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Abstract. We report the discovery of three optical open clusters in the Milky Way. Two clusters are in Scutum (Cluster 1 at
� = 18.44◦ and b = −0.42◦, and Cluster 2 at � = 19.60◦ and b = −1.02◦), thus projected not far from the Galactic center
direction, and the other is in Canis Major (Cluster 3 at � = 235.61◦ and b = −4.10◦), near the anti-center direction. Cluster 3
is less populous than Clusters 1 and 2, but presents evidence of being a physical system. The objects were found optically by
inspecting maps obtained from the Guide Star Catalogue and images from the Digitized Sky Survey. No previous identification
of a cluster has been reported in any of these areas so far. The analysis was carried out with 2MASS photometry in J and H.
For Cluster 1 we derive an age of t = 25 ± 5 Myr, a reddening E(B − V) = 2.18 ± 0.03 and a distance from the Sun d� = 1.64 ±
0.19 kpc; for Cluster 2, t = 500 ± 100 Myr, E(B − V) = 0.91 ± 0.03 and d� = 2.19 ± 0.21 kpc; finally for Cluster 3,
t = 32−100 Myr, E(B − V) = 0.94 ± 0.03 and d� = 3.93 ± 0.35 kpc. Luminosity and mass functions are derived for Clusters 1
and 2 which, in turn, allow us to estimate their observed masses as 147 M� and 89 M�, respectively. Estimated total masses,
by extrapolating the mass functions to 0.08 M�, amount to 382 M� and 614 M� for the two clusters. Cluster 3 has an observed
mass of ∼55 M�. The present results indicate that further searches in the optical might still reveal new open clusters, especially
in the infrared bands.
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1. Introduction

The discovery of new physical stellar systems in the Galaxy
is essential for completing their census. This, along with the
determination of properties such as distance, age, mass and
dynamical state, and spatial distribution and evolutionary pro-
cesses in the disk (e.g., Janes & Adler 1982; Twarog et al. 1997)
will give a better statistical insight in their formation, evolu-
tion and eventual disruption. Open clusters span a wide range
of ages from very young to intermediate age, and their ages
and distances can be determined by fitting isochrones to their
colour–magnitude diagrams (CMDs), with a precision depend-
ing on the depth of the photometry and on the field contamina-
tion. These objects are formed along the Galactic plane where
there is an abundance of gas and dust and their orbits become
perturbed by the cumulative effect of passages near interstellar
clouds. Due to their spatial location, young open clusters can be
considered tracers of the Galaxy’s spiral structure (Chen et al.
2003). Thus, the discovery and characterization of additional
open clusters represent a step further in the understanding of
Galaxy structure and Galaxy formation processes.

In the recent decades some new open clusters have been
discovered in the optical domain, e.g. Pfleiderer et al. (1977),
Turner et al. (1986) and Saurer et al. (1994). Recently, two
optical open clusters in Cygnus OB2 were found and their

properties determined (Bica et al. 2003). In the infrared, the
number of new embedded clusters is striking, mostly due to
the recent release of the Two Micron All Sky Survey (hereafter
2MASS, Skrutskie et al. 1997) catalogue and atlas. We point
out the recent discovery of 346 embedded clusters and candi-
dates in the spiral arms of the Galaxy (Dutra et al. 2003a; Bica
et al. 2003).

In the present study we report finding three new opti-
cal open clusters. Their properties are derived by means of
2MASS photometry, since these optical objects show up clearly
in the near-infrared. In addition, the uniform and essentially
complete sky coverage provided by 2MASS allows us to prop-
erly take into account background regions with suitable star
count statistics, which is fundamental for the correct identifica-
tion and characterization of the stellar content of clusters.

In Sect. 2 we present the new open clusters and show the
optical images of the areas where the clusters have been found.
In Sect. 3 we obtain the 2MASS photometry and introduce the
J × (J − H) CMDs. In Sect. 4 we discuss the radial density dis-
tribution of stars and derive structural parameters for the clus-
ters. In Sect. 5 we fit isochrones to the near-infrared CMDs and
derive cluster parameters. In Sect. 6 we derive the luminosity
and mass functions (hereafter LF and MF) and estimate the
stellar masses of each cluster. Concluding remarks are given
in Sect. 7.

Article published by EDP Sciences and available at http://www.aanda.org or http://dx.doi.org/10.1051/0004-6361:20047073

http://www.edpsciences.org/
http://www.aanda.org
http://dx.doi.org/10.1051/0004-6361:20047073


556 E. Bica et al.: New open clusters in the Galaxy

Fig. 1. 8′ × 8′ XDSS R image of Cluster 1.

2. The three new open clusters

The clusters have been found during systematic inspections of
the Milky Way with maps generated by means of the Guide Star
Catalogue, Sky Survey Charts and detailed charts of candidate
regions with Digitized Sky Survey (DSS and XDSS) fields.
Equatorial and Galactic coordinates, and angular diameters are
given in Table 1.

Clusters 1 and 2 are in Scutum, thus projected not far from
the direction of the Galactic center, while Cluster 3 is in Canis
Major, not very far from the anti-center. None of these ob-
jects has been listed in previous catalogues (Alter et al. 1970;
Lyngå 1987; Dias et al. 2002).

We show in Figs. 1–3 the three open clusters in optical
bands. Clusters 1 and 2 are projected against rich fields, as ex-
pected from their Galactic coordinates. Considering the stellar
distributions, the three objects stand out from the background
areas. Open Cluster 1 is elongated in the North-South direc-
tion and rather concentrated to the center (Fig. 1). Although
Cluster 2 is looser than Cluster 1 it still stands out from the
rich background (Fig. 2). Finally, Cluster 3, although poorer in
stars, presents a central concentration.

Cluster 1 is projected approximately 16′ to the North-East
of the H  region Sh 2-53 (Sharpless 1959). Cluster 2 lies ap-
proximately 13′ West of the open cluster Ruprecht 141 (Alter
et al. 1970) for which no parameters are available, accord-
ing to the open cluster database WEBDA (Mermilliod 1996 –
http://obswww.unige.ch/webda).Finally, Cluster 3 is pro-
jected approximately 17′ Southeast of the young open cluster
NGC 2367 – with age ≈ 5 Myr (Vogt & Moffat 1972) –
and 5′ South of the H  region RCW 14 (Rodgers et al.
1960). RCW 14 appears to be the nucleus of the larger neb-
ula Brand 16 (Brand et al. 1986). The projected environments
of Clusters 1 and 3 thus contain young objects.

Fig. 2. 10′ × 10′ DSS B image of Cluster 2.

Fig. 3. 5′ × 5′ XDSS R image of Cluster 3.

3. The 2MASS photometry

J and H photometry has been obtained from
the 2MASS All Sky data release, available at
http://www.ipac.caltech.edu/2mass/releases/allsky/.
2MASS photometric errors typically attain 0.10 mag at
J ≈ 16.2 and H ≈ 15.0, see e.g. Soares & Bica (2002).
For each cluster we made circular extractions centered on
the coordinates given in Table 1 with the extraction ra-
dius (RCMD) listed in Col. 7. We decided on an extraction
area smaller than the optical one to minimize background
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Table 1. Observational parameters for the new clusters.

Object α(2000) δ(2000) � b Diameter RCMD E(B − V)FIR

Cluster 1 18h26m04s −13◦03′32′′ 18.44◦ −0.42◦ 3.5′ × 2.5′ 1.5′ 15.77

Cluster 2 18h30m30s −12◦18′59′′ 19.60◦ −1.02◦ 6.0′ × 6.0′ 2.0′ 5.63

Cluster 3 07h19m07s −22◦01′40′′ 235.61◦ −4.10◦ 2.5′ × 2.5′ 1.1′ 1.66

Table notes. Column 6 gives the optical diameters; Col. 7 gives the extraction radius used in the CMD analyses; E(B − V)FIR is Schlegel et al.’s
(1998) reddening values, derived from the far-infrared dust emission.

0 0.5 1 1.5 2
(J−H)

10

12

14

16

J

10

12

14

16

J

8

10

12

14

16

J

0 0.5 1 1.5 2
(J−H)

East

Cluster#1

Cluster#2

Cluster#3

North

West

Fig. 4. J × (J − H) CMDs for the new clusters (left panels); represen-
tative offset fields are also shown (right panels).

contamination and increase the membership probability of
the stars sampled. Comparison fields have been extracted
inside circular areas with the same radii as those used
for the clusters in four positions North, South, East and
West of each cluster, with center to center distances cor-
responding to 3 × RCMD. The extractions were performed
using the VizieR tool at http://vizier.u-strasbg.fr/
viz-bin/VizieR?-source=2MASS. In Fig. 4 we show the
J × (J − H) CMDs for each cluster (left panels) along with
those of a representative offset field (right panels).

In the fields of Clusters 1 and 2 star colours reach as much
as (J − H) = 3, beyond the limits of Fig. 4, while for the
Cluster 3 area all stars are included in the figure. These very
red colours, which correspond to high reddening values, are
caused by accumulation of dust in the line of sight, since we
are dealing with very low Galactic latitudes for Clusters 1 and 2
(Table 1). This is confirmed by Schlegel et al.’s (1998) redden-
ing values derived from dust emission in the far-infrared (FIR),

given in the last column of Table 1. Dutra & Bica (2002) stud-
ied low-latitude directions using star clusters as probes for red-
dening in the foreground and background of the clusters. More
recently, Dutra et al. (2003b) found evidence that the calibra-
tion should be corrected, viz. that Schlegel et al.’s values should
be multiplied by 0.75, at least for low Galactic latitudes to-
wards the Galactic center (down to |b| = 4◦). Anyhow, the
E(B − V)FIR values in the directions of Clusters 1 and 2 would
still be very high.

Cluster 1 presents a prominent main sequence (MS) com-
pared to the corresponding offset field (Fig. 4), which is indica-
tive of a young age. Cluster 2 exhibits a MS and giants, indi-
cating older ages. Cluster 3 presents evidence of a young MS.

4. Cluster structure

For the specific purpose of better accessing the overall cluster
structure, we made additional star extractions reaching as far
as the optical diameter of each cluster, according to the values
in Table 1. With the stars obtained in these new extraction ar-
eas, we built the star density radial distributions, defined as the
number of stars per area, in and around the clusters, which are
shown in Fig. 5.

Before counting stars, we applied a cutoff (J < 15.5) to
Clusters 1 and 2 and their corresponding offset fields to avoid
undersampling, i.e. to avoid spatial variations in the number
of faint stars which are numerous, affected by large errors,
and may include spurious detections in the area of the clus-
ters. Colour filters have also been applied to both Clusters 1
and 2 and offset fields, to account for the contamination of the
Galaxy – only stars with colours in the range 0.0 ≤ (J − H) ≤
1.1 have been considered. This procedure has been applied in
the analysis of the open cluster M 67 (Bonatto & Bica 2003).
Because of the relatively small number of stars in the area of
Cluster 3, no cutoffwas applied. The radial distribution was de-
termined by counting stars inside concentric annuli with a step
of 0.25′ in radius up to the new extraction limits. The back-
ground contribution, shown in Fig. 5 as shaded rectangles, cor-
responds to the average number of stars included in the four
offset fields.

Cluster 1 has a slight deficiency of stars near the center
compared to the neighbouring annulus, but beyond R = 0.25′
it presents a well-defined and rather smooth profile (top panel)
with star counts well above the background, considering the
Poisson errors. The central deficiency might be partly ac-
counted for by faint star images blended with the several bright
ones near the object center. According to the radial distribution
of stars, Cluster 1 extends beyond the CMD extraction radius,
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Fig. 5. Radial distribution of surface star density. The average back-
ground levels are shown as shaded rectangles; Poissonic errors are
also shown. For Clusters 1 and 2, magnitude (J < 15.5) and colour
cutoffs have been applied to the object and offset fields. The dashed
lines show a surface density profile fit to the radial distribution of stars;
the resulting core radius for each cluster is indicated.

reaching a limiting radius of Rlim ≈ 2.7′. The same is true for
Cluster 2 (middle panel), although its profile is not as smooth
as that of Cluster 1. Cluster 2 extends to Rlim ≈ 3.5′. The
well-defined and smooth profile of Cluster 3 (bottom panel)
is more concentrated than those of Clusters 1 and 2, extending
to Rlim ≈ 1.6′.

Although the clusters’ spatial geometry may not be per-
fectly spherical, we still can apply King’s law (1966) in order
to derive first order structural parameters. A cluster core ra-
dius Rcore can be calculated by fitting a King surface density
profile σ(R) = σ0

1+(R/Rcore)2 to the background-subtracted radial
distribution of stars. The resulting fits are also shown in Fig. 5,
as dashed lines. Clusters 1 and 3 follow a King profile within
the uncertainties, with Rcore = 0.67′ and Rcore = 0.18′, respec-
tively. The radial density profile of Cluster 2 is not as smooth
as those of Clusters 1 and 3, consequently, the King profile
fit is not as good and the resulting Rcore ∼ 1.07′ has to be
taken as an estimate only. Using the cluster distances derived in
Sect. 5 below, the linear core radii turn out to be Rcore = 0.32 ±
0.03 pc, ∼0.68 ± 0.06 pc and 0.21 ± 0.02 pc, respectively, for
Clusters 1, 2 and 3. Finally, the angular diameters of 5.4′, 7.0′
and 3.2′ (Table 1), convert to linear limiting diameters of 2.6 ±
0.3 pc, 4.4 ± 0.4 pc and 3.8 ± 0.3 pc. Cluster 1 is very young
(Sect. 5), indeed its diameter is comparable to typical values
observed in infrared embedded clusters (Bica et al. 2003). The
older Clusters, 3 and especially 2, have larger diameters which
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Fig. 6. Isochrone fitting to the MJ × (J − H) CMD of Cluster 1.
Equally good fits are obtained for 20 and 32 Myr isochrones, resulting
in E(B − V) = 2.18 ± 0.03 and d� = 1.64 ± 0.19 kpc. Stellar masses
along the main-sequence are indicated.

must be reflecting the stochastic effects of the Galactic tidal
processes (Bonatto & Bica 2003). In the case of the much older
open cluster M 67, located about 1 kpc outside the Solar circle,
the limiting diameter is ≈12 pc, while Cluster 2 with a limiting
diameter of ≈4.4 pc, is located ≈2 kpc inside the Solar circle.

5. Fundamental parameters

In the following two sections we will base our analyses on
stars extracted within RCMD (Table 1). In order to derive clus-
ter parameters we use solar metallicity Padova isochrones
from Girardi et al. (2002) computed with the 2MASS J, H
and KS filters (available at http://pleiadi.pd.astro.it/
∼lgirardi/−isoc photsys.00/). The 2MASS transmis-
sion filters produced isochrones very similar to the Johnson
ones, with differences of at most 0.01 in (J − H) (Bonatto et al.
2004). For reddening and absorption transformations we use
RV = 3.2, and the relations AJ = 0.276AV and E(J − H) =
0.33E(B− V), following Dutra et al. (2002) and references
therein.

We show in Fig. 6 the isochrone fitting to the MJ × (J − H)
CMD of Cluster 1. The MJ values are obtained after applying
the distance modulus derived below for each cluster. The ob-
served scatter in colour of stars along the MS makes it possible
to fit it equally well with the 20 and 32 Myr isochrones, thus
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constraining the age to this narrow range. The fit and related
uncertainties give a distance modulus (m − M)0 = 11.08 ±
0.20, E(B − V) = 2.18 ± 0.03 and d� = 1.64 ± 0.19 kpc.
Representative stellar masses are indicated along the 20 Myr
isochrone.

The presence of giants in the CMD of Cluster 2 indicates an
older age for this object. Indeed, allowing for the star scatter,
the distribution of stars can be fitted by isochrones with ages in
the range 400–630 Myr, as can be seen in Fig. 7. For Cluster 2
we derive (m − M)0 = 11.70 ± 0.20, E(B − V) = 0.91 ± 0.03
and d� = 2.19 ± 0.21 kpc.

The best fit for Cluster 3 is obtained with the 100 Myr
isochrone; however, this solution is strongly based on the
membership assumption of a single evolved star. Arguing in
favour of membership, the coordinates of that bright star –
α(2000) = 07h01m01.10s and δ(2000) = −22◦01′29.57′′ –
place it at 0.18′ from the cluster’s central position. Another so-
lution, discarding the bright star, is obtained with the 32 Myr
isochrone. Both solutions are shown in Fig. 8. In any case,
proper-motion information is necessary to derive the precise
age for this cluster. For Cluster 3 we derive (m − M)0 = 12.97±
0.20, E(B − V) = 0.94 ± 0.03 and d� = 3.93 ± 0.35 kpc.

The E(B − V)FIR reddening values in Table 1 are overes-
timates, since they represent the dust column contribution in-
tegrated along the whole line of sight (up to the disk edge).
Thus, using the exponential dust distribution model of Chen
et al. (1999) and the distances derived from the CMDs, we
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obtain the following foreground reddening values for
Clusters 1, 2 and 3, respectively: E(B − V) = 0.92, 1.18
and 1.17. The results for Clusters 2 and 3 are close to the red-
dening values derived from the CMDs, suggesting that for the
directions to these clusters an exponential dust distribution law
is a good approximation. Cluster 1 lies at a very low latitude,
and as expected the agreement between reddening estimates is
not good.

Cluster 1, at 1.6 kpc, does not appear to be related to the
H  region complex Sh2-53, since this object is estimated to
be at a kinematic distance of ≈4.3 kpc (Georgelin & Georgelin
1976). Cluster 1 seems to be related to the Sgr-Car arm, while
Sh2-53 is probably related to the Sct-Cru arm. Cluster 3, at
3.9 kpc, appears to be located in the background of the closely
projected young cluster which is at an estimated distance of
2 kpc (Vogt & Moffat 1972), as well as in the background of
the H  region Brand 16 or RCW 14, located at 1.9 kpc from
the Sun (Brand & Blitz 1993). The latter nebulae are probably
related to the open cluster NGC 2367.

The fact that Cluster 3 is projected behind the nebula
Brand 16 poses the question whether the cluster might be very
young and physically related to it and to RCW 14. To address
this question we plotted in a (J − H) × (H − K) diagram the
stars inside RCMD and the corresponding offset field extractions.
This colour–colour diagram is sensitive to reddening and the
presence of excess emission in the K band related to protostel-
lar disks (Soares & Bica 2002, 2003, and references therein).



560 E. Bica et al.: New open clusters in the Galaxy

We applied a cutoff of J < 15.5 to avoid uncertainties larger
than 0.08 in J. This procedure also avoids prohibitive errors in
colours. As a result, we found no (H − K) excess stars associ-
ated to Cluster 3. This result suggests that Cluster 3 is indeed
in the background of Brand 16.

6. Luminosity and mass functions

Observed star counts as a function of magnitude (or mass) can
be compared to theoretical predictions of number density as
a function of luminosity (or mass). This can be used to test
whether stars are present in numbers as expected and to esti-
mate the cluster’s total mass, taking into account stellar masses
as low as 0.08 M�. This relation between number density and
luminosity (or mass) is referred to as the LF (or MF) – Salpeter
(1955).

The accurate determination of a cluster’s LF (or MF) suffers
from some problems, in particular (i) the contamination of clus-
ter members by field stars; (ii) the observed incompleteness for
low-luminosity (or low-mass) stars; and (iii) the mass segrega-
tion, which may affect even poorly populated, relatively young
clusters (Scalo 1998). The 2MASS uniform sky coverage al-
lows one to overcome, at least in part, points (i) – since suit-
able offset fields can be selected around the cluster and (iii) –
the entire cluster area can be included in the analyses. Thus,
advanced stages of mass segregation would affect more signif-
icantly the analysis of very old, dynamically evolved clusters
(e.g. M 67, Bonatto & Bica 2003). This is not the case for the
three new clusters dealt with in the present work.

Figure 9 depicts the LFs (φ(MJ)) in the J filter (shaded area)
for the three new clusters, built as the difference of the number
of stars in a given magnitude bin between object (continuous
line) and average offset field (dotted line). The LFs are given in
terms of the absolute magnitude MJ, after applying the distance
modulus derived in Sect. 5 for each cluster.

We recall that the LFs for Clusters 1 and 2 (Fig. 9) are built
after applying magnitude (J < 15.5) and colour cutoffs to the
objects and offset fields (Sect. 5).

The background-subtracted LFs of Clusters 1 and 2 present
significant star excesses over the background, increasing up to
J ≈ 14.2 for Cluster 1, and J ≈ 13.2 for Cluster 2. Due to the
different distances of both clusters, the turnover in their LFs be-
gins at MJ ≈ 1.25, corresponding to the spectral types A 2–A 3.
It should be noted that the bump at −2.0 ≤ MJ ≤ −0.5 in the
LF of Cluster 2 can be accounted for by the overlap in MJ of
MS stars near the turnoff at 0.3 ≤ (J − H) ≤ 0.4 with red gi-
ant stars at 0.7 ≤ (J − H) ≤ 0.9 (Fig. 7). Despite the scarcity of
stars in Cluster 3, this object still presents star excesses over the
background which roughly increase towards the low-mass end
(bottom panel), peaking at J ≈ 16.2 (MJ ≈ 2.4, F 0). Spectral
types and corresponding MJ for MS stars, taken from Binney
& Merrifield (1998), are displayed in the top panel of Fig. 9.

An estimate of the mass presently stored in stars in a cluster
can be obtained by fitting the function φ(m) = dN

dm ∝ m−(1+χ)

to the cluster’s MF, restricted to the MS and turnoff. Then,
the number of member stars is N∗ =

∫ mhigh

mlow
φ(m)dm, and the

stellar mass is M∗ =
∫ mhigh

mlow
mφ(m)dm, where mlow and mhigh

−6 −5 −4 −3 −2 −1 0 1 2 3 4
MJ

0

5

10

15

20

25

0
5

10
15
20
25
30
35
40

φ(
M

J)
 (

st
ar

s 
m

ag
−

1 )

φ(m) α m
−2.04

0

5

10

15

20

25

30

35

φ(m) α m
−1.85

B0

B3

B8 A0

A5

F0

O5 O8

Cluster 1

Cluster 2

Cluster 3

Fig. 9. Luminosity functions (φ(MJ)) in terms of the absolute magni-
tude MJ. For Clusters 1 and 2, magnitude (J < 15.5) and colour cutoffs
have been applied to the object and offset fields. Continuous line: star
counts in the cluster’s area; dotted line: star counts in the offset fields;
shaded area: background-subtracted LF. Representative MS spectral
types, taken from Binney & Merrifield (1998), are indicated in the top
panel. MF fits (φ(m) ∝ m−(1+χ)) are shown as dot-dashed lines.

define the range of stellar masses from the turnover at the
low-MS up to the turnoff. The stellar mass-luminosity corre-
spondence, necessary to convert the LFs in Fig. 9 into MFs,
φ(m) = φ(MJ)| dm

dMJ
|−1, has been obtained from the Padova

isochrones which best fit the CMDs (Sect. 5): 20 Myr for
Cluster 1, 500 Myr for Cluster 2 and 100 Myr for Cluster 3.

Since Cluster 1 is young with no late-type stars observed in
the CMD, we included in the fit the whole range of observed
masses down to the turnover at MJ ≈ 1.25, which corresponds
to a mass m = 2.51 M�. We point out that for high masses
we are not dealing with OV stars (Fig. 6), in fact these very few
stars are hot giants which do not significantly affect the analysis
below. To estimate the mass of Cluster 2 we took into account
separately the MS and evolved stars. We first fitted a MF to
the MS stars from the turnover at MJ = 1.25 (m = 2.037 M�)
up to MJ = −0.25 (m = 2.615 M�) to avoid contamination
by the overlapping giants, and then extrapolated this function
to the turnoff (MJ ≈ −0.50, m ≈ 2.662 M�). The mass of the
giants (M∗evol) has been estimated by counting the number of
stars in each magnitude bin (after subtracting the MS stars in
the overlap region) and multiplying this value by the average
mass of the giants included in the bin. M∗evol is given in Col. 4
of Table 2. The resulting MF fits for Clusters 1 and 2, trans-
formed back to φ(MJ), are shown as dot-dashed lines in Fig. 9.
The related parameters are given in Table 2. We also include in
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Table 2. Mass-function fit and related parameters.

Observed Calculated

Object N∗MS N∗evol M∗evol Fit χ mlow mhigh M∗ N∗max M∗max

(stars) (stars) (M�) (MJ)
(
m−(1+χ)

)
(M�) (M�) (M�) (stars) (M�)

Cluster 1 103 0 0 −4.75→ 1.25 0.85 2.515 11.22 147 755 382

Cluster 2 62 18 48 −0.25→ 1.25 1.04 2.037 2.662 89† 2036† 614†
Cluster 3 25 1 ∼5.2 – – – – 55† – –

Table notes. Column 5 is the MJ range to which the MF has been fitted. The values for Cluster 3 are derived from directly counting stars in each
magnitude bin. (†): includes MS and evolved stars. N∗max and M∗max are calculated by extrapolating the MF fits to mlow = 0.08 M�.

Table 2 the number of observed MS (N∗MS) and evolved (N∗evol)
member stars, obtained by summing up the stars in each mag-
nitude bin in the corresponding LFs.

The MF method underestimates both the mass and number
of stars, since completeness effects affect the 2MASS observa-
tions in the low-mass end. More realistic values can be obtained
by extrapolating the MFs derived above down to the theoretical
stellar low-mass end mlow = 0.08 M�. The corresponding max-
imum number of stars (N∗max) and mass (M∗max) for Clusters 1
and 2 are given in the last two columns of Table 2, respectively.

Due to the small number of stars in the CMD, we could
not apply the MF fit method to Cluster 3. Thus, we estimate
the stellar mass in Cluster 3 by adopting an average mass per
magnitude bin (based on the mass-luminosity correspondence
taken from the 100 Myr Padova isochrone) and multiplying this
value by the number of stars in each bin.

The MF slopes derived for Clusters 1 and 2 (Table 2) are
comparable to, but somewhat flatter than, a standard Salpeter
slope of χ = 1.35 (Binney & Merrifield 1998). It is interest-
ing to note that the extrapolated mass of Cluster 2 turns out to
be larger than that of Cluster 1, in the opposite sense with re-
spect to the observed mass. This fact can be accounted for by
Cluster 2 having a steeper MF slope (χ = 1.04) than Cluster 1
(χ = 0.85).

None of the present objects is a massive open cluster (in the
sense of say, M∗ ≥ 103 M�). Cluster 3 may be an evolutionary
product of low-mass embedded clusters such as those described
by Soares & Bica (2002, 2003).

7. Concluding remarks

The recent discoveries of star clusters in the Galactic disk have
shown that the census of these objects is not complete, even
in the optical domain. In this paper we report the discovery of
three optical open clusters in the Galaxy. Two clusters are in
Scutum, at very low Galactic latitudes, and the third is in Canis
Major. The present photometric and structural analyses make
use mostly of J and H 2MASS All Sky data release photometry.

Arguments in favour of their open cluster nature are: (i) the
visual contrast between the stellar concentrations in the clus-
ter and background regions (Figs. 1–3); (ii) the CMDs which
present well-defined sequences and are different from those
for the offset field (Fig. 4); (iii) the radial star density profiles
which show significant excesses over the background and can

be fitted by a King law (Fig. 5); (iv) the constrained solutions
of the isochrone fits to the CMDs, allowing a narrow range of
ages (Figs. 6–8); and (v) the background-subtracted LFs which
present significant star excesses over the background down to
A 2–A 3 stars for Clusters 1 and 2, and to F 0 stars for Cluster 3
(Fig. 9). Completeness effects and photometric errors do not al-
low inferences on lower masses. For the sampled magnitude
range, the number of member stars turns out to be 103, 80
and 26, respectively for Clusters 1, 2 and 3.

Fundamental parameters for the objects have been derived
by fitting solar-metallicity Padova isochrones to the 2MASS
MJ × (J − H) CMDs. Cluster 1 has an age t = 20−32 Myr,
a reddening E(B − V) = 2.18 ± 0.03 and a distance to the
Sun d� = 1.64 ± 0.19 kpc. For Cluster 2 we derive t =
400−630 Myr, E(B − V) = 0.91 ± 0.03 and d� = 2.19 ±
0.21 kpc. For Cluster 3, t = 32−100 Myr, E(B − V) = 0.94 ±
0.03 and d� = 3.93 ± 0.35 kpc. At the above distances, the core
radii for Clusters 1, 2 and 3 turn out to be 0.32± 0.03 pc, 0.68 ±
0.06 pc and 0.21 ± 0.02 pc, respectively. The linear limiting
diameters are 2.6 ± 0.3 pc, 4.4 ± 0.4 pc and 3.8 ± 0.3 pc, re-
spectively, thus suggesting dynamical evolution effects for the
older clusters.

For Clusters 1 and 2, a MF fit φ(m) ∝ m−(1+χ) resulted in
slopes χ = 0.85 and 1.04, respectively. Thus, the observed
stellar mass in Cluster 1 is 147 M�. In Cluster 2, including
the evolved stars, it is 89 M�. The stellar mass in Cluster 3
is ∼55 M�. Extrapolating the MF fits down to the theoretical
low-mass end mlow = 0.08 M�, the masses of Clusters 1 and 2
turn out to be 382 M� and 614 M�, respectively.

The present study suggests that more optical open clusters
are yet to be found in the Galaxy.
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