the two CCDs is close to the MS of the cluster,
the maximum accepted deviation being 0.10 mag. The second
requirement is that the location of the same star in the three CMDs
corresponds to the same evolutionary stage.

To identify what stars fulfill the criteria stated above, we super-
imposed the zero-age main sequence (ZAMS) of Lejeune and
Schaerer (2001) to the observed (U � B,B � V) diagram by adopting
a colour excess E(B � V) = Eo; then, we looked for every star closer
than 0.10 mag from the ZAMS. The value Eo corresponds to the blu-
est envelope of the observed sequence. The location of the ZAMS in
this (U � B,B � V) diagram also requires the knowledge of the slope
of the reddening line. It is well known, however, that there are
variations in the reddening law throughout the Galaxy (Turner,
1994), although a mean reddening slope of E(U � B)/E/
B � V) = 0.72 is usually found for most Galactic longitudes. If we
adopt E(V � I)/E(B � V) = 1.25 (Dean et al., 1978), this value implies
the following ratio: E(U � B)/E(V � I) = 0.72/1.25 = 0.58. Thus, by
sliding the ZAMS according to this reddening line in the
(U � B,V � I) diagram, we discarded as cluster members all stars
that fall beyond 0.10 mag from the ZAMS. Then, using all the stars
that complied with this first requirement, we kept as probable
members those stars whose locations correspond to the same evo-
lutionary stage in the three CMDs. For that purpose, we superim-
posed the ZAMS to the three CMDs by adopting the above
E(B � V) value using the apparent distance modulus m �M which
best fits the ZAMS to the unevolved star sequence. Finally, by care-
fully inspecting the three CMDs and the two CCDs, we could distin-
guish the possible cluster stars. We repeated this procedure for
different E(B � V) values that we increased in steps of 0.05 mag
each time. Although some star sequences seem to delineate a clus-
ter MS in both CCDs, they are composed of field stars more or less
aligned along the sight of view, since none of them have their
counterpart MS in the three CMDs. These results allow us to con-
clude that the six studied objects would not be genuine OCs.

The method described presupposes that the colour excesses are
uniform across the observed fields. Nevertheless, sometimes the
colour excesses in certain regions of the sky are not uniform at
all and the presence of real OCs in these cases could be hidden
by the existence of differential reddening. We used the reddening
maps of Schlegel et al. (1998, hereafter SFD) to corroborate our
assumption. SFD obtained full-sky maps from 100 lm dust emis-
sion. They found that in high Galactic latitude regions, the dust
map correlates well with maps of H I emission. However, devia-
tions are coherent in the sky and are especially conspicuous in re-
gions of H I emission saturation towards denser clouds and in
regions of formation of H2 in molecular clouds (Piatti et al., 2003,
2008). Even if the SFD’s reddenings were not totally correct, it
may still be useful to consider their values for the observed fields.
We used the NASA/IPAC Infrared Science Archive to extract the
E(B � V)SFD reddenings from a 2� wide image (the minimum size
available) centred on the objects. The resulting E(B � V)SFD colour
excesses are shown in Table 9. Since these values turned out to
be considerably larger than any value expected from the observed
(U � B,B � V) diagrams, we assumed that the E(B � V)SFD values
must be saturated. It is worth considering that the range of
E(B � V)SFD values for each field is <0.12 mag (except for Hogg 3
and Hogg 4, which is 0.16), slightly larger than 0.11, the lowest
limit estimated by Burki (1975) for clusters with differential red-
dening. So we conclude that the interstellar reddening across the
observed fields can be considered uniform within the quoted
uncertainties.

3.2. Star counts

At first, we estimated the mean stellar density representative
of each observed field by fitting Gaussian distributions to the star
counts in 100 non-overlapped boxes of 200 pixels a side. The fits
of the Gaussians were performed using the NGAUSSFIT routine in
the STSDAS/IRAF2 package. We adopted a single Gaussian and
fixed the linear terms to zero and the constant to the correspond-
ing background level. The resulting average numbers of stars per
box with the corresponding standard deviations are shown in
the fourth line of Table 9. In the fifth line, we included the number
of stars in a box of 200 � 200 pixels centred on the suspected
clusters. As these last values lie within 1.2r of the mean values,
they do not favour the possibility that the studied objects are real
physical aggregates.

A real OC is sometimes composed by stars more or less sparsed
in a relatively large area of the sky or it may contain only a handful
of comparatively bright stars. In such cases, the stellar density
alone could not be a meaningful indicator of the presence of an
OC. For this reason, we decided to statistically clean the CMDs from
stars that can potentially belong to the foreground/background
fields. We built star field CMDs using the stars located in the east-
ernmost strip of the observed fields, i.e., x < 500 pixels and 0 < y
(pixels) < 2050 (see, Fig. 1). We treated separately the CMDs for
U � B, B � V and V � I. Using these field CMDs, we counted how
many stars lay in different magnitude–colour bins with sizes
[DV,D(U � B) = D(B � V) = D(V � I)] = (0.5,0.1) mag. We then sub-
tracted from each CMD the number of stars counted for each range
in the field [V, (U � B,B � V or V � I)] CMDs, by removing those
stars closer in magnitude and colour to the ones in the star fields.

Although the cleaning process was applied to an extended re-
gion surrounding the catalogued objects (x > 500 pixels and 0 < y
(pixels) <2050), Figs. 7–12 show with filled circles the circular/
elliptical extracted CMDs and CCDs that were obtained after clean-
ing them for field star contamination. In these figures, we show
overplotted the CMDs and CCDs directly obtained with all the mea-
sured stars in those circular/elliptical regions (dots). When com-
paring observed and cleaned CMDs and CCDs, the differences in
stellar composition did not become evident. The circular/elliptical
regions were visually defined on the images of Fig. 1 taking into
account the object equatorial coordinates, their morphological
characteristics (e.g., Trumpler class, etc) and our somewhat subjec-
tive criterion of encompassing what we think should be their main



Fig. 7. The extracted (V,U � B), (V,B � V), and (V,V � I) diagrams (top), and extracted (U � B,B � V) and (B � V,V � I) diagrams (bottom) for the Haffner 3 circular region of Fig. 1 (dots),
compared with those statistically cleaned from field star contamination (filled circles). Open circles represent stars of the northern group according to Babu (1983).

Fig. 8. The extracted (V,U � B), (V,B � V), and (V,V � I) diagrams (top), and extracted (U � B,B � V) and (B � V,V � I) diagrams (bottom) for the Haffner 5 elliptical region of Fig. 1
(dots), compared with those statistically cleaned from field star contamination (filled circles).
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Fig. 9. The extracted (V,U � B), (V,B � V), and (V,V � I) diagrams (top), and extracted (U � B,B � V) and (B � V,V � I) diagrams (bottom) for the NGC 2368 circular region of Fig. 1
(dots), compared with those statistically cleaned from field star contamination (filled circles).

Fig. 10. The extracted (V,B � V) diagram for the Haffner 25 elliptical region of Fig. 1
(dots), compared with that statistically cleaned from field star contamination (filled
circles).
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bodies. Keeping in mind that field stars may give rise to well
defined sequences in the CMDs, the presence of such sequences
must not be considered in itself a proof of the existence of an OC
(Burki and Maeder, 1973). This becomes an additional difficulty
when the cluster CMDs are cleaned. Sequences of observed field
stars may be discriminated from those of real OCs for the following
three reasons: (i) the former show a limiting envelope of different
curvature, (ii) the field stars have incompatible positions in the
various CMDs, (iii) the field apparent luminosity function reaches
its maximum at the observed limiting magnitude. Figs. 7–12 allow
us to come to the conclusion that the six observed objects are not
genuine OCs.

Profiting from the above described cleaning process, we applied
the method of Pavani and Bica (2007) to measure how different the
stellar densities encompassed by the adopted circles/ellipses are
from the field star density. Pavani and Bica (2007) defined the R2

statistics that reflects the distribution of field fluctuations and stel-
lar density contrast in the CMD between those of the clusters and
those in the star field. We thus built nearly a hundred CMDs for dif-
ferent boxes of 200 � 200 pixels distributed throughout the field,
in addition to the CMDs for the catalogued objects (Figs. 7–12).
We computed R2 for each box, then built the histograms of the
R2 distributions for each observed field and performed Gaussian
fits for each of them. The resulting R2 averaged values and their
corresponding dispersions are listed in line six of Table 9. We
found that the R2 values for the catalogued objects (line seven of
Table 9) do not exceed in more than 1r the mean value derived
for their respective fields, except in the case of Haffner 5 whose
value is 1.3r. These results imply that none of the six catalogued
objects constitute genuine physical systems or OC remnants but
should rather be considered random fluctuations of the field star
density.



Fig. 11. The extracted (V,U � B), (V,B � V), and (V,V � I) diagrams (top), and extracted (U � B,B � V) and (B � V,V � I) diagrams (bottom) for the Hogg 3 circular region of Fig. 1 (dots),
compared with those statistically cleaned from field star contamination (filled circles).

Fig. 12. The extracted (V,U � B), (V,B � V), and (V,V � I) diagrams (top), and extracted (U � B,B � V) and (B � V,V � I) diagrams (bottom) for the Hogg 4 circular region of Fig. 1 (dots),
compared with those statistically cleaned from field star contamination (filled circles).
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3.3. Previous results

Considering Haffner 3, NGC 2368 and Hogg 3 real OCs, Ahumada
et al. (2001) determined their fundamental parameters. They esti-
mated the basic parameters of NGC 2368 and Hogg 3 from the
comparison of the observed integrated cluster spectra with tem-
plate spectra of OCs with well known fundamental parameters,
as well as from the measurements of the Balmer line equivalent
widths. They derived for NGC 2368 and Hogg 3 ages of about 50–
100 Myr and E(B � V) = 0.12 and 0.15 from template matching,
respectively, while the ages obtained from the Balmer lines turned
out to be only slightly younger. Ahumada et al. (2001) found the
spectral features of Hogg 3 quite similar to those of the also ob-
served, less reddened cluster Hogg 12. We believe that very prob-
ably the integrated spectra reflect the combined light produced by
comparatively bright foreground stars so that the parameters de-
rived from such spectra should be regarded as representative of
those foreground stars. We think that the integrated spectroscopic
technique becomes a powerful tool only in cases in which the
observed object has a very small angular diameter.

Babu (1983) obtained low-dispersion spectra for 22 stars in the
field of Haffner 3 from which he determined spectral types and
membership status. He mentioned the interesting feature that
there are two distinct concentrations or physical groups separated
by a small region of low star density (see his Fig. 16). Fig. 7 shows
Babu’s members of the northern group, represented by open circles
in our CMDs and CCDs. The 7 members of the southern group fall
outside the observed field of view (FOV). We only have photometry
for six out of the nine Babu’s northern members: stars 8, 11, 12, 14,
15 and 21. Star 6 falls outside the FOV, star 10 appears to be satu-
rated and star 25 was not measured by us. As can be seen in Fig. 7,
those six northern group stars do not exhibit the typical features of
an OC.

4. Summary and conclusions

New CCD UBVIKC photometry in the field of the stellar aggre-
gates Haffner 3, Haffner 5, NGC 2368, Haffner 25, Hogg 3 and Hogg
4 is reported here. All these objects are included in different OC
catalogues (Alter et al., 1970, 1987; Dias et al., 2002). The analysis
of the current photometric data leads to the following main
conclusions:

(i) None of the observed CMDs and CCDs reveal the presence of
the MS of an OC. The different observed CMDs reveal the
apparent superposition of MS or giant field stars affected
by various amounts of interstellar absorption. Those field
stars are located at different distances from the Sun.

(ii) The observed CMDs of the six OC candidates cleaned from
field star contamination were built by statistically subtract-
ing the number of stars counted in their respective field
CMDs. The stars closer in magnitude and colour to the ones
in the respective star fields were thus removed. The result-
ing cleaned CMDs show MSs whose lower envelopes are
not those corresponding to real OCs.

(iii) We discussed the possible physical nature of the six studied
objects by checking whether or not they present a significant
number density contrast with respect to the Galactic disk.
Star counts performed within and outside the cluster candi-
date fields not only support the results inferred from the
CMDs and CCDs but also suggest that the studied objects
are not OC remnants.

(iv) Several other stellar aggregates included in OC catalogues
have previously been discarded as genuine physical systems
(see, e.g., Carraro and Patat, 1995; Carraro, 2000; Piatti and
Clariá, 2001b). The present study reveals the need for further
research of poorly studied or unstudied catalogued OCs in
order to clarify their nature.
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